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Dear Colleagues, 
it was a pleasure to work on the monography Endoscopic Skull Base Surgery, fo-
cusing on the transnasal endoscopic approaches and interdisciplinary cooperation 
between a neurosurgeon and an otorhinolaryngologist, for the edition of Head and 
Neck Medicine.
The book is a wonderful example of development of new surgical techniques based 
on everyday cooperation of two surgical specialties. 
The book also includes the clinical anatomy of the skull base, sinonasal area and 
nasopharynx. The diagnostics of the skull base (especially rhinobase) lesions are also 
based on cooperation of other specialties: radiology, ophthalmology, endocrinology, 
neurology, oncology, pathology and others. Specialists from these fields also played 
important roles in the process of writing this book. 
The surgical part is logically divided into the chapters that describe the specificity 
of technical equipment, transnasal endoscopic approaches, surgery and reconstruc-
tion of the dura mater, pituitary gland surgery and transnasal extended approaches. 
I believe that the monography will be useful not only for neurosurgeons and rhinolo-
gists, but also for all the specialties named above and the nursing staff. It is my wish 
that the book will find its place in your medical bookshelves and will become a pub-
lication providing quality information for diagnosis and treatment of your patients.

Viktor Chrobok
Hradec Králové, August 2015
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Preface

PREFACE

New surgical techniques continually develop in all the surgical specialties. Some of 
them are subsequently dismissed, others develop and establish a new concept and 
aim of the surgical field. Transnasal endoscopic skull base surgery, as presented in 
this book, stands somewhere in the middle of this natural circle. The endoscopic 
technique itself, used in surgery, is not new to surgeons, and historically its principles 
have been known for more than 200 years. However, the special aspect is the target 
anatomical area of the endoscopic approach – the skull base. 
The skull base tumours are a borderline issue of neurosurgery and otorhinolaryn-
gology. The cooperation between neurosurgeons and otorhinolaryngologits, as it 
works in our hospital, has created an interdisciplinary field dealing with endoscopic 
treatment of skull base lesions. Other specialities including radiology, pathology, 
neurology, endocrinology, ophthalmology and oncology also play a significant role 
in diagnosis and treatment of the skull base tumours and their complications. 
The aim of this publication is to give a comprehensive review on current knowledge, 
technical possibilities and our experience with endoscopic skull base surgery. Nowa-
days, some of the endoscopic techniques are considered to be standard procedures, 
however some of them are not generelly accepted yet and remain only an alternative 
to the classical surgical approaches. 
The aim of our publication is not to convince the readers that all the skull base lesions 
should only be treated by the transnasal endoscopic technique. We are aware that 
the development of this technique is fast and its indications may change, especially 
concerning those lesions and techniques that are not yet generally accepted. We 
believe that the technical possibilities will further improve and enable widening 
of the spectrum of indications and that the book will soon become “out of date” in 
a good way. 
We hope that the monography becomes a useful source of information not only 
for surgeons but also for cooperating specialists and nursing staff. We hope that it 
will contribute to development of the interdisciplinary cooperation that is the main 
moving force in this area and that the transnasal endoscopic technique will thus be 
available to as many patients as possible.

Radim Lipina, Petr Matoušek
Ostrava, August 2015
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1 Possibilities of endoscoPic sUrgery 

R .  L i p i n a ,  P.  M a t o u š e k

1.1 principles of endoscopic surgery

1.2 indications for transnasal endoscopic surgery 

1.1 PrinciPles of endoscoPic sUrgery

The endoscopic surgery technique is nowadays used in all the surgical fields. It has 
replaced the conventional surgical approaches in many of the indications, and in 
some cases it represents their full-fledged alternative. The main aim of endoscopic 
surgery is minimal traumatisation of the tissues during the approach to the target 
lesion while being as radical as in the case of the conventional approach. 
• Endoscopy in neurosurgery 
 Endoscopy was introduced to neurosurgery relatively later compared to other 

surgical fields due to the location and character of the central nervous system tis-
sues. The endoscopic technique is nowadays widely acknowledged in surgery of 
the brain ventricles and in  hydrocephalus and some intraventricular tumour and 
cyst treatment. The cerebrospinal fluid here represents a medium with ideal light 
extension and minimal difraction. The endoscopic technique, in which an endo-
scope with a working channel is used for the approach to the ventricles, is called 
ventriculoscopy.

 Endoscopically assisted surgery is a surgery performed under microscopic control 
and the endoscope is used as an auxilliary method. In this case, the endoscope 
enables visualisation of areas that are not visible in the microscopic view. 

• Endoscopy of nasal cavity and paranasal sinuses
 Nowadays, endoscopy is widely used in otorhinolaryngology – in surgery of 

larynx, pharynx, oesophagus, thyreoid gland, but most frequently in nasal cavity, 
paranasal sinuses and nasopharynx surgery. In this case, the endoscope is a tool 
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used for visualisation of the operated field and all the surgery is performed under 
its control. The surgery is called endoscopically controlled. Because the most fre-
quent aim of the surgery is to remove an inflammatory or tumourous lesion of the 
paranasal sinuses, it is call endonasal. 

• Cooperation of otorhinolaryngology and neurosurgery
 Combining of experience and knowledge of otorhinolaryngologists in endonasal 

ensdopic surgery and of neurosurgeons in intracranial surgery has enabled the 
endoscopic technique to be used in skull base surgery. The nasal cavity and para-
nasal sinuses are used as an approach corridor to the lesion located on the skull 
base or intracranially. The surgery is performed by microsurgical technique under 
visual endoscopic control. This type of surgery is called transnasal endoscopically 
controlled. The types of endoscopic surgeries are divided by the function of the 
endoscope in the surgery (Table 1.1). 

 Endoscopic techniques are nowadays classified as “miniinvasive surgery”. 
However in the case of transnasal endoscopic surgery technique it is more accurate 
to use the term “technique of minimally invasive approach”. It enables the same 
or even greater radicality in the operated field are compared to the conventional 
methods, but the natural orifice is used for the approach – the nasal meatus. 

Table 1.1 Types of endoscopic surgery.

Endoscopic surgery Description Indication

Ventriculoscopy the endoscope is used for visu-
alisation of the operated field 
and has a work channel for 
introduction of an instrument 

hydrocephalus, ventricular 
tumours and cysts 

Endoscopically assisted surgery the endoscope is used for 
auxilliary visualisation of the 
operated area  

microsurgery of vascular 
and tumourous brain 
lesions

Endocopically controlled surgery Endonasal the endoscope is used for 
visualisation of the operated 
field  and operation itself is 
performed by using microsur-
gical principles

inflammatory processes 
and tumours of the nasal 
cavity and the paranasal 
sinuses 

Transnasal pituitary adenomas, skull 
base and orbital tumours, 
CSF leak

1.2 indications for the transnasal endoscoPic sUrgery 

Transnasal endoscopic surgery enables the approach to a relatively wide area of the 
skull base. The width and the limits of the approach are given by the anatomy of 
the transnasal approach corridor. 

Possibilities of endoscopic surgery
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• the sagittal plane, due to its anatomy and the possibility of opening of the parana-
sal sinuses, enables a wide approach to the skull base with possibility to reach:
- the anterior cranial fossa;
- sellar region;
- clivus;
- craniocervical junction;
- dens axis, which is a caudal limit. 

• the lateral borders are more limiting to the technique. A lesion located laterally or 
with extension laterally can be visualised well using an angled endoscope, but the 
approach for removal of the lesion is technically very difficult. The mediolateral 
borders in skull base surgery are:
- optic nerves;
- intracranial part of the internal carotid arteries.

Indication for the transnasal endoscopic approach is given by the lesion character and 
especially by the relationship of the neurovascular structures by the character of the 
lesion. Generally said the neurovascular structures must by dislocated by the lesion 
so they do not cross the approach corridor – the lesions that meet these criteria are 
the pathologies of the skull base with or without caudal or cranial extension. They 
can be located extra- or intradurally. 

The most frequently used approach is a corridor through the sphenoid sinus that 
enables the approach to the sellar region. The sellar region is thus the primary 
target of the transnasal endoscopic surgeries. 

Table 1.2 Indications for the transnasal endoscopic surgeries.    

Region Anterior cranial 
fossa

Sellar region Clivus Craniocervical junction

Pathology meningioma
dermoid cyst
epidermoid cyst 
carcinoma 
metastasis
esthesioneurob-
lastoma
CSF leak

adenoma
craniopharyngioma
meningioma
Rathke’s pouch cyst 
dermoid cyst
epidermoid cyst

chordoma
meningioma
chondrosarcoma
carcinoma

meningioma
chordoma
rheumatoid arthritis of the 
dens axis

• Transnasal endoscopic approach is nowadays generally acknowledged as 
a method of choice in pituitary adenoma surgeries, treatment of CSF leak and in 
tumours of sinonasal origin with extension to the skull base. In other pathologies, 
mostly meningiomas, craniopharyngiomas and chordomas, it still remains only an 
alternative to the external approach by craniotomy (Table 1.2). 
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The indication depends on several factors. One of the factors is invasivity of the clas-
sical approach by craniotomy. Generally said, the more dorsal and caudal the loca-
tion of the lesion is, the more appropriate is the endoscopic approach (Fig. 1.1).

Other factors influencing the indication are:
- philosophy of the individual department;
- experience with the endoscopic technique;
- patient’s preference;
- technical equipment.

The more dorsal and caudal the location of the lesion is, the more appropriate is 
the endoscopic approach.

Summary 
• The endoscopic skull base surgeries are called transnasal, endoscopically 

controlled. 
• The most frequent target of the transnasal endoscopic surgeries is the sellar 

region.
• The transnasal endoscopic approach is a method of choice for pituitary 

adenoma surgeries, CSF leak and tumours of sinonasal origin with extension 
to the skull base. For other lesions, the endoscopic approach is an alternative 
to the external open approach. 

Fig. 1.1 Scheme showing the advantages of the transnasal and the transcranial approach according to the 
location of the skull base lesion; the more dorsally and caudally the process is located, the more suitable 
the transnasal endoscopic approach is. 

sinus frontalis

sinus sphenoidalis
septum nasi

Possibilities of endoscopic surgery
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2 history of the transnasal sUrgery   

R .  S a l z m a n ,  P.  Va c e k ,  J .  H o z a ,  J .  K a s t n e r

2.1  History of the nasal cavity and paranasal sinus surgery 

2.2  History of the transnasal pituitary and skull base surgery

The transnasal endoscopic pituitary and skull base surgery was established on the 
basis of the endonasal endoscopic surgery that focuses on the sinonasal area. The 
current possibilities of the endoscopic surgery are given by the rapid technical de-
velopment in the last decade (image guidance, instrumentation etc.) and also by the 
interdisciplinary cooperation between neurosurgeons and otorhinolaryngologists.

2.1  history of the nasal cavity and Paranasal sinUs sUrgery 

The surgery of the  nasal cavity and the paranasal sinuses can be performed from the 
external approach, in which the target area is approached through the skin incision 
and the bone, or endonasal approach, in which the surgery is performed by instru-
ments introduced through nostrils without skin incision. In some cases, a combined 
approach can be used, in which the endoscope is used for better visualisation of 
the operated area.

External approaches 
• Maxillary sinus surgery
-  The first surgery of the maxillary sinus was performed in 1707 by an Englishman, W. Cowper, who approached the 

sinus through the oroantral fistula after a tooth extraction (Sičák 2006). The sublabial approach and radical antrosto-
my was described in 1893 by G. Caldwell (Caldwell 1893). A similar procedure was independently presented by H. 
Luc (Luc 1897), so nowadays the term Caldwell-Luc procedure is used.

-  Denker procedure and midfacial degloving: these approaches used for more extensive surgeries of the maxillary si-
nus replaced the previously used transpalatal approaches with a great risk of oroantral fistula formation (Denker 1906, 
Casson 1974). In Denker operation, the opening in the fossa canina is widened medially to the piriform aperture. The 
midfacial degloving, after pulling up the upper lip and nose cranially, provides a good transnasal approach up to the 
infratemporal fossa (Conley 1979). 

• Frontal sinus surgery
-  Frontal sinus trepanation with opening of the ethmoidal cells was first described in 1884 by A. Ogston and H. Luc but 

it did not become very popular due to a high risk of postoperative stenosis of the frontonasal duct (Kountakis 2005). 
-  Riedel procedure – removing of the anterior and caudal wall of the sinus – was modified by other authors because of 

the cosmetic defect in the supraorbital arch (Sičák 2006).
-  Jansen-Ritter procedure was described in 1906 – the author removed only the base of the frontal sinus (Ritter 1906). 

In 1908, Knapp performed the first external frontoethmoidectomy already described by Jansen and Ritter (Knapp 



23

1908). Lynch, resp. Howarth contributed to the popularisation of this procedure in the USA and in Great Britain 
(Lynch 1921, Howarth 1921). The term Lynch operation is used mostly in the English-speaking countries.

-  The Killian procedure was described in 1903; the author improved the cosmetic effect of the surgery by sparing 
the bridge of the supraorbital margin while maintaining a wide approach to the sinus. He was also the first the realise 
the importance of preservation of the mucosa as a prevention of a postoperative stenosis (Killian 1903). 

-  Procedures widening the frontonasal duct: in 1914, H. Lothrop described a procedure in which he removed a cranial 
portion of the nasal septum and a medial part of the base of both frontal sinuses (Lothrop 1914). The procedure inclu-
ded intranasal and external ethmoidectomy in which a part of the medial orbital wall was removed. Draf improved the 
procedure by using endoscopes. (Draf 1991), in English-speaking countries this procedure is sometimes incorrectly 
called the “endoscopic Lothrop procedure”. 

-  The osteoplastic frontal sinus operation is performed from an incision in the frontal and parieto-temporal region. 
After pulling the skin flap aside, a bone fragment is removed from the anterior wall of the frontal sinus. In the end of 
the surgery, the bone fragment is fixed in the original position with microplates or a wire (Goodale 1958).

-  Obliteration of the frontal sinus is sometimes performed in repeatedly unsuccessful surgery for chronic frontal sinusi-
tis or in the case of recurrent frontal mucoceles. In these cases, it is necessary to remove the sinus mucosa completely 
and obliterate the frontonasal duct (Macbeth 1954).

• Endonasal approaches using the nasal speculum
 Beginnings of the endonasal surgery are dated to 1886, when J. Mickulicz-

Radecki performed the first infraturbinal antrostomy to improve the lavages of the 
maxillary sinus empyema (Mickulicz-Radecki 1887). The endonasal technique 
improved with introduction of the nasal speculum and the external light source 
at the turn of the 19th and 20th centuries. Lothrop first described the endonasal 
infraturbinal antrostomy in purulent maxillaris sinusitis in 1899 (Lothrop 1899). 
One year later, F. Siebenmann described the supraturbinal antrostomy in which 
the risk of narrowing of the created opening was lower (Siebenmann 1900). 
In 1906, M. Halle described the endonasal approach to the enthmoidal cells, fron-
tal and sphenoid sinus (Halle 1906).

• Endonasal approaches using the microscope
 Heerman first started to use the microscope in ethmoidal cells and sphenoid sinus 

surgery in 1958 (Heermann 1958). The supporters of the microscopic endonasal 
technique emphasise a better visualisation and space orientation in the operated 
area due to the binocular view and also the possibility to use both hands for ope-
rating. On the other hand, the microscope does not provide the possibility to “look 
around the corner” as the later introduced endoscope does. 

• Endonasal approaches using the endoscope
- Invention of the endoscope
 The important progress begun in 1960, when H. Hopkins filed a patent for 

a rigid endoscope (telescope), which enabled the endoscopic approach as known 
nowadays (Hopkins 1966). The endoscope provides a number of advantages 
when compared to the nasal speculum and also to the microscope. The endo-
scopes with different angles (most frequently 0°, 30°, 45°, 70°) provide the 
possibility to look “around the corner” and magnification of the operated lesion, 
at the prize of “single-handedness”. After connecting an external cold light 
source (K. Storz in Tuttlingen 1965), the quality of the image was significantly 
improved by better illumination of the operated area (Galzio 2010). 

History of the transnasal surgery
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- Clinical experience and „functional approach“
 In 1977, E. Wigand and W. Steiner in Erlangen summarised their experience 

with endoscopic surgery of the maxillary sinus (Wigand 1977). Originally, 
despite the introduction of the endoscope, the procedures were rather radical. 
A significant change in endoscopic endonasal surgery of paranasal sinuses came 
in 1978, when W. Messerklinger defined the principles of the surgery based on 
the knowledge of the pathophysiology (Messerklinger 1978). The main principle 
of the inovative conception was the need for restoring the natural ventilation 
of the sinuses and preserving their mucosa that possesses a significant capability 
of functional restitution. W. Messerklinger and his follower H. Stammberger later 
confirmed the Neuman’s hypothesis that the ostiomeatal komplex plays a pivotal 
role in the treatment of paranasal sinus diseases (Stammberger 1986). The term 
“functional endoscopic sinus surgery” (FESS), as used nowadays, is attributed to 
D. Kennedy, who promoted the endonasal surgery in the USA (Kennedy 1985). 
In 1981, E. Wigand published his experience with a new system of endoscopes 
by the Wolf company that enabled comfortable changing of the endoscopes with 
different angles and a suction/irrigation system without the need to interrupt the 
surgery for cleaning of the optics of the endoscope, which significantly shortened 
the surgery duration compared to the older systems (Wigand 1981).

- Functional endonasal surgery in Czechoslovakia and the Czech Republic
 The father of the thought of introducing the functional endoscopic surgery in 

Czechoslovakia was I. Hybášek from the ENT department in Hradec Králové 
in the 1980s. The practical implementation of this thought was executed by 
J. Vokurka. Other personalities who contributed to the development of the 
endonasal surgery in the 1990s in the Czech Republic and Slovakia were M. 
Sičák, I. Šlapák (in pediatric otorhinolaryngology), K. Sláma Sr. (microscopic 
endonasal technique), B. Markalous and J. Svárovský (liquor fistulas closures), 
P. Komínek (lacrimal system surgery), I. Weme and many others.  Nowadays, 
FESS is a standard procedure in surgical treatment of nasal cavity and paranasal 
sinus lesions in most of the otorhinolaryngology departments.  

2.2  history of the transnasal PitUitary and skUll base sUrgery

• Endoscopic transsphenoidal approaches 
 The further development of the endoscopic technique and growing experience was 

used by H. Jho and R. Carrau in Pittsburgh (Carrau 1996). In 1997, they published 
their experience in pituitary surgery via endoscopic transsphenoidal approach in 
the first 50 patients (Jho 1997). They claimed that the time of hospitalisation was 
shorter, the traumatisation of the nose was minimal and the life quality of the 
patients improved, which became a challenge for other colleagues. 
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 The subject of criticism was, however, the absence of the stereoscopic view, 
problems in dural defect reconstruction and difficult bleeding management in the 
mononostril approach. This criticism did not discourage other neurosurgeons who 
further developed this technique and started to use it also for approaches to other 
skull base lesions – it was mainly a pair of neurosurgeons from Naples, Italy, 
E. de Divitiis and P. Cappabianca, who designed a special set of instruments and 
thoroughly evaluated the new technique including complications (Cappabianca 
1998, 2002, de Divitiis 2002). Meanwhile a team of an otorhinolaryngologist and 
a neurosurgeon C. Snyderman and A. Kassam was working on the technique in 
Pittsburgh. Using the image guidance system they layed the foundations of the 
“extended transnasal approach” that enables binostril operating on the skull base 
from crista galli to the second cervical vertebra (Kassam 2004). Other teams that 
started to use the transnasal approach also for the parasellar leasion, especially in 
the cavernous sinus, were G. Frank and E. Pasquini in Bologna, and T. Schwarzt 
and V. Anand in New York (Frank 2003).

Transsphenoidal approaches
• External transsphenoidal approaches
 In 1897, D. Giordano designed a technique for pituitary gland resection from the transfacial approach based on anato-

mical studies. He suggested using the naso-glabellar degloving and after that approaching the sphenoid sinus through 
the anterior wall of the frontal sinus and ethmoidal cells (Giordano 1897). Austrian H. Schloffer first successfully per-
formed resection of the pituitary adenoma from the transsphenoidal approach via lateral rhinotomy based on Giordano’s 
study in 1907 (Schloffer 1906). Two years later, A. Kanavel from Chicago designed the inferior nasal approach in which 
he lifted the nose cranially (Kanavel 1909). In 1912 Chiari described the external transethmoidal approach to the pitui-
tary gland (Chiari 1912). Although it represented the shortest route to the pituitary gland, it did not become very popular 
except for in Germany. Preysing’s transpalatal hypophysectomy through the soft and hard palate was accompanied with 
frequent infectious complications due to the colonisation of the operated area with oral pathogens (Liu 2001). 

• Transseptal (submucosal) transsphenoidal approaches
 In 1910, O. Hirsch, an otorhinolaryngologist from Vienna, described the transseptal transsphenoidal approach in which 

he used cocaine for local anaesthesia, same as Schloffer (Hirsch 1910). Meanwhile, A. Halstead described the sublabial 
submucosal approach. Both of the approaches improved the orientation in the operated area and cosmetic results (Hal-
stead 1962). 

• Transsphenoidal microscopic approaches
 Canadian J. Hardy followed Halstead’s technique and was the first to use the operating microscope for the transsphe-

noidal approach in 1967. This enabled removal of the pituitary microadenomas selectively for which he also designed 
a special set of microsurgical instruments. In 1971 he published results of 300 surgeries with morbidity and mortality 
significantly lower than in the transcranial approach (Hardy 1971). Thanks to (not only) Hardy’s modifications, the 
transsphenoidal approach became the method of choice in sellar tumour surgery with mortality of less than 1% for the 
next 30 years (Black 1987). 

H. Cushing
The American neurosurgeon H. Cushing, known as a “the father of modern neurosurgery” was the first to perform the 
transsphenoidal hypophysectomy using Schloffer’s technique (Cushing 1909). Later, he applied Hirsch‘s modified endo-
nasal approach and eventually he prefered Halstead’s sublabial incision. In 1910-1925 Cushing performed 231 pituitary 
gland surgeries (Henderson 1939). Despite the advancements he introduced (general anaesthesia, head reflector) the 
complications were frequent (mostly nasal CSF leak and difficult bleeding management) and the mortality was relatively 
high (5.6%). Therefore, Cushing dismissed for this type of surgery in 1925 and started to use the transcranial approach 
again. Thanks to his dominant position in the Neurosurgical Society of America, the transcranial approach spreaded and 
lead to dismissal of the transsphenoidal surgery in the USA (Liu 2001).

N. Dott
In Edinburgh, N. Dott designed a nasal speculum with a light source on the tip of the branches for transsphenoidal ap-
proaches (Dott 1925, Horwitz 1999). His follower, the French neurosurgeon G. Guiot was the first to use an endoscope 

History of the transnasal surgery
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for better visualisation of the sella turcica (Guiot 1959). He further improved the surgery, which he also used for 
craniopharyngiomas, clival chordomas and parasellar tumours, by using the intraoperative fluoroscopy. 

Pituitary surgery in the Czechoslovalia and Czech republic
• Beginnings of the pituitary surgery
 In 1928 in Czechoslovakia, Antonín Přecechtěl performed surgery in 10 patients using the Cushing’s sublabial trans-

sphenoidal approach, but later he dismissed the transnasal approach same as Cushing and later, all the surgeries were 
performed via the transcranial approach.

• 1960s
 At the end of the 1960s, Ivo Fusek and Rudolf Petr started to use the transsphenoidal approach via the original subla-

bial incision in the Military Hospital in Prague and in Hradec Králové respectively (Fusek 1986). After the microscopic 
surgery was introduced to Czechoslovakia, nearly all the university hospitals started to use the microsurgical trans-
sphenoidal (sublabial or submucosal transseptal) approach and later the modified transnasal microsurgical approach. 
Nowadays, it is still used in some of the neurosurgery departments in the Czech Republic (Sameš 2005).

• Endoscopic era
 After 2000, simultaneously with the development of the transnasal endoscopic approach due to the cooperation with 

otorhinolaryngologists worldwide, several neurosurgery departments in the Czech Republic also started to use the 
transnasal endoscopic approach for pituitary adenoma surgeries, mostly cooperating with otorhinolaryngologists: Uni-
versity Hospital Brno (Šteffl 2005), University Hospital Ostrava (Matoušek 2010), University Hospital Pilsen and 
Military Hospital in Prague (Masopust 2008). According to the worldwide trend, the intraoperative magnetic resonan-
ce imaging was introduced in the Military Hospital in Prague (Netuka 2009, 2011) and in the Hospital Na Homolce 
in Prague. Due to the costs of the MRI instalation and character of the transnasal surgery, some of the departments in 
the Czech Republic use the intraoperative MRI in the conventional MRI exam room – University Hospital Pilsen and 
University Hospital Ostrava (see Chapter 10.5). 

Nowadays, aside from the transcranial approaches, two different approaches are 
used in pituitary and skull base surgery – the endoscopic and microsurgical trans-
sphenoidal approaches (Powell 2009). Most of the authors however emphasise the 
advantages of the endoscopic approach. The endoscopic skull base surgery is cur-
rently a multidisciplinary field that keeps pushing the limits. Meanwhile, the surgical 
instruments are being improved – for example the intraoperative image guidance and 
radiologic methods, robotic technique etc., which contributes to the development 
of the field. The current development and using of the transnasal skull base surgery 
shows that Dandy (known as one of the biggest neurosurgeons of the 20th century) 
was wrong, when he wrote in 1945: “The nasal route is impracticable and can be 
never otherwise” (Dandy 1945). 

Summary
• Paranasal sinus surgery has been performed for over 300 years.
• The transnasal endoscopic skull base surgery has developed in the last 

20 years.
• The excellent results of the endoscopic pituitary surgery encourage use of 

the endoscopic approach also for treatment of other skull base lesions.
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3 ePidemiology of skUll base lesions 

T.  K re j č í ,  J .  K a s t n e r

3.1  Epidemiology of pituitary tumours

3.2  Epidemiology of non-pituitary skull base lesions

3.3  Epidemiology of orbital tumours 

Incidence of all the primary intracranial tumours is 21/100,000 per yer according to 
the Central Brain Tumor Registry of the United States. According to the literature, 
the skull base tumours represent approximately 25% of all the primary intracranial 
tumours, which equals the incidence of 5/100,000 per year. Approximately half of 
these lesions are approachable by some of the transnasal endoscopic approaches 
(Erkmen 2010). 
In this chapter, the epidemiologic division of the skull base lesions is based on the 
different anatomical regions mostly affected by different types of tumours and also 
according to the possibility of using the transnasal endoscopic approach. 

3.1 ePidemiology of PitUitary tUmoUrs 

• Pituitary adenomas
 Pituitary adenoma is one of the most common skull base tumours and represents 

more than 90% of all the sellar expansions (Huang 2005):
- it represents 12–15% of all the intracranial tumours, and many of them are not 

diagnosed during the life of the patient and are found post mortem in 27% of 
individuals;

- the prevalence of the symptomatic adenomas is 0.02% and the incidence is 
2/100,000 per year (Jane 2010);

- they are more frequent in women than in men, in the ratio of 2:1 (Netuka 2011);
- clinically, they can manifest by a hormonal overproduction (40–70% of adeno-

mas) (Jane 2010). 

Epidemiology of skull base lesions
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• Hormonally active adenomas
- of hormonally active adenomas, the prolactinoma is the most frequent, with 

incidence fo 0.6–1/100,000 per year; the prevalence of prolactinomas is 0.006–
0.01% in the population (Ludecke 2010). It represents approximately 50% of 
all the adenomas and in surgical studies that represent less than 10% due to the 
successfull pharmacological treatment (Netuka 2011). The prolactinomas are 
the most frequent in women between 20 – 50 years of age; after the 50th year 
they are more frequent in men;

- the second most frequent are the adenomas with somatotropin overproduction, 
with yearly incidence of 0.3–0.4/100,000. The prevalence is 0.0053–0.0069% 
of the population (Ludecke 2010). They represent 15–20% of all the adenomas. 
According to some studies it is more frequent in women then in men in the ratio 
of 1.8–2.0:1 (Ludecke 2010);

- adenomas with adrenocorticotropin overproduction have the yearly incidence of 
0.2–0.25/100,000 and represent approximately 10% of all the adenomas. They 
are more frequent in women between 35 and 39 years of age (Ludecke 2010, 
Netuka 2011); 

- adenomas with thyrotropin overproduction represent approximately 0.5–2% of 
the adenomas (Ludecke 2010).

• Pituitary carcinoma
- The pituitary carcinoma is a very rare unit, only 150 cases had been published 

by 2005 (Huang 2005).

3.2 ePidemiology of non-PitUitary skUll base lesions 

• Meningiomas
- they represent 13–25% of all the brain tumours;
- the yearly incidence of all the meningiomas is 7.7/100,000; the incidence of 

symptomatic meningiomas is 5.7/100,000. Up to 40% of meningiomas are 
located on the skull base, with the yearly incidence of 3.0/100,000. When not 
counting the midline (alar) and lateral (pterional) type of meningioma of the 
wing of the sphenoid bone, the yearly incidence is 1.5–2/100,000 – that means 
those that are reachable by the transnasal endoscopic approach;

- they are more frequent in women with the yearly incidece of 2–7/100,000; in 
men, the yearly incidence is 1–5/100,000, in the ratio of 1.4–2.6:1. They are 
more frequent in the African American population. The mean age of clinical 
manifestation of the tumour is 56.4 years in men and 55.9 years old in women. 
Histopatologically, the WHO grade I menigiomas represent 92% and grade II or 
III 8% of all the meningiomas (Park 2009). 

- the skull base meningiomas are the most frequent in the anterior and middle 
cranial fossa – the olfactory groove meningioma, planum sphenoidale, wings of 
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the sphenoid bone, tuberculum of the sella; they represent about 15% of all the 
meningiomas. 

• Craniopharyngiomas
- they represent 2–5% of all the intracranial tumours (Effenterre 2010, Huang 

2005);
- their yearly incidence is 0.05–0.2/100,000 and is the same in women as in 

men. There is a typical bimodal distribution – the highest peak of incidence is 
between the 5th and 14th years of life, and the other peak is between the 50th and 
70th years of life (Huang 2005). 1/2 – 2/3 of cases manifest during chilhood; 

- in children, the craniopharyngiomas represent about 10% of all the intracranial 
tumours and are 10 to 20 times more common in childhood than the pituitary 
adenomas (Effenterre 2010, Huang 2005); 

- in the differential diagnosis, it is essential to differentiate Rathke’s pouch cyst 
which is present as an accidental finding in 33% of all the autopsies, but is 
asymptomatic during life (Huang 2005).

• Chordomas
- they represent 0.1–0.7% of all the intracranial tumours and 6% of all the skull 

base tumours;
- their yearly incidence is 0.2–0,5/100,000. It is the most common between the 

30th and 50th years of life. According to some studies, there is no difference in 
incidence in the both sexes; acorrding to other studies, the chordomas are more 
frequent in in men than in women, in the ratio of 2:1 (Erkmen 2010). 

• Epidermoid and dermoid cysts
- epidermoid cyst represent 0.5–1.8% of all the intracranial tumours and are more 

frequent in men with the peak of incidence between the 30th and 50th years of life 
(Kavar 2012). They are found in the parasellar region in approximately 31%;

- dermoid cysts are very rare and represent less than 0.3% of all the intracranial 
tumours. They are found mostly in the midline structures, and that means also 
in different regions than the parasellar area (Kavar 2012). In contrast to the epi-
dermoid cysts, the dermoid cysts manifest earlier – mostly during childhood or 
adolescence.

• Germinal tumours
- in Europe and the USA, the germinal tumours are relatively rare and represent 

0.4 to 3.4% of all the intracranial tumours; the pure germinoma represents 
50–80% of all the germinal tumours (Kavar 2012). The incidence is much 
higher in Asia where they represent 9–15% of all the intracranial tumours;

- the yearly incidence is 0.1/100,000 in the European-American population;
- they manifest before the 20th birthday in 90%, with the peak of incidence 

between the 10th and the 12th years of life. They are more frequent in men than 

Epidemiology of skull base lesions
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women with the ratio of 2:1 (Kozler 2007). They are mostly found in the pineal 
region – in 47%; and in the parasellar region – in 37% (Kaye 2012). 

• Arachnoidal cysts
- they are congenital lesions and represent 1% of intracranial lesions;
- the prevalence is 0.17% in autopsies and are found as incidental radiological 

finding in 0.3%; they are twice more frequent in men (Di Rocco 2010);
- they are mostly found in the temporal fossa – in 30–50%; and in 10% in the 

parasellar region (Abbott 2004).
• Metastases

- the skull base metastases are found in 4% of patients with a malignant tumour – 
the most frequent primary tumour in the prostate carcinoma in 38.5%, the mam-
mary carcinoma in 20.5% and the lung carcinoma in 6% (Laigle-Donadey 2005);

- the metastases in the sellar region are rare; they represent less than 1% of sellar 
pathologies. The source of the metastases is the mammary and lung carcinoma 
in 60%. According to post mortem studies they are found in up to 5% of cases 
(Huang 2005). 

• Esthesioneuroblastomas (olfactory neuroblastomas)
- they represent 3% of all the sinonasal malignant tumours and are more frequent 

in men – in 55% (Ow 2013);
- the peak of incidence is between the ages of 20 and 50 (Kozler 2007).

• Sinonasal carcinomas
- their yearly incidence is 0.3–1/100,000, with the peak between the 55th and 65th years 

of life, more frequent in men than women with the ratio of 1.5-3:1 (Morokoff 2012);
- their origin is in the maxillary sinus in 60%, in the ethmoidal cells in 16% and 

in the nasal cavity in 20% (Morokoff 2012).

3.3 orbital tUmoUrs

The yearly incidence of orbital tumours is 1/100,000. They are relatively frequent 
in children younger than 10 years of age and are relatively rare between the 10th 
and the 20th years of life; after the 25th year the incidence grows again. The peak 
of incidence is between the 50th and the 70th years of life (50% of all the orbital 
tumours). The most common lesions are the cavernous angioma, lymphoma, inflam-
matory infiltrations, meningiomas and optic nerve gliomas. Orbital dermoid cysts, 
capillary hemangiomas, lymphangiomas, rhabdomyosarcomas, neuroblastomas and 
optic nerve gliomas are relatively frequent in children (Hintschich 2010). 
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- Maxillary sinus surgery
o The first surgery of the maxillary sinus was performed in 1707 by an Englishman, W. Cowper, 

who approached the sinus through the oroantral fistula after a tooth extraction (Sičák 2006). 
The sublabial approach and radical antrostomy was described in 1893 by G. Caldwell (Cald 
well 1893). A similar procedure was independently presented by H. Luc (Luc 1897), so 
nowadays the term Caldwell-Luc procedure is used.

o Denker procedure and midfacial degloving: these approaches used for more extensive surgeries 
of the maxillary sinus replaced the previously used transpalatal approaches with a great risk 
of oroantral fistula formation (Denker 1906, Casson 1974). In Denker operation, the opening 
in the fossa canina is widened medially to the piriform aperture. The midfacial degloving, 
after pulling up the upper lip and nose cranially, provides a good transnasal approach up to 
the infratemporal fossa (Conley 1979). 

- Frontal sinus surgery
o Frontal sinus trepanation with opening of the ethmoidal cells was first described in 1884 by 

A. Ogston and H. Luc but it did not become very popular due to a high risk of postoperative 
stenosis of the frontonasal duct (Kountakis 2005). 

o Riedel procedure – removing of the anterior and caudal wall of the sinus – was modified by 
other authors because of the cosmetic defect in the supraorbital arch (Sičák 2006).

o Jansen-Ritter procedure was described in 1906 – the author removed only the base of the 
frontal sinus (Ritter 1906). In 1908, Knapp performed the first external frontoethmoidectomy 
already described by Jansen and Ritter (Knapp 1908). Lynch, resp. Howarth contributed to the 
popularisation of this procedure in USA and in Great Britain (Lynch 1921, Howarth 1921). 
The term Lynch operation is used mostly in the English-speaking countries.

o The Killian procedure was described in 1903; the author improved the cosmetic effect of the 
surgery by sparing the bridge of the supraorbital margin while maintaining a wide approach 
to the sinus. He was also the first the realise the importance of preservation of the mucosa as 
a prevention of a postoperative stenosis (Killian 1903). 

o Procedures widening the frontonasal duct: in 1914, H. Lothrop described a procedure in which 
he removed a cranial portion of the nasal septum and a medial part of the base of both frontal 
sinuses (Lothrop 1914). The procedure included intranasal and external ethmoidectomy in 
which a part of the medial orbital wall was removed. The surgery was improved by Draf by 
using the endoscope (Draf 1991), in English-speaking countries this procedure is sometimes 
incorrectly called the “endoscopic Lothrop procedure”. 

o The osteoplastic frontal sinus operation is performed from an incision in the frontal and 
parieto-temporal region. After pulling the skin flap aside, a bone fragment is removed from 
the anterior wall of the frontal sinus. In the end of the surgery, the bone fragment is fixed in 
the original position with microplates or a wire (Goodale 1958).

o Obliteration of the frontal sinus is sometimes performed in repeatedly unsuccessful surgery 
of chronic frontal sinusitis or in the case of recurrent frontal mucoceles. It is necessary to 

remove the sinus mucosa completely and obliterate the frontonasal duct (Macbeth 1954).

.

Summary
• A heterogenic group of lesions of different biological nature is found in the 

skull base.
• The most frequent skull base pathology is the pituitary adenoma.
• Other lesions suitable for endoscopic surgery are meningiomas and cranio-

pharyngiomas.
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4 sUrgical anatomy of the skUll base, sinonasal 
region and nasoPharynx 

M .  C h o v a n e c ,  T.  Č e s á k ,  L .  Č á b a l o v á ,  P.  M a t o u š e k ,  
S .  P o t i č n ý ,  R .  L i p i n a

4.1  Topographic anatomy of the skull base

4.2  anatomy of the sinonasal region

4.3  anatomy of the sellar region

4.4  anatomy of the pterygopalatine and infratemporal fossa

Thorough knowledge of the skull base anatomy, its relationship to intracranial struc-
tures and the sinonasal area as an approach corridor is essential for safe endoscopic 
skull base surgery. The chapter is focused mainly on the sellar and parasellar regions 
which are the most frequent targets of the transnasal endoscopic surgery. The aim 
of this chapter is not to describe all the anatomical structures in detail, but to stress 
the structures of the main clinical importance and their topographical relationships 
(Figure 4.1, 4.2).  

Fig. 4.1 The skull base, view from the intracra-
nium. The main endoscopic approaches to the 
skull base are highlighted in colour.

Fig. 4.2 The skull base, view from the nasal cavi-
ty. The main endoscopic approaches to the skull 
base are highlighted in colour.
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Table 4.1 Parts of the skull base and craniocervical junction that can be approached by endoscope.

• anterior cranial fossa  – medial part, the lateral border is the sagittal plane crossing the centre of the orbit or 
the optic nerve 

• middle cranial fossa – apex of the pyramid of the petrous bone, sellar and parasellar region, the lateral border 
is the intracranial part of the internal carotid artery and the optic nerve 

• posterior cranial fossa – clivus, craniocervical junction, dens axis; the medial and paramedial part of this 
region can be reached by the endoscope 

4.1 toPograPhic anatomy of the skUll base  

The endocranial surface of the skull base faces the brain, the extracranial surface 
faces the nasal cavity and paranasal sinuses, orbit, nasopharynx, infratemporal and 
pterygopalatine fossa and the parapharyngeal space.
• the inferior surface of the anterior cranial fossa is formed by the frontal, ethmoid 

and sphenoid bone (Figure 4.3). The border between the anterior and the middle 
cranial fossa consists of the posterior margin of the lesser wings of the sphenoid 
bone and the posterior margin of the sulcus prechiasmaticus. 

Intracranial structures lying on the anterior skull base
The olfactory sulcus with fibres of the 1st cranial nerve, olfactory bulb and dorsally, the olfactory tract are located above 
lamina cribrosa which lies paramedially and the most caudally. Gyrus rectus is located medially and the frontoorbital 
cortex laterally to the olfactory tract. Dural duplicature – falx cerebri, which is attached to a bony ridge – crista galli is 
located in the midline. Laterally to the crista galli the olfactory fibres emerging from the olfactory bulb pass through the 
lamina cribrosa to the nasal cavity. The frontoorbital artery, a branch of the anterior cerebral artery, runs on the inferior 
surface of the gyrus rectus. For clinical practice it is important that the dura in the area of the lamina cribrosa is firmly 
attached to the bones, especially in older adults. 

• the base of the middle cranial fossa is formed by the sphenoid and temporal bone. It is 
divided into the central part (sella turcica), the paracentral part (cavernous sinus, apex 
of the pyramid) and the lateral part (the greater wing of the sphenoid bone). Caudally, 

Surgical anatomy of the skull base, sinonasal region and nasopharynx

Fig. 4.3 The skull base, view from the intracranium: a – superior view, b – diagonal superior view.

fossa cranii anterior

fossa cranii media

fossa cranii posterior

a b
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the middle fossa projects into the area of the sphenoid sinus (dorsally to the tubercu-
lum sellae), the pterygopalatine and infratemporal fossa. The intracranial structures 
approachable by the endoscope approach are the sellar and parasellar area with the 
cavernous sinus (see part 4.3), the cavum Meckeli and the apex of the pyramid. 

• the base of the posterior cranial fossa is formed by the petrous and occipital bone. 
The border between the middle and the posterior fossa lies on the dorsum of the 
sella turcica, posterior clinoid processes and the crest of the pyramid of the tem-
poral bone. The dorsum of the sella turcica, clival recess of the sphenoid cavity 
and the posterior wall of the nasopharynx are located ventrally. The pons and the 
medulla oblongata are located in the intracranium, caudal to them are the cranio-
cervical junction and the jugular tuberculum. 

• the craniocervical junction is formed by the occipital bone and the first and the 
second cervical vertebra. Ventrally it projects to the posterior wall of the nasopha-
rynx (Figure 4.4). The Eustachian tube (ET) runs ventrally from the petrous part of 
the internal carotid artery (foramen lacerum). Topographically it is important that 
ET runs towards the lateral genu of the internal carotid artery.

Intracranial structures adjacent to the clivus
A complex venous basillary plexus is located in a dural duplicature and the basillary artery runs on the clivus, usually 
aside from the midline. The basillary artery is formed by the two vertebral arteries which merge on the border of the cau-
dal and middle third of the clivus. 
• The midbrain, 3rd cranial nerve, basillary artery, posterior cranial arteries and the superior cerebellar arteries are loca-

ted in the level of the upper third of the clivus.
• The pons, 4th cranial nerve, basillary artery with its branches for the pons and the anterior inferior cerebellar arteries 

are located in the level of the middle third of the clivus.
• The medulla oblongata, 12th cranial nerve, vertebral arteries and the posterior inferior cerebellar arteries are located in 

the level of the inferior third of the clivus.

Middle cranial fossa laterally to the cavernous sinus
In terms of the endoscopic approach this area is divided into the area approachable by the suprapetrous approach (above the 
petrous part of the internal carotid artery) and by the infrapetrous approach (below the petrous part of the internal carotid 
artery). The suprapetrous approach allows to approach the cavum Meckeli – a dural duplicature that lies laterally to the 
cavernous sinus and contains the ganglion Gasseri. The apex of the pyramid is approachable by the infrapetrous approach. 

Nasopharynx 
The nasopharynx is the most cranial part of the pharynx which is attached to the skull base by the pharyngobasillary fascia. 
Caudally, it reaches down to the posterior margin of the soft palate. The choanae open into the nasopharynx ventrally, the retro-
pharyngeal space, cervical spine and prevertebral muscles are located dorsally and the parapharyngeal space is located laterally 
to the nasopharynx. The pharyngeal ostium of the Eustachian tube is located on the lateral wall of the nasopharynx, in the 
level of the inferior nasal meatus. Fossa Rosenmülleri (recessus pharyngeus) lies dorsally to the torus tubarius and is a typical 
place of the origin of the malignant nasopharyngeal tumours. The palatovaginal artery (a branch of the sphenopalatine artery) 
which supplies the nasopharynx is an important structure for orientation for identification of the n. canalis pterygoidei Vidii. 

• The internal carotid artery (ICA) is divided into seven segments: the cervical 
segment (C1), which enters the carotid foramen in the temporal bone; the petrous 
segment (C2) – its part inside the petrous bone oriented vertically before it forms  
posterior (lateral) and runs forward in front of the cochlea; the lacerum segment 
(C3) oriented horisontally, above the foramen lacerum where it is located posteri-
orly to the Eustachian tube and the cartilaginous part of the ET is firmly connect-
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ed to the foramen lacerum cartilage; 
it forms the anterior (medial) genu, 
bends vertically  and runs next to the 
clivus where it passes into the caver-
nous segment (C4), which contains 
the posterior loop, posterior horizontal 
part, the anterior loop, the anterior 
horizontal part; the clinoid segment 
(C5) and the ophthalmic segment (C6) 
are the last two parts before the ICA 
gives of the anterior communicating 
artery (C7). (Figure 4.5). 

For clinical practice the terminology used to describe the parts of the ICA is 
as follows:
• the paraclival segment – the anterior (medial) loop and the cavernous seg-

ment up to the posterior loop
• the parasellar segment – the cavernous segment from the posterior loop up 

to the intracranial part

The knowledge of the individual structures with a topographical relationship to the 
ICA is very important for the safe endoscopic skull base surgery (Table 4.3). 

Fig. 4.4 Nasopharynx: TT – torus tubarius l.dx., 
RP – recessus pharyngeus, PM – palatum molle, 
RV – Rathke’s pouch; transnasal endoscopic view, 
right nasal cavity.

TT RP

PM

RV

a. et n. canalis pterygoidei 

n. abducens

a. carotis interna

n. oculomotorius

n. maxillaris

sinus cavernosus

n. trochlearis

Surgical anatomy of the skull base, sinonasal region and nasopharynx

Fig. 4.5 Internal carotid artery: a – relationship to the n. canalis pterygoidei, lateral view, right side; 
b – schematic division of the individual segments; C1 – cervical segment, C2 -  petrous segment, C3 – 
lacerum segment, C4 – cavernous segment, C5 – clinoid segment, C6 – ophthalmic segment; lateral view, 
left side; C7 – communicating segment.

a b

posterior loopanterior loop

anterior genu

posterior genu
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Table 4.2  Segments of the internal carotid artery (Bouthilllier 1996).

C1 cervical segment – from the bifurcation until entering the pyramid 

C2 petrous segment – first vertical, then it changes the direction to the horizontal segment in the posterior (lat-
eral) genu and runs ventromedially 

C3 lacerum segment – runs above the foramen lacerum, forms the genu and turns vertically and in the level of 
the petrolingual ligament it goes into 

C4 cavernous segment – runs inside of the cavernous sinus, vertical part – posterior loop – posterior horizontal 
part – anterior loop – anterior horizontal part 

C5 paraclinoid segment – runs dorsolaterally medially to the anterior clinoid process 

C6 ophthalmic segment

C7 communicating segment

Table 4.3  Structures important for identification of the internal carotid artery in the transnasal approach. 

ICA segment structure important for identification

• petrous segment and genu Eustachian tube

• paraclival segment and genu n. canalis pterygoideus Vidii

• cavernous segment medial clinoid process

• clinoid segment optic-carotid recess

4.2  anatomy of the sinonasal region

4.2.1 nasal cavity

The nasal cavity with the exception of the olfactory area and the nasal vestibulum is 
lined with stratified ciliated epithelium with secretion elements and mucous glands. 
This fact is important when performing dural defect reconstruction. 

The sinonasal mucosa must not be left underneath the fat or flap used for the 
dural reconstruction because of the risk of mucocele. 

The nasal cavity is a pair cavity divided into two parts by the nasal septum in the 
midline. The anterior border consists of the nasal inlets (the bony structure forming 
the nasal inlet is the piriform aperture), the dorsal border between the nasal cavity and 
the nasopharynx are the choanae. Caudally, the nasal cavity is separated from the oral 
cavity by the hard and the soft palate. The lateral wall separates the nasal cavity from the 
orbit and the superior wall consists of the inferior surface of the anterior cranial fossa. 
• the inferior wall of the nasal cavity – the bony structures forming the inferior wall 

is the hard palate which consists of the premaxilla, palatine process of the maxilla 
and the horizontal plate of the palatine bone; dorsally the hard palate continues as 
the soft palate;

• the lateral wall of the nasal cavity is formed by the nasal bone, lacrimal bone, ma-
xilla, inferior turbinate, ethmoid bone, palatine bone and the sphenoid bone.  The 



41

dominant structures of the lateral nasal wall are the three nasal turbinates that are 
the borders of the inferior, middle and superior nasal meatus (Fig. 4.6);

• the inferior turbinate consists of an individual bone attached to the maxilla and the 
palatine bone; the superior and the middle turbinate are a part of the ethmoid bone;

• the middle turbinate – its attachment to the lateral nasal wall is the most important 
structure for orientation in endonasal surgery of the ethmoid cells. The anterior part 
(visible in anterior rhinoscopy) is oriented sagittaly and is attached to the maxilla and 
the skull base (Fig. 4.7). The posterior part of the turbinate (ground lamella) is oriented 
in the coronal plane and is attached to the skull base and the lamina papyracea (Fig. 4.8);

• the superior turbinate is an important structure for indentification of the sphenoid 
ostium (Fig. 4.9). The ostium is located approximately in the half of its height.

The sphenopalatine artery, a branch of the maxillary artery, enters the nasal cavity in 
the posterior part of the lateral nasal wall by the sphenopalatine foramen. It gives off 
branches which supply the lateral nasal wall, as well as the nasal septum. Its posterior 
septal branch that runs on the anterior wall of the sphenoid sinus and supplies the nasal 
septum provides a vascular supply to the nasoseptal flap (Fig. 4.10) (see part 11).

The middle turbinate is the most important structure for orientation in endonasal 
surgery of the ethmoid cells. 
The nasoseptal flap is supplied by the septal branch of  the sphenopalatine artery 
and is the most frequently used flap in dural defect reconstructions. 

Nasal meatuses and their significance:
• the inferior nasal meatus lies under the inferior nasal turbinate; the lacrimal duct opens in it;
• the middle nasal meatus is a space betwwen the middle and the inferior nasal turbinate; it contains the ostiomeatal unit (complex); 
• the superior nasal meatus is located under the superior nasal turbinate, it contains the openings of the posterior ethmoid 

cells and the sphenoid sinus;
• the common nasal meatus is a space located medially to the nasal turbinates. 

Surgical anatomy of the skull base, sinonasal region and nasopharynx

Fig. 4.6 View of the lateral wall of the nasal cavity, right side.
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The ostiomeatal complex is an important functional unit formed by the struc-
tures that surround the openings of the paranasal sinuses into the middle nasal 
meatus, i.e. the frontal and the maxillary sinus and the anterior ethmoid cells 
together with the inferior and the middle nasal turbinate. Obstruction of the 
middle nasal meatus (for example by lateralisation of the middle turbinate in the 
transsphenoidal approach) leads to obliteration of the ostia and inflammatory 
changes in the paranasal sinuses named above. 

• the medial wall of the nasal cavity is formed by the nasal septum (Fig. 4.10). In 
its anterior part it consists of a cartilage, in the posterior part it is formed by the 

Fig. 4.9 Middle nasal meatus (the middle nasal 
turbinate pushed aside with the raspatorium): BE 
– bulla ethmoidalis, CM – concha nasalis media, 
PU – processus uncinatus; endoscopic view in the 
medial direction, right side.

Fig. 4.10 Nasal septum, cartilaginous and bony 
part.

Fig. 4.7 Middle nasal turbinate (arrow): S – nasal 
septum; endoscopic view, right side.

Fig. 4.8 Superior nasal turbinate (arrow), the mid-
dle turbinate pushed aside with the raspatorium; 
endoscopic view in the lateral direction, left side.
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perpendicular lamina of the ethmoid bone and the vomer. Frequently, it is asym-
metrical with variable crests and spines. For clinical practice it is important that 
the septal mucosa can be used for dural defect reconstruction. 

• the roof of the nasal cavity is formed by the nasal process of the frontal bone, the 
ethmoid bone (anterior and posterior ethmoid cells laterally and the lamina crib-
rosa medially) and the body of the sphenoid bone in the anteroposterior order. It 
forms the base of the anterior cranial fossa. 

• the choanas are the openings between the nasal cavity and the nasopharynx; 
their borders are the rostrum, the base of the body of the sphenoid bone and the 
sphenoid process of the palatine bone cranially; the medial plate of the pterygoid 
process of the sphenoid bone and the perpendicular lamina of the palatine bone 
laterally; the horisontal plate of the palatine bone caudally and the bony part of the 
septum formed by the vomer medially (Fig. 4.12). 

The superior margin of the choana is an important structure for identification of 
the sphenoid ostium. Usually it lies approximately 1.2-1.5 cm above the supe-
rior margin of the choana, medially to the superior nasal turbinate (Fig. 4.12).

4.2.2 Paranasal sinuses 

The paranasal sinuses (PNS) consist of the ethmoid cells, the frontal sinus, the 
maxillary sinus and the sphenoid sinus on each side. All the PNS are in a close re-
lationship with the orbit and the optic nerve and with the exception of the maxillary 
sinus also to the skull base.

4.2.2.1 Ethmoid cells

The ethmoid cells are a part of the ethomid bone. Their anatomy is relatively variable; 
usually they consist of 8–10 cells and are divided into the anterior and the posterior 

Fig. 4.11 Choana: N – nasopharynx, TT – torus 
tubarius, S – nasal septum, ET – Eustachian tube; 
endoscopic view, right side.

Fig. 4.12 Sphenoid sinus ostium (arrow): CM – 
concha nasalis media, CS – concha nasalis superi-
or, S – nasal septum; endoscopic view, right side.
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cells. These are separated by the basal lamella (ground lamella) that is formed by 
the attachment of the middle nasal turbinate to the lateral nasal wall. Their width 
and shape are also relatively variable, especially in the axial plane. In their anterior 
part they are narrower and higher, in the posterior part usually lower and wider, but 
they can also be barrel-shaped. 
• the anterior ethmoid cells – their medial border is formed by the middle turbinate, 

the lateral border is the lamina papyracea, cranially the skull base and dorsally the 
basal lamella. The largest and the most constant of the anterior ethmoid cells is 
the bulla ethmoidalis. For orientation it is important that the bulla ethmoidalis is 
as wide as all the complex of the anterior ethmoid cells. 

• the posterior ethmoid cells – their medial border is formed by the superior tur-
binate, the dorsal border is the anterior wall of the sphenoid sinus, laterally the 
lamina papyracea and cranially the skull base. Their relationship to the optic 
nerve is of great clinical significance. In the case of increased pneumatisation 
the ethmoid cells can reach laterally over the superior wall of the sphenoid sinus 
(sphenoethmoidal – Onodi’s cell); this variation is present in more than 28% of 
individuals. In the coronal projection, the sphenoethmoidal cell can sometimes 
give an impression of a subdivided sphenoid sinus. 

Increased pneumatisation of a posterior ethmoid cell (Onodi’s cell) is in a close 
relationship with the optic nerve. 

• the roof of the ethmoid cells is formed by the orbital plate of the frontal bone 
laterally and lateral side of the lamina cribrosa of the ethmoid bone medially. 
The lateral part of the roof is thicker (0.5 mm) than the medial part which is only 
0.2 mm thick; the roof of the anterior ethmoid cells is thinner then of the posterior 
cells. The thinnest part of the roof is in the lamina cribrosa, specifically in the place 
where the anterior ethmoidal artery passes through the lamina. This spot is the 

Fig. 4.13 Relationship of the roof of the ethmoid cells and the cribriform plate; Keros’ classification: a – 
type I; B – type II; c – type III; horizontal line interleaved through the roof of the ethmoid cells.
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1 – 3 mm 4 – 8 mm 8 – 16 mm

lamina cribrosa roof of the ethmoid cells
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most vulnerable during the surgery and is predilective for CSF leak. In CT scans it 
is necessary to evaluate the relationship of the ethmoid cells to the lamina cribrosa 
(Keros‘ classiffication) – the difference can be 3–9 mm (Fig.  4.13). 

 It is also important to remember the possible asymmetry (in height and shape) of the 
ethmoid cells; the roof of the ethmoid cells can lie significantly lower on one side than 
on the other. The lateral lamella of the lamina cribrosa can also be oriented in differ-
rent directions – it can lie completely vertically or diagonally. The anterior and poste-
rior ethmoidal artery run on the roof of the ethmoids, the former located on the border 
of the frontal recess and the anterior ethmoid cells and the latter located on the border 
of the posterior ethmoid cells and the sphenoid sinus, topographically on the posterior 
margin of the lamina cribrosa (Fig. 4.14, 4.15). 

Fig. 4.15 Anterior ethmoidal artery (white vertical 
arrow) in a bony canal on the roof of the anterior 
ethmoid cells (in a cadaver, after ethmoidectomy); 
endoscopic view, right side.

Fig. 4.14 Anterior and posterior ethmoidal artery, their position on the roof of the ethmoid cells.
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• It is necessary to evaluate the ethmoid cells in the preoperative CT scans as to 
their width and shape in both coronal and axial plane due to their significant 
variability. 

• It is essential to evaluate the height of the roof of the ethmoid cells in the 
relationship to the lamina cribrosa (Keros’ classification); the difference can 
be 3 to 9 mm.

• It is essential to evaluate the symmetry of the ethmoid cells in the CT scans 
because they are frequently asymmetric. 

• The anterior and posterior ethmoidal artery run on the roof of the ethmoid cells.

4.2.2.2 The maxillary and the frontal sinus 

• The maxillary sinus is located in the body of the maxilla. The borders of a normal-
ly pneumatised maxillary sinus are the alveolar process caudally, the lateral wall of 
the maxilla with the zygomatic process laterally, inferior wall of the orbit cranially, 
the dorsal wall of the maxilla projecting into the tuber maxillae which separates 
the maxillary sinus from the pterygopalatine and infratemporal fossa dorsally, and 
the inferior nasal turbinate and the uncinate process medially. The sinus opens in 
the middle nasal meatus in the dorsal third of the ethmoidal infundibulum. Apart 
from the natural opening (hiatus maxillaris) there can also be several accessory 
openings (both ventrally and dorsally to the main ostium) created in the dehiscent 
parts of the medial maxillary wall which open into the middle nasal meatus. If the 
dehiscences are covered with mucosa, these places are called the anterior and the 
posterior fontanella. The bony infraorbital canal runs on the superior wall of the 
maxillary sinus from the inferior orbital fissure to the anterior wall of the sinus. It 
contains the infraorbital nerve and vessels. The inferior wall of the maxillary sinus 
lies approximately 3–5 mm below the base of the nasal cavity. 

• The frontal sinus is located in the frontal bone. Its shape resembles a pyramid 
seated between the anterior and the posterior lamina of the frontal bone. Its pneu-
matisation is relatively variable. It opens through the frontal recess into the middle 
nasal meatus. The right and the left frontal sinuses are divided by a thin septum; its 
deviation and thus asymmetry of the two sinuses is very frequent. 

4.2.2.3 The sphenoid sinus  

The sphenoid sinus is the most posterior of the paranasal sinuses and lies in the level 
of the middle cranial fossa. 
• The sphenoid ostium which is located in the anterior wall of the sinus opens into 

the sphenoethmoidal recess. In an adult, it is located approximately 7 cm dorsally 
to the spina nasalis anterior and in the angle of 30° superior to the base of the 
nasal cavity; for endoscopy it is more significant that it lies 1.0–1.5 cm above 
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the superior margin of the choana, between the nasal septum and the superior 
turbinate (Fig. 4.16, 4.17). 

The sphenoid ostium lies 1.0–1.5 cm above the superior margin of the choana 
between the nasal septum and the superior nasal turbinate.

• The superior wall of the sphenoid sinus is called planum sphenoidale. Tuberculum 
sphenoidale can project onto the superior wall as a notch on the border of the 
superior and the posterior wall of the sinus. 

• The posterior and the lateral wall – in a well pneumatised sinus, a convex outer 
surface of the sella turcica which contains the pituitary gland, is visible in the 
posterior part of the sinus (Fig. 4.18, 4.19).

width of the sphenoid sinus wall 
In the sellar types of the sphenoid sinus pneumatisation the with of the floor of the sella turcica is 0.4 mm on the average, 
in presellar types 0.7 mm (Rhoton 1977). The anterior wall of the floor of the sella is usually the thinnest bony structure 
compared to the planum sphenoidale, tuberculum and clivus. It is important that the ICA can also be covered by a very 
thin bone; usually it is 0.5 – 1 mm thick; in 20% the bone can be dehiscent, sometimes even bilaterally (Fujii 1979).

- The optic nerve and the internal carotid artery form a prominence on the lateral, 
posterior and superior wall of the sinus. In a well pneumatised sinus, a notch is 
usually present between the optic and the carotid prominence – the optic-carotid 
recess (usually both medially and laterally) (Fig. 4.19, 4.20). The sphenoid sinus 
can reach to or even surround the optic nerve as the supraoptic and the infraoptic 
recess in the laterocranial direction. 

 The lateral wall of the sinus lies next to the cavernous sinus which contains the ICA, 
n. oculomotorius, n. trochlearis, n. abducens and the first and the second branch of 
the trigeminal nerve (n. ophthalmicus and n. maxillaris) (Fig. 4.21, 4.22).

Fig. 4.16 Identification of the sphenoid ostium 
– approximately 1.2 cm above the choana: CM 
– concha nasalis media, CS – concha nasalis supe-
rior, CH – choana, S – nasal septum; endoscopic 
view, right side.

Fig. 4.17 Right sphenoid ostium (arrow): CM – 
concha nasalis media, CS – concha nasalis superi-
or, S – nasal septum; endoscopic view, right side.
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In the case of high pneumatisation the sphenoid sinus reaches laterally into the 
lesser or greater wing of the sphenoid bone and laterocaucally into the pterygoid 
process. A prominence of the maxillary nerve (the second branch of the trigemi-
nal nerve) is an important structure for orientation when entering the cavum 
Meckeli and approaching the apex of the pyramid (Fig. 4.23).

The maxillary nerve (the second branch of the trigeminal nerve) is an important 
structure for orientation when entering the cavum Meckeli and approaching the 
apex of the pyramid.

Fig. 4.18 Posterior wall of the sphenoid sinus: a – view into the right sphenoid sinus; b – view into the 
right and left sphenoid sinus, the ethmoid cells and the maxillary sinus opened; c – posterior wall of the 
sphenoid sinus with intact intersphenoidal septum; d – posterior wall of the sphenoid sinus, intersphenoi-
dal septum resected; ICA – internal carotid artery, CE – ethmoid cells (opened), n. II – impression of the 
optic nerve, PS – planum sphenoidale, LOCR – lateral optic-carotid recess, MOCR – medial optic-carotid 
recess, RC – recessus clivalis, SB – r. septalis a. sphenopalatinae (transsected), SI – intersphenoidal sep-
tum, SM – maxillary sinus, ST – sella turcica, TuS – tuberculum sellae; endoscopic view (in a cadaver).
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- The Sternberg canal (canalis craniopharyngealis lateralis) is sometimes formed 
in the lateral wall of the sphenoid sinus in the case of non-complete junction and 
ossification the sphenoid bone.

The Sternberg canal is a congenital dehiscence in the lateral wall of the sphe-
noid sinus and a canal of the congenital meningo(encephalo)cele; it can also be 
a predilective place for spontaneous cerebrospinal fluid leakage.

Fig. 4.19 Posterior wall of the sphenoid sinus, 
mucosa of the sella turcica retracted: n. II – im-
pression of the optic nerve, PS – planum spheno-
idale, LOCR – lateral optic-carotid recess, MOCR 
– medial optic-carotid recess, ST – sella turcica; 
endoscopic view.

Fig. 4.20 The lateral optic-carotid recess (arrow), 
asymmetric position of the intersphenoidal sep-
tum inserted to the internal carotid artery bony 
canal; ICA – internal carotid artery, n. II – impres-
sion of the optic nerve, ST – sella turcica; endo-
scopic view.
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Fig. 4.21 Sphenoid sinus, relationship of the internal carotid artery and the cranial nerves.
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Caudally, the posterior wall of the sphenoid sinus is formed by a thick bone which 
is attached to the basilar part of the occipital bone on the posterior aspect and forms 
a notch called the clival recess. The pons is located dorsally to the recess.  
• The inferior and the anterior wall of the sinus is formed by the rostrum sphe-

noidale which is attached to the vomer (Fig. 4.24). Laterally, a prominence of the 
n. canalis pterygoidei (n. canalis Vidii) can be visible – it is an important structure 
for orientation (Fig. 4.25) – it is the caudal limit when widely opening the sphe-
noid sinus and also its direction is towards the anterior genu of the ICA. 

N. canalis pterygoidei (Vidian nerve) is an important structure for orientation 
when identifying the anterior loop of the internal carotid artery. 

• The intersphenoidal septum (septums) are very variable as to the shape and size 
and sometimes worsen the orientation in the sphenoid sinus. Frequently the sinus 
is divided into two asymmetrical compartments which can also be subdivided by 
the subseptums which are also usually asymmetrical. The exact midline location 
of the intersphenoidal septum is considered rather rare. It can be shifted up to 
8–10 mm laterally (Renn 1975). It can be attached to the carotid prominence (up 
to a third of individuals) which needs to be noted when preparing for the surgery 
– if the septum is broken up roughly in the surgery it can lead to the ICA injury. 
In 30.5% the intersphenoidal septum is attached directly to the optic nerve canal 
which can be dehiscent in up to 12.5% of cases. Likewise, ICA adjoin the sphenoid 
sinus by 90–180° of its circumference in 50% and in 10–25% the canal is dehis-
cent.  

Fig. 4.22 Relationship of the cavernous sinus, the pituitary gland and the sphenoid sinus, scheme of the 
dural layers; M – meningeal layer of the dura mater, E – endostal layer of the dura
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Fig. 4.23 Various extent of the sphenoid sinus pneumatization – more extensive pneumatisation makes the 
identification of surrounding structures easier: a – pneumatisation of the lesser wing, b – pneumatisation 
of the greater wing (red arrow), c – pneumatisation of the pterygoid process (red arrow), d – pneumatisa-
tion of the greater wing and the pterygoid process (red arrows); ST – sella turcica, ICA – internal carotid 
artery, CP – canalis pterygoideus (Vidii), FR – foramen rotundum, n. II – optic nerve
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The intersphenoidal septum is very variable as to the position, shape and size; 
frequently the asymmetric subseptums are also present. In up to a third of cases 
the septum is attached to the carotid prominence or the optic nerve canal on the 
posterior wall of the sphenoid sinus and if broken roughly the ICA or the optic 
nerve can be injured. In up to a fourth of cases the carotid or the optic canal is 
dehiscent.

• Pneumatisation of the sphenoid sinus – for a surgeon, the greater the pneumatisa-
tion of the sinus, the better. The structures surrounding the sphenoid sinus impor-
tant for orientation are therefore well visible (ICA, the optic nerve) and also the 
posterior wall of the sphenoid sinus is thinner and the endoscopic approach does 
not require removing an abundant mass of the bone. The pterygoid process and the 
lesser or greater wings of the sphenoid bone can also be pneumatised. In terms of 
the pneumatisation and its relationship to the sella turcica there are 3 types of the 
sphenoid sinus (Fig. 4.23, 4.26)

Pneumatisation of the sphenoid sinus in relationship to the sella turcica 
• Sellar type of pneumatisation – the most favourable type for surgery; the sinus surrounds the sella from both the ventral 

and dorsobasal sides. It is the most frequent type, present in approximately ¾ of cases (Renn 1975). The contours of the 
sella are well visible and allow good orientation during the surgery. It is divided into several subtypes (Fig. 4.26 b–e) 

• Presellar type of pneumatisation – the sella is more flat and the sinus is present only in the several part; the floor of the 
sella appears less plastic. 

• Conchal type of pneumatisation  (3% of population) presents a certain obstacle for the approach to the sella turcica and 
requires removal of a greater mass of bone. 

• The size of the sphenoid sinus enlarges with the growth of an individual. In newborns it is present just as a small cavity 
and enlarges mainly in adolescence, first in the ventral direction and later in the caudal direction and reaches its final 
size in early adulthood. 

Fig. 4.24 View of the sphenoidal rostrum after 
a partial resection of the nasal septum, right and 
left sphenoid sinus opened: RS – rostrum sphenoi-
dale, SSD – sinus sphenoidalis l. dx., SSS – sinus 
sphenoidalis l. sin.; endoscopic view.

Fig. 4.25 Pterygoid canal and foramen rotundum, 
pneumatisation of the left pterygoid process: PC 
– canalis pterygoideus, FR – foramen rotundum; 
CT scan, coronal section.
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Carotid prominence
The impression of the intracavernous segment of ICA (sulcus caroticus) on the sides of the body of the sphenoid bone 
projects as the carotid prominence on the lateral and posterior wall of the sphenoid sinus. The shape of the prominence 
depends on the extent of the sinus’ pneumatisation (Fig. 4.27). In the case of low pneumatisation it appears as a discreet 
elevation, in the case of high pneumatisation the sigmoid shape of ICA’s course is visible. The prominence is in close 
contact with the base and the anterior wall of the sella. The relationship to the sella divides the carotid prominence into 
three parts: 
• retrosellar, the first part, is only visible in the sellar type of the sinus in which the pneumatisation reaches below the 

level of the sella and appears and as a prominence of the postero-lateral wall;  
• infrasellar, the second part, is located below the level of the sella; 
• presellar, the third part, is located ventrally and laterally to the anterior wall of the sella. It is the most evident in the 

case of presellar or sellar type of pneumatisation of the sinus. 

Fig. 4.26 Types of pneumatisation of the sphenoid sinus in relation to the sella turcica and various types 
of pneumatisation of the clivus: a – presellar type, b – sellar and retrosellar pneumatisation, c – sellar 
and infrasellar pneumatisation, d – sellar and clival pneumatisation, e – sellar, retrosellar and infrasellar 
pneumatisation.
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4.3 anatomy of the sellar region

The centre of the skull base is the pituitary gland seated in the sella turcica. The 
border of the sellar region is limited by the optic nerves and the optic chiasm from 
the superior aspect and the anterior part of the Willis circle that consists of the an-
terior cerebral arteries connected by the anterior communicating artery. The lateral 
border is formed by the cavernous sinus containing ICA and the cranial nerves. The 
posterior border consists of the firm bony dorsum which is in close relationship to 
the basilar artery and the brain stem. In the endoscopic transnasal approach, after 
passing through the nasal cavity and opening the sphenoid sinus, only the floor of 
the sella turcica is visible.  

Fig. 4.27 Carotid prominence (dotted line): a, b 
– relation to the structures in the sphenoid sinus, 
c – relation of the internal carotid artery, pituitary 
gland and the optic chiasm; ICA – left internal 
carotid artery, H – hypophysis, n. II – optic 
nerve bony impression in the sphenoid sinus, 
PS – planum sphenoidale; a, b endoscopic view 
(in a cadaver).
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A thorough evaluation of the CT and MRI scans in terms of detail configura-
tion of the sphenoid sinus (presence of the intersphenoidal septums and their 
attachment, dehiscence of the bony carotid canal, extent of pneumatisation) is 
an essential part of the preoperative preparation of the surgical team. 
Greater pneumatisation of the sphenoid sinus is an advantage for the surgeon – 
the important structures are well visible and enable better orientation.

4.3.1  diaphragma sellae 

The sellar diaphragm is a dural duplicature and forms the superior wall of the sella 
turcica, covering the pituitary gland. It forms a compact structure except for the 
central opening, a hiatus, through which the stalk of the pituitary gland passes. Its 
shape is usually rectangular and is thinner around the hiatus and thicker on the sides. 
It is less then 1 mm thick. In a normal pituitary gland its shape is rather concave. The 
central hiatus of the diaphragm is wider than the stalk diameter, but its maximum 
diameter is approximately 5 mm; its shape is usually eliptical. In some cases, the 
congenital size of the hiatus is much larger than the stalk which enables a prolaps of 
the arachnoidea into the sella which leads to the empty sella syndrome (see part 5). 

4.3.2  Pituitary gland (hypophysis)

The anterior part of the pituitary gland is called adenohypophysis. The middle part 
around the stalk is called pars tuberalis, the posterior part is the neurohypophysis. 
The gland is connected to the hypothalamus by the infundibulum which is responsible 
for the neuroendocrine hormonal stimulation of the posterior lobe of the pituitary 
gland. From the superior aspect the neurohypophysis is visible after removing the 
diaphragm that forms a roof above the sellar cavity. 
• The neurohypophysis can be distinguished from the other parts of the pituitary 

gland by its slightly lighter colour in comparison to the beige colour of the ante-
rior lobe. Its consistency is also different. It is softer than the adenohypophysis, 
gelatinous and firmly adheres to the walls of the sella turcica. 

• The anterior lobe of the pituitary gland – its consistency is harder and it can be 
separated easily from the sellar walls. The inferior part of the pituitary gland 
copies the shape of the sellar floor and its size is more uniform. In contrast the 
superior parts of the gland are more variable and the borders in this area are not 
firm and therefore allow variability in shape (Rhoton 2010). 

If the hiatus of the diaphragm is larger, the pituitary gland expands outside around 
the stalk and the contours of the diaphragm appear convex; in the case of a small 
hiatus the shape of the diaphragm is rather concave. 

Surgical anatomy of the skull base, sinonasal region and nasopharynx
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4.3.3  internal carotid artery and intercavernous sinuses 

The distance between the two internal carotid arteries in the level of the sella turcica 
is variable due to their congenital position and also the extent of the pathological 
process which can push the ICAs apart. The intercarotid artery distance plays an 
essential role in planning of the trajectory of the transnasal surgery; if the distance 
is low sometimes in can be a contraindication for the surgery because of the risk of 
vascular injury (Fig. 4.28, 4.29). 
The intercarotid distance is sometimes so low that the ICAs are in contact – this si-
tuation is called “kissing carotids” (Laws 1999). This anatomical situation represents 
a great risk of the ICAs injury during the surgery with possible fatal consequences 
(Zervas 1984). The relatively frequent anatomical variations are a good reason 
for performing angiography or MRI angiography to achieve the safest transnasal 
approach corridor. 

Intercarotid artery distance 
A group of authors around Fujii, Chambers and Rhoton (Fujii 1979) evaluated the transversal distance between the 
carotid prominences. They concluded that in 72% of the specimen it is the shortest in the level of the tuberculum sellae, 
in 20% in the level of the floor of the sella turcica and in 8% in the level of the clivus. In a different study (Renn 1975) 
the shortest intercarotid distance in 82% was in the supraclinoid part and relatively rarely (14%) it was in the level of the 
maximum prominence of the sella turcica. Gupta’s study showed that the intersulcar distance of the carotid prominences 
measured in three levels is considerably variable (Gupta 2009); in 35% the shortest distance between ICAs was in their 
most ventral (14.34 mm on average) and the most dorsal part (14.30 mm) and in contrast in 26% in the place of the great-
est depth of the sinus. In one case the authors described the intercarotid distance as short as only 7.63 mm. The anatomi-
cal variations of the intercarotid distance vary also in the demographic aspect. In a Turkish cadaveric study the authors 
described 6 dehiscences of the bone with ICAs medially protruded into the pituitary region (Unal 2006).

Relationship of ICA to the pituitary gland
In a standard anatomical situation the two ICAs are separable from the lateral side of the gland. The distance of the two 
structures is 1 – 7 mm; 2.3 mm on average. Only in ¼ of the cases the ICA is in direct contact with the gland and in that 
case it often forms an impression on its lateral side (Harris 1976, Renn 1975). 

The intercavernous sinuses, often with a variable course, form a circle around the 
pituitary gland and a venous communication between the right and left cavernous 
sinuses (Fig. 4.30). The anatomy and the terminology is in accordance to the anatomy 
of the pituitary gland.  
• The anterior surfarce of the gland is usually in contact with the anterior intercav-

ernous sinus which often reaches up to the tuberculum sellae; the posterior surface 
is in contact with the posterior intercavernous sinus. Both sinuses can also be 
interconnected and form a so-called circular intercavernous sinus. 

• The posterior intercavernous sinus is usually connected to the basilar sinus which 
drains the area of the superior clivus. The basilar sinus forms a constant and 
usually a very rich midline plexus which drains the superior and posterior petrous 
sinus draining the area of the temporal lobe and the pyramid of the temporal bone.

The intercarotid artery distance is important for planning of the transnasal 
approach to the sella turcica.
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Variations of the intercavernous sinuses 
Just as sometimes there are multiple intercavernous sinuses, in some cases the intercavernous sinuses can be absent 
which is a surgically favourable variant. They are usually missing in macroadenomas of the pituitary gland in which 
they are obliterated gradually due to the growth of the adenoma, either due to the direct invasion of the tumour or the 
increased pressure in the sella turcica. In microadenomas, in contrast, typically in central hypercortisolism – Cushing 
disease, the intercavernous sinuses are present regularly in usual localisation. Cases in which the whole anterior wall of 
the dural approach to the sella consists of the blueish anterior sinus are not rare and require a thorough coagulation before 
the durotomy. The injury of the sinus can lead to increased blood loss and also to worse orientation in the operating field. 

Fig. 4.28 Various distance of the internal carotid arteries in two individuals (arrows and red line); a, b – 
CT scans, axial sections.

Fig. 4.29 Anatomy of the sellar and parasellar region: a – before the resection of the dura mater of the 
planum sphenoidale; b – after the resection of the dura mater of the planum sphenoidale and the clivus; 
ACA – anterior cerebral artery, ACI – internal carotid artery, ACP – posterior cerebral artery, ACS – supe-
ior cerebellar artery, AHI – a. hypophysialis inferior, AHS – a. hypophysialis superior, H – hypophysis, 
CH – chiasma opticum, n. III – oculomotor nerve, n. VI – abducent nerve, n. II – optic nerve

n. II

ACI

H

dura planum sphenoidale

AHI

n. VI
clivus

AHS

CH

ACSAB
n. III

ACP

 H

a b

a b

ACI

a. ophthalmica ACA

Surgical anatomy of the skull base, sinonasal region and nasopharynx



58

Transnasal Endoscopic skull  BasE surgEry

4.3.4  cavernous sinus 

The cavernous sinuses are adjacent to the lateral wall of the sphenoid sinus, sella 
turcica and the pituitary gland. Anteriorly they reach to the superior orbital fissure, 
their lateral border is in contact with the apex of the pyramid. They contain a plexus 
of fine veins, the vertical segment of ICA and the cranial nerves (Fig. 4.31). 
• The cavernous segment of ICA – the course of the paraclival part of ICA is vertical, 

in its superior part if forms the posterior loop and continues into the clinoid (para-
sellar) segment. Its position in the sinus is relatively unvariable but in invasive 
adenomas ICA can be displaced laterally. After leaving the sinus ICA gives off 
small branches for the pituitary gland which emerge from the meningohypophy-
seal trunk – the inferior hypophyseal artery and McConnel’s capsular arteries. 

Meningohypophyseal trunk 
• The inferior hypophyseal artery first runs medially, forms an anastomosis with the contralateral artery and together 

they supply the floor of the sella, dura mater and the posterior lobe. 
• McConnel’s capsular arteries are more variable, sometimes even missing, but usually they supply the anterior part of 

the sellar structures. 

• The cranial nerves that run through the cavernous sinuses ensure the mimic 
and oculomotor innervation. Except for the abducent nerve they are lined 

Fig. 4.30 Scheme of variations of the intercavernous sinuses, sagittal sections of the sellar region: a – 
anterior, posterior, inferior and basilar intercavernous sinus, b – basilar intercavernous sinus, c – anterior, 
posterior and basilar sinus, d – anterior intercavernous sinus covering whole anterior surface of the pi-
tuitary gland, e – anterior and inferior intercavernous sinus missing, f – inferior and basilar intercavernous 
sinus missing.
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craniocaudally between the two layers of the dura mater in the lateral part of the 
sinus – oculomotor nerve the most cranially, lower the trochlear nerve, the oph-
thalmic nerve (the first branch of the trigeminal nerve) and the abducent nerve 
which enters the cavernous sinus by the Dorello’s canal. 

4.3.5 suprasellar region 

The suprasellar region is an area above the 
diaphragm; the centre of the region is the 
optic chiasm and contains other vascular 
nad nervous structures. 

4.3.5.1 nervous structures of the 

suprasellar region 

• The optic nerves enter the intracranial 
space through the optic canals which 
lie medially to the anterior clinoid pro-
cesses, then they run in the posterome-
dial direction to form the optic chiasm 
which then continues as the two optic tracts (Fig. 4.32). The optic tracts run pos-
terolaterall around the brain peduncles into the middle incisural space. The optic 
nerve is covered by a layer of dura mater  - falciform ligament before it enters the 
optic canal.  The ligament reaches from the clinoid process in a variable length of 
0.1–1 cm (Renn 1975). The width of the bony base of the optic canal can be upto 

Fig. 4.31 Right cavernous sinus after the resection of the lateral wall of the sphenoid sinus: a – before 
the resection of the dural layer, b – after the resection of the dural layer, relation of the internal carotid 
artery and the cranial nerves; ICA – internal carotid artery, AP – pterygoid artery, n. III – oculomotor 
nerve, n. IV – trochlear nerve, n. VI – abducent nerve, V1 – ophthalmic nerve, V2 – maxillary nerve, 
V3 – mandibular nerve

Fig. 4.32 The relation of the pituitary gland and 
the optic chiasm; anterior view.
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several milimeters but in the case of hyperpneumatisation of the sphenoid sinus it 
can be completely missing. 

• The optic chiasm is a dominant structure of the anterior incisural space. In lies on 
the border of the anterior and caudal wall of the 3rd ventricle which projects in 
this area as transparent membrane in the posterior part of the lamina terminalis. 
The anterior cerebral arteries connected by the anterior communicating artery are 
located above the chiasm; the tuber cinereum and the infundibulum are locared 
more dorsally. The third ventricle reaches above the chiasm with its suprachias-
matic recess; its infundibular recess forms the base of the pituitary stalk and is 
located retrochiasmatically. (Fig. 4.33).

Fig. 4.33 Possible variations of the position of the optic chiasm in relation to the sellar tubercle: a – pre-
fixed optic chiasm (localized above the sellar tubercle), b – normal position of the chiasm (localized above 
the pituitary infundibulum), c – postfixed chiasm (localized above the dorsum sellae); sagittal section 
(a, c, e) and superior view (b, d, f).
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The position of the optic chiasm in relation to the tuberculum sellae is important 
for plannning the endoscopic surgeries.

Other nerves in the suprasellar and parasellar region  
• N. oculomotorius  emerges from the mesencephalon medially to the peduncle in the interpenduncular cistern and 

runs constantly between the P1 segment of the posterior cerebral artery (the segment between the basilar artery and 
the posterior communicating artery) and the superior cerebellar artery ventrally towards the cavernous sinus. After it 
enters the sinus it forms, together with the peduncle, a place of attachment of the Liliequist membrane separating the 
chiasmatic and the interpenduncular cistern. 

• N. trochlearis leaves the mesencephalon and runs along the incisure of the tentorium cerebelli, then it enters the supe-
rior part of the cavernous sinus as a thin nervous structure. 

• N. abducens begins on the inferior border of the pons, then it runs cranially into the prepontine cistern and enters the 
posterior part of the cavernous sinus through the Dorello’s canal under the petrosphenoid Gruber’s ligament. 

• N. trigeminus origins in the pontine area and enters the cavum Meckeli above the apex of the pyramid and divides into 
three branches – the ophthahlmic nerve (V1) which enters the ventral part of the cavernous sinus, the maxillary nerve 
(V2) that runs slightly more caudally and can be seen in the sphenoid sinus as a prominence on its lateral wall; it leaves 
the intracranial space through the foramen rotundum and enters the pterygopalatine fossa. 

4.3.5.2 Vascular structures in the supra- and parasellar region 

The anterior part of the Willis circle with the anterior cerebral artery and the anterior 
communicating artery together with the base of the 3rd ventricle form the border 
of the anterior incisural space. The vascular complex which supplies the pituitary 
gland is also connected to the posterior part of the Willis circle (posterior cerebral 
arteries, posterior communicating artery) by several anastomoses and perforators. 
Their course can be altered and shifted usually cranially in the case of extrasellar 
extension of the adenoma to the suprasellar region. 
• The internal carotid artery is a dominant vascular structure of the sellar region which 

enters the suprasellar space medially to the anterior clinoid processes and bends cra-
niodorsally in the communicating segment. It gives off several important branches: 
- a. ophthalmica – the first intracranial branch of ICA which enters the optic canal 

below the optic nerve. Its beginning is sometimes not constant and can be located 
also in the cavernous sinus, and rarely the ophthalmic artery can be a branch of the 
middle meningeal artery (Gibo 1981);

- a. communicans posterior – branches off the posterior wall of ICA, runs in the 
dorsomedial direction below the optic tract and the base of the 3rd ventricle to 
join with the posterior cerebral artery. Often it runs in the same fashion as the 
n. III and its direction is modified by the direction of the blood stream. In the fetal 
type of circulation in which the posterior communicating artery supplies the pos-
terior basin the artery is oriented more dorsolaterally (Rhoton 2011). It gives off 
branches which supply the optic tract, the thalamus, the hypothalamus and the 
capsula interna. 

- a. chorioidea anterior – branches off the communicating segment of ICA and runs 
in the posterolateral direction into the chorioidal fissure. It supplies the chorioidal 
plexus of the temporal horn of the lateral ventricle, the posterior part of the 3rd 

Surgical anatomy of the skull base, sinonasal region and nasopharynx
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ventricle, the optic tract and also the optic radiation, the basal ganglia including 
the genu and the posterior limb of capsula interna. It also gives off fine branches 
which supply the thalamus and mesencephalon; 

- a. hypophysealis superior – runs medially below the base of the 3rd ventricle 
towards the tuber cinereum where it meets the contralateral artery and forms 
a circle around the infundibulum. 

4.4 anatomy of the PterygoPalatine and infratemPoral fossa

It is also necessary to discuss the anatomy of the extracranial regions adjacent to the 
skull base – the pterygopalatine and infratemporal fossa due to their close topographic 
relationship to the nasal cavity and paranasal sinuses (Fig. 4.34).
• The pterygopalatine fossa is a pyramid shaped space located between the posterior 

wall of the maxilla and the pterygoid process. The superior wall of the fossa is 
formed by the body and the base of the greater wing of the sphenoid bone. The 
medial wall is formed by the orbital process of the palatine bone. It contains the 
sphenopalatine ganglion and the nerves connected to it, the branches of the maxil-
lary artery and concomitant veins. The terminal branches of the maxillary nerve 
and artery (sphenopalatine nerve and artery) enter the pterygopalatine fossa by the 
sphenopalatine foramen which lies in the medial wall of the fossa. Caudally the 
fossa continues as a narrow canal (canalis palatinus major) which contains nerves 
and vessels (nn. palatini et vasa palatina descendens) supplying the hard and the 
soft palate. The pterygopalatine fossa communicates with the middle cranial fossa 

Fig. 4.34 Anatomical structures in the infratemporal fossa and parapharynx: a – anterior view, b – after 
the partial resection of the lateral pterygoid muscle; ICA – internal carotid artery, AM – maxillary artery, 
LL – lamina lateralis processus pterygoidei, LM – lamina medialis processus pterygoidei, MPM – medial 
pterygoid muscle, MPL – lateral pterygoid muscle, NAI – n. alveolaris inferior, NL – n. lingualis, PP – 
plexus pterygoideus, V3 – mandibular nerve.
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by the foramen rotundum (maxillary nerve). The n. canalis pterygoidei (n. Vidii) 
enters the fossa through the pterygoid canal which connects it to the foramen la-
cerum. Laterally, the fossa opens into the infratemporal fossa by the pterygoma-
xillary fissure. 

• The infratemporal fossa – its superior wall is formed by the greater wing of the 
sphenoid bone, the anterior wall by the tuber maxillae, the lateral wall by the 
mandible and the posterior wall by the pyramid of the temporal bone. It contains 
the pterygoid muscles, branches of the mandibular nerve (lingual nerve, inferior 
alveolar nerve) and the otic ganglion, the maxillary artery and the venous ptery-
goid plexus; its posterior part also contains ICA, the internal jugular vein and the 
9th, 10th and 11th cranial nerves (retrostyloid part of the parapharyngeal space). In 
the anterior aspect the fossa opens into the orbit by the inferior orbital fissure. The 
zygomatic nerve, the infraorbital nerve and artery enter the orbit by the fissure and 
the inferior ophthalmic vein leaves the orbit in the oposite direction. The middle 
cranial fossa communicates with the infratemporal fossa by the foramen ovale 
which contains the mandibular nerve and the foramen spinosus which contains the 
middle meningeal artery and vein and the n. spinosus. 

Summary
• The skull base is the part of the skull which faces the brain by its endocra-

nial surface and the nasal cavity and the nasopharynx by its extracranial 
surface. 

• The sphenoid sinus is the most important anatomical structure for the 
transnasal endoscopic surgery of the skull base. Most of the approaches to 
the skull base lead through the sphenoid sinus.

 • The sphenoid ostium is located 1–1.5 cm above the anterior margin of the 
choana. 

• The optic nerve, internal carotid artery, sella turcica and the cavernous 
sinus are the main structures for orientation and are closely related to the 
sphenoid sinus. 

• The pituitary gland lies in the sella turcica and it is topographically related 
to the internal carotid artery and the optic chiasm. 

• From a surgical point of view the internal carotid artery is divided into two 
segments in the sphenoid bone: paraclival and parasellar. 

• Nervus canalis Vidii is an important structure for orientation on the inferior 
wall of the sphenoid sinus and runs towards the medial loop of the internal 
carotid artery. 

Surgical anatomy of the skull base, sinonasal region and nasopharynx
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5 Pathology of the skUll base

P.  B u z r l a ,  R .  L i p i n a

5.1 anterior cranial fossa 

5.2 Middle cranial fossa

5.3 Tumours of the clivus

This chapter focuses on pathologies of the regions approachable by the transnasal 
endoscopic surgery, i.e. mainly the sellar region, the anterior cranial fossa and the 
retroclival region. 
Over 40 types of pathologies of different etiology occur in the sellar region and 
their identification is important for the transnasal endoscopic approach indication. 
The decision whether it is possible to manage and remove the pathology by the 
transnasal approach through the skull base or the classical neurosurgical approach 
from the craniotomy should be used is influenced by their pathological anatomy and 
their relation to the surrounding neurovascular structures, vascular supply and other 
factors specific for each type of tumour or the non-tumourous lesion. 
The lesions of the sellar region and the adjacent area of the anterior cranial fossa 
and clivus can be divided topographically into the pathologies of the anterior, mid-
dle and the posterior cranial fossa (Table 5.1). In terms of the pathological anatomy 
they can be divided into the tumourous and non-tumourous lesions (Table 5.2), 
in terms of etiopatogenesis into the primary intracranial lesions and the primary 
extracranial lesion.

Primary extracranial lesions 
The skull base can be affected by pathological processes with the origin in the sinonasal area, nasopharynx, the ptery-
gopalatine and infratemporal fossa or the parapharynx: 
• mucocele;
• sinonasal carcinoma;
• nasopharyngeal carcinoma;
• metastasis;
• juvenile angiofibroma;
• esthesioneuroblastoma;
• osteoma.
The comprehensive description of these lesions goes beyond the objective of this publication. 
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Table 5.1 Division of the skull base lesions.

Topographic aspect

• 
• 

anterior cranial fossa lesions
middle cranial fossa lesions
- sellar and parasellar 
- suprasellar 
- infundibular

• posterior cranial fossa lesions
- clival

Aspect of the pathological anatomy 

• 
•  

tumours
non-tumourous lesions (Table 5.2)

Etiopathogenetic aspect

• primary intracranial lesions
primary extracranial lesions •

Table 5.2 Non-tumourous lesions.

Non-tumourous lesions 

•
•
•

inflammatory lesions – rare in the sellar region  
vascular lesions – aneurysms, dural arterio-venous malformations 
congenital lesions – cystic processes, meningocele, meningoencephalocele and posttraumatic pathologies – 
especially posttraumatic cerebrospinal fluid leak due to the anterior skull base fractures 

5.1 anterior cranial fossa 

The lesion which is indicated for the transnasal endoscopic surgery the most fre-
quently in this area is the olfactory groove meningioma and the planum sphenoidale 
meningioma. The meningioma also occur in all the other parts of the skull base. The 
dermoid and epidermoid cysts are less frequent (see part 5.2).
• Meningioma
 Meningiomas are tumours originating from the arachnotel and their prognosis 

depends on the grade of their malignancy. The WHO classiffication from 2007 
(Louis 2007) grades the meningiomas I to III and in the clinical point of view 
these grades significantly influence the prognosis and the treatment of the patient. 
A constant expression of the epithelial membrane antigene (EMA), vimentine and 
progesterone receptors is typical for the meningiomas. 

Classification of the meningiomas according to their malignancy:
• Meningioma, grade I is the most frequent and has several subtypes: 

- meningoteliomatous meningioma – its histological characteristics is a lobular configuration with infrequent psam-
momatous bodies. The nucleus of the cells in oval, sometimes contains a nuclear pseudoinclusion and a lightly 
eosinophilic cytoplasm (Fig. 5.1); 

- fibrous (fibroblastic) meningioma – the arrangement of the cells is fascicular and the nuclei are therefore oblong (Fig. 5.2); 
- mixed (transitional) meningioma is a combined type – meningoteliomatous and fibrous (Fig. 5.3);  

Pathology of the skull base
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- psammomatous meningioma – the tumour contains abundant psammomatous bodies (Fig. 5.4); 
- lymfoplasmocytar meningioma, secretion meningioma, microcystic meningioma, angiomatous meningioma and 
metaplastic meningioma.

• Meningioma grade II occurs in 15–20%; its subtypes are clear cell meningioma, chordoid meningioma, atypical me-
ningioma a meningioma with brain ivasion. The criteria for the atypical meningioma diagnosis is either high mitotic 
activity (more than 4 and fewer than 20 mitoses in 10 fields of view in high magnification (HPF) or exhibiting at least 
3 of 4 histological features:  
- necrosis;
-cellularity (more than 53 nuclei in 1 field of view mag-
nified 400 times); 

- high nucleoplasmatic ratio of the tumour cells; 
- shapeless arrangement – lack of an arrangement typi-
cal for the other meningiomas (e.i. lobular, fascicular 
etc.). 

 Necrosis inside a meningioma created by a preoperative 
embolisation is not a sign of higher malignancy of the 
meningioma. 

• Meningioma grade III (more than 20 mitoses in 10 
fields of view magnified 400 times) accounts for 1 % 
of all the meningiomas. Its subtypes are the anaplastic, 
papillary and rhabdoid meningioma (Fig. 5.5). These 
meningiomas relapse in 60% despite a radical resection 
(Schniederjan 2011).

Fig. 5.1 Meningothelial meningioma, typical 
onion-like cell structure; hematoxylin-eosin, 
zoom 10x.

onion-like structure

Fig. 5.2 Fibrous meningioma – fascicular arrange-
ment of the spindle shaped cells; hematoxylin-
eosin, zoom 20x.

Fig. 5.3 Mixed (transitional) meningioma – fas-
cicular and onion-like cell arrangement; hemato-
xylin-eosin, zoom 10x

collagen fibres

fibrose component 

meningothelial  
component

Fig. 5.4 Psammomatous meningioma – basofile 
bodies with lamellar arrangement; hematoxylin-
eosin, zoom 10x.

Fig. 5.5 Anaplastic meningioma – sheet-like 
arrangement of the tumourous cells; hematoxylin-
eosin, zoom 20x.

psammomatous bodies
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5.2 middle cranial fossa

5.2.1 sellar and parasellar region

5.2.1.1 Tumourous lesions 

• Pituitary adenoma 
 The adenomas arise from the cells of the anterior lobe of the pituitary gland 

(adenohypophysis) and are the most frequent in patients in the 3rd to 6th decades of 
their lives. They are classified according to their size and the character of growth: 
- microadenoma, not larger than 1 cm;
- macroadenoma, larger than 1 cm; 
- gigantic adenoma, which is rare and is larger than 2.5 cm; 
- invasive adenoma is diagnosed on the basis of invasion into surrounding struc-

tures, for example the dura or the bone. 
 Macroscopically it is a solid tumour, sometimes with a capsula, of a grey-pink 

colour. The bioptic examination consists of the basic hematoxylin eosin (HE) 
staining and also of the histochemic examination PAS, Gömöri argentic impregna-
tion (reticuline fibres) and immunohistochemicals examination which shows the 
presence of a hormone inside the tumour cells (Esiri 2006, Fletcher 2007, Mills 
2010). Several types of cells with different hormone production are present in 
a normal pituitary gland – lactotroph (mammotroph), somatotroph, corticotroph, 
thyrotroph and gonadotroph cells (Povýšil 2007). The main histological feature of 
the adenoma is a loss of the acinar or lobular arrangement of the cells and therefore 
some of the adenomas are solid, some are trabecular and some papillar (Fig. 5.6). 
Nuclear pleomorphy and presence of the giant cells is not a criteria for malignancy 
of the tumour. 

Pituitary adenoma classification according to the hormonal production
The pituitary adenomas are classified according to the hormone found by the immunohistochemical examination (De 
Lellis 2003).
• Prolactinoma (lactotroph adenoma)
 Accounts for almost 26% of all the adenomas and consists mainly of chromophobe cells. Prolactin is positive in immu-

nohistochemical examination. If the patient undergoes a long-term treatment with dopamine agonists, the tumour can 
exhibit typical histological changes – corrugated cytoplasm, condensation and fibrosis of the nucleus, rarely presence 
of psammomatous bodies and amyloid deposits. 

• Somatotroph adenoma
 This type is the second most frequent (10% of all the pituitary adenomas). It consists mainly of the acidophilic, so-

metimes chromophobe cells in which the  somatotropin is positive in immunohistochemical examination. It has two 
subtypes according to the intensity of the cytoplasmatic staining of the tumour cells and immunoreactivity of the soma-
totropin: densely granulated adenoma and sparsely granulated adenoma. The sparsely granulated type is characterised 
by the chromophobic cytoplasm and low immunoreactivity of somatotropin. In contrast to the densely granulated ade-
noma it tends to grow aggresively and invade the surrounding bone. In the densely granulated subtype the cytoplasm is 
eosinophilic and highly positive for the somatotropin in the immunohistochemical examination. Sometimes adenomas 
with combined production of prolactin and somatotropin occur (Mills 2010, Perry 2010). 

• Adrenocorticotroph adenoma
 This type is equally frequent as the somatotroph adenoma. It consists of basophilic to amphophilic cells with ACTH 

positivity. Similar to the somatotroph adenoma the two subtypes are the densely granulated and the sparsely gra-
nulated adenoma. Clinical behaviour is similar to the somatotroph adenoma subtypes. Sometimes the corticotroph 
cells surrounding the adenoma exhibit so-called Crooke’s changes which are a sign of inhibition of the secretion and 

Pathology of the skull base



68

Transnasal Endoscopic skull  BasE surgEry

subsequent ACTH production. Crooke’s changes consist 
of a hyaline transformation of the tumour cell cytoplasm 
due to excess of the cytoskeletal structures. If the changes 
are extensive, the adenoma is called the Crooke cell ade-
noma whose clinical behaviour is more aggressive than 
in the conventional adrenocorticotroph adenoma. 5% of 
adrenocorticotroph adenomas are so-called silent adreno-
corticotroph adenomas (Perry 2010) in which the ACTH 
level is normal and clinically therefore appear as nonfunc-
tional adenomas.  

• Thyreotroph adenoma
 This type is rare – only 1% of all the pituitary adenomas. 

The cells are chromophobe, sparsely basophilic and TSH 
positive in immunohistochemical examination. It is more 
frequent in women than men in the ratio of 2:1 . 

• Gonadotroph adenoma
 The gonadotroph adenoma is usually a macroadenoma 

when diagnosed, in most cases nonfunctional. It accounts 
for 10–15% of pituitary adenomas and is more frequent in 
males. The histological arrangement of the tumour is mostly solid, sometimes papillary and trabecular and the immu-
nohistochemical examination detects the α- or β-subunits of FSH and LH. 

• Plurihormonal adenoma
 Produces more than 2 hormones – amino acid and glycoprotein hormones, for example the prolactin and the somatot-

ropineor TSH and FSH/LH. It accounts for 10% of all the adenomas. 
• Null cell adenoma
 The immunohistochemical examination and the examination of the ultrastructure does not detect hormone production. It 

occurs in older individuals and is usually a macroadenoma when diagnosed. It accounts for 26% of pituitary adenomas. 
• Third type silent adenoma 
 It is a rare non-corticotroph adenoma (3% of all the adenomas), occurs mainly in younger women and is of the size 

of a macroadenoma when diagnosed. Immunohistochemical examination can prove combined hormone production, 
usually somatotropin, TSH or the alpha-subunits of LH and FHS. Its clinical behaviour is aggressive (Pery 2010).

• Atypical adenoma 
 If the proliferation activity in the pituitary adenoma is higher than 3% in Ki67 detection with extensive nuclear p53 

expression, the adenoma is classified as atypical and has a high risk of recurrence and invasion into the surrounding 
structures (Schniederjan 2011). 

• Craniopharyngioma 
 Craniopharyngioma is a benign tumour which accounts for 2–5% of intracranial 

tumours and is the most frequent extraaxial tumour in children. The craniopharyn-
gioma can be located intrasellary (rarely), both intra- and suprasellary or just in the 
suprasellar area. The suprasellar extension occurs in 95% of craniopharyngiomas, 
extension into the anterior or middle cranial fossa is seen in 30% of craniopharyn-
giomas (Karavitaki 2008). There are two histological types:  
- adamantinous type – usually in children in the first two decades of life. 

Macroscopically it is usually cystic and located in the intra- and suprasellar area. 
Its clinical behaviour is more aggressive than the papillar type. Histologically 
it consists of irregular nests of cells of different size which are surrounded by 
fibrous septae; a cystic arrangement of the tumour has already been described 
too. The tumour cells are polygonal and basaloid-like on the circumference, with 
a hint of palisade arrangement of the nuclei (Fig. 5.7). So-called ghost cells can be 
present in the centres of the nests; these cells are cohesive and highly eosinophilic. 
Secondary changes can appear in these centres – calcification and ossification; 

Fig. 5.6 Pituitary adenoma – tumour with notice-
able papillary configuration; hematoxylin-eosin, 
zoom 10x.

papillary configuration
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 - papillar type is usually diagnosed in adults. Its localisation is usually suprasellar. 
Histologically it consists of immature squamous cells that form pseudopapil-
lar structures in a fibrous tissue. The palisade arrangement of the nuclei is not 
present (Fig. 5.8). The brain tissue surrounding the craniopharyngioma exhibits 
reactive gliosis with numerous Rosenthal fibrills (Schniederjan 2011).  

Less frequent sellar and parasellar tumourous processes 
• Spindle cell oncocytoma of the adenohypophysis (WHO grade I)
 This rare tumour was first described in 2005 (Fletcher 2007). It cannot be distinguished from the pituitary gland 

clinically or by the radiologic methods. It occurs in 30-year-old to 60-year-old individuals. Histologically the arrange-
ment of the tumour is fascicular and it consists of spindle cells of bland appearance with a round or oval nucleus and 
eosinophilic cytoplasm. The cytoplasm is eosinophilic due to abundant michochondriae. Rarely mitotic figures and 
necrosis can be present but are not a sign of malignancy. The tumour is S100, vimentin, EMA and galectin-3 positive 
and GFAP, synaptophysin and CD68 negative. The proliferative activity of Ki67 higher than 20% is in relation with 
the tumour recurrence (Louis 2007). In differential diagnosis it is difficult to distinguish the tumour from the granular 
cell tumour of the neurohypophysis (Schniederjan 2011).

• Pituitary carcinoma 
 According to the literature it is a rare tumour and the histological criteria of malignancy do not exist. Its diagnosis 

depends on the radiologic image and presence of distant metastases. It can produce any of the pituitary hormones and 
spread in any other part of the central nervous system via the cerebrospinal fluid. It has been proved that it also forms 
the distant metastases in other organs. The mortality is 66% in one year from the diagnosis (Schniederjan 2011).

• Schwannoma (neurinoma)
 The schwannoma is a benign extraaxial tumour originating from the Schwann cells of the crainal nerves. The schwan-

nomas of the 3rd, 4th, 5th (most frequently) and the 6th cranial nerves can occur in the parasellar region. 

5.2.1.2 non-tumourous lesions 

In most cases the non-tumourous lesions are of the inflammatory, autoimmune or 
congenital etiology and have to be considered in differential diagnosis of the intrasel-
lar pathologies. From the surgical point of view the most important non-tumourous 
lesion is the Rathke’s pouch cyst which can be mistaken for a craniopharyngioma 
and the empty sella syndrome. Generally the intrasellar non-tumourous lesions are 
very rare (Table 5.3).

epithelial structures stratified squamous epithelium

Fig. 5.7 Adamantinous craniopharyngioma – epi-
thelial structures in the myxoid stroma; hematox-
ylin-eosin, zoom 10x.

Fig. 5.8 Papillary craniopharyngioma – papillary 
structures covered by stratified squamous epithe-
lium; hematoxylin-eosin, zoom 4x.
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Table 5.3 Non-tumourous intrasellar lesions.

Non-tumourous intrasellar lesions

• Rathke’s pouch cyst

• Empty sella syndrome

• Lymphocytar hypophysitis

• Granulomatous and xanthogranulomatous hypophysistis

• Sarcoidosis

• Xanthogranuloma of the sella turcica

• Pituitary hyperplasia

• Rathke’s pouch cyst
  The Rathke’s pouch cysts are located between the anterior and the posterior lobe 

of the pituitary gland, in the intermediar part, where there originate in the remains 
of the Rathke’s pouch which migrated from the pharynx during embryogenesis 
and did not collapse later on. The frequency of the cysts is not that low as they are 
found in up to 11% of disected cadavers (Teramoto 1994). Cysts that manifest clini-
cally are however much less frequent. The location of the Rathke’s pouch cyst can 
be only intrasellar but most of the cysts extend also suprasellary. The lesion is con-
sidered to be an endodermal cyst because in the histological examination the wall 
consists of one or several layers of cubic or cylindric ciliated epithelium with cilia 
on its luminal surface (Fig. 5.9). Sometimes the lining of the cyst can contain also 
the goblet cells and can undergo squamous metaplasia which is important to distin-
guish from the epidermoid cyst which contains the stratum granulosum. Regressive 
inflammatory changes can be found in the wall of the cyst. These are formed by the 
accumulation of xanthogranulomatous cells or an inflammatory cellulisation with 
hemosiderine deposits (Miller 2009).

• Empty sella syndrome
 It occurs in both children and adults. 

It is defined as a pituitary gland with 
diameter smaller than 2 mm or more 
than a half of the sella filled with the 
cerebrospinal fluid. There are 2 types of 
this syndrome: 
- the primary type is a result of a chro-

nic compression of the pituitary 
gland by arachnoidal membrane her-
niation through the sellar diaphragm 
as arachnoideocele and sometimes 
occurs in intracranial hypertension; 

- the secondary type is caused by se-
veral pathological processes, for 

Fig. 5.9 Rathke’s pouch cyst – the wall of the cyst 
is covered by mucinous epithelium with incipient 
squamous metaplasia; hematoxylin-eosin, zoom 
10x.

incipient squamous metaplasiamucinous epithelium



71

example the spontaneous infarction of the pituitary gland, post partum pituitary 
necrosis in Sheehan syndrome, postoperative state after surgical resection of 
a sellar tumour, haemorrhagical infarction of the pituitary adenoma (pituitary 
apoplexy) or pituitary atrophy after irradiation of the sellar area (Perry 2010).

5.2.2 infundibular region 

The most important group of tumours in the infundibular region from the surgical 
point of view are the germinal cell tumours. Other tumours are rare but need to be 
considered in the differential diagnosis (Table 5.4). 
• Germinal tumours 
  In adulthood these tumours are rare but occur relatively frequently in childhood. 

The incidence is different in different areas – 3.4% in the western countries and 
11% in Asia. These tumours are more frequent in women; in men the most fre-
quent localisation is the epiphysis. There are two groups of germinal tumours: 
- germinoma consists of large round cells with bright cytoplasm and a large 

vesicular nucleus with prominent eosinophilic nucleolus forming solid struc-
tures. In PAS staining the small vacuolae can be seen in the cytoplasm. The 
tumour expresses PLAP, CD117 and OCT4. The tumourous populations are 
accompanied by lymphocytar infiltration, sometimes with epitheloid granulo-
mas due to which it can be difficult to distinguish the germinoma from the neu-
rosarcoidosis. In differential diagnosis the germinoma needs to be distinguished 
from the malignant lymphomas whose cells express CD20 or CD3, and from the 
malignant melanoma and metastatic carcinoma which express S100, Melan A, 
HMB-45 and cytokeratine – markers negative in germinomas; 

- non-germinoma tumours are less frequent and form a heterogenous group, 
for example the teratoma, mature and immature carcinoma, yolk sac tumour, 
embryonic carcinoma and choriocarcinoma. 

Table 5.4 Infundibular region tumours.

Infundibular region tumours

• Germinoma

Non-germinoma tumours

- mature and immature teratoma

- yolk sac tumour

- embryonic carcinoma

- choriocarcinoma

• Pituicytoma

• Granular cell tumour of the neurohypophysis

• Langerhans cell histiocytosis
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5.2.3 suprasellar region

The pathologies of this region often manifest early due to the suprasellar anatomical 
structures, mainly the optic nerves and the hypothalamus. The suprasellar region is there-
fore a frequent target of the surgical intervention in both tumourous and non-tumourous 
lesions. Not all the pathologies are however treatable by the transnasal endoscopic appro-
ach. The knowledge of differential diagnosis is important for the indication of the surgery. 

5.2.3.1 Tumourous lesions

• Hypothalamic hamartoma
 It is a congenital malformation present in 1 in 200,000 children and adolescents. 

Histologically it is characterised by presence of nodules in the glial matrix which 
form small, well differentiated neurons with large ganglionic cells (normally present 
in the hypothalamic tissue) missing (Schniederjan 2011).

• Optic/hypothalamic glioma
 It is a frequent tumour in childhood and is connected to the type I neurofibromatosis. 

Sometimes it is difficult to distinguish the origin of the tumour in the suprasellar area 
– it can be located in the optic nerve, the optic chiasm or in the hypothalamus. 

 The morfological equivalent of the glioma is the pilocytar astocytoma, WHO grade 
I, with biphasic growth. The bipolar cells arranged in fascicles form the compact 
spinocellular component and the fibrillar matrix between them can contain the 
Rosenthal fibres (Fig. 5.10). The other component is microcystic (spongiotic) with 
eosinophilic granular bodies (Fig. 5.11). According to the WHO the biological 
behaviour is non-aggressive (Louis 2007).

• Lipoma
 It is a benign mesenchymal tumour originating from a mature adipose tissue and 

needs to be distinguished from the liposarcoma in the differential diagnosis which 
can grow from the dura mater around the sella turcica (Perry 2010, Schniederjan 
2011). 

• Tumours of the 3rd ventricle extending into the suprasellar region. 

Fig. 5.10 Pilocytic astrocytoma – the compact 
part is composed of the bipolar astrocytes in a 
fascicular arrangement; hematoxylin-eosin, zoom 
10x.

Fig. 5.11 Pilocytic astrocytoma – the microcystic 
(spongiotic) part composed of the multipolar 
astrocytes; hematoxylin-eosin, zoom 10x.
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 These tumours are important for the diffential diagnosis. Generally they are not 
indicated for transnasal resection but it is possible to perform a transnasal endoscopic 
biopsy. 

 The most frequent tumours originating in the 3rd ventricle are ependymomas and 
chorioid plexus tumours. 

• Metastasis
 It is possible to resect or to perform a biopsy by the endoscopic approach on a meta-

stasis in the sellar region by the transnasal approach, especially if it reaches down 
to the floor of the sella, according to the performance status of the patient, size and 
character of the metastasis and a total number of metastases.

5.2.3.2 non-tumourous lesions

Mainly the congenital pathologies, such as the arachnoidal cyst, dermoid or epider-
moid cyst are present in the suprasellar region. They are classified as non-tumourous 
due to their congenital etiology. 
• Arachnoidal cyst
 It occurs in approximately 1% of the population, most frequently in the supraten-

torial area. The suprasellar location accounts for approximately for 9–15% of the 
arachnoidal cysts. It is a congental malformation with an association with the poly-
cystic kidney disease. Rarely it can appear as a result of resorption of a chronic 
subdural haematoma. Histologically the wall of the cyst is lined with a layer of 
meningotelial cells positive for EMA (Perry 2010, Schniederjan 2011).

• Dermoid cyst
 The sellar and the suprasellar region are the most frequent locations of the der-

moid cysts. They are congenital, originating from the ectoderm strip and thus are 
considered to be the ectodermal cysts. Macroscopically the content of the cyst is 
sticky and yellowish. The walls of the cyst are formed by the epidermis with hair 
follicles and adipose glands. Very rarely, a malignant tumour can arise from the 
wall of a dermoid cyst, for example a squamous cell carcinoma or adenocarcinoma 
(Perry 2010, Schniederjan 2011).

• Epidermoid cyst
 It is a congenital ectodermal cyst which contains keratine. Generally the epider-

moid cysts are located intracranially more frequently than the dermoid cysts. The 
epidermoid cysts are however usually located aside from the midline structures. 
They occur in the sellar region more frequently than in the suprasellar region. The 
cyst is lined by keratinised stratified squamous epithelium same as the epider-
mis of the skin. In contrast to the dermoid cyst it does not contain the cutaneous 
adnexa. In differential diagnosis it needs to be distinguished from the craniopha-
ryngioma which contains so-called ghost cells, and the Rathke’s pouch cyst with 
squamous metaplasia in which the stratum granulosum is not present (Perry 2010, 
Schniederjan 2011). 
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5.3 clival tUmoUrs 

Some of the tumours described above can occur also in the clival region, especially 
retroclival meningiomas, however the tumours typical for this area are more frequent 
– the chordoma and the chondrosarcoma. Both of the tumours are managable by the 
transnasal endoscopic approach. 
• Chordoma
 The chordomas arise from the remains of the notochord strip and occur on the 

both ends of the spinal axis. These tumour grow slowly but are aggressive. They 
occur in all the age cathegories and are the most frequent in the 3rd to 5th decades. 
Approximately 25% of chordomas are located in the clival region. The chordoma 
is classified as a soft tissue tumour. Histologically it contains basophilic chondro-
myxoid matrix and stripes of cells with a hyperchromatic nucleus sometimes with 
vacuolised cytoplasm. The cells with vacuolised cytoplasm are called physaliform 
(Fig. 5.12, 5.13). In immunohistologic examination the chordoma is positive for 
vimentin, S100 and cytokeratin. Rarely the chordoma can dedifferentiate into 
a sarcoma, for example a fibrosarcoma, osteosarcoma, chondrosarcoma or an 
undifferentiated pleomorphic sarcoma. 

• Chondroid chordoma 
 It is characterised by a presence of a focal cartilaginous differentiation (Perry 

2010). The necrosis present in more than 10% of chordomas is a sign of worse 
prognosis and frequent recurrence after resection (Schniederjan 2011). The trans-
nasal endoscopic resection is the method of choice with the same radicality and 
lower morbidity compared to the traditional approaches. 

• Chondrosarcoma
 The chondrosarcoma is a rare malignant cartilaginous tumour, usually of low 

malignancy (i.e. well differentiated) when diagnosed. It is difficult to distinguish 
it from the chondroid chordoma. 

vacuolized cellsmyxoid stroma

Fig. 5.12 Chordoma – band-like formations of 
tumour cells in a chondromyxoid background; 
hematoxylin-eosin, zoom 10x.  

Fig. 5.13 Chordoma – physaliform cells in a 
chondromyxoid background, which is alcian blue 
positive; hematoxylin-eosin, zoom 10x.

physaliform cells alcian blue positive  
myxoid stroma
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• Mesenchymal chondrosarcoma
 It is a biphasic tumour which consists of a well differentiated chondrosarcoma 

and a non-differentiated embryonic mesenchyme with fascicular arrangement. 
The prognosis is worse than in the conventional chondrosarcoma. These tumours 
are vimentin and S100 (nuclear expression) positive and cytokeratin negative 
(Schniederjan 2011).

Summary
• Several various pathologic processes with different histological and bio-

logical properties occur in the area of the skull base. 
• The most frequent tumour indicated for the transnasal endoscopic approach 

is the pituitary adenoma. 
• The accurate identification of the pathological process intra- or postopera-

tively influences the indication of the surgical treatment, the prognosis and 
also the postoperative adjuvant therapy. 
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6 diagnostic algorithm of the skUll base  
Pathologies

R .  L i p i n a ,  P.  M a t o u š e k

6.1 initial symptoms and examination 

6.2 specific diagnostic test algorithm

This chapter focuses on the basic diagnostic algorithm in primary intracranial tumours 
in the sellar region and skull base. The diagnostic process in primary sinonasal 
tumours goes beyond the scope of this publication. 
Generally the brain tumours are not a frequent oncologic diagnosis and a physician 
who does not focus on them directly encounters them rarely. The tumours of the 
sellar region and surrounding anterior cranial fossa and clivus represent approxima-
tely 15–20% of the primary brain tumours. Their primary diagnosis, for example by 
a general practicioner, is therefore even more rare. Often the tumour is diagnosed 
in later stages and the patients undergo the surgery with clinically manifested, often 
severe and irreversible vision, neurologic or endocrine imparment. The factors which 
contribute to late diagnosis are named below: 
• Gradual symptom manifestation
 Most of the sellar and anterior skull base tumours are benign and the symptoms 

manifest slowly and gradually, often being disregarded by the patient. Often it is 
family who first observe a vision imparment or personality changes which bring 
the patient to the physician. 

• Simple screening method not available 
 In the case of some frequent tumours there are simple laboratory or radiologic 

methods available which enable their early diagnosis (for example breast carci-
noma sonography, ocult bleeding in colorectal carcinoma). In the case of skull 
base tumour there is no such method if screening MRI scanning in population is 
excluded. 
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• Wide age range
 The sellar and skull base tumours are variable and occur in all the age cathegories. 

The craniopharyngioma is found in childhood (it is the most frequent supratentori-
al brain tumour in children) and, in contrast, the pituitary adenoma or meningioma 
can manifest in older age due to their slow growth.  

6.1 initial symPtoms and examinations 

The sellar and skull base lesions manifest by a broad spectrum of clinical symptoms, 
mostly nonspecific, because of the anatomical variability in this area. However 
there are some anamnestic data and findings in clinical, laboratory and radiologic 
examinations that can lead us to the diagnosis of a skull base tumour. 
• Personal and family history
 Some tumours occur in hereditary genetic diseases, and therefore the family 

history is important. We focus mainly on the history of neurofibromatosis, Von 
Hippel-Lindau disease, tuberous sclerosis and brain tumours generally. 

 A head trauma can result in traumatic cerebrospinal fluid (CSF) leak which can 
manifest in several years. 

 The patient often comes to see the physician with nonspecific complaints, for 
example a headache which can be a symptom of a whole range of diseases (Table 
6.1).

Table 6.1 Anamnestic data leading to a suspicion of a sellar expansion.

• feeling of pressure in the acral parts of the body

• change of clothing sizes, especially of shoes and gloves in an adult patient 

• excessive growth in childhood and the shape of the percentile curve 

• increased feeling of thirst, frequent urination 

• fatigue, frequent infections and impaired wound healing 

• sexual function impairment, lower libido, impotence 

• mental changes

• smell impairment

• vision impairment, diplopia

• weight changes

• Physical examination 
 The basic physical examination can reveal neurologic or ophthalmologic symp-

toms often disregarded or not noticed by the patient. The clinical signs leading to 
a suspicion of a sellar expansion are: 

Diagnostic algorithm of the skull base pathologies



82

Transnasal Endoscopic skull  BasE surgEry

- diplopia in eyeball movement examination;
- impaired skin sensitivity on the face;
- asymmetric or narrowed visual field in clinical perimetry examination;
- anisocoria;
- enlargement of the tongue and acral parts of the body;
- hypertension.

• Laboratory and radiologic examination 
 The screening laboratory and radiologic examinations as a part of preventive care 

or preoperative examination can also reveal a latent sellar lesion. Findings leading 
to a suspicion of a sellar lesion are: 
- osteoporosis or pathological fractures in younger patients on an X-ray;
- abnormal serum electrolyte or osmolarity levels;
- hyperglycaemia;
- nephrolithiasis in sonography.

A severe imparment of the visual field can be revealed even in basic clinical 
perimetry examination even if the patient does not observe any visual impar-
ment.

If a suspicion of a sellar or a skull base lesion arises from the anamnestic or clini-
cal data, the patient should undergo a set of specific diagnostic tests to confirm or 
to disprove the suspicion as soon as possible. 

6.2 sPecific diagnostic test algorithm 

The specific diagnostic tests study the morphology and function of the skull base 
structures. However it is not possible to make conclusions out of an only one exa-
mination modality. It is essential that only a combination of different types of tests 
can confirm or disprove the pathology.

Significance of a complex examination
It is a mistake to refer the patient with suspicion of a sellar expansion only for a radiologic examination and to dismiss 
the sellar region pathology in the case of negative CT or MRI scans. Some expansions of the sellar region are not visible 
on the brain MRI (for example pituitary microadenomas) and to disprove them it is necessary to perform other specific 
tests. In the case of the negative CT brain scan the sellar expansion can not be disproved at all due to the bony artifacts 
in the sellar region. 

The specific diagnostic test algorithm in the sellar and skull base lesions consists of: 
• Ophthalmologic examination
 The ophthalmologic examination should be performed first to evaluate the optic 

nerve papilla and the perimetry examination. 
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• Endocrinologic examination 
 The endocrinologic examination evaluates the function of the hypothalamic-

pituitary complex by evaluating the serum hormone levels and their metabolites 
in urine or blood. The results of the endocrinologic examination are definite in the 
case of the sellar expansion if they show: 
- a decreased production of pituitary hormones;
- an increased production of one or more adenohypophyseal hormones;
- impaired function of the neurohypophysis and hypothalamus.

• Radiologic examination
 The dominant radiologic examination in the diagnostic process is the brain MRI 

with special sequences and contrast. 
If the ophthalmologic and endocrinologic examination and the brain MRI is negative 
it is necessary to look for a different cause of the complaints. In the case of negative 
brain MRI and positive endocrinologic examination it is necessary to perform special 
MRI sequences or to collect blood angiographically from the petrous sinuses via 
the jugular vein for hormone examination. If certain specific tests are positive it is 
possible to assume the histological character of the pathology (Table 6.2).

Table 6.2 Specific findings in the sellar pathologies.

Pathology Ophthalmologic 
examination

Endocrinologic examination Radiologic finding

Nonfunctional 
adenoma

visual field impair-
ment or negative

hypopituitarism or negative tumour

Functional adenoma visual field impair-
ment or negative

hormonal overproduction tumour, rarely 
negative

Incidentaloma negative negative incidental finding of 
a tumour

Craniopharyngioma visual field impair-
ment or negative

hypopituitarism, diabetes insipidus, prolac-
tin overprodution or negative

tumour

Meningioma visual field impair-
ment or negative

hypopituitarism, prolactin overprodution 
or negative

tumour

Cystic lesions visual field impair-
ment or negative

hypopituitarism, diabetes insipidus, prolac-
tin overprodution or negative

tumour

Summary
• Manifestation of the symptoms in the skull base lesions is often slow and 

gradual and the diagnosis of the disease is late.
• A thorough physical examination and personal history can reveal also the 

latent stages of the disease. 
• For a definite diagnosis a combination of the ophthalmologic, endocrino-

logic and radiologic examination is necessary.

Diagnostic algorithm of the skull base pathologies
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7 endocrinologic symPtomatology 

J .  Č á p

7.1 Hypopituitarism

7.2 overproduction of adenohypophyseal hormones 

7.3 Water and electrolyte dysbalance

The endocrinologic symptoms are present mainly in the patient with the tumour of 
the sellar region, usually the pituitary adenomas, but other types of tumours loca-
ted in the area of the hypothalamic-pituitary axis can also manifest by the endocri-
nologic symptoms. However the endocrinologic impairment can also appear after 
the surgery, radiotherapy or radiosurgery. 
The  clinical symptomatology depends on the part of the hypothalamic-pituitary 
axis from which the tumour arises or is compressed or infiltrated by the tumour: 
• decresed pituitary hormone production (hypopituitarism) – occurs if the adenohy-

pophysis, its stalk or the hypothalamus is affected; 
• overproduction of adenohypophyseal hormones – occurs if the adenohypophysis 

or rarely its stalk is affected; 
• water and electrolyte dysbalance – occurs if the hypothalamus or the neurohy-

pophysis is affected. 

7.1 hyPoPitUitarism 

Hypopituitarism is a result of impaired function of the adenohypophysis and results 
in a decreased hormonal production. Often one of the causes of the impaired function 
of the adenohypophysis is insufficient hypothalamic stimulation if the expansive 
process affects the pituitary stalk, mainly in the case of the suprasellar extension.

7.1.1 clinical manifestation of hypopituitarism 

If the process affecting the adenohypophysis progresses gradually, the symptoms 
of an insufficient hormonal secretion manifest in this order: first the gonatotroph 
hormones (LH, FSH) → somatotropin (GH) → thyreotropin (TSH) → adrenocorti-



85

cotropin (ACTH). The clinical manifestation of insufficient secretion of one, several 
or all the hormones can be present. In the latter case, it is called panhypopituitasm. 
The symptoms differ in the case of insufficient production of individual hormones 
and in some patients the hypofunction can manifest gradually and remain unreco-
gnised for a long time. 
Clinical manifestation of hypopituitarism:
• Insufficient secretion of the gonadotroph hormones (LH, FSH)
 The first sign in a woman in the reproductive age is a menstrual cycle impairment; 

hypopituitarism is not probable if the menstrual cycle is normal. In menopause, the 
early sign is a relatively low level of gonadotropins. Decreased libido, impotency 
and decreased growth of facial hair in men are less obvious signs of hypopituita-
rism. 

• Insufficient secretion of the somatotropin
 Somatotropin deficiency in adults manifests as an increased amount of subcutane-

ous fat in the abdominal area, decreased muscle mass, weakness and fatigue. 
• Insufficient secretion of the thyreotopin
 It manifests as the secondary hypothyreosis and its symptoms are the same as in 

the primary hypothyreosis. 
• Insufficient secretion of the adrenocorticotropin 
 The ACTH deficiency does not lead to mineralocorticoid secretion decrease but 

to glucocorticoid deficiency and can manifest as hyponatraemia due to the renal 
water excretion impairment and inadequate ADH secretion. A prolonged adrenal 
androgene deficiency can lead to loss of the axillary and later also the pubic hair 
in women. The manifestation of the disease is often slow and gradual and can be 
diagnosed late, with the exception of fertile women.  

Hypopituitary crisis
A stress situation in an intercurrent illness, trauma or surgery can be life threa-
tening in gradual and slow development of the insufficient ACTH secretion, 
the same as in an abrupt onset of the hypopituitarism in pituitary apoplexy. 
A hypopituitary crisis can occur, with hypotension, hypoglycaemia, impaired 
consciousness and hyponatraemia. 

7.1.2 laboratory diagnosis of the hypopituitarism 

A typical finding in the basic hormonal tests is a low level of pituitary controlled 
hormones; the pituitary hormone levels are normal (abnormal finding of the normal 
TSH level in the case of low thyroxine; normal gonadotropin level in the case of 
low testosterone or estradiol). The prolactin can be even increased in the case of 
sellar expansion and is very low in the case of ischaemic necrosis. The IGF-I level 
is of low importance in diagnosis of insufficient GH secretion in adults (in contrast 

Endocrinologic symptomatology
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to children). Based on the basic hormonal laboratory test it is possible to conclude 
that there is thyreotropin deficiency (low thyroxine) and gonadotropin deficiency 
(low testosterone or estradiol). The stimulation tests are decisive for a diagnosis of 
the somatotropin and ACTH deficiency. 

Stimulation tests in hypopituitarism diagnosis
• Insulin tolerance test 
 This test focuses on the contraregulative hormone response in insulin induced hypoglycaemia. A rapid acting insulin 

(Actrapid, Humulin R) is administered to a fasting patient in a dose of 0,15 I.U./kg. The blood samples are collected 
before and 20, 40, 60 and 90 minutes after the administration of the insulin and are examined for glycaemia, GH and 
cortisol level. In hypoglycaemia under 2.2 mmol the GM level is above 10 ng/ml and the cortisol level is above 540 
nmol/l. In the case of suspected hypopituitarism the initial dose of insulin is lower - 0.1 I.U./kg. If the glycaemia is not 
low enough, we can repeat the test with a double dose. 

• Hypothalamic releasing hormone test
 The synthetic releasing hormones or their functional fragments enter the pituitary gland through the vessel fenestra-

tions and if administered intravenously they can be used for testing the adenohypophyseal function. In pituitary func-
tion impairment the reaction is of course insufficient but the differentiation between the hypothalamic and pituitary 
dysfunction could not be definite because a reduced or a late response is also present in hypothalamic impairment.

7.2 overProdUction of adenohyPoPhyseal hormones

Adenohypophyseal hyperfunction is almost always caused by an adenoma. The 
secondary hyperfunction is less frequent and is caused by altered regulation of 
hypothalamic hormones (usually functional caused by medication or the pressure 
of the tumour on the pituitary stalk); ectopic production of regulation hormones by 
a tumour is very rare. Overproduction of prolactin is the most frequent (Table 7.1).

Table 7.1 Overproduction of adenohypophyseal hormones.

Adenoma Contains 
hormone(s)

Difference 
in%

Adenoma Contains 
hormone(s)

Difference 
in%

Somatotroph GH 13–15 Silent corticotroph ACTH 5–7

Lactotroph PRL 25–28 Gonadotroph LH, FSH, 
α-subunit 7–10

Mixed somato- and lactotroph PRL+GH 3–5 Thyreotroph TSH 1

Mamosomatotroph PRL+GH 1–2 Null cell - 13–15

Acidophilic stem cell PRL+GH 1–3 Oncocytoma - 10–12

Symptomatic corticotroph ACTH 8–10 Plurihormonal variable 1–3

7.2.1 Prolactin overproduction

The most frequent cause of the prolactin overproduction is a prolactin producing 
pituitary adenoma (sometimes also producing another hormone – GH or ACTH). 
PRL is the only hormone mostly inhibited by the hypothalamus and therefore the 
hypersecretion leads to interruption of the dopaminergic inhibition caused by im-
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pairment of the hypothalamic-pituitary connection by the tumour or inflammation 
(usually by a mechanical pressure on the pituitary stalk or by its infiltration) or the 
pharmacologic blockade by medication (Table 7.2).

Table 7.2 Causes of hyperprolactinaemia.

• Lesions of hypothalamus and pituitary gland

-  functional pituitary adenomas (prolactinoma, acromegaly, Cushing disease) 

- other tumours (nonfunctional adenoma, craniopharyngioma, meningioma, dysgerminoma) 

- inflammatory and granulomatous diseases (sarcoidosis, eosinophilic granuloma, histiocytosis X,  
  lymphocytar hypophysitis)

• Neurologic diseases (thoracal wall diseases, transversal spinal lesion, stimulation of the mammary gland) 

• Medication (phenotiazines, haloperidol, monoaminooxidase inhibitors, tricyclic antidepressants, rezserpitn, 
methyldopa, metoclopramid, cocaine, verapamil, opiates) 

• Others (pregnancy, hypothyreosis, chronic renal disease, cirrhosis)

• Clinical manifestation 
 The prolactin overproduction leads to menstrual cycle impairment in women 

(anovulation bleeding or amenorrhea) and loss of libido and impotency in men. 
The galactorrhea occurs in hyperprolactinaemia if the mammary gland is prepared 
by estrogens and gestagens. In contrast, a mild galactorrhea in women with regular 
menstrual cycles who have already given birth is not rare and in half of them the 
prolactin level is increased. 

• Diagnosis
 The diagnosis is less complicated and earlier in women in whom the prolactin 

overproduction causes galactorrhea and menstrual cycle disturbances. In men and 
menopausal women the diagnosis is usually concluded later and large prolactino-
mas often first manifest by a visual impairment or hypopituitarism. 

 It is important to evaluate the PRL level repeatedly because the pulsative secretion 
and stress stimulation makes an only level evaluation unrealiable. The stimulation 
and/or inhibition test are not helpful in the differential diagnosis of hyperprolacti-
naemia. Many causes (Table 7.2) can be diagnosed by taking the patient’s history 
and it is advised to rule out the primary hypothyreosis. If the PRL level is above 
100 ng/ml the diagnosis of the prolactinoma is probable and the next step in the 
diagnostic process is to perform the MRI examination of the pituitary gland. 

7.2.2 somatotropin overproduction 

The cause of the GH overproduction is almost always the GH (often also together with 
PRL) producing pituitary adenoma (Table 7.1). Rarely the cause is the hyperplasia 
of the somatotroph cells due to ectopic GHRH hypersecretion by an APUD system 
tumour (pancreas, carcinoid, pheochromocytoma, medullary thyroid carcinoma). 

Endocrinologic symptomatology
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• Clinical manifestation
 The symptoms of increased GH levels depend on the age of the onset. In childhood 

it manifests as gigantism, in adulthood as acromegaly. 
- Gigantism is characterised by excessive growth in the age before the growth 

cartilages disappear which continues to even older age in the case of simultane-
ous gonadotroph deficiency. Gradually the signs of acromegaly also occur; the 
state is called gigantoacromegaly.

- Acromegaly is caused by increased GH levels in adulthood and results in enlarge-
ment of all the organs except of the brain. The bones thicken by the periostal 
aposition, the cartilages grow, mucopolysacharides and colagen accumulate in 
the subcutaneous tissues and the cutaneous adnexa become hyperplastic. The 
clinical presentation develops gradually and is often unrecognised for a long 
time. Therefore the average time between the onset of the first symptoms to 
the diagnosis is 5 to 10 years. The typical changes are the enlarged supraorbital 
arches, zygomatic bones and mandible, thick lips, tongue and enlarged occipital 
tubercle (Fig. 7.1). The changes also appear on all the other organs (Table 7.3) 

 
Table 7.3 Clinical manifestation of acromegaly.

• enlargement of acral parts of the face

• growth of hands and feet, thick fingers

• subcutaneous tissue oedema

• dysphonia, snoring, obstructive sleep apnea

• degenerative changes in large joints

• thoracic spine kyphosis

• peripheral nerve compression and  entrapment syndromes

• muscle pain

• hyperplasia adnexa, increased perspiration

A goiter, first diffuse, later often nodu-
lar, is present in most of the patients. 
Sometimes also thyreotoxicosis can 
develop, mostly in the autonomous 
nodes; rarely it can be caused by 
simultanous TSH overproduction by 

Fig. 7.1 Acromegaly features in a patient with 
pituitary adenoma with growth hormone over-
production – bigger chin, supraorbital arches, 
occipital tubercle (arrows).
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an adenoma. The galactorrhea occurs in 1/3 of women, usually in simultaneous 
hyperprolactinaemia, however it can also occur in the case of increased GH levels 
without hyperprolactinaemia. The direct antiinsulin effect of GH leads to glucose 
tolerance impairment or diabetes and to hyperinsulinaemia. The hyperinsulinae-
mia causes retention of sodium and fluids which is the main cause of the arterial 
hypertension. However, the myocardial hypertrophy with left ventricle functional 
impairment and supraventricular arythmias are also found in patients without 
hypertension as a result of prolonged acromegaly. 

• Diagnosis
 In typical cases of pronounced disease the diagnosis is evident during the clinical 

examination. The level of soft tissue oedema is the main sign of activity of the 
disease, not the body changes which are irreversible. 

 The somatotropin serum level examination is not realiable due to the pulsatory 
character of secretion which remains also in the case of acromegaly. The increased 
GH level does not necessarily have to mean that the patient suffers from acromegaly 
– it can be a sign of a secretion peak. The IGF-I and its binding protein IBFPB-3 
levels and also the supression of GH in an oral glucose tolerance test are decisive 
for the diagnosis and activity evaluation of acromegaly. The IGF-I and IBFPB-3 
levels change slowly and roughly represent the average level of GH in the last 24 
hours. Normal IGF-I level depends on age and gender. Increased level of IGF-I 
and IBFPB-3 is diagnostic for acromegaly. 

Oral glucose tolerance test (oGTT)
Peroral administration of glucose leads to physiological GH level decrease. A standard oGTT is performed with 75 g of 
glucose per os with collection of glycaemia, GH and insulin level in 30, 60, 90 and 120 minutes after the glucose admi-
nistration. In acromegaly GH level does not decrease under 1.0 ng/ml, also a paradox increase can occur. The border GH 
levels are arbitrary and depend on the used method of evaluation. In modern methods the level is approximately 0.14 µg/
ml. Often a simultaneous abnormal glucose tolerance is found; an inadequate increase of insulin is almost always found.  

7.2.3 adrenocorticotropin overproduction

ACTH overproduction caused by a functional pituitary adenoma is called the Cu-
shing disease. The clinical manifestation is caused by the adrenal cortex stimulation 
by the ACTH and subsequent steroid hormone overproduction (glucocorticoids, 
mineralocorticoids and androgens). The clinical manifestation of general steroid 
hormone overproduction is called the Cushing syndrome. 

Causes of the Cushing syndrome
• The Cushing disease is the most frequent cause of the Cushing syndrome. 
• ACTH overproduction by extrapituitary tumours is called ectopic ACTH syndrome (lung carcinoma, bronchial carci-

noid, carcinoid of the thymus, medullary thyreoid carcinoma, Langerhans islet cell tumour of pancreas). 
• One fourth of the Cushing syndrome cases is caused by an autonomous production of steroids in the adrenal cortex in 

adrenal adenomas or carcinomas (in the ratio of approximately 2:1) and very rarely by the primary cortical hyperplasia. 
• The exogenous Cushing syndrome can be caused by iatrogenic administration of corticosteroids.

Endocrinologic symptomatology
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• Clinical manifestation
 A weight increase with the fat redistribution is typical – the fat accumulates in the 

face (plethoric “moon face”), on the thorax (a typical “buffalo hump”) and on the 
abdomen. Other symptoms are caused by the protein catabolism, increased bone 
resorption, hypercalciuria and immunosupression (Table 7.4).

Table 7.4 Cushing syndrome manifestation.

• centripetal redistribution of the adipose tissue, stretch marks on the abdomen and hips 

• plethoric face

• purulent skin diseases, fungal infections of the skin and nails

• hirsutism in women

• menstrual cycle disturbances

• muscle atrophy and weakness

• osteoporosis, vertebral fractures

• nephrolithiasis

• hypertension

• mental changes

• Diagnosis
 The loss of the normal diurnal cortisol secretion rythm is typical for the Cushing 

syndrome. The morning serum level of cortisol is usually normal and the after-
noon and evening levels are increased. Evaluation of the 24 hours urine cortisol 
output that represents the integrated level of cortisolaemia in 24 hours is the most 
important for the diagnosis. It is typically increased above 270 nmol/24 hours. The 
exo-genous dexamethasone does not supress the cortisol levels which is diagnosis 
for hypercortisolism. The dexamethasone test is used to diagnostic the Cushing 
syndrome (with the low dose of dexamethasone) and for the differential diagnosis 
of hypercortisolism (with the high dose of dexamethasone).

Dexamethasone test
In the short test 1 mg of dexamethasone is administered per os at 11 p.m. and the plastmatic cortisol level is measured at 
8 a.m. on the next day. Normal cortisolaemia should be lower than 120 nmol/l. 
The short dexamethasone test exhibits a high number of false negative results. Therefore the two-day test is more accura-
te. After the urine collection to evaluate the basal steroid output the patient takes 0.5 mg of dexamethasone every 6 hours. 
The urine is collected on the second day to measure the free cortisol and creatinine output. The third day, after taking 
0.5 mg of dexamehtasone at 6 a.m., a blood sample is collected at 8 a.m. for measuring of the cortisolaemia. The abso-
lute value of the free cortisol urine output is decisive for the diagnosis – it should drop under 30 nmol/24 hours and the 
morning cortisolaemia should drop under 50 nmol/l. The test can continue with a high dose of 8 mg of dexamathasone 
a day which helps to distinguish the Cushing disease (in which the feedback inhibition of secretion  is maintained) from 
other forms of hypercortisolism (the feedback is missing). The Cushing disease (pituitary adenoma) is diagnosed in the 
case of any reproducable decrease of cortisol urine output. 

 If the Cushing syndrome is diagnosed by the low dose cortisol test, in the next 
step, the adrenal cortex is examined if its hyperfunction is secondary due to the 
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ACTH stimulation (ACTH dependent Cushing syndrome) or if the cortisol is 
produced by a primary adrenal tumour. This is decided by measuring the serum 
ACTH level. In the case of an adrenal tumour the ACTH level is lower than the 
detection limit 5 pg/ml, and in the Cushing disease it is slightly higher, but can 
also be normal (even a low ACTH level can cause hypersecretion in hypertrophic 
adrenal glands); in ectopic ACTH syndrome the ACTH level is usually high. 

 If the MRI findings are not decisive, the superior petrous sinus cathetrisation is 
used to distinguish the pituitary microadenoma from the ectopic ACTH syndrome. 
In this procedure, the blood sample for ACTH level measuring is collected simulta-
nously from both petrous sinuses and from a peripheral vein 4 and 0 minutes before 
and 3, 5 and 8 minutes after administration of 100 ug of human CRH intravenously. 
In pituitary adenoma a prompt increase in ACTH level in the petrous sinus occurs 
with more than triple gradient compared to the peripheral vein; this increase does 
not occur in the case of the ectopic ACTH secretion. The side gradient helps to 
decide the location of the adenoma, but reliability of this method is low. 

7.2.4 thyreotropin overproduction 

The pituitary adenomas with TSH overproduction are rare. They can be mixed (with over-
production of PRL or associated with acromegaly) and often exhibit an aggressive growth. 
• Clinical manifestation
 They manifest by hyperthyreosis. The typical symptoms are weight loss, tachycar-

dia, tachyarythmia, intolerance of heat, sweating, nervousness. 
• Diagnosis
 In the laboratory examination the elevated thyroid hormone (free thyroxine and 

triiodthyronine) levels and simultaneously inadequately normal or even elevated 
TSH levels are found. 

• In differential diagnosis the thyroid hormone resistance is the only condition to be 
ruled out. It is a congenital T3 receptor mutation. The TSH producing adenoma is 
diagnosed by clinical symptoms of hyperthyreoisis, elevated levels of a free alpha-
subunit of glycoprotein hormones (the molar ratio of the alpha-subunit and TSH 
is higher than 1). After TRH administration there is no elevation in TSH levels in 
the case of adenomas, in contrast to the thyroid hormone resistance.  

7.2.5 gonadotropin overproduction  

LH and FSH overproduction is always caused by a functional pituitary adenoma. 
This type of adenoma is frequent but the autonomous gonadotropin secretion does 
not always manifest in all the patients. The free subunits are not physiologically 
functional and LH and FSH are not secreted in a pulsatory or cyclic manner, and 
therefore this situation leads to hypogonadism. Rarely the ovarian hyperstimulation 
with hypogastrial pain occurs in women or the elevated testosterone level in men 
if LH secretion occurs.  

Endocrinologic symptomatology
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7.3 water and electrolyte dysbalance

Water and electrolyte dysbalance is caused by imparment of the structures of the neu-
rohypophysis or the hypothalamus. The most common cause are the non-pituitary 
tumours, mostly craniopharyngioma, but also pituitary macroadenomas with exten-
sive suprasellar extension. Sometimes it can be caused by surgery or brain trauma.

Patophysiology of water and electrolyte dysbalance
The vasopressin (ADH – antidiuretic hormone) plays a key role in the water and electrolyte dysbalance development. 
ADH is produced in the supraoptic and paraventricular nucleus of the hypothalamus from where it is transported to the 
posterior part of the pituitary gland. Releasing of ADH into the blood stream is controlled by the hypothalamic osmore-
ceptors which sensitively responds to serum osmolarity (the ADH secretion is inhibited in the case of serum osmolarity 
lower than 284 mmol/kg). The most important physiological effect of ADH is the water reabsorption in the distal tubules 
of the kidneys – ADH influences it by binding to its receptor which controls the function of aquaporines – the water 
canals (Baylis 1995).

There are two different types of clinical manifestation of water and electrolyte 
dysbalance: 
• diabetes insipidus;
• syndrome of inappropriate ADH secretion (SIADH).

7.3.1 diabetes insipidus

Diabetes insipidus (DI) is defined as a loss of capability of the kidneys to decrease 
the water excretion into the urine adequately (to concentrate the urine)  in the case 
of serum osmolality elevation. It can be caused by impaired ADH secretion – central 
diabetes insipidus, or by an insufficient effect of the normal ADH level on the renal 
tubules – nephrogenic diabetes insipidus.
• The etiology of the central DI is unknown in 30% of cases (the idiopathic DI); 

in 25% it is a symptom of a malingnant or a benign tumour (mostly craniopha-
ryngioma or a metastatic tumour) or a granulomatous process (see Table 7.2). 
Approximately 16% of all the cases are of posttraumatic etiology and 20% are 
caused by a surgery. The congenital autosomal dominant hereditary form is rare. 

• Clinical manifestation
 The main symptoms are thirst and polyuria, in severe cases up to 20 litres per day 

(Table 7.2), nycturia disturbs the sleep of the patient. The onset is sudden even in 
the idiopathic cases. If the fluid supply is restricted (usually due to unconscious-
ness) or if the primary lesion affects also the centre of thirst so that the patient 
is not forced to drink, a hypertonic dehydration develops, with symptoms of the 
hypertonic encephalopathy (irritability, wooziness to coma with neurologic signs 
of ataxia), hyperthermia and hypotension. 

• Diagnosis
 It is important to rule out the osmotic polyuria and tubular kidney disease by 

measuring the serum glucose, sodium, potassium and calcium levels and by the 
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microscopic and creatinine clearance examination of the urine. If the results are 
not decisive, the fluid restriction test should be performed.

Fluid restriction test
In the test the fluids are restricted for a period of time until the serum osmolality reaches above the ADH secretion 
treshold (which is 280 mosmol/kg, in the test we need to achieve 300 mosmol/kg). The patient does not drink since the 
previous night and the next day the osmolality of the serum and the urine is measured every two hours for so long until 
the serum osmolality reachs 300 mosmol/kg (or the sodium level reaches 150 mmol/l). Then, an ADH analogue (Minirin 
Ferring-Léčiva) is administered and in one hour the urine osmolality is measured. The time needed for the serum to reach 
hyperosmolarity is short in complete DI (4 hours) but can be long in patients with psychogenic polydipsia (18 hours). 
The urine osmolality elevation after ADH analogue administration by more than 9% is diagnostic for the central DI; in 
incomplete insufficiency it is more than 50%. The absolute value of the maximum urine osmolality is not decisive (it 
is usually relatively low, approximately 600-800 mosmol/kg in any of the prolonged cause of polyuria including the 
psychogenic polydipsia). 

The diabetes insipidus can be a first sign of an intracranial expansion and always 
requires an MRI examination in the diagnostic process which in the case of doubt 
(for example in the case of simultaneous adenohypophyseal dysfunction) should be 
repeated later on during the patients’ dispensarisation.

7.3.2 syndrome of inappropriate adh secretion

The syndrome of inappropriate ADH secretion (SIADH) causes water retention and 
dilution hyponatraemia. The expansion of the extracellular volume, however, causes 
the increase of the atrial natriuretic factor which decreases the sodium reabsorption 
in the proximal tubules of the kidneys. The sodium excretion by urine is therefore 
normal despite the hyponatraemia – above 30 mmol/l. The “sodium escape” pre-
vents hyperhydration and oedemas but worsens the hyponatraemia. 
• Etiology of SIADH – it is usually caused by hypothalamic or pituitary tumours, 

but sometimes also inflammatory diseases of the brain,  strokes, demyelinating 
diseases and traumas. It can also be caused by extracerebral processes – inflam-
matory processes or tumours of lungs and other malignant tumours (duodenum, 
thymus, pancreas, urinary tract, prostate, lymphomas). 

• Clinical manifestation
 The symptoms are caused by hyponatraemia and their development depends on 

the rapidity of the osmolality decrease. A sudden hyponatraemia leads to symp-
toms of the brain oedema with headache, mental changes, wooziness, convulsions 
and coma. If the hyponatraemia develops slowly sometimes even very low levels 
of sodium (under 120 mmol/l) are not symptomatic. 

• In the differential diagnosis it is necessary to rule out the different causes of hyponatraemia.

Other causes of hyponatraemia
• Diseases with low effective intravascular volume and oedemas (liver cirrhosis with ascites, terminal congestive heart 

failure, nephrotic syndrome). 
• Endocrine diseases – Addison disease (hypovolaemia caused by mineralocorticoid deficiency and ADH stimulation 

caused by glucocorticoid deficiency), hypothyreosis and hypopituitarism (with secondary hypothyreosis and  hypocor-
ticism). 

• Renal insufficiency.

Endocrinologic symptomatology
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• Sodium restriction during starving, in beer drinkers, higher output of sodium in the case of excessive sweating.
• Cerebral salt wasting syndrome is caused by an organic brain disease and leads to excessive sodium urine excretion 

and  hypohydration. 

• Diagnosis
 The first step, in a patient with low natraemia, is to measure the serum osmolarity 

which should be low. If it is normal or even higher it means that other osmotically 
active substances which do not enter the cells – glucose (diabetes) or urea (renal 
insufficiency). Simultaneously the urine osmolality is measured. It is adequately 
low (under 100 mosmol/kg), and the hyponatraemia is caused by excessive fluid 
intake in beer drinkers or in psychogenic polydipsia. In the case of inadequately 
high urine osmolarity it is important to evaluate the effective intraarterial blood 
volume (to exclude the ADH volume stimulation) by measuring the urine sodium 
level which is low in the volume contraction and high in the volume expansion 
including SIADH. It is difficult to evaluate these indicators if the patient is treated 
by diuretics; uric acid fraction excretion has shown to be more reliable (in volume 
expansion >12%). If the urine sodium and uric acid excretion are low the efective 
arterial volume is contracted despite the presence (heart failure, ascites) or absence 
(diarrhea, diuretics, cerebral salt wasting syndrome) of hyperhydration. 

• Prognosis of the asymptomatic hyponatraemia depends on the primary disease, 
in a sever symptomatic hyponatraemia the mortality is up to 50%; however if the 
therapeutic changes of the osmolality are slow the mortality is lower. 

Summary
• Endocrinologic symptomatology is usually the first sign of the functional 

pituitary adenoma and its development can be slow and gradual. 
• Unrecognised hormonal dysfunction, especially the hypopituitary crisis, 

can be fatal in acute situations. 
• Water and electrolyte dysbalance needs to be evaluated not only preopera-

tively but mainly in the postoperative period. 
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8 other clinical symPtoms

N .  J i r á s k o v á ,  P.  Č e l a k o v s k ý ,  M .  B a r,  R .  L i p i n a

8.1 ophthalmologic symptomatology

8.2 neurologic symptomatology 

The symptoms of sellar region and skull base lesions occur because of not only the 
hormonal activity of certain tumours, but also because of pressure of the tumour on 
the surrounding structures. These symptoms depend mainly on the type of the lesion, 
its size, location and the direction of its growth. Due to the anatomical relations of 
the sellar lesion to the optic nerves and other nervous structures the ophthalmologic 
and neurologic symptomatology is often dominant, especially in non-functional 
pituitary adenomas (adenomas which do not cause hypersecretion syndromes) and 
non-pituitary tumours. Rarely some completely asymptomatic tumours are diagno-
sed incidentally.

8.1 oPhthalmologic symPtomatology 

Impaired vision is usually the first symptom of the pituitary adenoma or the sellar 
tumour generally. Different types of vision impairment according to the place and 
symmetry of the optic tract compression are present depending on the histologic type 
of the tumour which determines its growth character and the suprasellar extension.

 Anatomical notes
• Arrangement of the optic nerve fibres in the optic chiasm
 The axons of the ganglion cells cross partially in the optic chiasm. The fibres from the nasal retina quadrants cross and 

run into the contralateral tract, the fibres from the temporal quadrants of the retina run in the ipsilateral tract without 
crossing. The crossing is arranged according to certain rules – its knowledge is essential for the topic diagnosis of the 
visual field imparment. 

 The fibres of the inferior nasal quadrant  do not enter the optic tract directly, but they first bend in the anterior part of 
the chiasm, run adjacent to the contralateral optic nerve and then turn into the contralateral tract to form the Wilbrand‘s 
knee. The lesions of the axons in the anterior part of the chiasm and the part of the optic nerve entering the chiasm 
(optochiasmatic junction) cause damage to the visual function (mostly visual acuity) of one eye and defects in the 
superior temporal quadrant of the other eye (so-called junction scotoma).

 The crossing fibres of the maculopapillar bundle are located in the posterior angle of the chiasm, therefore the lesions 
of this part of the chiasm usually manifest as the central bitemporal hemianoptic scotomas. 

• Anatomical variations of the chiam 
- the central localisation of the chiasm is the most common (80%). The chiasm lies directly above the sella and there-

fore is the first to be affected in the case of suprasellar growth of the tumour (Fig. 8.1).
- the ventral localisation is rarer (10%). In this case the tumour affects the optic tract earlier than the chiasm. 
- the dorsal localisation is also rare (10%). In the case of the suprasellar growth of the tumour the optic nerve is the 

first to be affected. 

Other clinical symptoms
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• Optic tract 
 After leaving the chiasm, the optic tracts run on the basis of the brain in the lateral and dorsal direction, become flat and 

after crossing of the brain peduncles they turn to the corpus geniculatum laterale where the synapses between the axons 
of the ganglion cells and central neurons are located. The optic tracts are approximately of the same length as the op-
tic nerves but are better covered by the adjacent structures and the defects of the visual field caused by their lesions are 
less frequent. A typical symptom of the optic tract lesion is a homonymous hemianopsia (Kanski 2007) in which both 
eyes exhibit a partial or a complete loss of the visual field contralateral to the side of the lesion.

Fig. 8.1 Anatomical variations of the optic chiasm (superior and lateral view); a – central location, b – 
ventral location, c – dorsal location.
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8.1.1 ophthalmologic symptomatology of sellar lesions 

The ophthalmologic symptoms are the most frequent symptoms with which a patient 
with a pituitary tumour or other pathologic process in the sellar region visits a physici-
an. They occur in 60–70% of the patients, mostly in the case of the suprasellar growth 
of the tumour. Usually we encounter the asymmetric visual field defects caused by 
an asymmetric compression of the visual pathway (Kirkham 1972, Netuka 2011). 
The temporal visual field defects, visual acuity impairment or scotomas with poorly 
defined margins are the most frequent symptoms. In the early stages the patient 
may not notice the changes and the visual impairment is revealed by the neuro-
ophthalmologic examination. Sometimes the patients complain of non-specific dif-
ficulties when reading. Diplopia, impaired eye movements and oculomotor muscle 
palsy are rare. These are often a sign of a metastatic tumour or pituitary apoplexy 
and usually do not occur in more common expansive lesions in the sellar region.

Bitemporal hemianopsia is a typical visual field defect caused by the lesion of 
the optic chiasm. 

The ophthalmologic symptoms are the main reason to indicate the surgery (Elkington 
1968). Bilateral visual field defects in the superior temporal quadrants are a typical 
sign (71%); the unilateral temporal defect is less common, while the central scotoma 
or the defect in the nasal quadrants of the visual field are rare. The patients often 
complain of collisions with other people or objects or change in colour perception. 
Most of the patients do not pay attention to the initial symptoms until a significant 
visual field defect develops. The interval between the first ophthalmologic symptoms 
and diagnosis of the adenoma is very variable, from several months to several years. 
1/3 of the patients also exhibit diplopia of variable grade.

The ophthalmologic symptoms are often the first sign of the sellar lesion. They 
manifest mainly in the case of the suprasellar growth of the tumour. The most 
frequent visual field defect is the bitemporal hemianopsia. 

8.1.2 ophthalmologic symptoms according to the type of the sellar lesion

The character of ophthalmologic symptoms is usually different according to the 
type of the sellar lesion due to the different location of the tumour origin and the-
refore different direction of the pressure on the chiasm and the optic nerves during 
the tumour growth. The symptoms are also influenced by the speed of the tumour 
growth and presence of the cystic portions of the tumour. 
• Pituitary adenomas – the progression of the visual symptoms is slow and the 

patients often do not notice them. It is important to examine the visual functions 

Other clinical symptoms
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in all the patients with non-specific headache or endocrinologic symptomatology. 
The pituitary adenomas are associated with these visual symptoms: 
- The character of the visual field defect depends on the relation of the pituitary 

gland and the chiasm. In the case of the central localisation of the chiasm the 
superior temporal quadrants of the visual field are the first to be impaired. 
Subsequently the inferior temporal quandrant defect develops (Fig. 8.2). The 
growth of the tumour is typically asymmetric, and therefore the grade of the 
impairment is asymmetric, too. The patient may not notice the visual field defect 
until the visual acuity is also impaired due to the pressure on the macular fibres. 
An eye with a severe visual field defect usually exhibits also a significant visual 
acuity impairment. However, the visual field can be normal (without a defect) 
in the case of the pituitary adenoma because the small tumours located only in 
the sella are usually asymptomatic. 

- Optic nerve atrophy develops in approximately 50% of the patients with the 
visual field defect caused by a pituitary lesion. The optic nerve atrophy is 
a negative prognostic sign for postoperative visual function improvement. 

- Diplopia is usually caused by the lateral expansion of the tumour into the ca-
vernous sinus with compression of the oculomotor nerves. 

Fig. 8.2 Compression of the optic chiasm by 
a centrally localized pituitary adenoma.

Fig. 8.3 Compression of the optic chiasm by 
a craniopharyngioma.

Fig. 8.4 Compression of the optic nerve by 
a meningioma, depending on the location in the 
sellar region; SB – inner variant of the meningio-
ma of the sphenoid bone wing, OG – meningioma 
of the olfactory groove, TuS – meningioma of the 
sellar tubercle
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• Craniopharyngioma – the visual field defects are usually complex and are caused 
by the optic nerve, optic chiasm or/and optic tract lesion. Initially the inferior tem-
poral quadrants are affected because the tumour first compresses the chiasm from 
the superior and posterior side, therefore the superior nasal fibres are first affected. 
(Fig. 8.3). The superior temporal quadrants are impaired later. 

• Meningioma can arise from different parts of the skull base and the clinical symp-
toms and visual field defects depend on the tumour location (Fig. 8.4):
- meningiomas of the tuberculum sellae typically compress the area of the chiasm 

and optic nerve junction, and therefore the ipsilateral central scotoma develops 
due to the optic nerve compression; subsequently the contralateral superior tem-
poral quadrant defect develops due to the compression of the anterior genu of the 
Willbrand’s loop (so-called junction scotoma); 

- meningiomas of the wings of the sphenoid bone cause early compression of the 
optic nerve (if the tumour is located medially); 

- meningiomas of the olfactory groove compress the optic nerve and also cause 
smell impairment.  

8.1.3 Pituitary apoplexy 

This rare complication of the pituitary adenoma may cause visual loss and also can 
be a vital threat. It is caused by a sudden expansion of the tumour due to a hae-
matoma or necrosis which expands to the sides and to the superior direction and 
compresses not only the visual pathway and the oculomotor nerves, but often also 
the hypothalamic centres on the basis of the 3rd brain ventricle. The initial symptoms 
are a severe headache, collapse or coma, sometimes with meningeal symptoms. 
Then the oculomotor muscle palsy, visual function impairment and function of the 
trigeminal nerve develop. However the symptomatology is often incomplete or 
asymmetric. It is necessary to start an aggressive treatment (surgical treatment and 
hormonal substitution) as soon as possible (Jirásková 2001) (see part 7.1).

8.2 neUrologic symPtomatology 

The neurologic symptoms depend on the compression of the neurovascular structu-
res of the skull base. These symptoms are often various due to abundance of the 
neurovascular structures in this area. In contrast many intrasellar tumourous lesions 
are asymptomatic intravitally and the tumour is found incidentally during autopsy. 

8.2.1 neurologic symptoms of the skull base lesions 

The sellar region
 The tumours of the sellar region cause specific endocrinologic and visual symp-

toms as described in previous chapters (see part 7, 8.1). The neurologic symptoms 

Other clinical symptoms
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are common for all the tumourous lesions of this region and depend mainly on the 
suprasellar and parasellar extension of the tumour rather than on its histologic type. 

 The small tumours which do not compress the adjacent structures, for example the 
pituitary microadenomas, are completely asymptomatic or can cause nonspecific 
headaches due to the stretching of the diaphragm and the dura. If the tumour grows 
it can destroy or cause expansion of the sella with extension of the tumour into 
the adjacent structures. The headache often temporarily disappears if the tumour 
causes a rupture of the diaphragm. 

• The adjacent skull base region
 The tumours with the supra- or parasellar extension (gigantic adenomas, cranio-

pharyngiomas etc.) or the tumours located in the adjacent parts of the skull base 
manifest with the symptoms of compression of other structures of the sellar region 
or its surroundings. 
- The parasellar extension of the tumour manifests as the cavernous sinus syn-

drome – ipsilateral hemicrania due to the trigeminal nerve irritation and palsy 
of the oculomotor nerves (n. oculomotorius, n. trochlearis, n. abducens). First 
the ptosis of the eyelid and the mydriasis occur, later also the impairment of the 
eyeball movement. The lesion of all the oculomotor nerves is called ophthal-
moplegia. It is usually caused by an acute bleeding into the pituitary adenoma 
(pituitary apoplexy, see part 7.1) and is accompanied with headache, visual 
impairment, hypothalamic syndromes and sometimes also with impairment 
of consciousness. The surgical evacuation of the haematoma is necessary in 
this condition. Rarely the secondary neuralgia of the second branch of the 
trigeminal nerve and the retroorbital pain due to the vascular congestion and 
intercavernous sinus occlusion occur in the cavernous sinus lesion. 

- The suprasellar extension of the tumour into the region of the 3rd brain ventricle 
results in stenosis or complete obliteration of the foramen Monroi unilaterally 
or bilaterally. It causes univentricular or biventricular hydrocephalus with the 
symptoms of the acute or chronic intracranial hypertension with severe acute 
headache, vomiting and impairment of consciousness. 

- The hypothalamic location of the tumour with compression or invasion of the 
tumour into the hypothalamus leads to the water and electrolyte dysbalance 
as described above; mental changes (aggresivity or apathy), sleep impairment 
or eating disorders leading to so-called hypothalamic obesity can occur. The 
symptoms can develop also after the surgery due to the anatomical damage of 
the hypothamalus or its vascular supply (Bednařík 2010, Roger 2009).

- The retrosellar extension, usually of meningiomas or clival chordomas, can lead 
to compression of the brain stem structures with the motor or somatosensoric 
pathway impairment. Lesions of the cranial nerves from the oculomotor to the 
hypoglossal nerve in the craniocaucal direction can occur according to the loca-
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tion and lateral extension of the tumour, with hypoglossal nerve lesion in the 
case of the location of the tumour in the region of the craniocervical junction. 

- Lesion of the anterior cranial fossa, mostly in the case of meningiomas, but also 
in gigantic adenomas, manifest as the olfactory impairment and mental changes. 
Foster-Kennedy syndrome (visual impairment with ipsilateral atrophy and con-
tralateral papillar oedema of the optic nerve) is often present in the olfactory 
groove meningiomas or the inner variants of the sphenoid bone meningiomas.

8.2.2 neurologic symptoms of the non-tumourous lesions 

The vascular or congenital lesions can also occur in the sellar region, manifesting 
with variable neurologic symptomatology (Attanasio 2012). These symptoms are 
important in the differential diagnosis of the skull base lesions and the preoperative 
evaluation. 
• The empty sella is a condition with the suprasellar structures (including the optic 

nerve) and liquor space herniation into the sella turcica due to the absence of the 
pituitary gland. The syndrome manifests with headache, obesity, arterial hyperten-
sion, visual impairment and/or hormonal changes. 

• The arachnoidal cyst of the parasellar region is usually asymptomatic and some-
times it is difficult to differentiate it from the empty sella in the MRI scans. The 
compression symptoms and the neurologic symptoms are rare. 

• The vascular aneurysm is usually located in the cavernous part of the ICA and on 
the anterior and posterior communicating arteries. The symptoms are related to 
the size and location of the aneurysm and to the compression of the nervous struc-
tures. These are mostly the orbital pain (ophthalmic nerve lesion), the ipsilateral 
oculomotor nerve palsy or the visual field defect. The oculomotor nerve lesion first 
manifests as the ipsilateral mydriasis and ptosis and later as the eyeball movement 
impairment. 

• The cavernous sinus thrombosis is a rare complication of sepsis or local infection. 
The dominant symptoms are headache, exophthalmos, palsy of the oculomotor 
nerves and the dilatation of the ophthalmic veins. 

• The carotid-cavernous fistula is a pathological communication between ICA and 
the cavernous sinus. The symptoms are the pulsating exophthalmos, tinnitus, pain 
and the lesion of the oculomotor nerves. It is caused by a trauma (sometime iatro-
genic) or it can be spontaneous, for example in the ICA aneurysm rupture. 

• The pituitary ischaemia and haematoma occur in severe shock state with dis-
seminated intravascular coagulation (DIC) or in complicated parturition (Sheehan 
syndrome). The MRI scan shows bleeding in the pituitary region without the signs 
of the adenoma. 

• Tolosa-Hunt syndrome is a non-infectious inflammation located in the orbit and 
retroorbitally in the area of the fissura orbitalis superior and the cavernous sinus. 

Other clinical symptoms
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The symptoms of this syndrome are the increased sedimentation rate, persistent 
headache in the orbital area and the lesion of the oculomotor nerves. The etiology 
is unknown and the condition improves when treated by the corticosteriods.

 
Summary
• The ophthalmologic symptomatology is the first sign of the sellar region 

tumours and is usually the main reason for the surgery. 
• The most frequent visual symptom of the pituitary adenoma is the bitem-

poral hemianopsia. 
• The most frequent visual symptom of the craniopharyngioma is the inferior 

temporal quadrant defect of the visual field. 
• The meningioma of the tuberculum sellae cause the ipsilateral central and 

the contralateral junction scotoma. 
• The anterior cranial fossa meningiomas often cause the olfactory impair-

ment. 
• The most frequent neurologic symptom is a headache.



103

9 diagnostic imaging of skUll base lesions
 
J .  Ž i ž k a ,  R .  L i p i n a

9.1 diagnostic value of imaging methods

9.2 radiologic findings 

The radiologic imaging is important not only for the diagnosis of the sellar regi-
on and skull base lesions. Also the evaluation of the relation of the tumour to the 
neurovascular structures, mainly to the chiasm, hypothalamus, cerebral arteries, 
pituitary gland and the infundibulum, is essential for the indication of the transnasal 
endoscopic approach.

9.1 diagnostic valUe of imaging methods  

The magnetic resonance imaging (MRI) plays a dominant role in the diagnosis of 
the sellar and skull base lesions. The computed tomography (CT) plays a role in the 
process of the preoperative evaluation and indication of the transnasal endoscopic 
approach. Nowadays, the digital subtraction angiography (DSA) is rarely used. 
• Conventional x-ray
 It is necessary to mention the conventional x-ray imaging because of the historic 

context. It makes it possible to evaluate the size, shape and the morphology of the 
sella turcica or the presence of the calcifications as an indirect sign of the sellar 
tumour expansion. Nowadays the conventional x-ray is no longer used as a pri-
mary radiologic method. 

• Cranial CT scan
 The CT examination of the brain and mainly of the skull base in the bone window 

is important for evaluation of the suitability of the transnasal endoscopic approach. 
In contrast to MRI, the CT scan shows the bony structures of the nasal cavity and 
the sphenoid sinus (or the other paranasal sinuses according to the extent of the 
approach) better. It is necessary to evaluate the nasal septum (deviation, deformity) 
and the morphology of the sphenoid sinus, the extent of its pneumatisation and the 
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width of the floor of the sella, the anterior cranial fossa and the clivus. It is also 
important to evaluate the width of the bony wall of the sphenoid sinus in the area 
of the carotid prominence. In the case of the extended approaches it is necessary 
to evaluate the individual anatomical structure of the ethmoid cells (shape), height 
of the roof of the ethmoid cells in relation to the lamina cribrosa (Keros classifica-
tion), the presence of possible variations (Haller’s cell), the middle turbinate or the 
crista galli pneumatisation and location of the optic-carotid recess.

 It is very important to identify the Onodi’s cell (a cell interposed between the last 
ethmoidal cell and the sphenoid cavity) due to its relation to the optic nerve (Fig. 9.3).

 

Moreover, it is necessary to evaluate the 
direction of the septae in the sphenoid 
sinus and their relation to ICA which 
influences the technique of their removal 
(Fig. 9.4, 9.5).
In the case of the extended approaches in 
the coronal plane it is important to iden-
tify the pterygoid canal with the Vidian 
nerve  (Fig. 9.6).

Fig. 9.2 Optic-carotid recess – variation of pneu-
matisation of sphenoid sinus; CT, axial scan.

Fig. 9.1 Roof of the ethmoid cells is located 
higher than cribriform plate; CT, coronal section.

Fig. 9.3 Onodi cell – an ethmoid cell interposed 
above the sphenoid sinus, it has a close relation to 
the optic nerve; CT, axial section.

cribriform plate roof of the ethmoid cells optic nerve

optic-carotid recess

Onodi cell
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 The CT imaging plays an irreplaceable role in the spontaneous, traumatic or post-
operative CSF leak diagnosis. In the case of the unknown location of the cerebro-
spinal fluid fistula or if the endoscopic examination of the nasal cavity does not 
reveal it, the CT cisternography makes it possible to identify the place of the CSF 
leak and, combined with the intraopera-
tive image guidance, to find its location. 

• Brain MRI 
 MRI is the main diagnostic method in 

neurosurgery. The 3D imaging, possi-
bility to use the contrast agent, different 
character of the sequences for different 
examined regions and the possibility of 
performing the MRI angiography help 
to specify the etiology of the expansion, 
its place of origin and the relation to 
the surrounding structures – the pitui-
tary stalk, hypothalamus, 3rd ventricle 
and the chiasm. The MRI can help to 
determine if some of the structure does 
not stand in the way of the transnasal 
endoscopic corridor. 

Fig. 9.4 Variation of the intersphenoidal septum 
– position in the sphenoid sinus with an insertion 
to the carotid canal on the left; CT, axial section.

Fig. 9.5 Insertion of the intersphenoidal septum to 
the carotid canal on the right – higher risk of injury 
to ICA during its resection; CT, axial section.

Fig. 9.6 Pterygoid canal and foramen rotundum; 
CT, coronal section.

canalis pterygoideus 

pneumatisation extending 
into the pterygoid process

foramen rotundum

intersphenoidal septum
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• Angiography 
 Nowadays, the cathetrisation angiographic methods play a role in some very 

specific indications, for example in examination of the vascularisation of some 
tumours (chemodectomas, meningiomas, or their therapeutic embolisation) or in 
superselective collection of venous blood samples from the cavernous or petrous 
sinuses in the case of some hormonally active pituitary adenomas. Another indi-
cation is the suspicion of the vascular lesion, particularly in the case of previous 
surgeries in the sellar region when it is necessary to rule out the possible pseudo-
aneurysm of the cavernous segment of ICA which can immitate a tumour.

 
9.2 radiologic findings  

The sellar region and the adjacent part of the skull base are highly anatomically, 
embryologically, neurologically and endocrinologically complex which means many 
different pathologies can be found in this area. The aim of the radiologic examination 
is to determine the etiology of the lesion, its location, origin and relation to the skull 
base and the neurovascular lesions. This is essential for the treatment management 
and for indication of the suitable surgical approach. From the radiologic point of 
view the lesions of the sellar and parasellar regions are divided into: 
• intrasellar and infundibular; 
• suprasellar and anterior cranial fossa;
• clival and parasellar.

 9.2.1 intrasellar and infundibular lesions 

The most frequent lesions of the sellar and infundibular region indicated to the 
transnasal resection are the pituitary adenoma, craniopharyngioma, Rathke’s pouch 
cyst and a rare pituitary tumour pituicytoma. 
• Pituitary adenoma 
 It is a relatively frequent benign tumour originating from the adenohypophyseal 

tissue, often incidentally found in MRI examination or autopsy. 
 The macroadenomas with suprasellar extension are ocasionally an incidental 

finding in CT scans but the MRI is used for the primary diagnosis. In native 
scans the adenomas exhibit a variable signal; some of them are well visible as T1 
hypointense or T2 hypointense focus. Presence of proteins including the products 
of blood degradation significantly increases the T1 signal (Fig. 9.7). Purely cystic 
adenomas are usually T1 hypointense and higly T2 hyperintense (Fig. 9.8). The 
calcifications are rare (< 2%). The adenomas enhance after application of the 
contrast, usually with delay compared to the normal pituitary tissue; in 10 to 30% 
of macroadenomas the difference in enhancement is visible only temporarily in 
dynamic contrast scanning in the time span of tens of seconds (Fig. 9.9) while in 
standard postcontrast scanning after several minutes the lesion becomes isointense 
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and difficult to differentiate. The microadenomas usually present as discrete local 
expansions with deviation of the infundibulum to the contralateral side or crani-
ally as a bulge of the superior margin of the pituitary gland. The macroadenomas 
usually exhibit suprasellar extension and create a typical image of the number “8” 
or the snowman (so-called “snowman appearance”) with the neck in the area of 
the diaphragm (Fig. 9.10). In extensive suprasellar extension the dislocation and 
atrophy of the perichiasmatic visual pathway occurs which can be well evaluated 
by the MRI. The parasellar extension of the adenoma into the cavernous sinus is 
not easy to determine even by the MRI because the medial wall of the sinus is 
very thin. If the circumference of the cavernous segment of ICA is surrounded by 
the tissue of the adenoma from at least 2/3, the invasion of the adenoma into the 
cavernous sinus is very probable (Fig. 9.10). The macroadenomas cause usuration 
and baloon-like expansion of the sella turcica (well visible in CT scans and con-
ventional skull x-ray) and can expand very deep into the sphenoid sinus. 

• Pituitary apoplexy is a condition in which a bleeding or infarction inside of the 
pituitary adenoma (or sometimes also in the healthy pituitary tissue) appears. 
In acute phase, the CT scan shows a hyperdense haemorrhage inside the pitu-
itary gland while the MRI shows the signs of acute ischaemia or haemorrhage 
with a ring-shaped opacity after the contrast agent administration. The complete 
infarction of the pituitary tissue can lead to the image of the empty sella (second-
ary empty sella) in the chronic phase. 

 If it is not possible to locate the lesion or the side where the functional 
microadenoma is located by the MRI, it is possible to perform the pituitary hor-
mone angiographic sampling from the cavernous and inferior petrous sinuses and 
determine the laterality of the lesion. 

 The differential diagnosis is wide and consists of the non-tumourous cysts 
(Rathke’s pouch cyst and pars intermedia cyst – these lesions do not show 
enhancement after the contrast agent administration), craniopharyngioma, pitu-
itary hyperplasia, diaphragm or tuberculum sellae meningioma (in these cases it is 
usually easy to differentiate the pituitary tissue from the meningioma), metastases 
or lymphocytic hypophysitis. It is very important to differentiate these lesions from 
the aneurysm of the cavernous segment of ICA – in this case the wrong indication 
of the surgery could lead to fatal consequences. The wall of the aneurysm usually 
contains calcifications, the location of the aneurysm is usually excentric and the 
pituitary gland is well differentiable; it contains the blood flow signal (which can 
be confirmed by the CT or MRI angiography) or the stratified thrombus. In the 
MRI image the lumen of the aneurysm exhibits the pulsatory artifacts caused by 
the pulsatory blood flow. 

• Craniopharyngioma
 The craniopharyngioma is a benign epithelial dysontogenetic tumour derived from 

the Rathke’s pouch epithelium. 

Diagnostic imaging of skull base lesions
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Fig. 9.7 Cystic pituitary macroadenoma with high content of protein in the cystic part of the tumour: a – 
T1 hyperintense, sagittal section, b – T2 hypointense, coronal section; MRI.

Fig. 9.8 Cystic-solid pituitary macroadenoma with suprasellar extension and a notable cystic part: a – T1 
hypointense, b – T2 highly hyperintense; MRI, coronal sections.

Fig. 9.9 ACTH producing pituitary microadenoma, size 4 mm: a – native T1 scan without a differentiable 
adenoma, b – the adenoma visible only in the dynamic contrast scan; MRI, coronal section.
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- Adamantinous (infantile) subtype ty-
pically contains solid and cystic por-
tions and also calcifications in more 
than 90% which can be differentiated 
by skiagraphy and CT scanning (Fig. 
9.11) better than MRI. Large tumours 
can cause expansion of the sella tur-
cica and erosion of its dorsum. The 
cystic portions exhibit very variable 
properties in the MRI scans depending 
on the protein and haemoglobin degra-
dation products content – therefore the 
native hyperintensity in T1 sequence is 
usual. 

 In the case of a cystic-solid expan-
sion of uncertain etiology in the MRI 
image it is advisable to perform also 
the CT scan which can show the cal-
cifications which supports the diag-
nosis of the adamantinous craniopharyngioma. 

- In the adult papillary type craniopharyngioma the solid portion is dominant and 
the cysts and calcifications are rare. The solid portions and the walls of the cysts 
typically enhance after administration of the contrast agent. 

 The differential diagnosis consists of: Rathke’s pouch cyst (does not exhibit 
enhancement), pituitary adenoma (rare in children), astrocytomas of the visual 
pathway and the hypothalamus (calcifications are rare), epidermoids/dermoids 
(do not exhibit enhancement), thrombosed aneurysms.

• Rathke’s pouch cyst
 The Rathke’s pouch cyst is located in the midline intrasellary or suprasellary, origina-

ting from the ectodermal remains of the Rathke’s pouch. 
 The CT scan shows a usually hypodense cyst with sharp margins, located between the 

adenohypophysis and pars intermedia, without enhancement after the contrast agent 
administration. In 15% of cases the calcifications are present in the wall of the cyst. 

 The signal characteristics of the cysts is variable in the MRI scan due to the inter-
individually variable content of the cyst (purely serous to dense content), mainly 
the different content of the protein and the blood degradation products. The MRI 
signal is therefore variable and shows different images from completely cystic 
(T1 hypointense and T2 hyperintense) to the opposite T1 hyperintense and T2 
hypointense image (Fig. 9.12). 75% of the Rathke’s pouch cysts contain a small 
intracystic T2 hypointense nodule which do not exhibit enhancement: this finding 
is pathognomonic for the Rathke’s pouch cyst. 

 The differential diagnosis is wide; it is important that the Rathke’s pouch cyst 
does not enhance after the contrast agent administration. Other lesions which do not 

Fig. 9.10 Suprasellar extension of a pituitary 
macroadenoma, complete infiltration of the right 
cavernous sinus; MRI, coronal section.
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enhance after the contrast agent admin-
istration are the pars intermedia cyst, 
coloid cyst, epidermoid/dermoid and the 
arachnoidal cyst. The enhanceing cystic 
lesions which should be considered in 
the differential diagnosis are the cranio-
pharyngiomas and cystic pituitary adeno-
mas. 

• Pituicytoma
 It is a rare benign tumour of the adult 

age originating from the pituicytes, the 
specialised cells of the infundibulum 
and the neurohypophysis which defines 
the location of the tumour (infundibular, 
i.e. suprasellar location is more fre-
quent). 

 It usually lacks the typic native T1 hyperintense signal of the neurohypophysis in 
the MRI scans and exhibits a homogenous enhancement after the contrast agent 
administration in both CT and MRI scans. 

 In the differential diagnosis it is important to differentiate the pituitary adenoma or 
the pituitary hyperplasia, lymphocytic hypophysitis, metastasis or the germinoma. 

 In the differential diagnosis of the sellar and infundibular region pathologies it is 
also important to consider the congenital and non-tumourous lesions not indicated 
for the surgical treatment.  

Fig. 9.11 Multiple calcifications in a craniopha-
ryngioma filling up the basilar cistern; CT scan, 
axial section.

multiple calcifications

Fig. 9.12 Intrasellar Rathke’s pouch cyst with slight suprasellar extension and high protein content: a – T1 
hyperintense image of the cyst, MRI, sagittal section, b – T2 strongly hypointense cyst image, coronal 
section, c – tumour without enhancement after the contrast administration; MRI, sagittal section.

a b c

Rathke’s pouch cyst ICA Rathke’s pouch cystRathke’s pouch cyst
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• Congenital developmental anomalies of the pituitary gland 
 The congenial abnormalities can be the aplasia, hypoplasia or duplication of the 

pituitary gland or the infundibulum. Ectopy of the posterior lobe of the pituitary 
gland, i.e. the neurohypophysis is more frequent (approximately 1:10,000) and 
endocrinologically important. In normal state the neurohypophysis forms 20–25% 
of the pituitary gland mass and is T1 hyperintense due to the presence of the 
neurosecretoric vacuoles transported from the hypothalamus (in more than 90% 
extension of the population). If this image of the native T1 hyperintense neurohy-
pophysis is not present and a suprasellar T1 hyperintense lesion (usually adjacent 
to the infundibulum) is found, it is necessary to correlate the findings with the 
endocrinologic profile: the suprasellar ectopic neurohypophysis usually blocks the 
transport of the hypothalamic hormones and causes hormonal disturbances, usu-
ally the panhypopituitarism and growth disorders. In the differential diagnosis of 
the “suprasellar bright spot”, meaning that the T1 hyperintense suprasellar lesion, 
a lipoma, dermoid, Rathke’s pouch cyst, craniopharyngioma and a rare throm-
bosed aneurysm must be considered aside from the ectopic neurohypophysis. 

 The absence of the native T1 hyperintense neurohypophysis in the MRI scan 
(without presence of the ectopic T1 hyperintense tissue) is an accompanying sign 
of the diabetes insipidus; rarely it can also be a normal finding (the correlation with 
the endocrinologic examination is always necessary). 

• Empty sella
 Idiopathic partial empty sella is a normal variant of the cerebrospinal fluid space 

arrangement with extension of the suprasellar cisterns caudally into the sella tur-
cica with a mild chronic compression of the pituitary gland. 

 The image of the idiopathic empty sella needs to be differentiated from the finding 
of the empty sella combined with the dilatation of the optic nerve sheat, flattening 
of the optic disc or stenosis of the brain ventricles in the idiopathic intracranial 
hypertension syndrome (so-called pseudotumour cerebri) found in young obese 
women in the second to fourth decenium of age without any obvious cause. It is 
also important to differentiate a so-called secondary pseudotumour cerebri caused 
by a chronic intracranial hypertension for example in stenosis or obliteration of the 
intracranial venous sinuses. 

 The CT and MRI findings are usually decisive for the diagnosis; the sella turcica 
content has the same density as the CSF similar to the arachnoidal cyst which is, 
however, typically locally expansive. The most important step is to exclude the 
coincidence with the idiopathic or the secondary intracranial hypertension, i.e. the 
pseudotumour cerebri.

• Pituitary hyperplasia 
 This condition is either a pathological enlargement of the pituitary gland due to the 

abnormal hormonal stimulation (typically as a consequence of a failure of the target 
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Fig. 9.13 Radiologic image of a benign intracranial hypertension with empty sella syndrome: a – second-
ary empty sella in a young obese woman with cephalea, sagittal section, b – optic nerves sheath expan-
sion; MRI, coronal section.

Fig. 9.14 Lymphocytic hypophysitis in a young woman after delivery: a – hypertrophy of the infundibu-
lum in T2-weighted image, coronal section, b – enhancement of the pituitary gland and the infundibulum 
after contrast administration; MRI, sagittal section.

Fig. 9.15 Langerhans cell histiocytosis affecting the pituitary infundibulum: a – native T1-weighted 
image, b – postcontrast T1-weighted image, MRI, sagittal sections.
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endocrine organ: the thyroid gland, the adrenal glands, gonades etd., or as a manifes-
tation of a neuroendocrine tumour), or a physiological enlargement of the pituitary 
gland due to the increased hormonal activity (puberty, pregnancy, lactation). 

 The superior margin of the pituitary gland is normally concave or flat. In men the 
normal craniocaudal dimension of the pituitary gland is 8 mm, in young women up 
to 10 mm, during pregnancy and lactation 12 mm. It is important to know that the 
craniocaudal enlargement of the pituitary gland and its cranial convex margin is 
physiological also in the case of the congenital latero-laterally narrow sella turcica 
which is an anatomical variant common in, for example, paramedial course of the 
ICAs (so-called “kissing carotids”) which logically compensates the narrow latero-
lateral dimension of the pituitary gland by enlargement of the craniocaudal dimension 
and the convex bulging of the pituitary gland. This does not present a pathological 
condition. It can be differentiated easily on a CT or particularly on an MRI scan. 

 The pituitary hyperplasia presents as an enlargement of the mass of the pituitary gland 
and its cranial margin becomes convex. Neither the CT density nor the MRI signal 
is altered and after the administration of the contrast agent the hypeplastic pituitary 
gland enhances in the same manner as a normal pituitary gland. 

 In differential diagnosis it is important to differentiate the pathological enlarge-
ment of the pituitary gland: adenoma (including an adenoma with apoplexy), 
lymphocytic hypophysitis, metastasis. 

• Lymphocytic hypophysitis
 It is an idiopathic inflammation of the adenohypophysis and the infundibulum 

which are pathologically enlarged. The dense and homogenous enhancement of 
the enlarged pituitary gland and the infundibulum on the CT and MRI scans is 
typical (Fig. 9.14). Sometimes the adjacent dura or the sphenoid sinus mucosa 
enhance, too. 

 In the differential diagnosis the pituitary hyperplasia, pituitary macroadenomas, metas-
tases, sarcoidosis and other granulomatous processes such as the granulomatosis with 
polyangiitis (formerly known as Wegener granulomatosis) or the Langerhans cell 
histiocytosis need to be considered (Fig. 9.15).

9.2.2 the suprasellar lesions and the lesions of the anterior cranial fossa 

The most frequent tumours of this region are the meningiomas and the cystic lesions 
such as the dermoid or epidermoid cyst. 
• Meningioma
 It is usually not difficult to differentiate the meningioma from the normal pitu-

itary tissue on the MRI scans. The meningiomas in this area can arise from the 
lamina cribrosa, diaphragma sellae, tuberculum sellae, planum sphenoidale or 
from the lesser wing of the sphenoid bone and can be in contact with the pituitary 
gland. If they occur in multiple locations, the condition is either called the menin-
giomatosis or is a manifestation of the neurofibromatosis type II. On the CT and 
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MRI scans the tumour usually has a large base adjacent to the dura and exhibits 
a homogenous enhancement after the contrast agent administration as well as the 
adjacent thickened dura – so-called “dural tail sign” (Fig. 9.16). Necroses, cysts, 
haemorrhages and calcifications are found in less than ¼ of the meningiomas. On 
the native MRI scans the meningioma typically exhibits similar T1 and T2 signal 
characteristics as the brain cortex and on the CT scans it is isodense or hyperdense. 
The meningiomas with dense calcifications are usually asymptomatic without 
a growth potential. Sometimes a hyperostosis occurs in the bone adjacent to the 
meningioma which can be identified best by the CT examination. This finding is 
always suspect from the microinvasion 
of the tumour into the adjacent bone and 
raises the risk of the local recurrence if 
it is impossible to remove the affected 
bone completely. 

 The dural granulomas (sarcoidosis, 
tuberculosis), dural metastases, pitu-
itary adenomas, idiopathic hypertrophic 
pachymeningitis or extramedullar hae-
matopoesis should be considered in the 
differential diagnosis. 

• Epidermoid, dermoid
 The CT and MRI signal of the epider-

moid cysts is very similar to the CSF 
and they can appear as an arachnoi-
dal cyst; 20% contain calcifications. 

Fig. 9.17 Pilocytic astrocytoma of the thalamus, 
hypothalamus and mesencephalon, partial post-
contrast enhancement; MRI, sagittal section.

Fig. 9.16 Meningioma of the sellar tuberculum with extension into the sella turcica: a – T1-weighted 
image, b – postcontrast T1-weighted image; MRI, sagittal sections.
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The dominant diagnostic method is the MRI diffuse weighted imaging in which 
the epidermoid cysts exhibit a significantly restricted diffusion in contrast to the 
arachnoidal cysts. 

 The dermoids contain a fat signal and also a signal of different components such 
as the cutanous glands, hair follicles, hair, calcifications, rudiments of teeth etc., 
which means they have a very heterogenous structure with the characteristic fat 
component always present and well differentiable on the CT and MRI scan. The 
CT and MRI also show the rupture of the dermoid and the presence of the fat drops 
in the subarachnoidal space. 

 The craniopharyngioma, teratoma, lipoma and the arachnoidal cyst in the case of 
the epidermoid cyst are considered in the differential diagnosis. 

 Also other tumours of this region not indicated for the surgical intervention (ha-
martoma, lipoma) or indicated for the open approach (germinoma, glioma) need 
to be considered in the differential diagnosis. In these tumours the transnasal 
endoscopic approach can be used for the biopsy only. 

• Glioma of the chiasm and hypothalamus 
 The chiasmatic and hypothalamic gliomas are usually the low-grade astrocytomas, 

specifically the pilocytic astrocytomas. Although these tumours exhibit a low 
biological aggresivity, a dense, often non-homogenous enhancement after the 
contrast agent administration is common (Fig. 9.17). The pilocytic astrocytomas 
can contain mature tumourous cysts which do not enhance after the contrast agent 
administration. It is possible to define whether the tumour arises from the hypo-
thalamus or the visual pathway on the MRI very precisely: the surface spreading 
along the optic nerves/tracts is characteristic for the optochiasmatic gliomas. In 
contrast to the craniopharyngiomas the gliomas do not contain cysts with high 
protein content (T1 hyperintense, T2 hypointense). The calcifications are present 
in fewer than 20% of gliomas. 

 In the differential diagnosis the tuber cinereum hamartoma (does not enhance), 
craniopharyngioma (contains cysts with high protein content), germinoma (rela-
tion to the infundibulum), rarely the pituitary adenoma, 3rd ventricle ependymoma, 
metastases or granuloma should be considered. 

• Germinoma
 The germinoma is slightly hyperdense compared to the brain grey matter on the 

CT scans and isointense to slightly hyperintense on the T2 weighted MRI scans. 
The obliteration of the subarachnoidal space is dominant in the MRI finding rather 
than a significant signal alteration. The calcifications are rare. After the contrast 
agent administration the germinomas exhibit a high enhancement. The contrast 
agent administration is necessary to prove the initial stages of the implantational 
metastases disseminated by the CSF anywhere on the brain surface or in the brain 
ventricles (Fig. 9.18). The contrast agent administration is also necessary for 
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Fig. 9.19 Metastasis of a posterior cranial fossa 
meduloblastoma into the pituitary infundibulum: 
postcontrast T1-weighted MRI image, sagittal 
section.

Fig. 9.18 Germinoma of the suprasellar region: a – suprasellar location in T1-weighted image, sagittal 
section, b – multiple subependymal metastases, axial section; MRI.

Fig. 9.20 Large hamartoma of the tuber cinereum with extension into the suprasellar cisterns: a – isoin-
tense in T2-weighted image, coronal section, b – without postcontrast enhancement in T1-weighted 
image, sagittal section; MRI.
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evaluation of the invasion of the tumour 
into the adjacent brain tissue. The larger 
tumour can contain a cystic, necrotic or 
a haemorrhagic component. 

 The tuber cinereum hamartoma (does 
not enhance after the contrast agent 
administration), the glioma of the chi-
asm or the hypothalamus, pituicytomas 
or metastases should be considered in 
the differential diagnosis (Fig. 9.19).

• Tuber cinereum hamartoma
 The tuber cinereum hamartoma is 

a diencephalic hamartoma located 
either right in the hypothalamus or it 
occurs as a lesion with a stalk with 
extension into the suprasellar cisterns 
(between the pituitary infundibulum and the corpora mammilaria). The tuber cine-
reum hamartomas appear solid and isodense with the brain, in a typical location, 
on the CT scans. The hamartomas do not enhance after the contrast agent adminis-
tration. On the MRI scans the hamartomas appear as almost T1 and T2 isointense, 
solid, non-enhanceing lesions in a typical location in young patients with a typical 
clinical manifestation (Fig. 9.20). If the hamartoma exhibits an accentuated fibrillar 
gliosis it can be T2 hyperintense compared to the grey matter. 

 The chiasmatic or hypothalamic astrocytoma, germinoma, Langerhans cell histio-
cytosis, rarely the lipoma, dermoid or the craniopharyngioma should be considered 
in the differential diagnosis.

• Lipoma
 The lipoma exhibits a characteristic fat density on the CT scans (-50 to -100 HU) 

and can contain calcifications (Fig. 9.21). The MRI image is also typical, with 
a characteristic signal isointense to the subcutaneous fat in the T1 and T2 weighted 
images and loss of the MRI signal in the fat supressing sequences. They do not 
enhance after the contrast agent administration. 

 It is necessary to differentiate the dermoid and teratoma (which are always hete-
rogenous although the fat component is common; in the case of their rupture the 
fat drops are visible also in other locations than in the subarachnoidal space) from 
the lipoma.

9.2.3 clival and parasellar lesions 

The most common pathology in the clival region is the chordoma. Also the cranio-
pharyngiomas and pituitary adenomas can expand to this region and the meningi-
omas can arise from the tissues in the retroclival or parasellar region. It is impor-
tant to consider also the glioma of the oculomotor nerves in the parasellar region. 

Fig. 9.21 Subhypothalamic lipoma with a small 
calcification and typical densities of fat; CT, 
sagittal section.

lipoma
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• Chordoma
 The CT and the MRI are complementary methods in the chordoma diagnosis. The 

CT shows the skull base destruction by a soft tissue mass; in 50% they contain 
calcifications. The MRI shows the soft tissue component which is T2 hyperintense 
(Fig. 9.22). The chordomas enhance well after the contrast agent administration. 
Their growth can be significantly excentric, for example into the posterior cranial 
fossa. Every midline expansion in this area which exhibits even a discrete continu-
ity with the clivus (a soft tissue stalk or a small bone erosion) could be a chordoma. 

Fig. 9.23 Tolosa-Hunt syndrome with increased enhancement and swelling of the left cavernous sinus 
and orbital apex: a – axial section, b – coronal section; MRI image, postcontrast T1-weighted images 
with fat-saturation.

Fig. 9.22 Clival chondroma with extension into the epipharynx and the posterior cranial fossa: a – 
T1-weighted image, sagittal section, b – T2-weighted image, axial section; MRI.
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 The differential diagnosis is wide and consists of the meningioma, chondroma/
chondrosarcoma, giant cell tumour, sinonasal carcinoma, schwannoma, chemo-
dectoma, pituitary adenoma or the metastasis. 

• Schwannoma
 The schwannomas are CT isodense with the brain and on the MRI scans they are 

T2 hyperintense compared to the brain tissue. The cystic transformation is quite 
common, on the other hand the calcifications are rare. A dense enhancement after 
the contrast agent administration is typical. The parasellar schwannomas of the 
III.–VI. cranial nerve are usually of elongated shape due the spread along the 
affected nerve from the cavernous sinus into the orbit, infratemporal or posterior 
cranial fossa, or into the brain stem. On the CT scans the benign usuration of the 
skull base structures can be well evaluated. 

 The meningiomas or pituitary adenomas with extension into the cavernous 
sinusey, metastates and rarely the Tolosa-Hunt syndrome should be considered in 
the differential diagnosis. 

• Tolosa-Hunt syndrome
 It is an indiopathic inflammatory disease of the cavernous sinus. The radiologic 

image is generally similar to the orbital pseudotumour but located in the cavernous 
sinus and the apex of the orbit. The MRI with the contrast agent with the fat signal 
saturation is the most suitable for displaying of the inflammatory infiltration of the 
cavernous sinus, middle skull base or the apex of the orbit (Fig. 9.23).

 The meningioma, lymphoma, metastasis, sarcoidosis and some atypical infections 
such as the actinomycosis should be considered in the differential diagnosis.

Summary
• The dominant radiologic method for diagnosis and indication of the sur-

gery is the magnetic resonance imaging which can determine the type of 
the skull base lesion very precisely before the surgery. 

• The CT scans are important for evaluation of the transnasal endoscopic 
approach suitability, especially for evaluation of the anatomy of the nasal 
cavity and the paranasal sinuses or of the destructive or reactive changes 
of the bones. 

• Determining the origin of the lesion and its relationship to the neurovascu-
lar structures is important for the tactics of the surgery.

Diagnostic imaging of skull base lesions
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10 technical eqUiPment

P.  Va c e k ,  F.  Z e n g a ,  J .  H o z a ,  P.  K o m í n e k ,  R .  L i p i n a , 
K .  Z e l e n í k

10.1 Endoscopes

10.2 otorhinolaryngologic instrumentation

10.3 neurosurgical instrumentation

10.4 intraoperative image guidance

10.5 intraoperative radiologic methods  

10.6 intraoperative electrophysiology 

The technical equipment plays an essential role in the transnasal skull base surge-
ry. It is not possible to perform this type of surgery without adequate equipment.  

10.1 endoscoPes

The rigid endoscopes with the 4 mm diameter and the angle of view of 0o, 30o, 45o and 
70o are used in the transnasal skull base surgery (Fig. 10.1).
The 0° and 30° endoscopes are usually used in most of the centres as universal tools. 
Good orientation even in the region of the anterior skull base and frontal sinuses can 
be achieved by a slight flexion (extension) of the patient’s head even if using the 30° 
or 0° endoscope. The suction-irrigation system connected to the endoscope is used 
for cleaning of the lens of the endoscope by a stream of the saline solution heated to 
the body temperature. It is advisable to use the suction-irrigation system mainly in 
the surgeries of the dorsal and narrow parts of the nasal cavity when the lens of the 
endoscope gets smudged easily and it is not necessary to pull out the endoscope and 
clean it repeatedly (Fig. 10.1). 
The alternative to the suction-irrigation system is to rinse the endoscope with a syringe 
with a baloon from the nasal vestibulum. The advantage of this method is a smaller 
diameter of the endoscope without the suction-irrigation system tube which can act as 
an obstacle for the free manipulation with the endoscope. The set of the camera and 
the endoscope can by fixed to an adjustable holder during the surgery but it is usually 
prefered for the assisting surgeon to hold the camera with his/her “free hand” which 
enables a dynamic view of the operating field with rapid changes of the direction and 
angle of the view as needed and partially compensates for the absence of the 3D view. 
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The endoscope image chain makes it possible to display the endoscopic view on 
a monitor for several persons. The endoscope cameras have rapidly developed in the 
last few years and nowadays a 3 CCD camera with Full HD definition of 1920x1080 
pixels is considered a standard piece of equipment. Recently also the 3D 5 mm en-
doscopes have become available for the skull base surgery (Fig. 10.2).

3D endoscopy 
One of the disadvantages of the standardly used endoscope is the 2D view. Recently a 3D visualisation system (Visi-
onsense, Ltd., PetachTikva, Israel) has been developed. The 3D view is created by two individual cameras located on 
the tip of the endoscope. The diameter of the endoscope is 5 mm and the handle weighs 98 g. The weight and width of 
the endoscope is suitable for performing of the long endoscopic surgeries and using the four hand surgery technique. 
The image is projected on a flat screen and the 3D image is created by using the polarised glasses. The glasses are light 
and well tolerated by the surgeons. The 3D endoscopy provides a high-resolution image with detail imaging of depth 
and relations of the important neurovascular structures. The 3D stereoendoscope provides a typical stereoscopic image, 
same as the microscope, so that the “mental process” of learning to operate with the endoscope instead of the microscope 
is not necessary. After the beginning of the endoscopic surgery, especially after the nasal cavity structures resection, 
the advantages of the 3D endoscopy are obvious. The perception of the depth of the image during the intrasellar and 
intradural phase of the surgery improves the surgeon’s ability to identify and preserve the important structures and to 
proceed more effectively.  Also in reconstructive surgeries the 3D endoscopy enables a better perception of the different 
planes and identification of the dural defects. In our opinion, the stereoscopic images provides the biggest advantage 
when imaging the structures located in great depth. The deeper the target structure is, the more suitable the stereoscopic 
view is. So far, when using the 2D system, it was necessary to move the endoscope constantly to create the “mental 3D” 
image which may prolong the surgery. The 3D stereoendoscope (wide-angle 0° or 30°) Visionsense II has been used in 
the Neurosurgery department of the University Hospital Turin in Italy since July 2011 and the authors have experience 
with more that 100 skull base surgeries using this system. 

Robotic surgery
In the future, a development in robotic surgery and it application in skull base surgery is to be expected. Currently the 
experimental research is in progress and the robotic surgery is not used in clinical practice in skull base surgery so far. 

10.2 otorhinolaryngologic instrUmentation 

The standard instruments used for the endoscopic paranasal sinus surgery are usually 
used for the endoscopic transnasal skull base surgery. The length of the branches of 

Fig. 10.1 Rigid endoscope (bottom) and suction-
irrigation system used for cleaning of the endo-
scope (top).

Fig. 10.2 Intraoperative use of the 3D endoscope. 

Technical equipment
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the endoscopic instruments used in endonasal surgery is usually 12–15 cm. For skull 
base surgery, longer instruments (18 cm) are suitable. In our opinion, the Kerrison 
punch is a very useful and universal instrument which can be used for preparation, 
grasping and cutting (Fig. 10.3).

The Kerrison punch forceps can be considered a basic and a very useful univer-
sal instrument for preparation, grasping and cutting.

Fig. 10.3 Kerrison punch: a – upward, b – angled 
upward, c – direct.

Fig. 10.4 Ostrom-Wolf backbiting forceps: a – view of the whole instrument, b – working part detail.

a b

a b

c
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Table 10.1 Otorhinolaryngologic instruments.

• Kerrison punch  used for the sphenoid cavity anterior or posterior wall resection, branches in different sizes 
(1, 2, 4), cutting upward, downward and straight (Fig. 10.3)

• grasping forceps (Weil-Blakesley grasping forceps) for removing the pieces of bone, mucosa, made in diffe-
rent branch angles 

• Freer raspatorium, Cottle raspatorium, several types of ball probes 

• cutting (punching) forceps, scissors, cutting basket forceps, conchotomes

- Ostrom-Wolf backbiting forceps in case the extended resection of the posterior part of the nasal septum 
ventrally is needed (Fig. 10.4) 

- Wigand punch forceps with sharp cutting branches  

- Stammberger basket punch (sphenoidal punch) to enlarge the sphenoidal ostium – the sharp cutting part is 
in a shape of a circular “hat” used for enlarging the sphenoidal ostium in the first phase of the surgery 

- frontal punch used in surgeries in the area of the nasofrontal recess and frontonasal duct 

- endoscopic scissors – for cutting of the mucosal and bony parts, for exemple in resection of the middle 
turbinate 

• suction instruments of different shapes – straight and curved instruments of various angles 

• coagulation – monopolar suction coagulator, bipolar coagulator (tweezers, forceps) – the bipolar forceps is 
more suitable for coagulation in the posterior parts of the nasal cavity (Fig. 10.5)

• drills used for removing of the bony structures of a sufficient length (15 cm at minimum); it is necessary to 
use the diamond burrs, usually of smaller diameters (2–4 mm) because of the orientation in the operating field 
(Fig. 10.6)

• needle monopolar coagulation with angled tip – is useful for preparing of the nasoseptal flap; a contact laser 
can be used as an alternative (Fig. 10.7)

Fig. 10.7 Monopolar coagulation with an angled 
tip used for the nasoseptal flap preparation.

Fig. 10.5 Bipolar coagulation set: a, b – bipolar 
tweezers, c – coagulation forceps.

Fig. 10.6 Drill with a direct and an angled exten-
sion.

Technical equipment
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An almost identical set of instruments is used for skull base surgery as for the 
endonasal surgery of the paranasal sinuses. The Kerrison punch is a very useful 
instrument in particular.

10.3 neUrosUrgical instrUments 

The transnasal corridor is a long narrow canal with a limited space for manipulation 
which requires using a special set of instruments for this approach. These instruments 
have been gradually developed from prototypes of different shapes and lengths. The 
most important requirements in this development were: 
• easy and safe manipulation in the narrow corridor;
• good balance and ergonomy as a prevention of a conflict between the instrument in 

the surgeon’s hand and another instrument (endoscope) present in the nasal cavity 
at the same time;

• possibility to use it for all the areas approachable by an endoscope (Cappabianca 
 2007 and 2010). 

Fig. 10.8 Wire mesh tray with instruments for the pituitary adenoma surgery.
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The instruments for the transsphenoidal microscopic surgery had a bayonet shape to 
prevent a visual conflict between the surgeon’s hand and the microscope lens which 
is relatively far from the operating field. In contrast the instrument for the endoscopic 
transnasal surgery must be straight to enable a free movement along the endoscope 
whose lens is near to the operating field (Cappabianca 1999).

The instruments for the transnasal endoscopic surgery must be straight in con-
trast to the bayonet instruments used for the microscopic surgery. 

The length of the instruments used for the intracranial part of the surgery is usually 
longer than usual otorhinolaryngologic instruments used for surgery in the nasal cavity 
(Table 10.1). They are straight and their length is approximately 15–25 cm (Fig.10.8).

Table 10.2 Neurosurgical instruments. 

• probes, usually sharp, of various sizes, length 25 cm, for separation of solid tumours and intracranial 
manipulation 

• cutting instruments (knives), various shapes, length 18–25 cm, some with a diamond edge used for opening 
the tumour capsule (Fig. 10.9)

• grasping forceps, usually with sharp edges, straight or angled, length 18 cm, for resection of solid tumours 
(Fig. 10.10)

• scissors, very fine, of various angles, some with 360° rotation of the working parts, length 18 cm 

• suction instruments – straight, curved, angled, some with an opening on the side, diameter of 8–12 Fr., length 
15 cm, present in the operating field almost whole surgery (Fig. 10.11)

• curretes, round shaped, vertical and horisontal oriented, straight, curved, angled, diameter 3–7 mm, length 5 
cm; these are the most frequently used instruments for the tumour resection (Fig. 10.12)

• suction probes and curretes, raspatories, instruments combined with suction; basic shape of curretes and 
probes, length 25 cm, for resection of fragile tumours 

• coagulators, monopolar or bipolar, various shapes and with various tips, usually combined with suction, length 
17–20 cm

Fig. 10.9 Set of knives for the dural incision: a – bayonet knife (top), diamond knife (bottom), b – dia-
mond knife detail

a b
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Instruments used in transcranial neurosurgery are also used in the transnasal surgery, 
adjusted to match the criteria listed in the beginning of this chapter (usually exten-
ded). The most frequently used instruments are high-speed drills, ultrasonic aspirator 
(CUSA) and recently also the ultrasound examination probes (see Chapter 10.5). 
The most recent development have brought multipurpose, so-called “smart” instru-
ments into the transnasal surgery – instruments with up to 4 functions built-in in 
one probe, for example suction, irrigation, coagulation and CUSA. 

10.4 intraoPerative image gUidance  

The transnasal endoscopic technique itself makes it possible to look “around the 
corner” and improves the orientation during the surgery and detection of the tumour 
residue and reduces the incidence of intraoperative complications (Anand 2009). 
Using of the intraoperative image guidance fundamentally improved the orientation 
of the surgeon during the operation. The most important information is the location 
of the midline when opening the sella turcica when the anatomical landmarks are 
not obvious or are completely missing. It is important to know the location of the 

Fig. 10.10 Grasping forceps. Fig. 10.11 Suction instruments of various shapes 
for the intracranial part of surgery.

Fig. 10.12 Basic curette set: a – whole view of the instruments, b – detail.

a b
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vascular structures (ICA) because every little mistake in orientation can have fatal 
consequences. However, the image guidance cannot be used to evaluate the radicality 
of the tumour resection because it works with the preoperative data, which is the 
main limitation of the image guidance overall. Thus the image guidance cannot be 
used for identification of the tumour residues.  

History of the image guidance 
The “guidance” of the transnasal approach to the pituitary gland was being developed together with the approach itself. 
In 1907, H. Schloffer used a finger in the operation corridor to estimate the depth of the approach ((Schloffer 1907). The 
first “image” guidance of the approach was used by G. Guiot in 1965 who introduced the intraoperative fluoroscopy 
(Guiot 1958), and this technique was further developed by J. Hardy by intrathecal application of air which enabled 
to gain a certain “intraoperative” image of the descent of the suprasellar portion of the tumour into the operating field 
(Hardy 1965). The disadvantage of the fluoroscopy is the absence of the information about the midline, “invisibility” of 
the soft tissues and exposition of the patient and staff to radiation. 
Therefore, as soon as the frameless image guidance was introduced into neurosurery, it was introduced and begun to be 
sucessfully used in the transsphenoidal surgery (Fig. 10.13) (Sandeman 1998).

Nowadays, two types of image guidance are used in neurosurgery including the 
transnasal surgery: optical and electromagnetic image guidance.

Optical and electromagnetic image guidance 
• Optical image guidance 
 The optical image guidace, the original and therefore “older” type of image guidance, is used as the guidance of the 

pointer – after fixation of the patient’s head into the three-point pin headrest and calibration of the image guidance the 
current position of the head in the operating field is checked by the probe (Fig. 10.13). This type of image guidance 
has some technical disadvantages. The guided pointer/instrument (straight suction, curved suction, shaver, drill) has 
to be in the visual field of the camera and during the surgery it can be overshadowed for example by the camera of 
the endoscope, which is problematic especially in the case of four-hand surgery. The advantage of the optical image 
guidance is greater accuracy, according to manufacturers (Fig. 10.14, 10.15).

• Electromagnetic image guidance 
 The electromagnetic image guidance, the “newer” type of the image guidance, is more frequently used in otorhino-

laryngologic surgery; in neurosurgery it is usually used in infants. The communication between the device and the 
calibrated instruments is based on the principle of the electromagnetic waves (Fig. 10.16) and generally its main 
advantage is that the head of the patient does not need to be fixed in the three-point pin headrest, so it can be used in 

Fig. 10.13 Endoscopic unit and frameless optic image guidance: a – device before the surgery, b – intra-
operative use, before opening of the sella turcica, tip of the pointer on the sellar tubercle. a b

Technical equipment



130

Transnasal Endoscopic skull  BasE surgEry

infants. However, in transnasal approach the main advantage is different – the calibrated instrument does not need 
to be “seen” by the device and cannot be overshadowed by other instruments or the camera of the endoscope. The 
electromagnetic image guidance can be adjusted directly for the transnasal surgery and the system contains calibrated 
endoscopic instruments (suction instruments, shaver etc.) (Fig. 10.17).

Fig. 10.14 Image guidance probe during the surgery: a – steel balls which must be visible for the camera 
of the image guidance throughout the surgery; b – visual conflict with camera of the endoscope.

Fig. 10.16 Endoscopic unit and electromagnetic 
image guidance.

Fig. 10.17 Electromagnetically guided suction 
instrument, without a risk of blocking the view 
by an endoscope.

Fig. 10.15 Image guidance probe in front, guided 
angled curette with SureTrack in the background.

a b
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The image guidance improves the accuracy of the surgeon in the narrow trans-
nasal corridor mainly during the approaches to areas which are usually hard to 
reach and thus makes the transnasal endoscopic surgery safer. It is an auxilliary 
technique which cannot replace the surgeon’s meticulous knowledge of the skull 
base anatomy.

10.5 intraoPerative imaging 

The intraoperative imaging can increase the radicality the of the surgery which is im-
portant mainly in the case of functional pituitary adenomas. Imaging of the relation of 
the tumour residue to neurovascular structures can increase the safety of the resection. 
The intraoperative image guidance is important mainly during the approach to the le-
sion. The intraoperative imaging makes it possible to examine the operated area in si-
tuation when the location of the lesion has changed or the intracranial structures have 
shifted after partial resection of the tumour or after the CSF drainage. It enables dete-
ction of the pituitary adenoma residue located dorsally or laterally to the prolapsed di-
aphragm or the relation of the non-pituitary tumour residue to neurovascular structures. 
It is important to emphasise that not all the transnasal endoscopic surgeries require 
the intraoperative imaging but some of the methods should always be available and 
feasible in every department in which the transnasal skull base surgery is performed, 
mainly in the case of functional pituitary adenomas in which the radicality of the re-
section is critical for the result of the surgery. 
Also in the case of metastases or malignant skull base tumours the intraoperative 
assessment of the resection radicality is essential because the tumour residue cannot 
be evaluated by radiologic imaging earlier than 2–3 months after the surgery, after 
the postoperative artifacts vanish. In such cases the authors recommend using some 
of the intraoperative imaging methods, either intraoperative MRI (which is an alter-
native available in every department, as described below) or its combination with 
the intraoperative ultrasound. 

History of the intraoperative imaging 
The history of the intraoperative imaging in surgery dates back to 1919 when W. Dandy introduced the intraoperative 
pneumoencephalography as a method of localisation of the expansion anatomically related to the brain ventricles. In 
1960s the intraoperative angiography was introduced, mainly in the vascular neurosurgery. In 1982 L.D. Lunsford was 
the first to report on the intraoperative brain CT examination and in mid-1990s some of the neurosurgery deparments 
introduced the intraoperative MRI examination on the operating table. As its “competition”, the intraoperative image 
guidance was being developed at the same time, but its disadvantage has always been that it works only with the preop-
erative images, as commented in the Chapter 10.4.

Technical equipment
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10.5.1 intraoperative brain ct

The first intraoperative imaging method which enabled to detect the pituitary adeno-
ma residue was the intraoperative CT examination, but has not been widely used in 
this indication since (Okudera 1993). Generally the neurosurgeons refrain from the 
use of the intraoperative brain CT examination, especially because of a low sensitivity 
and specificity in residual tumour detection compared to MRI and intraoperative 
ultrasound. The reasons for the low quality of the sellar region CT imaging are bony 
structure artifacts and difficulty in distinguishing the residual tumour tissue from 
bleeding and postoperative changes. It is also important to mention the patient’s 
exposure to radiation.  

10.5.2 intraoperative ultrasound

• Intraoperative ultrasound was first used mainly for imaging of the microadeno-
mas in Cushing disease, later also for imaging of the extent of the macroadenoma 
resection (Ram 1995, Watson 1998). The ultrasound examination is simple, cheap 
and it is possible to perform it repeatedly. It is useful for detection of the large ves-
sels and the tumour residues, but its disadvantage is the necessity for the operating 
field to be perfectly clean, without any blood clots and haemostatic material (Arita 
1998). Recently new flexible ultrasound microprobes with a diameter around 
9 mm were developed and have been used in transnasal surgery; their flexibility 
enables intrasellar examination (Fig. 10. 18). 

• Dopplerometric examination is another possibility of the intraoperative imaging. 
The diameter of the probe is 2–3 mm and the aim of the examination is detection of 
the blood flow in the vessels. This can be used in location of the ICA in the caver-
nous sinus and the basilar artery in the transclival approach before opening of the dura 
mater. This method thus helps in orientation and increases the safety of the surgery.

Benefit of the intraoperative ultrasound examination 
The intraoperative ultrasound examination is suitable for location of the tumour and evaluation of the tumour residue 
(Solheim, 2010). The authors also consider the intraoperative ultrasound to be more suitable for pituitary microadeno-
ma examination than the MRI. Knappe et al (Knappe, 2011) states that the ultrasound is more sensitive in the case of 
functional pituitary microdenomas with adrenocorticotropine overproduction. According to Knappe and also studies of 
other authors (Tronnier, 2001, Watson, 1998), the ultrasound is able to detect also those microadenomas not visible in 
the 1.5 T MRI image. The ultrasound is also beneficial for examination of the residual pituitary tissue (Hammoud, 1996).

10.5.3 intraoperative mri

The detection of the tumour residues in transnasal approach, along the surgery of 
gliomas, was the first indication for intraoperative MRI (Black 1997, Tronnier 1997). 
The intraoperative MRI displays the adenoma residue not visible by the endoscope or 
the microscope, typically hidden in the arachnoideal pouches, in three planes. Then, 
together with the image guidance it is possible to localise and remove the residual 
tumour. Often it is also possible to identify the “normal” pituitary gland, sometimes 
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inapparent especially in larger tumours, in the intraoperative MRI. Nowadays it is 
possible to state that this method increases the radicality of the tumour resection 
and reduces the perioperative morbidity and mortality, especially in gigantic ade-
nomas (Bohinski 2001, Fahlbusch 2001), including the endocrinologic morbidity 
(Berkmann 2012).

Intraoperative MRI systems 
 • ”Low-field” devices with 0.5 T strength are cheaper and can be integrated directly into a standard operating theatre, the 

disadvantage is a lower image quality (Gerlach 2008, Steinmeier 1998). 
 • “High-field” devices with 1.5 T or 3.0 T strength (sometimes called “ultrahigh-field”) require special construction  ad-

justments of the operation tract or construction of a completely new operating theatre, but provide a better image than 
the low-field devices (Beneš 2011, Nimsky 2006). The disadvantage is the high purchase price, but on the other hand 
the device can be used for outpatient examinations. 

Having the MRI machine in the operating room is of course an advantage, but in 
case of the transnasal endoscopic surgeries it is also possible to use the “conven-
tional” MRI examination room, i.e. located in the hospital building and used for 
the outpatient examinations. The authors of this chapter use that the intraoperative 
MRI performed in the conventional MRI examination room (1.5 T) in the case of 
the transnasal endoscopic surgeries. It is possible thanks to the character of the 
surgery – the craniotomy is not perfomed and the transnasal aproach is primarily 
non-sterile. The patient leaves the operating theatre under general anesthaesia, with 
nasal packing, and the examination is performed in a conventional MRI examination 
room which is equiped with standard equipment for examining of the ventilated 
patients. After the patient returns to the operating theatre (the average length of the 
surgery interruption is 50 min.) it is possible to calibrate the image guidance with 
the new MRI data and proceed with the surgery.

Fig. 10.18 Intraoperative sonography: a – ultrasound probe inserted through right nostril, b – endoscopic 
image of the intrasellary placed probe during the examination.

a b
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Fig. 10.19 Pituitary adenoma, preoperative MRI, T1 postcontrast image: a – sagittal section, b – coronal 
section.

Fig. 10.20 Pituitary adenoma residue, intraoperative MRI, T1 postcontrast image: a – sagittal section, 
b – coronal section.

Fig. 10.21 Brain MRI 4 months after the surgery, with a small residue in the right cavernous sinus: a – 
sagittal section, b – coronal section; MRI, T1 postcontrast image.

a b

a b

a b

pituitary adenoma pituitary adenoma

pituitary adenoma residuepituitary adenoma residue

pituitary gland with no 
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pituitary gland with no 
signs of adenoma residue

residue in the 
cavernous sinus
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Case report 
A 65-year-old patient, with progressive visual imparment for two years and bitemporal hemianopsia, was diagnosed 
with a pituitary macroadenoma 34x28x25 mm large, with pressure on the optic chiasm and the base of the third brain 
ventricle, with expansion into the right cavernous sinus, by the MRI (Fig. 10.19). It was a non-functional adenoma 
according to the endocrinologist, and the transnasal resection was indicated. The inferior and the posterior part of the 
tumour was exstirpated during the surgery which was followed by a significant descent of the sellar diaphragm. In this 
phase, the intraoperative MRI was performed and showed a tumour residue located suprasellary, predominantly on the 
left side (Fig. 10.20). After the patient returned to the operating theatre, a recalibration of the image guidance with the 
new data was performed and the tumour residue was resected, which was confirmed by the postoperative MRI 4 months 
after the surgery (Fig. 10.21) – the pituitary stalk is well visible and the small intracavernous residue is being watched.

10.6 intraoPerative electroPhysiology 

The intraoperative electrophysiologic monitoring generally makes it possible to 
watch the nervous system functions throughout the surgery. The aim of the moni-
toring is to indicate its impairment during the surgery and to prevent a new neuro-
logic deficit. Thus it increases the safety of the surgery. The cooperation with the 
anesthaesiologist and the conduction of the anestheasia in the manner that would 
not ifluence the interpretation of the results of the neuromonitoring is essential. The 
possibilities of the electrophysiologic monitoring are wide and the following moda-
lities are used during the endoscopic skull base surgeries: 
• Somatosensory evoked potential monitoring – SSEP
 The area of the upper and lower limbs supplied by the median and tibial nerve 

are stimulated by the tactile stimuli. The response is registered transcranially in 
the area of the postcentral brain cortex, brain stem or spinal cord according to the 
area in which the monitoring of the spino-thalamic and thalamo-cortical tract is 
required. Decrease of the amplitude or prolonged latence of the response is a sign 
of impaired function and a warning of an imminent risk of an anatomical lesion 
(for example in the brain stem) during the surgery and thus a neurological deficit. 

Fig. 10.22 Intraoperative electrophysiological monitoring: a – intraoperative electrophysiological moni-
toring screen, b – electrodes for monitoring III., IV., V., VI. and VII. cranial nerve.

a b

Technical equipment



136

Transnasal Endoscopic skull  BasE surgEry

This method is important for detection of intraoperative brain ischaemia in the 
case of manipulation with the vessels or if their temporary closure is needed. 

• Motor evoked potential monitoring – MEP
 This is a method of monitoring of the functional integrity of the cortico-spinal 

tract. It is based on stimulation of the precentral motor cortex and detects the 
response in the respective muscles of the upper and lower limbs. During the sur-
gery it is used to prevent an anatomical lesion leading to a palsy. 

• Cranial nerve monitoring 
 This method makes it possible to watch the cranial nerve function during the trans-

nasal surgeries (Fig. 10.22).
  The principle of this method is the intraoperative stimulation of the location of the 

nerve and watching the peripheral muscle response (for example the oculomotor 
muscles, tongue, mimic muscles, soft palate) supplied by the respective nerve. 
Thus it is possible to monitor the function of the III., IV., V., VI., VII., IX., X., 
XI. and XII. cranial nerve. The function of the vestibulocochlear nerve can be 
monitored by brain stem auditory evoked potentials – BAEP. In some departments 
it is also possible to watch the function of the optic nerve with the visual evoked 
potentials – VEP, but this method is not widely used because of its low reliability.

Summary
• The instruments used for the endoscopic skull base surgery must be 

straight, in contrast to the bayonet shaped instruments used for the micro-
scopic approach. 

• The Kerrison punch is a very useful tool for performing the approach to the 
sphenoid sinus, it can be used for preparation, grasping and cutting. 

• The intraoperative frameless image guidance is standardly used during the 
transnasal endoscopic surgeries. 

• The possibility of the intraoperative imaging increases the radicality and 
safety of the surgery. 

• If the intraoperative MRI is not available, the ultrasound examination or 
the MRI examination outside of the operating room can be used as an 
alternative during one general anesthaesia.
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11 transnasal endoscoPic aPProaches to the skUll 
base

P.  M a t o u š e k ,  R .  L i p i n a

11.1 classification according to the approach route

11.2 classification according to the plane of extension

11.3 classification according to the target

The development of the endoscopic skull base surgery led to a necessity for a cer-
tain classification of the approaches, mainly because of the need of communication 
between the neurosurgeon and the otorhinolaryngologist about the technique and per-
forming the approach to the various areas of the skull base (Table 11.1) (Anand 2007). 
Various types of classifications of the approaches exist – according to the corridor, 
the target structure of the skull base or in the intracranium or according to the plane 
of extension of the approach (Table 11.2, 11.3). There is no ideal classification; every 
classification has its advantages or limitations.   

Table 11.1 Classification according to the approach route (corridor).

• transnasal

• transethmoidal

• transsphenoidal

• transmaxillary

• transpterygoid

Table 11.2 Classification according to the target

• to the sella turcica

• to the suprasellar cistern

• to the cavernous sinus

• to the anterior cranial fossa

• to the apex of the pyramid

• to the apex of the orbit

• to the clivus and the odontoid

Transnasal endoscopic approaches to the skull base
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Generally the transnasal approaches can be divided to the approach through one 
nostril (mononostril) or both nostrils (binostril). 
• The mononostril approach is used less frequently (the limited space usually does 

not allow free manipulation with the instruments and using of the microsurgical 
preparation technique), it is suitable for example for the transethmoidal approach to 
the orbit or in rare cases for the transsellar approach to the pituitary microadenomas 
(Fig. 11.1).  

• In the binostril approach, a part of the nasal septum is resected, thus a single cavity is 
created and can be approached by both nostrils (Fig. 11.2). The binostril approach is 
used in most of the cases of the transsellar surgeries and the extended approaches. It 
enables a better manipulation with the instruments. A larger space for the manipula-
tion with the instruments can be created also by other techniques (Table 11.4).

Table 11.3 Classification according to the plane of extension. 

• Extension in the sagittal plane 

- transfrontal

- transethmoidal

- transplanar

- transsphenoidal

- transclival

- transodontoid

• Extension in the coronal plane

- anterior (supraorbital, transorbital)

- medial (transpterygoid, transcavernous, to the apex of the pyramid, supra- and infrapetrous)

- posterior

Table 11.4 Techniques to enlarge the space for manipulation with the instruments.

• lateralisation of the middle and the superior turbinate

• wide approach to the sphenoid sinus

• resection of the posterior part of the septum with creation of a single cavity 

• resection of the middle turbinate (or lateralisation of the turbinates after performing ethmoidectomy)

• creating a new port (for example introducing the endoscope through the maxillary sinus) 

• operating without the suction-irrigation system on the endoscope

The basic condition of a safe transnasal endoscopic approach is the possibility to use 
the microsurgical technique of preparation. This requires a sufficient space for the 
manipulation with the instruments which can sometimes be difficult in the relatively 
narrow nasal cavity and paranasal sinuses (Table 11.4). To improve the possibilities 
of manipulation, the following techniques can be used: lateralisation of the middle 
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turbinate, wide sphenoidotomy, resection of the posterior part of the septum, resection 
of the middle turbinate, creating a new port or operating without the suction-irrigation 
system on the endoscope and the binostril approach (Fig. 11.3, 11.4).

The binostril approach (approach through the both nostrils after a partial resec-
tion of the nasal septum) is the most frequent approach used in the endoscopic 
skull base surgery. It enables the four-hands surgery with a sufficient space for 
the manipulation with the instruments.

Fig. 11.1 Mononostril approach – the instruments 
and the endoscope are introduced through one 
nostril.

Fig. 11.2 Binostril approach – the instruments 
and the endoscope are introduced through both 
nostrils, common resection cavity is created by a 
partial resection of the nasal septum.  

Fig. 11.3 Auxilliary port – the endoscope is intro-
duced through the anterior wall of the maxillary 
sinus, the instruments are introduced through the 
nostril; surgery of a lesion of the caudal part of 
the orbit.

Fig. 11.4 Scheme of the binostril approach.

Transnasal endoscopic approaches to the skull base
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Terminology and classification of the approaches 
The terminology of the transnasal approaches is different in various classification systems and the terms “approach” 
and “corridor” (the approach route) are frequently interchanged. The names of the approaches and corridors thus often 
overlap and the classification systems become unclear. The author tries to differentiate the terms in the approach clas-
sification as follows: 
• approach route (corridor) – in the strict sense of the word this term is used for the sinonasal part of the approach rou-

te which begins after entering the nasal cavity and ends in the area of the skull base; 
• approach – in the strict sense of the word this term is used to describe the extent of the skull base resection leading into 

the intracranium. 

11.1 classification according to the aPProach roUte (corridor) 

The term “corridor” is used for classification and description of the intranasal part of 
the approach route which goes throughout the nasal cavity and the paranasal sinuses 
and leads to the certain area of the skull base.
 

11.1.1 transnasal corridor
The transnasal approach route goes only through the nasal cavity and does not cross 
any of the paranasal sinuses. The corridor is paraseptal, in the paramedial plane and 
can be used to reach the area of the lamina cribrosa, between the middle turbinate 
and the septum, in the ventrocranial direction (Fig. 11.5). The corridor can be created 
unilaterally or bilaterally if the cranial part of the septum is resected. This corridor 
can be used for small encephalocele resection, management of spontaneous CSF leak, 
but is usually used in combination with other corridors (transethmoidal). The anterior 
wall of the sphenoid sinus is also reached transnasally. The transnasal corridor leads 
in the dorsocaudal direction paraseptally (transnasopharyngeal approach is suitable 
for the pathologies of the inferior two thirds of the clivus and the odontoid (cranial 
part of the cervical spine). The inferior border of the corridor is the hard palate, the 
lateral border is the inferior turbinate and the nasopharyngeal ostium of the Eusta-
chian tube. The lateral limit is the clival and the petrous segment of the ICA. This 
corridor is suitable for the clival pathologies such as chordomas, chondrosarcomas, 
inflammatory processes in the clival area or metastatic lesions of the cervical spine.

11.1.2 transethmoidal corridor

This approach route through the etmoid cells provides exposition of the anterior 
cranial fossa above the fovea ethmoidalis, lateral to the olfactory groove from the 
frontal sinus to the sphenoid sinus (Fig. 11.6). In this approach the anterior and the 
posterior ethmoid cells are opened and the intercellular septa are removed. The la-
teral border of the approach is the medial wall of the orbit, and the medial border is 
the attachment of the middle turbinate to the skull base. This corridor is used as an 
only approach route rarely (small meningiomas of the olfactory groove, osteomas of 
the roof of the ehtmoid cells or small encephaloceles), usually the pathology requi-
res a combination of this corridor with the transnasal approach route to the lamina 
cribrosa after resection of the middle turbinate, or both middle turbinates after re-
section of the cranial part of the nasal septum. The corridor can be used to manage 
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the pathologies of the medial part of the orbit. This corridor is often combined with 
the transsphenoidal corridor (approach to the orbital apex) or with the transmaxil-
lary corridor (tumours of the mediocaudal part of the orbit).  

The transnasal and transethmoidal corridor are used as an only approach route 
only rarely and are usually combined the transsphenoidal corridor.

11.1.3 transsphenoidal corridor

The corridor throughout the sphenoid sinus is the most frequently used corridor 
in the transnasal endoscopic skull base surgery (Fig. 11.7). The sphenoid sinus is 
sometimes called the “gateway to the skull base”. In the transsphenoidal approach, 
the anterior wall of the sphenoid sinus is removed, as well as the posterior part of 

Fig. 11.5 Scheme of the transnasal corridor. Fig. 11.6 Scheme of the transethmoidal corridor.

Fig. 11.7 Scheme of the transsphenoidal corridor. Fig. 11.8 Scheme of the transmaxillary, transpte-
rygoid corridor

Transnasal endoscopic approaches to the skull base
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the nasal septum including the rostrum sphenoidale to ensure good orientation in the 
area and the possibility of the four-hands surgery. The lateral border is the canalis 
n. pterygoidei (Vidii). The anterior wall of the sphenoid sinus is reached usually 
through the transnasal corridor paraseptally after lateralisation of the middle and 
the superior turbinate and the sphenoidal ostium is identified approximately 1.2 cm 
above the superior margin of the choana. It is also possible to open the sphenoid 
sinus through the transethmoidal corridor – after opening the ethmoid cells the 
sphenoid sinus is reached through the last posterior ethmoid cell in the mediocaudal 
direction. The transsphenoidal corridor is suitable for pathologies of the sella turcica 
(pituitary adenomas) and thanks to the angular endoscopic optics (in contrast to the 
microscopic techniques) it is also possible to extend the approach suprasellary and 
laterally parasellary in the area of the cavernous sinus.

11.1.4 transmaxillary corridor

The corridor through the maxillary sinus provides an approach through the superior 
wall of the maxillary sinus into the orbit (usually combined with the transethmoidal 
corridor) (Fig. 11.8). It is possible to perform a biopsy, resection of small orbital 
tumours located in the mediocaudal part of the orbit or orbital decompression using 
this corridor. It is necessary to perform the antrostomy (transnasal opening of the 
maxillary sinus) or the endoscopic medial maxillectomy first.

Maxillary sinus surgery 
The maxillary sinus can be opened above the inferior turbinate (supraturbinal antrostomy) or below the inferior turbina-
te (infraturbinal antrostomy). If a wide approach is needed it is necessary to perform the medial maxillectomy with the 
inferior turbinate resection (resection of the whole medial wall of the maxillary sinus). 

 
11.1.5 transpterygoid corridor 

This corridor goes through the posterior wall of the maxillary sinus and provides an 
approach to the pterygopalatine and infratemporal fossa pathologies. It is usually 
combined with the transsphenoidal and transethmoidal corridor which also makes 
it possible to reach the pathologies in the lateral part of the sphenoid sinus. This co-
rridor can also be used for the maxillary artery ligation in the infratemporal fossa 
in otherwise unmanageable epistaxis (Fig. 11.9). 

11.2 classification according to the Plane of extension 

The classification of the approaches according to their extension was created by 
Snyderman et al. (Kassam 2005). The approaches are divided according to the ana-
tomical plane in which they are extended from the basic, transsphenoidal approach 
– in the sagittal or in the coronal plane, and are subdivided into several subgroups 
(Table 11.4). The extension of the approach requires using one or a combination of 
more approaches described above. 
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• Transsphenoidal corridor – the sphenoid sinus is usually the first to be opened in 
most of the surgeries to ensure the orientation about the location of the important 
structures (optic nerve, ICA) (Fig. 11.10).

11.2.1 approaches extended in the sagittal plane 

Schematic classification of the approaches extended in the sagittal plane (Fig. 11.11, 11.16):
• Transfrontal approach
 The transfrontal approach route enables the approach to the anterior skull base or to 

the anterior cranial fossa and is the anterior limit of resection of the anterior cranial 

Fig. 11.9 Approach to the pterygopalatine and the infratemporal fossa, medial wall of the maxillary 
sinus resected: a – scheme of the endoscopic view of the posterior wall of the maxillary sinus, right 
side; b – posterior wall of the maxillary sinus partially resected, scheme of the endoscopic view, right 
side; c – vascular anatomy of the pterygopalatine and the infratemporal fossa; d – the first phase of the 
transpterygoid approach; AIO – arteria infraorbitalis, ANP – arteria nasalis posterior, AM – arteria maxil-
laris, APD – arteria palatina descendens, AAP – arteria alveolaris posterior, ASP – arteria sphenopalatina, 
FR – foramen rotundum, NP – nervus pterygoideus, PV – nervus palatovaginalis, V2 – nervus maxillaris.
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fossa lesions. It is possible to reach the posterior inferior border of the frontal sinus 
by the transnasal endoscopic approach, after performing the frontal sinotomy (Draf 
III – modified endoscopic Lothrop technique), to manage the pathologies of the skull 
base (osteoma, dermoid cyst) and after resection of the posterior wall of the frontal 
sinus to reach the anterior cranial fossa. It is usually necessary to perform the anterior 
ethmoidectomy in this approach. It can be combined with the transethmoidal corridor 
in the case of the approach to the anterior cranial fossa laterally to the middle turbi-
nate (approach through the fovea ethmoidalis – transfoveal). If the approach route 
goes medially to the middle turbinate, the approach is called transcribriform. 

• Transcribriform approach 
 The approach through the lamina cribrosa can be performed paraseptally medially 

to the middle turbinate unilaterally or bilaterally. It is usually a part of the extended 
approaches to the skull base combined with the transsphenoidal, transethmoidal 
and the transfrontal corridor. The approach alone can be used in the case of small 
lesions of the olfactory groove (meningiomas), meningoencephaloceles or in the 
spontaneous CSF leak management.  

Endoscopic craniofacial resection
This surgery is analogous to the classic craniofacial resection performed in sinonasal malignant tumours with extensi-
on into the anterior cranial fossa (esthesioneuroblastoma, carcinoma). The anterior border of the resection is the posteri-
or border of the frontal sinus, laterally the border is the medial wall of the orbit and dorsally the planum sphenoidale. In-
feriorly, a partial or a total nasal septum resection is perfomed (depends on the extent of the tumour). The dural defect is 
sealed using a nasoseptal flap (if it is possible in the oncologic point of view) or a pericranial flap.

• Transplanar approach 
 The transplanar approach enables the approach to the suprasellar region. The first 

step is creating the transsphenoidal corridor which is combined with the transsel-

Fig. 11.10 Transsphenoidal corridor – sagittal 
section.

Fig. 11.11 Scheme of extended approaches in 
sagittal plane: 1 – transfrontal, 2 – transcribriform 
(transethmoidal), 3 – transplanar, 4 – transsellar, 
5 – transclival, 6 – transodontoid.
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lar and the transtubercular corridor in which the tuberculum sellae is resected. The 
anterior border of the resection is the posterior border of the lamina cribrosa. To 
ensure a better orientation in this area it is suitable to perform also the posterior 
ethmoidectomy. This approach is suitable for pituitary adenomas with suprasellar 
extension, craniopharyngiomas and meningiomas of the planum sphenoidale and 
of the tuberculum sellae. 

• Transsellar approach 
 After creating the transsphenoidal corridor the pituitary gland is approached after 

resection of the bony floor of the sella turcica. If the lateral parts of the anterior 
wall of the sella are removed, the cavernous sinuses can be reached. 

• Transclival approach
 The transclival approach is divided into superior third and the inferior two thirds of 

the clivus. The superior clivus is reached by the transsphenoidal corridor after per-
forming the transsellar approach and resection of the sellar dorsum, posterior clinoid 
processes and resection of the bony wall of the clival recess. This approach enables 
a cranial transposition of the pituitary gland and thus the approach to the retrosellar 
area which is necessary in the case of craniopharyngiomas and meningiomas with 
the origin in the retroinfundibular area and posterior to the pituitary gland. The 
inferior and middle third of the clivus can be reached by the transnasal and trans-
sphenoidal corridor, by the direct paraseptal corridor through the nasopharynx. The 
most common indication of this approach is the chordoma of the clivus.

• Transodontoid approach 
 The corridor goes through the nasal cavity, paraseptally (or after the resection of 

the posterior inferior part of the septum) through the nasopharynx. The mucosa 
of the nasopharynx is cut in the shape of an upside-down “U” and pulled cau-
dally. The submucosal fibrous tissue and the muscles are removed by a shaver. 
The inferior third of the clivus is resected, the margin of the foramen magnum is 
identified, the arch of the atlas (C1) is removed by a drill and the odontoid is thus 
reached, grinded and separated from the body of the C2 vertebra. The approach 
to the dens axis is indicated in patients with revmatoid arthritis in whom the 

Fig. 11.12 Transodontoid approach – sagittal 
section.

sphenoid sinus

clivus

dens axis
lesion in the dens 

axis region

Transnasal endoscopic approaches to the skull base



146

Transnasal Endoscopic skull  BasE surgEry

degenerative changes of the cervical vertebrae lead to compression of the brain 
stem, or in cases of the tumours of the ventral part of the foramen magnum, usually 
meningiomas, rarely in the case of a trauma (dens axis fracture).

11.2.2 approaches extended in coronal plane
• Supraorbital approach
 After ethmoidectomy, the anterior and posterior ethmoidal artery are identified and 

coagulated and the roof of the ethmoid cells is resected. The binostril approach, 
resection of the cranial part of the nasal septum and introduction of the instru-
ments from the contralateral nasal cavity enables the maximum lateral approach. 
This could be achieved also by infraction of the lamina papyracea or by pushing it 
and the content of the orbit laterally. The lateral limit of the endoscopic approach 
is a  plane passing through the centre of the orbit. The supraorbital approach pro-
vides an access to the anterior cranial fossa above the superior wall of the orbit 
(lesion located lateral to the plane passing through the medial wall of the orbit). 

• Transorbital approach 
 It is an endoscopic approach to the orbit. It requires the transethmoidal and/or the 

transmaxillary corridor to be performed first. After ethmoidectomy or the maxil-
lary antrostomy the lamina papyracea is removed (Fig. 11.13). To improve the 
orientation, it is suitable to open also the sphenoid sinus. It is possible to reach the 
mediocaudal part of the orbit in its apex and in the middle part by the endoscope. 
This approach allows performing the orbital decompression, biopsy or resection 
of the orbital lesions. The ideal site of such lesions is the extraconal location.  

Endoscopic orbital decompression 
This type of surgery is indicated in patients with Graves-Basedow disease in the case of the pharmacologically unmana-
geable exophthalmos. After the ethmoidectomy and maxillary antrostomy is performed, the lamina papyracea and the su-
perior wall of the maxillary sinus medial to the infraorbital nerve is removed. The orbital fat then prolapses into the mid-
dle nasal meatus and the maxillary sinus after the periorbit is opened. 
The decompression is also indicated in tumours causing increased and intraorbital pressure. The decompression is also 
performed as an urgent vision saving surgery in the case of the retrobulbar haematoma.  

• Transpterygoid approach  
 This is a basic approach for other approaches extended in the medial coronal plane 

(the transcavernous approach, approach to the apex of the pyramid, the supra- 
and infrapetrous approach) (Fig. 11.14, 11.16). After the sphenoidotomy and 
wide supraturbinal antrostomy is performed it is necessary to ligate a cut and the 
sphenopalatine artery, resect the posterior wall of the maxillary sinus, the vertical 
process of the palatine bone and the pterygoid process of the sphenoid bone. The 
Vidian nerve is identified inferolaterally and the second branch of the trigeminus 
craniolaterally, entering the foramen rotundum (the middle cranial fossa can be 
reached by following the nerve). The approach allows to manage the pathologies 
of the lateral recess of the sphenoid sinus especially in the case of greater pneuma-
tisation of the sinus (spontaneous CSF leak, meningoencephalocele). 
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• Transcavernous approach 
 This area can be reached after per-

forming the transsphenoidal corridor, 
resection of the bone surrounding the 
cavernous segment of the ICA, pushing 
the ICA aside laterally and thus reach-
ing also the part of the cavernous sinus posterior to the ICA. The lateral part of the 
cavernous sinus can be reached by the suprapetrous approach to the middle cranial 
fossa (as described below). This approach is usually required in the case of exten-
sion of the pituitary adenomas dorsolaterally to the cavernous segment of the ICA. 

• Approach to the apex of the pyramid 
 The apex of the pyramid can be reached by the transsphenoidal corridor posterior to 

the paraclival segment of the ICA. After performing a wide sphenoidotomy the bone 
of the inferior wall of the sinus is drilled adjacent to the paraclival ICA. It is suitable 
to identify the paraclival ICA first by performing the transpterygoid approach. This 
approach is suitable for the cholesterol granulomas with extension into the sphenoid 
sinus, rarely some of the benign and malignant tumours (chondrosarcoma).

• Suprapetrous approach to the middle cranial fossa 
 After performing the transpterygoid approach and wide opening of the lateral 

recess of the sphenoid sinus, the location of the petrous segment of the ICA and the 
second branch of the trigeminus on the superior wall of the maxillary sinus, lateral 
wall of the sphenoid sinus and its entrance into the foramen rotundum craniolate-
rally to the pterygoid canal is identified. The bone surrounding the pterygoid canal 
is drilled towards the second genu of the ICA, as well as the bone between the 
Vidian nerve and the maxillary nerve, and the middle cranial fossa is reached in 
the area above the cavum Meckeli. The approach is suitable for the tumours along 
the V. cranial nerve with intracranial extension or involving the cavum Meckeli. 

Fig. 11.14 Extended approaches in coronal plane 
– scheme; approaches are divided according to 
the petrous segment of ICA to infrapetrous (a, 
b) and suprapetrous (c, d, e): a – approach to the 
apex of the pyramid, b – approach to the petro-
clival region, c – approach to the cavum Meckeli, 
d – approach to the lateral cavernous sinus, e – 
approach to the infratemporal fossa.

Fig. 11.13 Transorbital approach.
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• Infrapetrous approach 
 This approach is used to access the inferior part of the apex of the pyramid, below 

the petrous segment of the ICA. After the transpterygoid approach is performed 
the lateral plate of the pterygoid process is followed laterally to the foramen ovale, 
where the mandibular nerve is identified superficial to the petrous ICA. After the 
ICA identification the underlining bone is removed which enables the access to the 
apex of the pyramid. 

• Transcondylar approach 
 After the transclival and the transodontoid approach is performed (resection of the 

clivus from the base of the sphenoid sinus to the margin of the foramen magnum 
and resection of the odontoid), the arch of the C1 vertebra is identified. The occipi-
tal condyle is identified craniolaterally (sometimes it is necessary to perform also 
the transpterygoid approach to enlarge the space for orientation in the lateral part). 
About 50% of the condyle can be resected without a risk of instability. It is suitable 
to use the intraoperative neuromonitoring of the hypoglossal nerve. The approach is 
usually used in chordomas, chondrosarcomas and meningiomas. 

• Transnasal approach to the parapharynx 
 The transnasal approach route to the parapharynx is used to reach the extracranial 

structures lateral to the fossa pterygopalatina and below the skull base in the area of 
the infratemporal fossa. After the medial maxillectomy is performed (often it is ne-
cessary to widen the approach also in the area of the piriform aperture – endoscopic 
Denker surgery), the posterior and lateral wall of the maxillary sinus is removed. 
Thus, this infratemporal fossa is opened. After resection of the pteryoid processes 
and identification of the pharyngeal ostia of the Eustachian tubes the tube can be 
followed in the laterodorsal direction up to the lateral genu of the ICA. The dissec-
tion can be performend medially or laterally to the ICA; medially the condyle and 
the jugular tubercle can be reached. The approach is usually used in the sinonasal 
tumours with extension into the infratemporal fossa (spinocellular carcinoma).

11.3 classification of the aPProaches according  

to the target strUctUre 

To reach a certain target structure it is usually necessary to combine several approach 
corridors and extended approaches in the sagittal or the coronal plane, as listed above. 
To simplify the description the classification according to the target structure is used 
(Fig. 11.15):
• Approach to the sella turcica
 The sella turcica is reached by the transsphenoidal and transsellar approach. 
• Approach to the suprasellar cistern 
 If the pathology is located in the area of the suprasellar cistern it is necessary 

to combine the transsphenoidal and transethmoidal approach corridor with the 
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transtubercular and transplanar approach. In this approach the sphenoid sinus and 
posterior ethmoid cells are opened and the bone lying ventrally to the sella turcica 
(the bone of the tuberculum sellae and the planum sphenoidale) is resected. 

• Approach to the cavernous sinus
 The approach to the cavernous sinus is usually lead transsphenoidally and in 

the case of extrasellar extension of the pathology, by a combination of the trans-
sphenoidal corridor, the transsellar, transtubercular and the superior transclival 
approach, or with transethmoidal extension if needed. If the lateral parts of the 
cavernous sinus are involved or in the case of wide pneumatisation of the lateral 
recess of the sphenoid sinus it is usually necessary to use also the transmaxillary 
and transpterygoid approach. 

• Approach to the anterior cranial fossa 
 The transnasal corridor which allows the transcribriform (uni- or bilateral) 

approach can be used to reach the midline pathologies of the anterior cranial fossa. 
If the lesion is located laterally to the attachment of the middle turbinate to the 
skull base, it is necessary to extend the approach by the transethmoidal corridor. 

• Approach to the apex of the orbit 
 The apex of the orbit is reached by the transsphenoidal corridor extended by the 

transethmoidal corridor and resection of the lamina papyracea.
• Approach to the apex of the pyramid 
 The pathologies located in the cranial and medial part of the pyramid can be 

reached by the transsphenoidal corridor and the transclival approach. If the lesion 
is located more laterally it is also necessary to use the transmaxillary and transpte-
rygoid corridor. 

Fig. 11.15 Scheme of the approaches according to the target.
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• Approach to the clivus and the odontoid 
 The lower two thirds of the clivus and the odontoid can be reached straight through 

the nasal cavity and the nasopharynx paraseptally. If even more caudal approach is 
needed it is possible to combine this approach with the transoral approach (through 
the posterior wall of the pharynx). If we need to reach the upper third of the clivus 
it is necessary to combine the approach with the transsphenoidal corridor with 
resection of the bone of the base of the sphenoid sinus. 

Basic types of otorhinolaryngologic operations used in the transnasal skull base surgery 
Maxillary sinus
• supraturbinal antrostomy – opening the maxillary sinus above the inferior turbinate, after resection of the uncinate pro-

cess the maxillary sinus is reached with a curved suction instrument, the semilunar hiatus is widened, while it is possi-
ble to enlarge the opening dorsally up to the area of the fontanella, the ventral limit is the anterior margin of the mid-
dle turbinate;

Fig. 11.16 Scheme of the approaches: a – exten-
ded approaches in the coronal plane; b – detail of 
the extended approaches in the coronal plane; c 
– extended approaches in the sagittal plane; 1 – to 
the infratemporal fossa, 2 – to the pterygopalatine 
fossa, 3 – to the cavum Meckeli, 4 – to the apex of 
the pyramid, 5 – to the lateral wall of the sphenoid 
sinus, 6 – to the cavernous sinus, 7 – transclival, 8 
– transsellar, 9 – transtubercular, 10 – transplanar, 
11 – transcribriform.
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• medial maxillectomy – resection of the medial wall of the maxillary sinus; the anterior border of the resection is in 
front of the head of the inferior turbinate; the approach can be extended with resection of the anterior wall (endosco-
pic Denker surgery);

• sublabial antrostomy (through the anterior wall of the maxillary sinus) – the approach through the anterior wall through 
fossa canina. It is used for the approach to the orbit in the case of multiportal approach – it allows introduction of the 
endoscope through the maxillary sinus which enables better manipulation with the surgical instruments. 

Ethmoidal cells  
• anterior and posterior ethmoidectomy – opening of the ethmoidal cells; it is possible to perform it in anterograde or 

retrograde direction;
 - anterograde – after medialisation of the middle turbinate the ethmoidal bulla is opened into the middle nasal meatus 

and the ethmoidal cells are being opened in antero-posterior direction; the medial border is the middle turbinate, the 
lateral border is the lamina papyracea; it is necessary to be aware of the diagonal shape of the roof of the ethmoids in 
the lateral and dorsal direction; 

 - retrograde – opening of the ethmoid cells starting with the posterior cells and continuing in the ventral direction, some 
of the authors consider this method safer (the skull base is thicker in the area of the posterior ethmoidal cells).

Frontal sinus 
• frontal sinotomy – opening of the frontal sinus;
 - Draf I – opening of the frontoethmoidal cells and visualisation of the frontal recess;
 - Draf II – widening of the frontonasal duct by drilling the bone; 
 - Draf III – opening of the frontal sinuses with resection of the superior part of the nasal septum and resection of  the 

interfrontal septum. 
Sphenoid sinus 
 - parasagittal (paraseptal) sphenoidotomy – the approach through the nasal cavity, medial to the the superior turbinate 

approximately 1–1.5 cm above the superior margin of the choana; 
 - transethmoidal sphenoidotomy – after opening of the last ethmoidal cell the sphenoid sinus is reached in the medio-

caudal direction.
Other
• coagulation of the sphenopalatine artery – in the middle nasal meatus posterior to the posterior fontanelle of the medial 

wall of the maxillary sinus, after the subperiostal incision of the mucosa the ethmoidal crest is identified and resected 
and then the trunk of the sphenopalatine artery is identified (it can have several branches). The trunk of the artery is 
located in the level of the inferior margin of the middle turbinate.

Summary
• The transnasal endoscopic approaches can be classified according to the 

corridor through which the target area is approached, according to the 
target structure, or according to the plane of extension.

• The transsphenoidal corridor is the basic approach route to the skull base 
and the sphenoid sinus is usually the first paranasal sinus to be opened in 
most of the surgeries because of its role in orientation in this area (optic 
nerve, internal carotid artery). 

• The binostril approach allows the four-hands surgery technique (approach 
through both of the nostrils after a partial nasal septum resection) and it is 
the most frequently used approach in the endoscopic skull base surgery. 

Transnasal endoscopic approaches to the skull base
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12 dUral reconstrUction 

P.  M a t o u š e k ,  R .  L i p i n a

12.1 reconstruction of the postoperative dural defect 

12.2 lumbar drainage 

12.1 reconstrUction of the PostoPerative dUral defect 

The aim of the dural defect reconstruction after the transnasal endoscopic surgeries 
is separation of the intracranium and the sinonasal area and protection of the neuro-
vascular structures. A complete separation of the intracranium and the sinonasal area 
is a prevention of pneumocephalus and ascendent infection (bacterial meningitis or 
abscess) with potentionally serious sequelae. 

The problems with dural defect reconstruction are the main obstacle in deve-
lopment of the transnasal endoscopic surgeries in the intradural area and are the 
main challenge for the future.

The techniques of the liquor space closure are based on experience with closure of 
the dural defects in the case of spontaneous CSF leak or iatrogenic trauma after the 
endonasal surgery. Many studies show that the free grafting technique with appro-
ximately 95% success is an effective method of the dural defect closure in small 
defect (small CSF fistulas) (Castelnuovo 2006). The free grafting technique, howe-
ver, does not have satisfactory results in the case of larger defects, especially in ex-
tended approaches to the skull base and in transnasal surgery of the intracranial in-
tradural lesions. A significant decline in incidence of the postoperative CSF leak is 
observed mainly in the case of larger dural defects when using a vascularised flap. 
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The most frequently used vascularised flap is the nasoseptal flap (also-called Ha-
dad-Bassagasteguy flap) – thanks to this technique the incidence of the postopera-
tive CSF leak has dropped down to less than 5% (Hadad 2006). 
One of the most important factors is to plan the suitable technique of the defect 
closure during the preparation for the surgery itself: 
• in pituitary adenoma surgery, in which the diaphragm is intact, a dural recon-

struction is not necessary. The healing of the skull base defect (in the case of no 
communication with the liquor space) is spontaneous (Fig.12.1,12.2). In the case 
of small defects (a punctate injury of 
the diaphragm) with a minor CSF leak 
it is possible to close the defect with 
a free graft using allogenous or allo-
plastic materials (Tachosil®, fascia) 
with optional sealing with tissue glue 
(Tissucol); 

• extended transnasal approaches (for 
example craniopharyngioma and menin-
gioma surgeries with high flow CSF 
defect) require adequate reconstruction 
with a combination of the sandwich clo-
sure and the nasoseptal flap (Fig.12.3). 
However using the nasoseptal flap also 
in the case of smaller defects is never 
a mistake. 

Fig. 12.1 Reepithelized defect after the transna-
sal resection of the pituitary adenoma – without 
defect reconstruction; endoscopic view, arrows 
mark the defect margins; PS – planum sphe-
noidale, ST – sella turcica, TuS – tuberculum 
sphenoidale.
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Fig. 12.2 Healed sphenoid sinus after the resec-
tion of the pituitary adenoma – two months after 
the surgery; endoscopic view, arrows mark the 
margins of the bone defect.

nasoseptal flap covering 
the sphenoid sinus

nasoseptal flap 
pedicle

Fig. 12.3 Sphenoid sinus covered with the naso-
septal flap – three months after the surgery; 
endoscopic view.
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The closure of the dural defect with a free graft is effective only in smaller 
lesions. In the case of a larger defect, especially in the case of the extended 
approaches and intracranial surgeries, it is necessary to close the defect with 
a vascularised flap – the nasoseptal flap is used the most frequently. 
The technique of the reconstruction has to be planned prior to the surgery.

Table 12.1 Skull base defect reconstruction technique in the transnasal endoscopic surgery.

Skull base defect reconstruction technique in the transnasal endoscopic surgery 

• without reconstruction (healing “per secundam intentionem”) – if the CSF leak is not apparent 

• free grafting technique (sandwich technique) 

• vascularised pedicle flap

• microvascular free flap 

When closing the defect it is always necessary to remove the mucosa from the area 
subsequently covered by a flap or a free graft completely. Leaving the mucosa in 
situ can cause the flap dislocation or formation of the mucocele. Filling the sphenoid 
sinus with fat as was usual in the microscopic techniques without a complete removal 
of the mucosa is without merit nowadays. 

12.1.1 free grafting technique in the dural defect closure 

The free grafting technique is adequate in the case of small defects, usually in the 
case of a small defect in the area of the diaphragma sellae in the pituitary adeno-
ma surgeries. The technique is also used in the spontaneous CSF leak management.
The sandwich closure is an ideal method. The first layer (fascia, dural substitute) is 
placed intradurally (under the margins of the dura), the second layer is placed under 
the bony margins of the defect in an ideal situation (Fig. 12.4).
The fat can also be used to fill the dead space under the fascia – the fat prevents 
the flow of the CSF and makes the insertion of the fascia easier. Some authors use 
a cartilage or bone or sometimes allogenous materials (Medpor®, titanium net etc.) 
for the bony defect reconstruction (Fig.12.5).

Dural reconstructions technique: 
• “underlay” technique – a free graft is placed between the dura and the bone of the skull base; a size 1/3 bigger than the 

defect is recommended because of the postoperative scarring; 
• “overlay” technique – the graft is placed between the bone and the mucosa;  
• “underlay” and “overlay” technique combination – used mainly in larger dural defects; 
• “fat plug” technique – a fat lobule larger than the dural defect is pushed into the intracranium – intracranially the fat 

lobule expands and thus is stabilised in the position. This technique is very effective for stopping of the CSF leak 
before a graft or a flap is prepared and placed in the site. It is also possible to use a combination of this technique with 
a suture, as described by Wormald (fat bath-plug technique).
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Fig. 12.4 Scheme of the techniques used for closure of the low-flow dural defects: a – insertion of fat 
to reduce the dead space, b – insertion of the dural replacement (e.g. fascia) intradurally (underlay), c – 
placement of the dural replacement, d – securing with tissue glue.

Fig. 12.5 Scheme of the multilayered dural defect closure, supported by a cartilage or a hard artificial 
replacement (titanium mesh).
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Table 12.2 Allogenous and autologous materials used for free grafting. 

• Allogenous and heterologous materials  

- TachoSil® (collagen matrix with thrombin and fibrinogen)

- DuraFormTM, DuraGenTM, DurasisTM, TissuDura (collagen matrix) – used as an  inner layer

- Medpor®, Gore-Tex®, titanium  net – used as a supporting layer for herniation prevention 

• Autologous materials 

- free mucosal flap from the sinonasal area – usually used for covering of the defect as the superficial layer 

- fascia lata – used frequently, its texture is very similar to dura and it is available in large quantity, usually 
used as the inner layer in the sandwich closure 

- fascia temporalis – thinner and weaker than the fascia lata

- cartilage and bone – some authors recommend using a cartilage or a bone for the bone defect reconstruc-
tion as a prevention of herniation. According to other authors the bone is resorbed very quickly and there 
is also a risk of a brain injury in the case of the bone graft dislocation (Harvey 2008)

- fat – used for filling of the dead space, for the “bath-plug technique” or combined with fascia. The tech-
nique of filling the whole sphenoid sinus with fat is probably without merit nowadays; it can only be used 
if the mucosa of the sphenoid sinus is removed completely; otherwise there is a risk of a mucocele forma-
tion.

12.1.2 dural defect reconstruction with a vascularised flap

Usage of the vascularised flaps in the dural defect reconstruction reduced the inci-
dence of the postoperative CSF leak in the transnasal endoscopic surgeries to ap-
proximately 5% (Kassam 2008). 

Table 12.3 The vascularised flaps used for the dural defect reconstruction.

• nasoseptal flap (Hadad-Bassagasteguy)

• inferior turbinate pedicle flap 

• middle turbinate pedicle flap

• temporoparietal fascia flap (transpterygoid transposition)

• transfrontal pericranial flap

• palate pedicle flap (Oliver)

12.1.2.1 nasoseptal flap 

The nasoseptal flap is a mucoperichondrial and mucoperiosteal flap from the na-
sal septum supplied by the ramus septalis posterior of the sphenopalatine artery 
(Fig.12.6). It is the most frequently used flap which dramatically reduced inciden-
ce of the postoperative CSF leak and enabled a broader development of the trans-
nasal endoscopic skull base surgery. 
The total surface of the nasoseptal flap is approximately 25 cm2 and is sufficient to 
cover most of the defects of the anterior cranial fossa, planum sphenoidale or the 
clival area. The large surface of the flap allows to cover even a defect of two adja-
cent areas, for example the cribriform/sellar or sellar/clival area. 
The nasoseptal flap is usually harvested in the larger nasal cavity and on the side 
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where the septum is relatively straight (deviation or a septal crest makes the prepa-
ration of the flap difficult). 
• Preparation and deposition of the nasoseptal flap

- Two paralel incisions are made, one caudally by the base of the nasal cavity and 
cranially approximately 1.5 cm below the superior wall of the nasal cavity, and 
anteriorly the two incisions are connected with a vertical incision in the area 
of the mucocutaneous junction. The flap is separated from the septum in the 
subperichondrial or subperiostal line. The inferior incision encircles the choana 
from the medial and the superior side in the posterior part of the nasal cavity. 
The superior incision is made inferior to the sphenoid sinus ostium. A relatively 

Fig. 12.6 Scheme of the nasoseptal flap: a – inci-
sion in the anterior part of the nasal septum, view 
into the nasal cavity, right side; b – extent of the 
nasoseptal flap, view of the nasal septum, right 
side, sagittal section; c – posterior part of the 
nasoseptal flap, vascular pedicle marked, view 
into the nasal cavity, right side.

Fig. 12.7 Nasoseptal flap preparation, view into 
the nasal cavity, right side, schematic view of the 
vascular pedicle.
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long pedicle supplied by the r. septalis posterior allows easy manipulation with 
the flap (Fig. 12.7). The surface of the flap can be enlarged by making the caudal 
horizontal incision on the base of the nasal cavity more laterally.  

- The flap is usually prepared in the beginning of the surgery. During the 
intracranial surgery the flap lies in the nasopharynx or in the maxillary sinus 
(Fig.12.8, 12.9). A relatively easy preparation, large surface of the flap and easy 
manipulation makes this flap the most frequently used flap in the transnasal 
endoscopic skull base surgery. 

- If there is a doubt if the CSF leak would occur during the pituitary gland surgery, 
a nasoseptal “rescue” flap can be used. The flap is not prepared in the beginning 
of the surgery, but its pedicle (the mucosa between the sphenoid ostium and the 
choana) is spared and pulled caudally before opening of the sphenoid sinus. In 
the end of the surgery, in the case of the CSF leak, the flap is prepared and the 
duraplasty is performed (Rivera-Serrano 2011).

• Placement of the nasoseptal flap 
 The flap is placed over the dural defect in the end of the surgery, usually after the 

intradural or sandwich closure of the dural defect (Fig. 12.10).
- The dural defect is usually closed in two layers, with the collagen matrix or 

fascia used as the underlay and the nasoseptal flap used as the onlay.
- Before the placement of the flap on the defect it is necessary to avoid the 

dead space below the flap so that the flap adjoins the undersurface perfectly 
(Fig. 12.11). 

- It is possible to place a piece of fat to fill the dead space (clival recess). It is 
necessary to secure the contact of the flap with the undersurface by introducing 
the nasal packing into the sphenoid sinus. Some authors use the Folley’s catheter 
(Kassam 2008).

Fig. 12.8 The placement of the nasoseptal flap in 
nasopharynx during the resection, view into the 
nasal cavity, right side, posterior part of the nasal 
septum partially resected; H – pituitary gland, NF – 
nasoseptal flap, S – nasal septum, FP – flap pedicle

Fig. 12.9 The placement of the nasoseptal flap 
in the maxillary sinus, view into the nasal cavity, 
right side, posterior part of the nasal septum 
partially resected; H – pituitary gland, NF – naso-
septal flap, S – nasal septum, FP – flap pedicle
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Fig. 12.11 Covering of the defect with the naso-
septal flap, sagittal view: a – covering of the 
sellar defect, b – covering of the clival defect, c – 
covering of the defect in the area of the anterior 
cranial fossa.

Fig. 12.12 Nasoseptal flap covering the sellar 
defect filling with the contrast agent, after the 
resection of a craniopharyngioma; postoperative 
MRI, sagittal section.

Fig. 12.10 Nasoseptal flap covering the defect: a – in the region of the tuberculum sellae and the planum 
sphenoidale, b – clival region, view into the nasal cavity, right side, posterior part of the nasal septum 
partially resected; CI – right inferior turbinate, H – pituitary gland, CH – choana, NF – nasoseptal flap, 
S – nasal septum, FP – flap pedicle.

H

CI

FP

S

NF

CH

H

CI

FP

SNF

defect

nasoseptal flap

defect

nasoseptal flap

nasoseptal flap

Dural reconstruction

a b

a b

c



160

Transnasal Endoscopic skull  BasE surgEry

- If it is not necessary to perform the dural reconstruction in the end of the surgery, 
it is possible to place and fix the flap back to the nasal septum. 

 After the surgery, the position and vitality of the flap can be watched by a routine 
postoperative MRI (Fig. 12.12). The shift of the flap or presence of the dead space 
below the flap is an indication for a revision surgery or at least careful watching 
of the patient. A flap with a good blood supply fills with the contrast agent, if the 
flap does not fill with the contrast agent it is possible that the flap is ischaemic due 
to the pressure of the nasal packing or damage to the supplying vessel. 

12.1.2 other pedicle flaps  

• Inferior turbinate pedicle flap
 This is a mucoperiosteal flap supplied from the posterolateral branch of the 

sphenopalatine artery. The surface of the flap is less than 5 cm2, it can be used 
for the defects of the sella turcica or clivus (Fig. 12.13). It is necessary to identify 
the sphenopalatine artery and its posterolateral branch during the preparation of 
the flap. The flap is created by a vertical incision in the area of the head of the 
turbinate and two parallel horisontal incisions on the lateral wall of the nasal cavity 
above and below the inferior turbinate and then the mucoperiost is elevated with 
the pedicle on the posterior side of the turbinate. 

• Middle turbinate pedicle flap
 The middle turbinate pedicle flap can be used for closure of the defects located in 

the cranial part of the nasal cavity, such as the lamina cribrosa or fovea ethmoidalis 
defects. The turbinate is supplied by a small branch of the sphenopalatine artery 
which comes from the posterior side of the turbinate. The maximum surface of the 
flap is 5 cm2. The limit of this method is a technically demanding preparation and 
frequent anatomic variants of the turbinate (Fig. 12.13).

Fig. 12.13 Scheme of the lateral nasal wall flaps.
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• Temporoparietal fascia flap  
 The temporoparietal fascia pedicle flap is used in the transpterygoid approach 

which enables the transposition of the flap from the infratemporal fossa. The flap 
is supplied by the superficial temporal artery and requires an external incision, 
separation of the fascia from the muscle and its transposition. The flap can be used 
in craniofacial resection, mainly in oncologic cases. 

• Transfrontal pericranial flap
 It is the most frequently used flap for covering the defects of the anterior cranial 

fossa. It is supplied by the supraorbital and supratrochlear artery. Its diasadvan-
tage is a necessity for an external incision to create a slot in the area of the nasion 
through which the flap is pulled into the nasal cavity. Its advantage is its large 
surface which can cover larger defects mainly in the anterior cranial fossa. It is 
also suitable in the case of sinonasal malignant tumours in which it is not possible 
to use the nasoseptal flap because of the oncological radicality.

Surgical technique
• After the coronary incision and identification of the supraorbital and supratrochlear artery by the Doppler ultrasound 

probe the flap is prepared with a pedicle approximately 3 cm long. Then the slot in the area of nasion is created and the 
flap is pulled through into the nasal cavity. Before it is pulled into the nasal cavity it is necessary to perform the Draf 
III frontal sinotomy as a part of the approach corridor through which the flap is transposed and to ensure the drainage 
of the frontal sinuses. 

• The flap can be prepared  as “endoscopically assited” – after two or three incisions in the coronal area and one incisi-
on in the area of glabella the flap can be prepared under control of the endoscope. 

• Hard palate pedicle flap 
 It is a mucoperiosteal flap from the hard palate transposed through the greater 

palatine canal and supplied by the greater palatine vessels. This flap is usually used 
whenever it is impossible to use any other flap. 

The most frequently used flap in the transnasal endoscopic skull base surgery 
is the nasoseptal flap.

Technique of the defect closure
The authors usually use the collagen matrix as the inlay layer and the nasoseptal flap as the onlay layer in the case of 
high-flow defects. In small defects, we cover the dura with TachoSil® or a free mucosal graft from the middle turbinate. 
In some cases we used the Wormald’s technique (fat bath-plug technique) with a subsequent covering with a flap. 

12.2 external lUmbar drainage 

After opening of the liquor space it is possible to use the external lumbar draina-
ge in order to lower the CSF pressure and facilitate the engraftment of the defect 
closure. However the lumbar drainage is not a necessary condition for healing 

Dural reconstruction
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of the duraplasty (Stamm 2011) and its postoperative indication remains controver-
sial. Usually it is used in the first 24–48 hours postoperatively. It is also recommen-
ded to perform the lumbar drainage in the case of the early postoperative CSF leak 
(1st–3rd day). In the case of a minor CSF leak and if a duraplasty was performed, 
conservative management is possible. The lumbar drainage is recommended in pa-
tients with intracranial hypertension and in patients post radiotherapy (Lund 2002, 
Schlosser 2004). 

Indications for the external lumbar drainage in the authors‘ department 
• We use the lumbar drainage in all the patients after the extended transnasal endoscopic surgeries (intradural surgeries). 

The drainage is introduced for 4–5 days. The pressure of the drainage is set to 6–15 cm H2O collumn during the first 
days, so that approximately 200 ml of CSF is drained per one day. The drainage is left in situ 24 hours after the nasal 
packing is removed and is removed if there is no sign of nasal liquorrhea. 

• If the postoperative CSF leak occurs in a patient without the duraplasty (for example after the pituiraty adenoma resec-
tion) the revision surgery and duraplasty is always indicated. The external lumbar drainage is introduced postoperati-
vely in such cases. 

Summary
• The aim of the dural defect reconstruction is a waterproof separation of the 

intracranial space and the sinonasal area. 
• Small dural defects can be closed by a free graft, in the case of larger 

defects it is necessary to use pedicle flaps. 
• The most frequently used pedicle flap is the nasoseptal flap. 
• If the diaphagma sellae is intact in the pituitary adenoma surgery it is pos-

sible to leave the defect to heal spontaneously.
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13 indications for the transnasal PitUitary gland 
adenoma resection

R .  L i p i n a ,  P.  M a t o u š e k

13.1 indications according to the type of the tumour 

13.2 comparison of the endoscopic and microscopic technique 

13.3 contraindications for the endoscopic approach 

The pituitary adenomas are extraaxial and benign tumours in most of the cases and 
account for 10–15% of all the intracranial tumours (Česák 2006). According to the 
character, biological behaviour and hormonal production, the tumours are indicated 
for different treatment modalities – surgical resection, pharmacotherapy, radiosurgery 
or wait-and-see strategy.
The transnasal endoscopic technique has been developing since the second half of 
the 1990s as an alternative to the transnasal transseptal or sublabial microscopic 
resection. The pituitary adenomas were the first indication for this technique. 

Nowadays the pituitary adenoma is the most frequent tumour operated on by the 
transanasal endoscopic approach. The non-functional adenomas are ideal for the 
first surgeries of a beginner endoscopic team.

In this chapter the indications for the transnasal endoscopic resection of the pituitary 
adenomas are described and compared with the transnasal microscopic technique.

13.1 indications according to the tUmoUr tyPe

The pituitary adenomas are classified in the surgical point of view according to 
these criteria: 
• size of the adenoma;
• character of its growth;
• hormonal activity of the adenoma.
Based on these criteria, the surgical, pharmacological or radiosurgical therapy is 
indicated and the necessity of a radical resection predicted. 

Indications for the transnasal pituitary gland adenoma resection
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13.1.1 adenoma size and growth character

According to the size, the adenomas are divided into microademonas, whose size 
does not exceed 10 mm, and macroadenomas, which are bigger than 10 mm. The 
microadenomas smaller than 5 mm are called picoadenomas and the adenomas 
larger than 25 mm are called gigantic adenomas. In macroadenomas and gigantic 
adenomas it is necessary to assess the suprasellar or parasellar extension. 
Another criteria is the growth invasivity of the adenoma generally or in the area of 
the cavernous sinus which influences the possibility and safety of the radical resec-
tion of the adenoma. The invasive growth is usually found in macroadenomas but 
can be found also in microadenomas.
Based on these criteria several types of classification have been developed (Edal 
1997, Hardy 1971, Knosp 1993, Nistor 1991). From the practical point of view these 
two are the most useful: 
• surgical classification of pituitary adenomas (Hardy 1969)
 It is based on the size of the adenoma, its growth invasivity and the character of the 

suprasellar extension. It divides the adenomas into 4 grades with 3 subtypes (Table 13.1).
• classification of adenomas according to invasion into the cavernous sinus (Knosp 

1993)
 The classification according to the invasion into the cavernous sinus is based on 

the MRI image of the adenomas in the coronal plane and their relation to a line 
connecting the intra- and supracavernous ICA segment and was correlated with the 
intraoperative findings. The adenomas are divided into 5 grades (Table 13.2).

Classification according to Knosp and radicality of the surgery
Grade 0 – 1 pituitary adenomas do not exhibit any invasion into the cavernous sinus and a radical resection is presumed 
without the cavernous sinus lesion. Grade 2 – 3 adenomas may push the wall of the cavernous sinus aside or (mainly in 
the grade 3 adenomas) invade the wall. Grade 4 adenomas invade the cavernous sinus in such extent that their complete 
removal would pose a risk of harm to the patient. 

Both classifications play a role not only in the surgical radicality evaluation in 
different heterogenous groups of patients, but mainly the Knosp’s classification is 
important for prediction of a safe radical resection of the tumour. 

Table 13.1 Surgical classification of adenomas (Hardy 1969).

Type I microadenoma with well-defined borders, maximum size 10 mm

Type II macroadenoma with well-defined borders, larger than 10 mm

Type III locally invasive adenoma

Type IV adenoma with diffuse invasive growth

Subtype A suprasellar extension into the cistern area 

Subtype B suprasellar extension into the chiasmatic area

Subtype C suprasellar extension into the 3rd brain ventricle area
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Table 13.2 Classification of adenomas according to the invasion into the cavernous sinus (Knosp 1993).

Grade Invasion into the cavernous sinus

0
• the tumour does not cross the line connecting the internal margins of the intra- and supracavernous 

ICA segment 

• normal filling of the cavernous sinus with the MRI contrast agent

1
• the lateral border of the tumour does not cross the line connecting the centres of the intra- and sup-

racavernous ICA segment – the intercarotid line 

• the medial part of the cavernous sinus does not fill with the MRI contrast agent 

2

• the tumour crosses the intercarotid line but does not cross the line connecting the lateral margins of 
the intra- and supracavernous ICA segment 

• the cavernous sinus exhibits low filling with the MRI contrast agent and its lower part is not visible 
in the MRI imaging 

3

• the tumour crosses the line connecting the lateral margins of the intra- and supracavernous ICA 
segment 

• the medial and the superior or the inferior part of the cavernous sinus is not visible in the MRI 
imaging, according to the growth direction 

4
• the intracavernous ICA segment is surrounded by the tumour 

• the cavernous tumour does not fill with the MRI contrast agent 

13.1.2 hormonal activity of the pituitary adenomas 

The hormonal activity of the tumour is another aspect according to which the ade-
nomas are divided into: 
• Functional adenomas  
 These adenomas overproduce one or more types of pituitary hormones in amounts 

leading to clinical manifestation of the disease. The most frequent functional 
adenoma is the adenoma with prolactin overproduction which is also the most 
frequent type of all pituitary adenomas. Adenomas with growth hormone and adre-
nocorticotropin overproduction are less frequent. TSH, LH or FSH overproducing 
adenomas are rare. Their classification and clinical manifestation of the functional 
adenomas are described in the Chapter 8.

• Non-functional adenomas
 The non-functional adenomas are tumours without production of any of the pituitary 

hormones or the overproduction is not clinically significant. In the immunohisto-
logic aspect these tumours are either immunonegative or gonadotroph in which 
the clinical symptoms are usually absent. Also the lactotroph, corticotroph and 
somatotroph tumours with a low hormonal overproduction, without endocrino-
logic manifestation, are classified as non-functional. The clinical manifestation of 
a non-functional pituitary adenoma is usually caused by the pressure of the tumour 
on the surrounding structures. The non-functional adenomas can cause a hormonal 
dysbalance, too, usually the clinical or laboratory manifestation of hypopituitarism 
caused by the pressure of the tumour on the adenohypophysis or the pituitary stalk. 

Indications for the transnasal pituitary gland adenoma resection
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A minor prolactin overproduction caused by the pressure of the tumour on the 
pituitary stalk and thus supression of the negative feedback of the prolactin pro-
duction in the hypothalamic-pituitary axis is less frequent. The prolactin level is 
only slightly increased and this state is called pituitary stalk interruption syndrome 
or pseudoprolactinoma. 

 If the pituitary adenoma does not cause any hormonal or pressure clinical symp-
toms, it is usually a coincidental finding called incidentaloma. 

13.1.3 indications for the transnasal endoscopic resection 

Indication for the transnasal endoscopic pituitary adenoma resection is an inter-
disciplinary process in which an endocrinologist,  neurologist, ophthalmologist, 
radiologist, otorhinolaryngologist and a neurosurgeon take part. 
• Indication is based on: 

- hormonal activity of the tumour;
- clinical manifestation of the tumour;
- ophthalmologic symptoms;
- growth character and invasivity of the tumour;
- possibility of the transnasal approach;
- patient’s comorbidity.

• The surgery is indicated for these types of adenomas (Table 13.3):
- non-functional adenomas with clinical pressure symptoms, especially with 

involvement of the optic chiasm, as the first choice method; 
- non-invasive functional adenomas with growth hormone, adrenocorticotropin or 

thyrotropin overproduction; 
- functional adenomas with prolactin overproduction as an alternative to the phar-

macological treatment; 
- other functional adenomas with invasive growth. Although some of these adeno-

mas (especially grade 4 according to Knosp) are difficult to remove radically, 
reduction of their size increases the effect of the pharmacological therapy or 
enables the radiosurgical treatment;

• Incidentalomas are not indicated for any type of treatment and radiological, 
endocrinological and ophthalmologic watching is recommended. The surgery is 
indicated in the case of the progession of the tumour size, pathologic perimetry 
or appearance of hormonal activity. Radiologic signs of the pressure on the optic 
chiasm are also a reason for indication for the incidentaloma resection despite 
normal perimetry results (Freda 2011).
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Table 13.3 Indications for surgical resection of a pituitary adenoma. 

Hormonal activity Visual 
field 

impair-
ment

Other symptoms 
(cranial nerve 

impairment, hydro-
cephalus, hypopi-

tuitarism etc.)

First choice 
treatment

Alternative treatment

Non-functional 
adenoma yes

yes surgery radiosurgery

no surgery radiosurgery

no
yes surgery radiosurgery

no watching surgery1

PRL overproduc-
tion yes

yes surgery2 pharmacotherapy, radiosurgery

no surgery2 pharmacotherapy, radiosurgery

no
yes surgery2 pharmacotherapy, radiosurgery

no pharmacotherapy surgery, radiosurgery

STH overproduc-
tion yes

yes surgery radiosurgery, pharmacotherapy

no surgery radiosurgery, pharmacotherapy

no
yes surgery radiosurgery, pharmacotherapy

no surgery radiosurgery, pharmacotherapy

ACTH overpro-
duction yes

yes surgery radiosurgery, pharmacotherapy

no surgery radiosurgery, pharmacotherapy

no
yes surgery radiosurgery, pharmacotherapy

no surgery radiosurgery, pharmacotherapy

TSH, LH, FSH 
overproduction yes

yes surgery radiosurgery

no surgery radiosurgery

no
yes surgery radiosurgery

no surgery radiosurgery

1 – in case the tumour compresses the optic chiasm; 2 – in the case of an adenoma with the PRL overproduction it is 
possible to begin with the pharmacotherapy first even in the case of ophthalmologic and neurologic symptoms.

13.2 comParison of the endoscoPic and microscoPic techniqUe

The transnasal endoscopic resection is an alternative to the transnasal microscopic 
approach (transseptal, direct transsphenoidal or sublabial) which was a standard 
procedure in the last 30 years in the pituitary adenoma resection. Also a transcranial, 
subfrontal or a pterional approach can be used to reach the tumours of the sellar 
region. 
• The transcranial microscopic approach 
 It enables good orientation in the operated area and is used for the tumours with 

supra- or parasellar extension or generally for so-called non-pituitary tumours. 

Indications for the transnasal pituitary gland adenoma resection
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The disadvantage of this approach is the necessity of retraction or manipulation 
with the brain tissue and the cosmetic “defect” after the craniotomy in the frontal 
or pterional region. 

• Transnasal microscopic approach 
 This approach is performed from a sublabial incision or direct unilateral endonasal 

approach under control of a microscope. It is used mainly for pituitary adenoma 
surgery. The disadvantage of the transnasal microscopic approach is a limited 
extent of the operating field of the microscope and impossibility to look “around 
the corner”. The advantage of the microscopic technique is better image resolution 
compared to the endoscopic camera (despite the HD cameras used nowadays) and 
of course the depth perception. The aspect of many years of experience with the 
microscopic technique in renowned departments with good results has to be taken 
into account, too (Česák 2009).

• Endoscopic approach 
 The endoscopic transnasal approach for surgeries in the sellar region has certain 

advantages compared to the microsurgical transanal or transcranial approach 
(Desdahti 2008). The tumour can be approached very closely with the endoscope 
compared to the microscope and the endoscope makes it possible to look “around 
the corner” thanks to the angled optic (30°, 45°). This improves the visualisation of 
a tumour residue which could not be reached with straight view of the microscope. 
The endoscopic approach also causes less trauma to the intranasal structures com-
pared to the sublabial approach. Compared to the transcranial approach the brain 
retraction is not necessary. The floor of the sella turcica or the anterior cranial fossa 
is opened and the tumour is approached directly, with the brain tissue dislocated 
cranially by the tumour. Another advantage is the absence of the postoperative scar 
with a significantly better cosmetic effect compared to craniotomy. The authors 
also consider this approach more suitable because of a lower intranasal invasivity 
of the endoscopic approach (Gondin 2010, Koren 1999, Sheehan 1999) for which 
the cooperation with an otorhinolaryngologist is conditional.

Studies comparing the endoscopic and the microscopic approach 
• We can find the same results of the endoscopic technique as the microscopic technique in the literature (Česák 2009, 

Frank 2006, Tabaee 2009); the meta-analysis shows that there are fewer short-term complications and higher effecti-
vity of the resection radicality in the endoscopic surgery (Tabaee 2009). A radical resection was achieved in 35–74% 
of patients using the microscopic technique (Ebersold 1986, Ferrante 2006, Kassis 2009, Mortini 2005, Saito 1995, 
Zhang 1999), whereas in 56–93%  patients using the endoscopic technique (Cappabianca 2002, Desdahti 2008, Frank 
2006, Kabil 2005, Kassis 2009). 

• The results differ depending on the character of the adenoma. Messerer (Messerer 2001) analysed the radicality of the 
endoscopic and microscopic transnasal approach in non-functional adenomas exhibiting various invasivity, mainly 
into the cavernous sinus, with these results: 

-  in the case of noninvasive growth (grade 0 – 1 according to Knosp) the results are comparable;
-  in the case of lateral extension into the cavernous sinus the endoscopic approach is significantly more radical (88% 

vs. 47.8% in grade 2 and 67.9% vs. 16.7% in grade 3);
-  in the case of complete invasion into the cavernous sinus the complete radicality is not achieved by any of the ap-

proaches. 
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• In functional adenomas the criterion of the success of the surgery is the endocrinologic remission. The studies publis-
hed by the authors using the transnasal endoscopic approach show better results compared to the sublabial or direct 
transnasal microscopic approach (Frank 2006, Dehdahti 2008), however in Hofstetter’s study (Hofstetter 2011) the re-
sults of the endoscopic approach are worse than of the microscopic approach. The problem with the evaluation of the 
endocrinologic result of the surgery, however, involves various criteria of normalisation used in different periods of 
time and in different studies (Arnaldi 2003, Casanueva 2006, Giustina 2010). Generally evaluation of most of the stu-
dies is difficult because of low numbers of patients and lack of randomisation.   

13.3 contraindications for the endoscoPic aPProach

• Transnasal endoscopic approach is generally contraindicated in the case of: 
- patients with infectious intranasal processes or other intranasal pathology that 

disables a safe approach to the skull base; 
- patients with intracranial anomalies in the sellar area; for example the ICA 

aneurysm; 
- patients with general comorbidity and coagulation disorders. 

The sellar or the parasellar extension of the adenoma is not a necessary contraindi-
cation for the surgery. In the case of soft consistency of the adenoma it is possible to 
remove completely even the tumours with extensive supra- and parasellar extension 
only from the transsellar approach.

Summary
• The surgical treatment is the first choice method in non-functional pi-

tuitary adenomas with clinical manifestation and functional adenomas with 
exception of prolactinomas. 

• According to the authors’ experience the transnasal endoscopic approach is 
indicated as the first choice method for pituitary adenoma resection.

• Interdisciplinary cooperation is important in indication for the pituitary 
adenoma surgery. A neurosurgeron, endocrinologist, otorhinolaryngologist, 
neurologist and a radiologist decide about the indication for the surgical or 
other type of treatment on the basis of evaluation of the clinical, laboratory 
and radiologic examination. 

• The cooperation between a neurosurgeon and an otorhinolaryngologist 
is essential for the evaluation of suitability of the transnasal approach in 
every individual case.

Indications for the transnasal pituitary gland adenoma resection
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14 sUrgical techniqUe of the transnasal PitUitary 
adenoma resection 

R .  L i p i n a ,  P.  M a t o u š e k ,  P.  Va c e k 

14.1 preoperative preparation

14.2 intranasal phase

14.3 phase of resection

14.4 Haemostasis

14.5 phase of reconstruction

14.6 case reports

The authors use the transnasal transsellar approach for pituitary adenoma resection. 
The approach is the same in the case of micro- and macroadenomas; the phase 
of opening of the base of sella turcica and resection of the tumour is different. In 
macroadenomas with significant suprasellar and especially presellar extension an 
extended transnasal enoscopic approach is suitable (see Chapter 16). 
The aim of the surgery may differ according to the type of the adenoma – functional 
or non-functional, macro- or microadenoma. 
• Functional macroadenomas – the aim of the surgery is complete resection. 
• Non-functional macroadenomas – the most frequent adenomas indicated for 

surgery; the main aim of the surgery is to reduce the pressure of the adenoma on 
the surrounding structures which causes the clinical symptoms, usually to releave 
the pressure on the optic chiasm. Another aim of the surgery is preserving the 
normal physiological function of the pituitary gland. 

Radicality of resection in functional adenomas
Generally the aim of all the surgeries is a complete resection. Leaving a residue is a risk of recurrence of the process or 
haemorrhage into the residual adenoma. However, in the case of invasive growth of the adenoma, especially in the area 
of the cavernous sinus (grade 4 according to Knosp) or in the case of a solid fibrous consistency of the adenoma, trying 
to achieve a radical resection may result in harm to the patient.  In such cases it is possible to leave a residue in the ca-
vernous sinus and watch it radiologically or treat it radiosurgically.

• Microadenomas indicated for the surgical treatment are always the functional 
adenomas and the aim of the surgery is their complete removal with sparing of 
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the unaffected part of the pituitary gland so that the hormone levels drop to normal 
after the surgery, the clinical symptoms disappear and the normal function of the 
hypothalamic-pituitary axis is preserved. 

14.1 PreoPerative PreParation 

• Preoperative otorhinolaryngologic examination 
 The patient is examined by an otorhinolaryngologist prior to the surgery to rule out 

any intranasal anatomical abnormality or inflammatory disease. The examination 
takes place on outpatient basis, one week before the surgery. 

• Medication
 Antibiotics, preferentially the 3rd generation cephalosporins, are administed to the 

patient on the day of the surgery in a single dose. In the case of no intraoperative 
CSF leak no further antibiotic treatment is needed. Also the corticosteroids are 
administered – the dose depends on preoperative endocrinologic state (hypopi-
tuitarism, Cushing disease etc.), a standard dose in 100 mg of hydrocortisone 
intravenously. The corticosteroids are also administered postoperatively and the 
administration is terminated by an endocrinologist. 

• Positioning of the patient 
 After administration of the general anesthaesia the patient is positioned on his/

her back, with his/her head in a slight flexion. The head is fixed into a three-point 
pin headrest (Mayfield clamp) and the image guidance is calibrated (Fig. 14.1). 
Alternatively it is possible to position the patient with a soft horse-shoe shaped 
headrest in combination with the electromagnetic image guidance. 

• Disinfection and preparation of the operating field 
 The operating field is disinfected (disinfection of the face, the nose is disinfected 

only in the area of the nasal vestibulum). The intranasal application of the disinfec-
tive agents can cause damage to olfactory epithelium. After the disinfection, three 
gauze strips with adrenalin in concetration 1:10,000 are administered in each nasal 
cavity for 10 minutes for anemisation of the nasal mucosa (Fig. 14.2). When dra-
ping the patient it is important to keep as much of the face uncovered as possible 
for the intraoperative control of the position of the endoscope and the instruments 
in relation to the patient’s head and continual control of the orbits (the pressure on 
the eyeball as a control of synkinesis in the case of entering into the orbit, protru-
sion of the eyeball in the case of retrobulbar haematoma) (Fig. 14.3).

Position of the surgical team
In most of the surgeries we prefer the position of the surgical team as follows: the surgeon stands on the right side of the 
patient, the assistant on the left side and the scrub nurse on the left side, by the feet of the patient. The image guidance 
and the screen of the video-endoscope is placed behind the head of the patient. Position of the endotracheal tube is also 
important – placed in the left corner of the mouth, hypopharyngeal packing is necesssary.

Surgical technique of the transnasal pituitary adenoma resection
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14.2 intranasal Phase

In the beginning of the surgery the mucosa of the posterior part of the nasal septum and 
the middle turbinates is infiltrated by adrenalin in concentration of 1:100,000. 
After lateralisation of the middle and superior turbinate the sphenoethmoidal recess is 
identified (Fig. 14.4–6). After identification of the superior margin of the choana we try 
to find the ostium of the sphenoid sinus. The sphenoid sinus is usually located parame-
dially, approximately 1.2 cm above the superior margin of the choana (Fig.14.6). If the 
ostium is visible, the opening is widened (first caudally and then medially) using the 
Kerrison punch or the Stammberger basket punch and the anterior wall of the sphenoid 
sinus is subsequently removed (Fig. 14.7, 14.8). Then the resection of the posterior part 
of the nasal septum and the sphenoid rostrum is performed. If the ostium is not visible, 
the posterior part of the nasal septum is resected first with a raspatorium, forceps and 
a chisel, or using a drill (Fig. 14.9,14.10). Then the anterior wall of the sphenoid sinus 
(and also the intersphenoid septum if needed) is resected (Fig.  14.11–14).
Extent of the sphenoid sinus opening
The extent in which the sphenoid sinus is opened depends on location and size of the adenoma. In the case of a microade-
noma and an asymmetric intersphenoidal septum it is theoretically possible to open just one sphenoid sinus. The authors 
however prefer as wide opening of the sinus as possible (the lateral limit are the pterygoid canals, ventrocranially the 
ethmoid cells, the caudal border is the inferior wall of the sphenoid sinus) which enables better manipulation with three 
instruments and the endoscope inside the sphenoid sinus and therefore good orientation in the operated area. The inter-
sphenoid septum is usually resected completely, only in the case of significant asymmetry and attachment to the carotid 
canal it is possible to leave a part of the septum on the posterior wall of the sphenoid sinus.

The mucosa is incised and pulled aside from the posterior wall of the sphenoid sinus 
(in the place of the sella turcica prominence) in the extent in which the bone of the 
posterior wall of the sphenoid sinus is going to be resected (Fig.14.15). We try to pre-

Fig. 14.2 Gauze strip with decongestant solution 
(adrenalin 1:10,000) placed in the common nasal 
meatus: S – nasal septum; endoscopic view, right 
side.

Fig. 14.1 Preoperative position of the patient, 
head in slight flexion, fixated in the Mayfield 
clamp.

S
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serve the mucosa throughout the surgery and in the end of the surgery we cover the 
defect by the mucosa which accelerates the healing of the sphenoid sinus. 
The resection of the posterior part of the nasal septum enables the four-hands surgery. 
This means that the endoscope and an instrument of one surgeon are introduced through 
one nostril and the other two instruments of the other surgeon are introduced through 
the other nostril (Fig.14.16).
Approach to the sphenoid sinus 
The direct paraseptal approach is the most frequently used approach for sphenoidotomy. We can also use the transe-
thmoidal approach in which, after performing the ethmoidectomy, the sphenoid sinus is reached through the posterior 
wall of the last posterior ethmoid cell in the mediocaudal direction. Performing the ethmoidectomy also enables greater 
lateralisation of the middle turbinate. Some surgeons remove the middle turbinate also in the transsphenoidal approach. 
The authors remove it only in the case of unfavourable anatomical conditions. 

Fig. 14.4 Lateralisation of the middle turbinate 
with the Freer elevatorium, anterior part of the 
nasal cavity: TM – middle turbinate, S – nasal 
septum; endoscopic view, right side.

Fig. 14.3 Draping before the transnasal endo-
scopic surgery with possibility of controlling of 
the eyes.

TM S

Fig. 14.5 Lateralisation of the middle turbinate, 
posterior part of the nasal cavity: TS – superior 
turbinate,TM – middle turbinate, S – nasal sep-
tum; endoscopic view, right side.

Fig. 14.6 Sphenoethmoidal recess, view of the 
sphenoid sinus ostium: TM – middle turbinate, TS 
– superior turbinate, OS – sphenoid sinus ostium, 
S – nasal septum; endoscopic view, right side.

TM S

TS

TM S

TS
OS

Surgical technique of the transnasal pituitary adenoma resection
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Fig. 14.8 The first phase of opening of the sphe-
noid sinus: TS – superior turbinate, SS – sphenoid 
sinus, S – nasal septum; endoscopic view, right 
side.

Fig. 14.7 Opening of the sphenoid sinus – intro-
ducing the suction instrument through the anterior 
wall of sphenoid sinus: TS – superior turbinate, 
S – nasal septum; endoscopic view; right side.

Fig. 14.10 Resection of the posterior superior part 
of nasal septum: TM – middle turbinate, S – nasal 
septum; endoscopic view, right side.

Fig. 14.9 Resection of the posterior part of the 
nasal septum: S – nasal septum, TM – middle 
turbinate; endoscopic view, right side.

Fig. 14.11 Resection of the anterior superior wall 
of the sphenoid sinus: TM – middle turbinate, 
IS – intersphenoidal septum, S – nasal septum, 
ST – sella turcica; endoscopic view.

Fig. 14.12 Resection of the anterior inferior wall 
of the sphenoid sinus with Kerrison punch for-
ceps, after the resection of the posterior part of 
nasal septum, a common surgical cavity created 
(endoscope introduced through the right nostril, 
instruments through the left): IS – intersphenoidal 
septum, SSD – right sphenoid sinus, SSS – left 
sphenoid sinus; endoscopic view.

STS STS

SS

TM STM S

IS

SSD

SSS

suction instrument in the sphenoid sinus

TM

S

ST

IS

anterior superior wall of the sphenoid sinus

Kerrison punch forceps

Kerrison punch forceps
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The otorhinolaryngologist stands on the 
right side of the patient throughout this 
phase of the surgery, holds the endo-s-
cope in one hand and the instruments in 
the other hand. Both instruments are ad-
ministered through the right nostril. The 
neurosurgeon administers a suction in-
strument from the left side (Fig.14.17).

Fig. 14.16 Four-hand technique during the trans-
nasal endoscopic surgery.

Fig. 14.17 Surgical team position.

Fig. 14.15 View of the sphenoid sinus, the mucosa 
is retracted laterally from the posterior wall of the 
posterior wall of the sphenoid sinus: IS – inser-
tion of the intersphenoidal septum to the posterior 
wall, LOCR – lateral optic-carotid recess, MOCR 
– medial optic-carotid recess, PS – planum sphe-
noidale, ST – sella turcica enlarged by the tumour 
pressure, TuS – tuberculum sphenoidale; endo-
scopic view.

PS

LOCR

MOCR

ST

IS

TuS
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Fig. 14.14 Resection of the intersphenoidal septa: 
SSD – right sphenoid sinus, SSS – left sphenoid 
sinus; endoscopic view.

IS

SSD

SSS

Fig. 14.13 Resection of the intersphenoidal sep-
tum: IS – intersphenoidal septum, SSD – right 
sphenoid sinus, SSS – left sphenoid sinus; endo-
scopic view.

IS

SSD

SSS
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Prior to surgery, it is very important to evaluate the anatomy of the sphenoid 
sinus in detail, its pneumatisation and the position of the intersphenoidal septum 
and its relation to the internal carotid artery (ICA) in particular. Bone dehis-
cences between the posterior wall of the sphenoid sinus and the ICA are present 
very often. Damage to the ICA usually has fatal consequences. 

14.3 Phase of resection 

• Position of the surgical team during the phase of resection
 After performing the approach to the sphenoid sinus the position of the surgical 

team changes. Usually the neurosurgeon stands on the right side of the patient 
which enables better manipulation with the instruments through the right nostril. 
The otorhinolaryngologist stands on the left side of the patient and introduces 
the endoscope through the left nostril. A reverse position is used just in the case 
of intranasal anatomic anomalies which would make the manipulation with the 
instruments on the right side impossible. 

 Wide opening of the sphenoid sinus is conditional for good orientation and mani-
pulation during the resection phase. Especially a wide resection of the inferior wall 
of the sinus enables free manipulation with the endoscope in the anteroposterior 
direction and rotation of the endoscope as required by the neurosurgeon. At the 
same time a sufficient space for manipulation with the instruments in the sphenoid 
sinus is required. The neurosurgeon and the otorhinolaryngologist cooperate du-
ring the resection phase, too. The authors prefer this model over the rigid mechanic 
or pneumatic holder used in some departments.

14.3.1 resection of macroadenomas

• Opening of the sella turcica and the 
dura

 The orientation in the sphenoid sinus 
is usually easier in the case of macro-
adenomas because the floor of the 
sella turcica is usually enlarged and 
prominent into the sphenoid sinus. 
The clival recess is identified caudally 
and the prominence of the cavernous 
segment of ICA laterally, the optic 
nerve impression craniolaterally and 
the tuberculum sellae superiorly to 
floor of the sella. The position of the 
optic nerves and ICA is indicated by 

Fig. 14.18 Intraoperative image guidance control 
before opening of the sellar base.

sella turcica
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the medial and lateral optic-carotid 
recesses. In the case of difficult orien-
tation in the anatomical structures we 
control their position with the image 
guidance before opening of the sellar 
floor (Fig. 14.18). 

 In the case of macroadenomas we try to open the sellar floor as wide as possible. 
The base is usually thin and the initial opening is performed by pressure of a blunt 
instrument, usually an elevatorium, used for breaking the bone of the sellar floor. 
If the bone cannot be broken by an elevatorium, a diamond drill can be used. Then 
the sellar floor is removed by the Kerrison punch. The base should be opened 
laterally up to the cavernous sinuses and craniocaudally from the superior to the 
inferior intercavernous sinus (Fig. 14.19). The surface of the dura is coagulated in 
all its extent prior to its incision. The durotomy is performed by a diamond knife 
or a point scalpel, in the shape of a cross and in all the extent of the adenoma (Fig. 
14.20, 14.21). 

Preoperative pituitary gland identification
It is important to know the position of the stalk of the pituitary gland and the gland itself before the surgery to prevent 
their injury. Preoperative identification of the stalk and the gland in brain MRI is necessary. The pituitary gland is 
usually pushed dorsally, dorsocranially or dorsolaterally by the tumour. However, in some cases it can be located vent-
rally and injured by the initial durotomy. In the case of the ventral position it is necessary to protect the gland during the 
durotomy and the resection of the tumour has to be performed in the caudocranial direction. In rare cases it is possible 
to intersect the pituitary gland – always in the vertical direction in the middle part and horisontally in the lateral part of 
the pituitary gland in order to spare the vascular hypothalamic-pituitary system.  

• Resection
 After harvesting enough material for the histologic examination the resection itself 

begins. It is performed by suction instruments and blunt curretes of various shapes. 

Fig. 14.19 Opening of the bony floor of the sella 
turcica: a – breaking of the thin floor by an eleva-
torium, b – chipping by Kerrison forceps, c – suf-
ficiently opened sellar floor.

c

sellar floor

elevatorium

clival recess

outer layer 
of dura

elevatorium
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a b
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The authors also have good experience with use of a blunt elevatorium. First, the 
basal part of the adenoma is resected, then the lateral and cranial part; the suprasel-
lar portion, if present, is always resected last. Following these steps prevents an 
early prolaps of the sellar diaphragm into the operating field and a risk of leaving 
a residue in the dorsal or lateral part. Other steps of the resection depend on the 
size and texture of the adenoma. 
- Soft consistency of the adenoma makes the resection easier. The technique of 

two suction instruments can be used and using the Valsalva maneuver the tis-
sue of the adenoma is sucked off easily. In the case of the lateral or suprasellar 
extension of the adenoma we use special curved suction instruments which, in 
combination with rotation of the 30° angled optic endoscope, enable resection 
of the supra- or parasellar portions of the adenoma. Manipulation with a currete 
laterally in the direction of the cavernous sinus or in the suprasellar area without 
a visual control (so-called “working around the corner”) is dangerous in the 
authors’ opinion. 

- Fibrous, solid consistency of the adenoma makes the resection more difficult. 
Therefore we try to mobilise the tumour on both sides laterally and caudally 
and to separate it from the diaphragm in the end. A very careful manipulation is 
necessary when removing the remains of the tumour from the diaphragm. The 
diaphragm is elevated by a cotton strip, without using any sharp instruments 
(Fig. 14.22). 

 Preservation of the pituitary gland tissue, usually dislocated posteriorly by the 
tumour, is an important requirement of the surgery. It is necessary to identify its 
position prior to the surgery on the MRI. The pituitary tissue is yellowish and 
harder than the adenoma tissue. When removing the tumour remains adjacent to 
the pituitary gland the suction instruments should not be used – we remove the 
remains of the adenoma by wiping them with a cotton strip while preserving the 
pituitary tissue.

Fig. 14.20 Initial durotomy: incision of the dura 
with a diamond knife; endoscopic view.

Fig. 14.21 Separation of the adenoma from the dura 
mater using the elevatorium; endoscopic view.

dura mater

durotomy

adenoma
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Fig. 14.22 Preparation of the tumour during 
the resection of the pituitary macroadenoma: 
a – preparation of the lateral part of the tumour, 
b – separation of the tumour from the diaphragm, 
c – view of the resection cavity with injury of the 
dorsal part of the diaphragm; endoscopic view.

Fig. 14.23 Opening of the sellar floor and the 
dura mater above the microadenoma: a – image 
from the image guidance – the guided probe 
pointing above the sellar floor in the region of 
the tumour location, b – intraoperative view of 
the sellar floor with the guided probe introduced, 
c – limited durotomy above the microadenoma; 
endoscopic view.
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diaphragm
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diaphragm
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14.3.2 resection of microadenomas

• Opening of the floor of the sella turcica and the dura 
 After opening of the sphenoid sinus, the sellar floor, usually not enlarged in the 

case of microadenomas, is verified and the position of the carotid impression, 
clival recess, optic nerve impression and medial and lateral optic-carotid recess is 
is identified. The authors consider the use of the image guidance in the case of the 
microadenomas necessary. For craniocaudal orientation the C-arm fluoroscopy can 
be used as an alternative but it does not show the lateral extent of the sella and the 
position of the cavernous sinus. The bony floor of the sella is opened by a diamond 
burr and after the dura is identified, further resection is performed by the Kerrison 
punch. The bony floor of the sella is removed in all its extent, i.e. up to the superior 
and inferior intercavernous sinus in the craniocaudal direction and laterally to both 
cavernous sinuses. The extent in which the dura is opened depends on the position 
and size of the microadenoma and the pituitary gland. Mainly in adenomas smaller 
than 5 mm the durotomy should be performed under control of image guidance and 
only above the microadenoma. The durotomy is performed by a diamond knife or 
a point scalpel after previous coagulation (Fig. 14.23). 

• Resection
 In most of the cases the microadenomas are functional and therefore the aim of the 

surgery is a radical extracapsular resection. If the microadenoma is located under 

Fig. 14.24 Microadenoma resection: a – iden-
tification and preparation of the microadenoma 
– grey colour and thinner consistency, b – tumour 
resection with surrounding margins of the pi-
tuitary tissue, c – endoscopic control in the end of 
the resection; endoscopic view.
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c

microadenoma microadenoma

pituitary gland

cavity after the resection
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the dura the resection is performed by a suction instrument and a blunt curette, 
first around the circumference of the tumour. The resection radicality is controlled 
by rotating of the 30° angled endoscope. The pituitary gland can be distinguished 
from the tumour visually (the tissue is yellowish) or by palpation (usually harder 
than the adenoma) (Fig. 14.24).

 In case the microadenoma is located inside of the pituitary gland it is necessary 
to reach it through the gland under control of the image guidance. The gland is 
always transsected in the vertical direction. The adenoma is verified as a tissue 
of different colour and character. In the case of doubt a part of the tissue is sent 
for the intraoperative histologic examination. Some of the intraoperative imaging 
methods can help (MRI, ultrasound). We always try to achieve a radical resection 
together with the capsule of the tumour with maximum protection of the pituitary gland.

14.4 haemostasis

• Haemostasis during the surgery
 The haemostasis during and in the end of the surgery is performed by irrigation 

of saline solution of body temperature. The cotton strips with hydrogen peroxide 
should not be used because of potential damage to the pituitary gland. In the case 
of more significant bleeding (for example from the cavernous sinus) we use hae-
mostatic agents base on the thrombin foam (Surgiflo®, Floseal®) (Fig. 14.25).

• Haemostatis after the surgery 
 In the end of the surgery the walls of the resection cavity are covered with a layer 

of a haemostatic agent. We use materials based on oxycellulose (Surgicel® 
FibrillarTM, Oxycel®) which cause haemostasis by a pH change and have germi-
cidal properties (Fig. 14.25). The haemostatic agents which expand should not be 
used (foam, gelfoam) because of the risk of postoperative pressure damage to the 
optic chiasm. 

14.5 Phase of reconstrUction 

If there are no signs of intraoperative CSF leak it is not necessary to perform a re-
construction of the sellar floor. The haemostatic material (Surgicel®) is inserted into 
the cavity and the dural defect is covered with the mucosa previously pushed aside 
laterally, superiorly or inferiorly (Fig. 14.25). Reconstruction of the bony defect is 
possible using an adjusted part of vomer or using  autologous materials adjusted to 
the size of the sellar defect (Medpor®). In the authors’ opinion the reconstruction 
is not necessary. The dural reconstruction in the case of intraoperative CSF leak is 
described in detail in Chapter 12. The superior and the middle turbinate are placed into 
their original position in the end of the surgery, finally methylcellulose nasal packing 
(Merocel®) is introduced bilaterally and is removed on the 1st postoperative day.

Surgical technique of the transnasal pituitary adenoma resection
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Nasal packing
Some authors do not use a nasal packing but the authors use it almost always. In the end of the surgery a more or less 
significant bleeding is always present and can be accentuated by the blood pressure increase when the patient is waking 
up from the general anesthaesia. The nasal packing also prevents the blood from entering the pharynx and decreases 
the risk of blood aspiration during the waking from the anesthaesia. 

14.6 case rePorts 

A case of a recurrent functional microadenoma in a patient with acromegaly
• Patient’s history
 A female patient, 54 years old, previously operated on for a functional pituitary adenoma with growth hormone over-

production 3 years ago. Postoperatively the symptoms and the laboratory findings regressed. Now the control exami-
nation showed an increased IGF-1 level, without clinical manifestation. 

• Preoperative examination 
 Overproduction of the growth hormone was confirmed by an endocrinologist. The ophthalmologic examination in-

cluding the perimetry examination showed no pathology. The MRI confirmed a recurrent pituitary adenoma located 
between the left ICA and the prolapsing diaphragm compressing the cavernous sinus (Fig. 14.26).

• Surgery
 The patient was indicated for the transnasal endoscopic resection of the recurrent adenoma which was performed from 

the binostril approach. The resection was considered radical intraoperatively (Fig. 14.27). 

Fig. 14.25 The final phase of the surgery: a – haemostasis with a haemostatic material containing throm-
bin (Surgiflo®), b – insertion of the haemostatic material laterocaudally, right side (Surgicel®); c, d – co-
vering of the dural defect by the mucosa of the sphenoid sinus; endoscopic view.
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c d
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• Postoperative state and examinations
 The patient did not exhibit any postoperative complications. The histological examination confirmed a pituitary ade-

noma, the immunohistochemic examination showed a somatotroph activity. The early postoperative MRI did not show 
any residual tumour (Fig. 14.26). 

A case of a gigantic macroadenoma
• Patient’s history
 A male patient, 59 years old, with impaired vision on the right side for 6 months. 
• Preoperative examination
 The ophthalmologic examination showed a defect in the temporal half of the visual field bilaterally with extension to 

the inferior nasal quandrant on the right side. The endocrinologic examination did not show any pituitary function im-
pairment. The MRI showed a gigantic pituitary adenoma with extension into the sphenoid sinus and to the suprasellar 
area (Fig. 14.28).

• Surgery
 The transnasal endoscopic resection of the gigantic non-functional adenoma was indicated, with an intraoperative MRI 

brain imaging. The resection was considered radical in the end of the surgery (Fig. 14.29).

Fig. 14.26 Preoperative MRI and early postoperative brain MRI without an adenoma residue: a – preoper-
ative axial scan, b – postoperative axial scan, c – preoperative coronal scan, d – postoperative coronal scan
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Fig. 14.27 Endoscopic resection of a relapsed adenoma: a – opening of the dura above the adenoma 
laterally to the diaphragm, left side, under the control of the image guidance; b – visualisation of the 
adenoma; c, d – resection of the tumour; e – resection in the area of the extension into the cavernous sinus; 
f – haemostasis of the venous bleeding using the haemostatic material with thrombin; endoscopic view.
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Fig. 14.28 Preoperative brain MRI – T1-weighted postcontrast images with a pituitary adenoma of size 
31x30x40 mm, with intrasellar and suprasellar extension: a – sagittal section, b – coronal section.

Fig. 14.29 Surgery with the intraoperative MRI: 
a – after the sphenoid sinus was opened the cap-
sule of the tumour was incised and the tumour 
was resected using curretes. There was a risk of 
a tumour residue in the dorsal suprasellar area due 
to the intraoperative descent of the the diaphragm; 
b, c – intraoperative brain MRI – tumour residue 
posterior the diaphragm, more to the left.

a b

a b

c

adenoma residue

durotomy

adenoma residue

suprasellar extension of the adenoma adenoma

ACI
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• Postoperative state and examinations
 The patient did not exhibit any postoperative complications and the vision subjectively improved immediately after 

the surgery. The ophthalmologic examination 2 years after the surgery showed a significant improvement of the visual 
field, now only an incomplete bitemporal hemianopsia. The MRI 2 years after the surgery confirms the radical resec-
tion of the tumour (Fig. 14.29).

Fig. 14.29 Surgery with peroperative MRI: d – residue resection using a curette, e – bone defect closure 
with Medpor®; f, g – intraoperative brain MRI two years after the surgery, T1-weighted postcontrast 
images without signs of the tumour residue or recurrence, sagittal and coronal section.
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f g

adenoma residuediaphragm Medpor®

postoperative cavitypituitary gland
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Summary
• The transsphenoidal corridor and the transsellar approach is standardly 

used in the transnasal endoscopic pituitary adenoma resection.
• In macroadenomas their size or suprasellar extension do not limit 

the possibility of the transnasal endoscopic resection. A combination of 
a transsellar and some of the extended transnasal approaches can be used. 

• The microadenomas are often located inside of the adenohypophysis. The 
approach to the tumour must be performed by an incision which does not 
affect the vascular supply of the pituitary gland.

• In the case of the functional pituitary adenomas a complete resection is 
fundamental for a complete remission of the patient. 

• It is important to verify the position of the adenohypophysis on the brain 
MRI and to protect it during the surgery to prevent the postoperative hypo-
pituitarism. 

• The cooperation of the neurosurgeon and the otorhinolaryngologist is 
essential in order to minimise the intraoperative intracranial and intranasal 
complications.

Surgical technique of the transnasal pituitary adenoma resection
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15 indications for the extended transnasal  
endoscoPic aPProach

R .  L i p i n a ,  P.  M a t o u š e k 

15.1 Extended transnasal endoscopic approach

15.2 indications according to the location and the type of the tumour

15.3 comparison of the endoscopic and the microscopic technique 

15.4 contraindications

After mastering of the technique of the transnasal endoscopic pituitary adenoma re-
section it is possible to perform a transnasal endoscopic resection of other skull base 
pathologies located extradurally and also intradurally. In most of the non-pituitary 
lesions it is necessary to use one of the extended transnasal endoscopic approaches 
(ETEA) (see Chapter 11) or their combination. The term “extended” transnasal 
endoscopic approach itself means extension of the approach in the skull base area, 
it usually requires a combination of several approach corridors (see Chapter 11) and 
allows the extension of the approach in the sagittal or the coronal plane. 
• Extension in the sagittal plane enables approach to lesions in following regions: 

- anterior cranial fossa;
- sellar and suprasellar region;
- clivus;
- craniocervical junction.

• Extension in the coronal plane enables approach to lesions in following regions: 
- orbit;
- apex of the pyramid of the temporal bone, lateral recess of the sphenoid sinus;
- pterygopalatine and infratemporal fossae.

15.1 extended transnasal endoscoPic aPProach

The indication for the extended transnasal endoscopic approach for any of the lesions 
described below is not absolute and indication mainly for the intradural tumours is 
still only an alternative to the open microscopic approach from craniotomy. 
• Advantages of the extended transnasal endoscopic approaches 
 The advantage of the extended transnasal endoscopic approach, compared to cra-

niotomy and microscopically controlled surgery, is absence of the outer scar, faster 
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recovery of the patients, larger space for manipulation and better visualisation of 
the operated area, no need for brain retraction and usually also for manipulation 
with the neurovascular structures which are dislocated posteriorly or superiorly by 
the tumour (Table 15.1).

Table 15.1 Advantages of the endoscopic and the microscopic approach.

Advantages of the endoscopic approach Advantages of the microscopic approach

absence of the outer scar depth perception

wider approach and better visualisation better image definition

no need for brain retraction waterproof closure of the dural defect

minimal manipulation with surrounding structures easier management of complications

resection of the dural origin and affected bone in the case of 
meningiomas

good long term results

possibility of early devascularisation  in the case of meningiomas better knowledge of the anatomy “from 
above”

possibility to look around the corner using the angled optic 
endoscope

easier manipulation with the instruments

• Disadvantages of the extended transnasal endoscopic approaches
 The disadvantage of ETEA is a possibility of only a “2D” image and worse visual 

definition of the endoscope compared to the microscopic image and also usually 
longer duration of the surgery compared to the transcranial approach.

 The biggest disadvantage of ETEA is only a limited possibility of management 
of the intraoperative complications, especially vascular injury, and a technically 
demanding dural defect reconstruction. 

• Surgical team erudition 
 Application of the transnasal endoscopic technique requires different surgical 

skills and training compared to the microsurgery under the control of a micro-
scope. It requires a step-by-step application and the application should correspond 
with the practical experience and surgical skills of the team. A training program 
of transnasal endoscopic surgery comprises of 5 levels of difficulty according to 
the location and character of the lesion (Snyderman 2007).  Only after complete 
theoretical and practical mastering of a lower level it is possible to move to higher 
level (Table 15.2).  It is necessary for the surgical team not only to be educated 
in the endoscopic technique, but also to be able to perform the surgeries by the 
transcranial approach under the control of a microscope.

Elimination of the disadvantage of the 2D endoscopic image 
The disadvantage of the 2D endoscopic image can be partially eliminated by active cooperation of the assisting surgeon 
who changes the distance and rotates the endoscope to receive at least a “mental depth perception” of the operating field. 
We also presume that the 3D endoscopes will be widely available in the future. 

Indications for the extended transnasal endoscopic approach
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Table 15.2 Levels of the transnasal endoscopic technique difficulty.

Level Type of the lesion and the endoscopic surgery

I paranasal sinus surgery

II CSF leak
intrasellar pituitary adenomas

III pituitary adenomas with extrasellar extension
extradural skull base tumours 
intraorbital surgery
optic nerve decompression 

IVa intradural skull base tumours without direct contact with the intracranial vessels 

IVb intradural tumours in contact with the intracranial vessels

V approaches extended in the coronal plane with manipulation with ICA 
surgery of vascular pathologies  

15.2 indication according to the location and the tyPe of the 

tUmoUr

• Extraaxial brain tumours are the most common non-pituitary tumours indicated 
for the transnasal endoscopic resection – midline meningiomas of all the skull base 
and sellar and suprasellar craniopharyngiomas. 

• Clival tumours, chordomas and chondrosarcomas are suitable for ETEA mainly in 
the location in which the tumours are difficult to approach by craniotomy. 

• Rathke’s pouch cysts, epidermoid and dermoid cysts, meningoceles and meningo-
encephaloceles are also the lesions suitable for the ETEA. 

• Intraaxial brain tumours are a rare indication for the transnasal endoscopic 
approach because of the infiltrative growth and vascularisation which is difficult 
to manage endoscopically. In the case of an uncertain pathology or location of the 
tumour in the sellar region (for example optic or hypothalamic glioma) it is pos-
sible to perform the endoscopic biopsy. 

• Sellar region metastases can be indicated for the endoscopic resection, especially 
in the case of location near to the floor of the sella. Depending on the patient’s 
condition, size and character of the metastasis and the total number of metastases 
it is possible to perform the endoscopic biopsy or resection. 

• Sinonasal tumours involving the skull base, including malignant tumours (spi-
nocellular carcinoma, adenocarcinoma etc.) – it is also possible to manage these 
pathologies endoscopically. With adherence to the oncological principles of resec-
tion the results are the same with the open approaches. It is not necessary to per-
form the “en bloc” resection but it is necessary to achieve the negative resection 
margins. In the region of the anterior cranial fossa the olfactory neuroblastoma 
(esthesioneuroblastoma) is suitable for the endoscopic approach. 

• Orbit is a specific area in which the ETEA indication depends mainly on the loca-
tion of the tumour, the character of the tumour is less important. In the lesions 
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located medially, mediocaudally and in the apex of the orbit the endoscopic trans-
ethmoidal or transmaxillary approach is a method of choice allowing the orbital 
and the optic nerve decompression and the tumour resection. 

• Pathologies of the pterygopalatine or infratemporal fossa – it is also possible to 
use the endoscopic approach mainly thanks to good visualisation of the operated 
area (sinonasal carcinomas involving this area, juvenile angiofibroma). 

• The persistent or recurrent non-differentiated nasopharyngeal carcinomas are also 
suitable for the endoscopic approach (“nasopharyngectomy”).

15.3 comParison of the endoscoPic and microsocoPic techniqUe

The most common indication for the ETEA is the meningioma and craniopharyngi-
oma resection. In this chapter the authors try to summarise the current knowledge 
and experience with application of the ETEA and compare the results with the 
classic neurosurgical technique, i.e. resection of the tumours by craniotomy under 
microscopic control. 

15.3.1 meningiomas

In the region of the anterior cranial fossa, the meningiomas of the olfactory groove, 
planum sphenoidale, tuberculum sphenoidale and retroclival meningiomas up to the 
foramen magnum can be indicated for resection using the ETEA. In departments 
with experience with ETEA it is also possible to perform endoscopic resection of 
the petroclival meningiomas (Kassam 2005) (Fig. 15.1). 
The indication is limited by the lateral extension of the tumour – the tumour cannot 
extend more lateral than the optic canal and the intracranial segment of ICA in the 
coronal plane. The position of the optic chiasm and its relation to the tumour is also 
important; a prexifed chiasm is an obstacle to the endoscopic approach (Fig. 15.2.).

Limitations of the endoscopy in the lateral extension of the meningiomas  
The insertion of the meningioma to the skull base is more important than its lateral extension. If the insertion is in the 
midline (in the area of the olfactory groove, planum sphenoidale or tuberculum sellae) the meningioma can be removed 
even in the case of greater lateral extension. The neurovascular structures are dislocated laterally and extension into the 
optic canal is not an obstacle either. The indication of the inner variant of the meningioma of the wing of the sphenoid 
bone is, however, questionable. The insertion of the meningioma is located more laterally and it is more difficult to reach 
it and control it endoscopically. 

Other criteria for the transnasal endoscopic resection are the character and location 
of the vascular supply of the meningioma. The meningiomas of the anterior cranial 
fossa supplied by the ethmoidal arteries are ideal for the indication for the endosco-
pic approach. This method enables a direct approach to the origin and the vascular 
supply of the tumour which is transsected while performing the approach. The ble-
eding is then minimal during the resection and it is possible to separate the meningi-
oma from the arachnoidea. Another advantage is the possibility to remove the dura 

Indications for the extended transnasal endoscopic approach
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or also the bone infiltrated by the meningioma. In the case of blood supply from the 
pial vessels a perifocal oedema may be present, especially in larger meningiomas, 
and the resection is therefore more complicated. However even in this case the en-
doscopic approach is more suitable than the craniotomy because it is not necessa-
ry to retract the fragile oedematous frontal lobe with a risk of its further damage. 
The size of the meningioma is less important for the transnasal endoscopic approach 
indication than its location. Even large meningiomas are not contraindicated for the 
endoscopic surgery. The problem with the large meningiomas is the dural and skull 
base defect reconstruction with a risk of CSF leak or meningocele.  

Endoscopic resection of meningiomas according to literature 
Some authors dismiss the endoscopic approach for meningiomas in this location entirely (Fahlbusch 2011) because 
it is relatively “easy” to remove them by the supraorbital, subfrontal or pterional approach with very good results and 
minimal complications (Reisch 2005, Nakamura 2006). Several studies comparing both approaches have been publis-
hed. In some of the studies the radicality of resection is comparable in both approaches and in the case of the transnasal 
approach the postoperative vision impairment is less frequent (de Divitiis 2008, Fatemi 2008, Kitano 2007) which is 
around 7–12% in the case of the transcranial approach (Van Gompel 2011). The postoperative pituitary dysfunction is 
more frequent in the transnasal endoscopic approach, like the postoperative CSF leak as expected with frequency around 
16–40% (de Divitiis 2008, Fatemi 2008, Gardner 2008, Kitano 2007). Van Gompel performed a metaanalysis of 69 en-
doscopically resected meningiomas which showed that the resection was radical in 76% of patients and the postoperative 
CSF leak occured in 32% of patients (Van Gompel 2011).  

15.3.2 craniopharyngiomas

The transnasal endoscopic approach is an alternative to the microscopic approach 
for some of the locations of craniopharyngiomas. The relationship of the tumour 

Fig. 15.1 Location of the meningiomas suitable 
for the transnasal endoscopic resection: OG – 
olfactory groove, PS – planum sphenoidale, TuS 
– tuberculum sellae, RL – retroclival location, FM 
– foramen magnum

Fig. 15.2 Classification of the craniopharygiomas 
according to the relation to the pituitary stalk 
(infundibulum): I – preinfundibular, II – transin-
fundibular, IIIa – retroinfundibular with extension 
to the 3rd ventricle, IIIb – retroinfundibular with 
extension into the interpeduncular cistern, IV – 
isolated in the 3rd ventricle (intraventricular).

RL

TuS
OG

FM

PS

chiasm tumour
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to the optic chiasm, hypothalamus, 3rd brain ventricle, vascular structures and 
the pituitary stalk is important for choosing of the surgical approach. Most of the 
classifications of craniopharyngiomas were created in order to choose the suitable 
microscopic approach (Samii 2000, Šteňo 1985). 
• Classification for the endoscopic approach indication (Kassam 2008) is focused 

on the location of the craniopharyngioma in relation to the pituitary stalk and 
divides the craniopharyngiomas into these types: 
- I – preinfundibular; 
- II – transinfundibular; 
- III – retroinfundibular (IIIa – with extension into the 3rd brain ventricle, 
    IIIb – with extension into the interpeduncular cistern); 
- IV – isolated in the 3rd brain ventricle.  

 The transnasal endoscopic resection is suitable for the types I, II and III, with dif-
ferent modifications of the approach for 
each type. The intraventricular location, 
type IV, is contraindicated for the trans-
nasal endoscopic approach (Fig. 15.3).

Surgical resection of the craniopharyngioma
According to our experience, the surgical removal of the 
craniopharyngioma is technically more demanding than 
the meningioma. The craniopharyngiomas, although they 
are histologically benign, are difficult to manage by any 
approach. The neurosurgeon has a dilemma between a radi-
cal resection with a risk of damage to the hypothalamus or 
a subtotal resection with a risk of recurrence of the tumour. 
In the literature we can find just few works comparing the 
endoscopic transnasal and the transcranial approaches. 
Stamm et al. published a work in which he showed that the 
results in resection radicality and postoperative endocrine 
function improvement are comparable in both approaches 
and that the postoperative hypothalamic dysfunction is less 
frequent and the postoperative vision improvement is more 
frequent in the endoscopic approach (Stamm 2011). The 
main remaining problem is still a higher postoperative in-
cidence of CSF leak.

15.4 contraindications

The transnasal endoscopic approach is  contraindicated for patients with:
• lesion located laterally to the intracranial segment of ICA;
• lesion of skull base and in the intracranium located laterally to the optic nerve;
• paranasal sinus infection;

Fig. 15.3 Classification of the craniopharygiomas 
according to the relation to the pituitary stalk 
(infundibulum): I – preinfundibular, II – transin-
fundibular, IIIa – retroinfundibular with extension 
to 3rd ventricle, IIIb – retroinfundibular with 
extension into the interpeduncular cistern, IV – 
isolated in the 3rd ventricle (intraventricular).

IIIa

IV

I

IIIb

II
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• intranasal pathology or anomaly which disables a safe approach to the skull base 
(significant nasal septum deviation or absence or low pneumatisation of the sphe-
noid sinus are a relative contraindication);

• anatomical intracranial pathology, for example a carotid aneurysm or an aneurysm 
of the anterior or posterior part of the Willis circle. 

The contraindication for the endoscopic approach is also an “unfavourable” position 
of neurovascular structures in relation to the tumour and the approach route and 
also a previous intracranial surgery in some cases. The purpose of the transnasal 
endoscopy is the miniinvasivity of the approach, i.e. a direct approach and resection 
of the tumour with minimal manipulation with the brain tissue, optic nerves, optic 
chiasm and vascular structures. Extension of the tumour laterally to ICA or a pre-
fixed chiasm are also a contraindication if they stand “in the way” to the tumour. 
Nowadays, extension of the sinonasal tumours into the intracranium is not considered 
a contraindication for the endscopic surgery (Table 15.3).
Patient’s comorbidity, haemocoagulation disorders and inexeprienced surgical team 
are contraindications in general.

Table 15.3 Contraindications for the endoscopic approach in sinonasal malignant tumours.

• infiltration of the skull base laterally to the sagittal plane interleaved through the centre of the orbit 

• infiltration of the orbit

• involvement of the anterior wall and the upper half of the posterior wall of the frontal sinus 

• infiltration of the anterior and inferior wall of the maxillary sinus

• skin infiltration

• extension laterally to the optic nerve above the level of the skull base 

• extension laterally to the intracranial segment of the internal carotid artery 

Summary
• The most frequent indications for the extended transnasal endoscopic 

approach (ETEA) are skull base meningiomas, craniopharyngiomas, clival 
chordomas and sinonasal malignant tumours with extension into the intra-
cranium. 

• The indication for ETEA for non-pituitary lesions has to “make sense”: 
anatomically, functionally and pathologically. The fact that the endoscopic 
approach is a current trend is not a reason for indication of ETEA. 

• The surgical team performing the transnasal endoscopic surgeries must be 
able to perform also the alternative transcranial surgeries.
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16 sUrgical techniqUe of the transnasal endoscoPic 
aPProach extended in the sagittal Plane

R .  L i p i n a ,  P.  M a t o u š e k

16.1 preoperative preparation and positioning of the patient  

16.2 anterior cranial fossa and sellar region 

16.3 clival region

16.4 craniocervical junction region

16.5 case reports 

ETEA in the sagittal plane can be divided in following steps: approach, resection 
of the lesion and reconstruction. 
• Approach – the intranasal part of the surgery, it is chosen according to the location 

and character of the lesion and the type of the surgery we want to perform. One of 
the extended approaches is performed (see Chapter 11) or their combination which 
enables the approach to the skull base lesion. 

• Resection of the lesion is performed according to the location of the lesion extra-
durally, intradurally or both extra- and intradurally, always with the intraoperative 
image guidance and electrophysiologic monitoring according to the location of the 
lesion. The same microsurgical principles are used as in the transcranial micro-
scopic surgeries. 

• Reconstruction is an important part of the surgery, comprising of the dural defect 
reconstruction and the intranasal reconstruction which restores the physiological 
functions of the nasal cavity and paranasal sinuses. 

The main prerequisites for performing of  ETEA are experience of the surgical 
team with the transnasal endoscopic technique, technical equipment such as 
image guidance and electrophysiological monitoring, preoperative radiologic 
evaluation and knowledge of the anatomy of this region. 

16.1 PreoPerative PreParation and Positioning of the Patient 

The preoperative preparation, pharmacotherapy, positioning of the patient, disinfection 
of the operating field is simmilar to the pituitary adenoma surgeries. 

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane
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• Preoperative otorhinolaryngologic examination
 The patient is examined by an otorhinolaryngologist prior to the surgery to rule out 

any intranasal anatomical abnormality or inflammatory disease. The examination 
takes place on outpatient basis.  

• Medication
 Decongestant nasal drops (oxymetazoline, naphazoline) are administered 2 hours 

before the surgery (usually with the premedication) for decongestion and blood 
perfusion reduction of the nasal mucosa. 

 The antibiotics are administered together with the premedication, preferentially the 
3rd generation cephalosporine in a single dose, and the antibiotic therapy continues 
for 7 days in patients in whom the liquor space was opened. Corticosteriod admi-
nistration depends on the preoperative neurological state and location of the lesion. 

• Positioning of the patient 
 After administration of the general anesthaesia the patient’s head is fixed into 

a three-point pin headrest (Mayfield clamp) and the patient is positioned on his/
her back in antitrendelenburg position (reduction of the nasal congestion and thus 
reduction of intraoperative bleeding), with his/her head in a slight flexion or in 
a neutral position (Fig. 16.1). The head position depends on the tumour location. 
The more anterior on the skull base the tumour is, the lesser the head flexion is. 
The image guidance is then calibrated. Alternatively it is possible to position the 
patient with a soft horse-shoe shaped headrest in combination with the electromag-
netic image guidance. 

• Disinfection and preparation of the operating field 
 The operating field is disinfected (disinfection of the face, the nose is disinfected 

only in the area of the nasal vestibulum). The intranasal application of the disin-
fective agents can cause damage to olfactory epithelium. After the disinfection, 
three gauze strips with adrenalin in concetration 1:10,000 are administered in each 
nasal cavity for 10 minutes for anemisation of the nasal mucosa. When draping 
the patient it is important to keep as much of the face uncovered as possible for 
the intraoperative control of the position of the endoscope and the instruments in 
relation to the patient’s head and continual control of the orbits (the pressure on the 
eyeball as a control of synkinesis in the case of entering into the orbit, protrusion 
of the eyeball in the case of retrobulbar haematoma) (Fig. 16.2).

• Position of the surgical team
 During the intransal part of the surgery the otorhinolaryngologist stands on the 

right side of the patient, holds the endoscope in one hand and the surgical instru-
ment in the other hand. Both of the instruments are administered through the righ 
nostril. The neurosurgeon is the assisting surgeon during this phase of the surgery, 
standing on the left side of the patient and introduces a suction instrument into 
the left nostril. After visualisation of the skull base in the extent necessary for the 
approach to the tumour the position of the surgical team changes. Usually the neu-
rosurgeon stands on the side of the resected middle turbinate, usually on the right 
side of the patient which enables better manipulation with the instruments. The 
otorhinolaryngologist holds the endoscope and stands on the left side. The scrub 
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nurse stands on the left side, by the patient’s feet. The image guidance and the 
screen of the video-endoscope are placed behind the head of the patient. The posi-
tion of the endotracheal tube is also important – placed in the left corner of the 
mouth, hypopharyngeal packing is necesssary (Fig. 16.1). 

16.2 anterior cranial fossa and sellar region 

Pathologies of the anterior cranial fossa and the sellar and suprasellar region can 
be approached by extension of the transnasal approach in the sagittal plane which, 
combining the trassphenoidal and transethmoidal corridor, enables the following 
approaches: 
• transcribriform;
• transplanar;
• transtubercular;
• transsellar. 
The meningiomas of the olfactory groove, planum sphenoidale and tuberculum 
sellae and also the intra- or suprasellar craniopharyngiomas are the most common 
lesions suitable for this type of surgery. The dermoid and epidermoid cysts, Rathke’s 
pouch cyst, esthesioneuroblastomas and sinonasal carcinomas are less common. This 
approach can be used also in gigantic pituitary adenomas, especially with signifi-
cant presellar or suprasellar extension. Germinomas and intraaxial brain tumours 
are suitable for this approach very rarely, rather for biopsy. In most of the lesions 
a combination of the approaches listed above is used.

16.2.1 intranasal phase  

• Intranasal phase and preparation of the nasoseptal flap
 In the beginning of the surgery the otorhinolaryngologist infiltrates the mucosa of 

the nasal septum and the middle turbinates with adrenalin solution in concentration 

Fig. 16.2 Draping of the operating field during 
ETEA.  

Fig. 16.1 Position of the patient with her head in 
slight flexion with the endotracheal tube in the left 
mouth angle and the hypopharynx packing. 

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane
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of 1:100,000. The first phase of the surgery is the preparation of the nasoseptal 
flap. The nasoseptal flap is usually harvested in the larger nasal cavity and on the 
side where the septum is relatively straight (deviation or a septal crest makes the 
preparation of the flap difficult). In the case both of the nasal cavities are equally 

spacious we usually choose the right 
side, where the resection of the middle 
turbinate is performed to ensure a larger 
space for manipulation in the intranasal 
and also in the intracranial phase of the 
surgery (Fig. 16.3).

Middle turbinate resection
Some surgeons do not resect the middle turbinate and per-
form only its lateralisation (or combined with ethmoidec-
tomy). Other authors always resect the middle turbinate, 
even in the transsellar approach. The authors always resect 
the middle turbinate in the ETEA, in the case of the trans-
sellar approach only in unfavourable anatomical condi-
tions.

Two paralel incisions are made, one 
caudally by the base of the nasal cavity 
posterior to the choana and the other 
superiorly approximately 1 cm below 
the roof of the nasal cavity anterior to 
the anterior margin of the middle turbi-
nate – from this point the incision con-
tinues as superior as possible. Ventrally 
the two incisions are connected with 
a vertical incision in the nasal vestibu-
lum in the area of the mucocutaneous 

Fig. 16.3 Resection of the middle turbinate: LW 
– lateral nasal wall, S – nasal septum; endoscopic 
view; right side.

middle turbinate

a

SIT

Fig. 16.4 Preparation of the nasoseptal flap: a – caudal incision on a nasal septum, b – incision in the 
dorsocaudal part of septum, c – final placement of the flap in the end of surgery; IT – inferior turbinate, 
OS – sphenoid sinus ostium, S – nasal septum, LW – lateral nasal wall, NF – nasoseptal flap, FP – flap 
pedicle; endoscopic view.

b

SLW
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c
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junction (Fig. 16.4). The flap is separated from septal cartilage and the posterior 
bony part of the septum in the subperichondrial and subperiosteal layer. The infe-
rior margin of the pedicle is the superior margin of the choana, the superior margin 
is the level of the sphenoidal ostium (approximately 1–1.5 cm superior to the supe-
rior margin of the choana). Then the prepared flap is placed in the nasopharynx to 
be used later on. If a larger dural defect is expected the surface of the nasoseptal 
flap can be enlarged with the mucosa of the floor of the nasal cavity (in this case 
the inferior incision is made as lateral on the floor of the nasal cavity as possible). 
The alternative to the nasoseptal flap is the pericranial flap which can be used for 
reconstruction of large defects and in sinonasal malignant tumour surgeries.

• Sphenoidotomy 
 After lateralisation of the superior nasal turbinate the sphenoethmoidal recess 

it identified. If the sphenoid ostium is visible, it is enlarged with the Kerrison 
punch or the Stammberger mushroom punch and the anterior wall of the sphenoid 
sinus is removed. Then the resection of the posterior part of the nasal septum is 
performed. If the ostium is not visible, the posterior part of the septum and the ros-
trum sphenoidale is resected first with a raspatorium, forceps and chisel, or using 
a drill. The anterior wall of the sphenoid sinus and, if needed, also the intersphe-
noidal septum is removed (see Chapter 14). It is necessary to remove the mucosa 
from the entire area which is supposed to be covered with the nasoseptal flap in the 
end of the surgery (prevention of the mucocele formation under the flap, enabling 
the flap engraftment, risk of the intracranial extension of the mucocele).

• Specific aspects of the surgery according to the used approach
 The sphenoid sinus is opened for the transsellar approach. This approach is 

extended according to the location and character of the lesion as follows: 
- transcribriform approach requires opening of the sphenoid sinus, performing of 

the anterior and posterior ethmoidectomy, resection of the posterior part of the 
nasal septum and wide opening of the frontal sinus (Draf III), with approach to 
the roof of the ethmoid cells and lamina cribrosa (Fig. 16.5). Also a part of the 
nasal septum and the mucosa is removed in this area. Then the ethmoidal arte-
ries are coagulated, the roof of the ethmoid cells is drilled, the lamina cribrosa 
is resected and the crista galli is separated from the dura (Fig. 16.6).

- transplanar/transtubercular approach requires opening of the posterior ethmoid 
cells. The posterior ethmoid cells are opened by the pressure of the suction 
instrument, the intercellular septa are resected in order to create a wide approach 
to the planum sphenoidale and the tuberculum sellae. The anterior border of the 
bone resection is the dorsal margin of the lamina cribrosa, in the level of the 
posterior ethmoid cells. The posterior border of the resection is the bony floor 
of the sella turcica which is connected to the tubercle (Fig. 16.5). 

  In most of the surgeries the bony floor of the sella is also opened which allows eas-
ier management of bleeding from the superior intercavernous sinus. First the skull 

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane
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base is thinned by a diamond drill and the residual thin bone layer is resected using 
the Kerrison punch with the effort not to open the dura (Fig. 16.7).

Fig. 16.6 Resected skull base in the area of the lamina cribrosa: a – separation of the crista galli, b – resec-
tion of the crista galli.

a b

dura mater crista galli

Fig. 16.5 Transcribriform approach: a – opened frontal sinus (Draf III) and the anterior part of the cribri-
form plate (anterior margin of the approach), b – cribriform plate – anterior margin detail, c – cribriform 
plate and roof of the ethmoid cells, d – base of the anterior and the middle cranial fossa; FS – frontal sinus, 
CP – cribriform plate, RE – roof of the ethmoid cells, RER – roof of the ethmoid cells, right side, REL – 
roof of the ethmoid cells, left side, PS – planum sphenoidale, TuS – tuberculum sellae; endoscopic view.

c d
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Fig. 16.7 Opening of the skull base during the 
transplanar/transtubercular approach: a – drilling 
of the skull base until a thin bone layer is left, 
b – breaking of the skull base in the area of the 
sellar base and the tubercle, c – breaking of the 
skull base in the area of the planum sphenoidale; 
endoscopic view.

Fig. 16.8 Bone opening during the transplanar 
(transtubercular) transsellar approach with dril-
ling of the bone covering the parasellar ICA 
segment: BD – dura mater in the area of the sellar 
floor, TuS – dura mater in the area of the sellar 
tubercle, PS – dura in the area of the planum 
sphenoidale, ICA – dura above the parasellar ICA.

Fig. 16.9 Incision of the dura during the transplanar/transtubercular approach: a – durotomy, b – coagula-
tion of the superior intercavernous sinus (SIS); endoscopic view.

a b

a b
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  Opening of the skull base also in the area of the parasellar part of ICA allows better 
manipulation and orientation in this area in the meningioma and craniopharyn-
gioma surgeries (Fig. 16.8).

Bone resection in the transplanar/transtubercular approach
The extension of the bone exposition is necessary in the case of the tumour extension into the optic canal which is drilled 
and resected together with the middle clinoid process (if present) on the involved side. Resection of the bone of the 
carotid prominence allows easier manipulation with the tumour and better intraoperative orientation.

16.2.2 Phase of resection  

• Durotomy
 The manner of the opening of the dura may differ according to the character of the lesion. 

- In transcribriform approach the dura is opened around the insertion of the 
tumour (usually a meningioma) and the anterior part of the falx cerebri is 
resected and the anterior beginning of the sagittal sinus is coagulated. 

- In the transplanar/transtubercular approach a straight or door-like incision of 
the dura is performed with the base facing the superior intercavernous sinus, 
bilaterally from the area above the planum sphenoidale and also above the 
pituitary gland if needed (Fig. 16.9a). The dura is incised in such extent so that 
a small part of the gyrus rectus is visualised for identification of the arachnoidal 
layer in resection of meningiomas, in the case of craniopharyngiomas the gyrus 
rectus is not visualised. It is necessary to avoid an extensive opening of the dura 
anteriorly to the lesion because of a risk of gyrus rectus herniation into the nasal 
cavity and thus worse orientation in the operating field. In large meningiomas of 
the planum sphenoidale it is suitable to open the dura only in the extent of the 
meningioma, perform the inner decompression of the tumour using the CUSA 
and then finish the durotomy. Before the durotomy is finished the intercavern-
ous sinus is coagulated; titanium clips can be used as an alternative. However, 
according to our experience, the clips worsen the orientation in the operating 
field (Fig. 16.9b).

 
Specific aspects of the durotomy according to the type of the tumour 
In planum and tuberculum meningiomas the superior intercavernous sinus or the diaphragm in the area of the pituitary 
gland is not opened – the orientation in the operating field is otherwise sufficient and damage to the pituitary gland by 
manipulating with it can be avoided. In the case of intra- or suprasellar craniopharyngiomas the superior intercavernous 
sinus and the diaphragm above the pituitary gland is always opened. This allows a safe identification of the pituitary stalk 
and its relation to the tumour (Fig. 16.10).

• Resection 
 After finishing the durotomy the position of the optic nerves and the chiasm, 

pituitary stalk, hypothalamus, internal carotid arteries and anterior communicating 
artery complex is identified. The identification is easier in craniopharyngiomas, 
harder in meningiomas which dislocate the structures listed above superiorly and 
posteriorly. In the cribriform area the gyrus rectus, olfactory tract, olfactory bulb 
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and the frontoorbital artery are identi-
fied. 

 During the resection the microsurgical 
technique is used, these principles in 
particular: 
- mobilisation of the tumour capsule;
- extracapsular disection of the tu-

mour capsule from the neurovascular structures;
- resection of the tumour capsule.

 The resection of the tumour is performed from the inside so that the control of the 
position of the chiasm and ICA (in the case of the presellar and suprasellar location 
of the tumour) is maintained. The arachnoidea is not resected from the chiasm and 
both of the superior hypophysial arteries which supply the chiasm are identified 
and spared (Fig. 16.11).

 The technique of the resection is different in different tumour types but the ultra-
sonic aspirator can be used in any case. The availability of bipolar coagulation 
tweezers with variously shaped and adjusted tips is necessary (Fig. 16.12). We use 
a 30° endoscope in most of the surgeries which makes it possible to look up, down 
and to the side. The binostril technique is usually necessary during the surgery in 
this area in which the neurosurgeon uses the suction instrument introduced through 
one nostril and the dissection or manipulation with the tumour is performed 
through the other nostril (Fig. 16.13). Usually the help of the otorhinolaryngologist 
is suitable, for manipulation with the endoscope and for suction and manipulation 
in the operating field. 

Fig. 16.11 Beginning of the craniopharyngioma 
resection with identification of the chiasm and the 
superior pituitary artery (SHA); endoscopic view.

Fig. 16.10 Incision of the dura during the craniopharyngioma resection: a – durotomy above the pituitary 
gland, incision of the superior intercavernous sinus (SIS) and continuation of the durotomy above the 
tumour and partially above the gyrus rectus; b – incision of the diaphragm; endoscopic view.

a b

tumour arachnoidea above gyrus rectus diaphragm incision

chiasm SHA left optic nerve

tumour capsule

pituitary gland

SIS

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane



204

Transnasal Endoscopic skull  BasE surgEry

In the end of the surgery a meticulous 
haemostasis is necessary, using cotton 
strips with hypertonic glucose and pos-
sible use of the haemostatic materials 
(Surgicel®, Surgiflo®, Floseal®).

16.2.3 Phase of reconstruction

• Dural defect closure 
 Closure of the dural defect is performed using a fascial graft harvested from the 

fascia lata; it is also possible to use an allogenous autoadhaesive dural replacement 
(DuraformTM, TissuDura, DuragenTM). The replacement is placed into the defect 
in two layers. The first layer is placed intradurally so that the margins of the dural 

Fig. 16.13 Preparation of the craniopharyngioma 
from the optic chiasm; endoscopic view.

Fig. 16.12 Craniopharyngioma resection using the transnasal endoscopic technique: a – double suction 
technique resection, b – resection with the ultrasonic surgical aspirator (CUSA), c – tumour resection 
preserving the vascular supply of the optic chiasm, d – 3rd brain ventricle wide open after the craniopha-
ryngioma resection; endoscopic view.

a b

c d

tumour chiasm

pituitary gland

CUSA tumourdouble suction technique

pineal recess

foramen Monroi

tumour

chiasm

pituitary gland

optic tract

tumour



205

replacement cover a part of the inner 
surface of the dura. The second layer 
is placed on the external surface of 
the dural defect so that the margins of 
the dural replacement are in contact 
with the external surgace of the dura. 
For the second (extradural) layer, we 
usually use the Tachosil®, pressed onto the first layer by a piece of cotton with an 
interposed layer of Surgicel® which prevents attachment of the Tachosil® to the 
cotton (Fig. 16.14).

 These two layers are covered with the nasoseptal flap prepared in the beginning of 
the surgery. When placing the flap it is important that no mucosa is left under the 
flap (prevention of mucocele formation) and there is no dead space under the flap 
which would make the engraftment of the flap impossible. The flap is pressed to 
the first two layers and margins of the defect on the skull base by a piece of cotton 
in order to adjust its shape according to the shape of the resection cavity. Then it 
is fixed in place by tissue glue (Fig. 16.15).

 A methylcellulose packing (Merocel®) is then introduced into the sphenoid sinus 
(or resection cavity) to prevent the flap dislocation, it is also possible to use 
a Folley catheter as an alternative. The packing is usually left in the nasal cavity 

Fig. 16.14 Closure of the dura after ETEA: 
a – the dural replacement placed, b – Tachosil® 
places extradurally, c – final view after Surgicel® 
application.

a b

c

Tachosil®DuraformTM
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Fig. 16.15 Nasoseptal flap placed over the dural 
defect; endoscopic view.

nasoseptal flap

flap pedicle

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane



206

Transnasal Endoscopic skull  BasE surgEry

for 4 days, some authors leave it for 7 days (Stamm 2011). After the surgery, the 
external lumbar drainage is introduced (often preoperatively in the case of an 
expected dural defect) which is left in situ until the nasal packing is removed. 

• Bone defect closure
 The transtubercular/transplanar approach itself is not that wide and the reconstruc-

tion of the bone defect of the skull base is usually not necessary. If necessary, 
a bone replacement (preferentially porous polyethylene – Medpor®) can be placed 
under the margins of the bone defect. 

16.3 clival region

The clival region can be approached by a transnasal approach extended in the sagittal 
plane, using the transsphenoidal and transnasal corridor. The clival region is then 
reached by following approaches: 
• transsellar;
• transclival. 

Division of the clival region
From the surgical point of view the clival region can be divided into three parts:  
• superior third of the clivus – the inferior border is the plane interleaved through the inferior margin of the sella and 

contains its base, dorsum sellae and the posterior clinoid processes;
• middle third of the clivus – it is a continuation of the superior third and its caudal border is base of the sphenoid sinus; 
• inferior third of the clivus – it is the caudal-most part from the base of the sphenoid sinus to the foramen magnum.

The most frequent indication for this type of surgery are the extra- or intradural 
chordomas and retroclival meningiomas. 

16.3.1 intranasal phase 

The intranasal phase of the surgery consists of the preparation of the nasoseptal flap 
and wide opening of the sphenoid sinus (see Chapter 16.2.1). 
A complete resection of the anterior wall of the sphenoid sinus with wide approach 
to the its posterior wall is necessary for the clival approach. The identification of 
the basic anatomical structures (sella, medial and lateral optic-carotid recesses, cli-
val recess) is necessary for the surgeon’s orientation. 
• Specific aspects of the approach according to the location of the lesion 
 The anatomical borders of opening of the clival region are the floor of the sella 

turcica cranially, foramen magnum caudally and ICA laterally. The extent of the 
opening of the clivus depends on the needed extent of the approach in the cranio-
caudal plane (superior, middle and inferior third of the clivus), it is usually wider 
than just one of the thirds. 
- Superior third of the clivus
 The superior third of the clivus can be approached by drilling the clival recess 

above the superior part of the posterior wall of the sphenoid sinus and resection 



207

of the sellar floor. Then the dorsum sellae and the posterior clinoid processes 
are removed, the bone covering the parasellar or clival segment of ICA is also 
removed if needed, according to the character and location of the lesion. This 
allows manipulation with the pituitary gland which is protected by the dura, and 
to gain the approach also to the retrosellar area. 

- Middle third of the clivus
 The bone is resected in the area of the clival recess, from the medial part in the 

craniocaudal and lateral direction. If needed the bone covering the clival seg-
ment of ICA is also removed. 

- Inferior third of the clivus
 It is necessary to drill the base of the sphenoid sinus or also the posterior superi-

or wall of the nasopharynx. Laterally it is possible to reach the occipital condyle 
and the jugular tubercle. 

The bone is opened by a diamond drill from the midline in the lateral direction to 
both ICA; the craniocaudal extent depends on the location of the tumour. If it is ne-
cessary to resect the bone covering the ICA we use a drill with a 2 mm diameter with 

Fig. 16.16 Opening of the middle third of the clivus: a, b – drilling in the area of the clival recess, c – 
superior border is the caudal margin of the sella, the inferior border is the sphenoid sinus base, d – dura 
from the middle part of the clivus; endoscopic view.
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Surgical technique of the transnasal endoscopic approach extended in the sagittal plane

clival recess clival recess
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continuous cooling. A thin layer of the bone left on the posterior wall of the clivus 
is then removed by the Kerrison punch (Fig. 16.16). Control of the intraoperative 
image guidance or also of the dopplerometric probe is necessary.

16.3.2 Phase of resection

• Durotomy
 The exposition of the dura, usually just right after the bone is resected, brings 

bleeding from the basilar venous plexus or from the cavernous sinus. It is possible 
to stop the bleeding with electrocoagulation if it is certain that the tumour, sepa-
rating the region of the basilar plexus from the neurovascular structures and the 
brain stem, is located just underneath the dura. Otherwise the compression with 
the haemostatic material (Surgicel®, Surgiflo®, Floseal®) should be used. After 
the haemostasis and control of the position by the image guidance the durotomy 
is performed, initially by a diamond knife or a point scalped and is extended by 
curved scissors. While performing the durotomy, we need to control the position 
of the tumour and the anatomical structures which may be dislocated posteriorly 
or laterally by the tumour.

• Specific aspects of the approach according to the operated part of the clivus
 According to the operated part of the clivus or the lateral extension of the 

approach, the surgeon needs to be oriented precisely in the anatomical structures 
of the area and the relation of the tumour to the neurovascular structures when 
opening the dura and performing the resection itself. 
- In the superior third of the clivus the area of the interpeduncular cistern is 

approached. The lesions can be in relation to the mesencephalon and branches of 
the basilar artery including the posterior cerebral arteries and the superior cerebel-
lar arteries. The lesion can be in contact with the base of the 3rd brain ventricle, 
the mammilary bodies and the optic tract superiorly, and with the posterior com-
municating artery and the oculomotor nerve laterally (Fig. 16.17). It is necessary 
to be aware of the nerve during the resection of the posterior clinoid processes and 
during the durotomy in this region. 

Transposition of the pituitary gland 
After resection of the posterior clinoid processes, sellar floor and the superior part of the clival recess it is possible to ele-
vate the pituitary gland and approach the retrosellar region. The elevation of the gland with the preserved dura in the pi-
tuitary region is called extradural transposition, the elevation after opening of the dura is called intradural transpositi-
on. The extradural transposition is less harmful to the gland and allows the preservation of its function because the ve-
nous drainage of the gland into the cavernous sinuses is not compressed. 

- In the middle third of the clivus the basilar artery and its branches – pontine 
branches and anterior inferior cerebellar arteries are exposed. Posteriorly a con-
tact with or compression of the pons is possible. It is also necessary to identify 
the abducent nerve and its relation to the lesion. 
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- In the inferior third of the clivus a con-
tact with vertebral arteries, dorsally 
with the medulla oblongata and later-
ally the hypoglossal nerve is possible.

• Resection
 The resection is performed using the 

microsurgical technique – the intracap-
sular dissection of the tumour and a step-
by-step preparation and dissection from 
the neurovascular structures under con-
tinuous control of image guidance and 
elecrophysiologic monitoring. For hae-
mostasis a bipolar coagulation is used 

and it is also possible to use a ultrasonic aspirator for the inner decompression of 
the tumour in this area (Fig. 16.18).

 During resection the binostril technique is usually necessary – the neurosurgeon 
introduces a suction instrument through one nostril and dissects or manipulates 
with the tumour through the other nostril. A help of an otorhinolaryngologist is 
useful not only in handling the encoscope but also for suction and manipulation in 
the operating field. 

16.3.3  Phase of reconstruction

• Dural defect closure
 A dural replacement (DuraformTM, DuragenTM) or a fat tissue graft can be used for 

the dural reconstruction (Fig. 16.19). The replacement is placed into the defect in 
two layers. The first layer is placed intradurally so that the margins of the dural 
replacement cover a part of the inner surface of the dura. The second layer is 

Fig. 16.17 The relationship of the intradural chor-
doma of the clivus, the posterior communicating 
artery and the oculomotor nerve (n. III).

Fig. 16.18 Preparation and resection of the chordoma using the transclival approach: a – internal 
decompression using suction and preparation instruments, b – thin layer left dorsally to the brainstem; 
endoscopic view.

a b

n. III posterior communicating arterytumour

brainstem

 margin of the dura
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placed on the external surface of the dural defect so that the margins of the dural 
replacement are in contact with the external surface of the dura. Both of the layers 
are secured with a thin layer of a tissue glue around the margins. The final dura-
plasty is then covered by a nasoseptal flap with packing of the sphenoid sinus. 

 A specific aspect of the clival region is that sometimes it is necessary to “even” the 
clival recess with the surrounding structures before the placement of the nasoseptal 
flap. For that purpose, a fat graft placed extradurally under the nasoseptal flap is 
suitable. 

• Bone defect closure
 The bone defect reconstruction is not performed in the clival approach. 

16.4 craniocervical jUnction region

The region of the craniocervical (CC) junction can be reached by the approaches 
extended in the sagittal plane using the 
transnasal corridor. These approach 
routes are used:
• transclival;
• transodontoid.
The most frequent indication is the rheu-
matoid arthritis of dens axis, develop-
mental defects or trauma; among intra-
dural pathologies also the meningiomas 
and chordomas of this area. The caudal 
limit of the approach is individual; usu-
ally it is possible to reach down to the 
base of the dens axis.

Fig. 16.19 Duraplasty in the clival region: a – using fat graft, b – using dural replacement (DuraformTM); 
endoscopic view.

a b

fat graft DuraformTMdural margin

Fig. 16.20 Caudal limit of ETEA, arrow; CT scan, 
sagittal section.
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Preoperative evaluation of the caudal limit of the approach
The extent of the approach can be estimated from the preoperative sagittal CT scan of the skull by connecting the distal 
margin of the nasal bones and the dorsal margin of the hard palate. By extending the line connecting these structures to 
the craniocervival junction area minus 1 cm cranially (given by the soft tissues) the caudal limit of the approach can be 
estimated (Fig. 16.20). 

16.4.1  intranasal phase  

It is not usually necessary to open the sphenoid sinus in this approach. The approach is 
created through the nasopharynx. The mucosa is incised using monopolar coagulation 
in a shape of an upside-down ”U” and pulled caudally. Then the submucosal fibrous 
tissue and the muscle layer are removed to reach the body of the C1 vertebra (Fig. 16.21).

16.4.2  Phase of resection

• Extradural pathology 
 After reaching the bony edge of the CC junction in the midline, caudal part of the 

clivus and the anterior part of the arch of the C1 vertebra is identified using the image 
guidance. In the case of posttraumatic changes this area is often covered by a bony 
fusion (Fig. 16.22), in the case of rheumatoid arthritis it is impossible to identify the 
ligamentous structures. Using the drill and the electrophysiologic monitoring the 
lesion, usually the dislocated dens axis, is removed and then the dura is identified  
(Fig. 16.23). 

• Intradural pathology 
 In the case of an intradural pathology it is sometimes necessary to open also the 

inferior third of the clivus, remove the arch of the C1 vertebra and the dens axis. 
When performing durotomy it is necessary to be aware of the hypoglossal nerve 
that runs adjacent to the inferior part of the clivus and also of the extra- and intra-
dural segments of the vertebral arteries. The resection itself is performed according 
to the microsurgical principles as described above. 

Fig. 16.21 Approach to the craniocervical junction: a – nasopharyngeal mucosa incision in the shape 
of and upside-down “U”, b – resection of the submucosal fibrous tissue with shaver; endoscopic view.

a b

mucosal incision
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Fig. 16.22 Bone fusion created after a trauma – dens axis fracture: a – preoperative brain CT, sagittal 
section, b – intraoperative image; endoscopic view.

a b

bone lesion bone lesion

dural margin dens axis resected part of 
the dens axis

vertebral artery

Fig. 16.23 Transnasal endoscopic resection of the 
dislocated dens axis: a – dislocation of the dens 
axis with dural lesion; b – after the resection and 
the reposition; c – mucosal flap placed into its 
original position, fixed with a suture; endoscopic 
view.

Fig. 16.24 Postoperative brain CT, sagittal sec-
tion (fat graft displays as a hypodensity in the CC 
junction); endoscopic view.

fat graftflap

a b

c
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16.4.3  Phase of reconstruction 

The phase of reconstruction in the approach to the CC junction consists of the dural 
defect closure, mucosa closure and sometimes also of restoration of the CC junc-
tion stability. 
• Dural reconstruction
 The dural reconstruction of the CC junction is different because of its caudal 

location. A fat graft is used, placed into the dural and bony defect and sealed with 
a tissue glue. 

• Mucosa closure
 The nasoseptal flap cannot be used in the CC region because it is too short for 

that purpose. It is possible to use the nasopharyngeal mucosal flap to cover the 
defect. The mucosal flap is returned in its original position and fixed with a suture 
and a tissue glue (Fig. 16.24). 

• CC junction stability 
 Involvement of the CC junction stability is the most frequent in the case of lateral 

extension of the approach with resection of a part of the occipital condyles and 
also in the case of disruption of the CC ligament complex. If these factors are 
expected prior to the surgery we prefer to stabilise the CC junction as the first step 
by the occipitocervical fusion performed from the posterior approach. 

16.5 case rePorts  

Olfactory groove meningioma 
• Patient’s history 
 A female patient, 54 years old, was examined because of headache and anosmia which she observed for a long time. 
• Preoperative examination
 Ophthalmologic examination including the perimetry examination – without pathology. 
 MRI showed an anterior cranial fossa meningioma in the area of the planum sphenoidale and lamina cribrosa 

(Fig. 16.25). The patient was observed for 3 years and the meningioma enlarged during that period. 
• Surgery
 The patient was indicated for the transnasal endoscopic meningioma resection, which was performed from the transcri-

briform/transplanar approach. The resection was considered radical intraoperatively (Fig. 16.25). The duraplasty was 
performed using a dural replacement and a nasoseptal flap with temporary external lumbar drainage. 

Surgical technique of the transnasal endoscopic approach extended in the sagittal plane

Fig. 16.25 Meningioma of the olfactory groove: a – preoperative brain MRI, sagittal section, b – preopera-
tive brain MRI, axial section.

a b
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Fig. 16.25 c – durotomy on the border of the meningioma and the brain tissue; d, e – preparation of the 
meningioma; f – view of the resection cavity; g – postoperative brain MRI, sagittal section; h – postopera-
tive brain MRI, axial section; MRI, T1-weighted postcontrast images, endoscopic view.

c d
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adipose tissue

resection cavity

dural margin meningioma

• Postoperative state and examinations 
 A CSF leak occured postoperatively and a revision surgery was indicated in which a fascia-fat graft and the original 

nasoseptal flap were used. The histological examination confirmed a meningoteliomatous meningioma.  The control 
brain MRI did not show any residue of the tumour (Fig. 16.25). 

Tuberculum sellae meningioma
• Patient’s history 
 A female patient, 38 years old, was examined because of a progressive vision impairment. 
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• Preoperative examination
 Ophthalmologic examination showed practical blindness on the right side and impairment of the visual field up to 30° 

temporally on the left side. The MRI showed a tuberculum sellae meningioma (Fig. 16.26).
• Surgery
 The patient was indicated for the transnasal endoscopic meningioma resection, which was performed from the trans-

planar/transtubercular approach. The resection was considered radical intraoperatively (Fig. 16.26). The duraplasty 
was performed using a dural replacement and a nasoseptal flap with temporary external lumbar drainage. 

Fig. 16.26 Meningioma of the sellar tubercle: a – preoperative sagittal scan, b – postoperative sagittal 
scan, c – preoperative coronal scan, d – postoperative coronal scan, e – preoperative axial scan, f – post-
operative axial scan; MRI, T1-weighted postcontrast images.
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• Postoperative state and examinations 
 The patient exhibited no postoperative complications. The histological examination confirmed a meningoteliomatous 

meningioma.  The control brain MRI did not show any residue of the tumour (Fig. 16.26). 

Craniopharyngioma 
• Patient’s history 
 A female patient, 49 years old, was examined because of a progressive vision impairment. 
• Preoperative examination
 According to the endocrinologic examination the patient had a slight PRL level elevation due to the pituitary stalk 

syndrome. The perimetry examination showed a bitemporal heminanopsia. The MRI showed a cystic tumour with 
craniopharyngioma characteristics in the intrasellar nad suprasellar region (Fig. 16.27). 

• Surgery
 The patient was indicated for the transnasal endoscopic craniopharyngioma resection, which was performed from the 

transplanar/transtubercular/transsellar approach. The resection was considered radical intraoperatively (Fig. 16.27). 
The duraplasty was performed using a dural replacement and a nasoseptal flap with temporary external lumbar draina-
ge. 

• Postoperative state and examinations 
 The patient exhibited no postoperative complications, was treated by hormonal substitution which was terminated 

in 6 months after the surgery. The control perimetry examination showed improvement of the vision with residual 
hemianopsia of 15° temporally on both sides. The histological examination confirmed a papillar craniopharyngioma. 
A control MRI performed one year after the surgery did not show any residual tumour (16.27).

  

Fig. 16.26 Meningioma of the sellar tubercle: g, h – internal decompression of the tumour, ch – separation 
from the chiasm, i – view of the resection; endoscopic view.
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Fig. 16.27 Craniopharyngioma: a – preoperative MRI scan, b – postoperative MRI scan; MRI, 
T1-weighted postcontrast images, c – breaking of the skull base in the area of sella, tuberculum sellae and 
planum sphenoidale, d – separation of the arachnoidea from the tumour, e – separation of the tumour from 
the chiasm, f – intra- and retrosellar preparation; endoscopic view.
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Summary
• The transnasal endoscopic approach extended in the sagittal plane is more 

or less demanding depending on the character and location of the lesion. 
First it is necessary to gain experience in the pituitary adenoma surgery 
and CSF leak surgery and then it is possible to indicate also the extended 
approches to the skull base. 

• The most frequent indications for the ETEA in sagittal plane are the skull 
base meningiomas, craniopharyngiomas and clival chordomas. 

• A combination of several approach corridors is often necessary to remove 
the lesion by the transnasal endoscopic approach. 

• The lesion resection is based on the same microsurgical principles as the 
microscope-controlled microsurgical resection. 

• The dural defect closure needs to be as meticulous as the resection of the 
lesion itself. The CSF leak significantly influences the postoperative mor-
bidity. 

• Cooperation with an otorhinolaryngologist in indication, surgery and post-
operative care is a fundamental condition for development of the transnasal 
endoscopic technique.
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17 sUrgical techniqUe of the extended transnasal 
endoscoPic aPProach in the coronal Plane 

R .  L i p i n a ,  P.  M a t o u š e k  

17.1 orbit 

17.2 cavernous sinus, petrous apex, lateral wall of the sphenoid sinus,  

pterygopalatine and infratemporal fossa 

17.3 case reports  

After gaining enough experience with the transnasal endoscopic technique it is 
possible to extend the target area also in the coronal plane and approach lesions 
located laterally to the midline. The surgical technique of ETEA in the coronal 
plane is one of the most demanding techniques in the transnasal endoscopic surgery 
because of the anatomical structures of the skull base that need to be identified and 
are in close relation to the corridor. These are mainly ICA and cranial nerves in the 
cavernous sinus. Even the classical approach through the craniotomy is technically 
demanding. The endoscopic technique performed by an experienced surgical team 
is a full-fledged alternative to the approach through craniotomy.

17.1 orbit 

The transnasal approach extended in the coronal plane and a combination of the 
transsphenoidal, transethmoidal and transmaxillary corridor are used to approach 
the orbital pathologies. To reach the orbit, the transorbital approach is used. 
This approach is a method of choice for resection of orbital tumours located medially 
or mediocaudally in the middle part or in the apex of the orbit.

17.1.1 intranasal phase 

• Nasal cavity and PNS
 After anemisation of the mucosa and application of saline solution with adrenalin 

in concentration of 1:100,000 into the area of the middle turbinate and the uncinate 
process, the middle turbinate and the uncinate process are resected (Fig. 17.1). The 
the bulla etmoidalis and later also the posterior ethmoid cells are opened, the inter-
cellular septa are removed and the sphenoid sinus is opened transethmoidally. In this 
area, an impression of the optic nerve is usually visible which helps the orientation 
about the position of the nerve on the operated side during the intraorbital phase of 
the surgery. The curved suction instrument is used for identification of the maxillary 
ostium on the lateral wall of the nasal cavity, the ostium is then enlarged inferiorly 

Surgical technique of the extended transnasal endoscopic approach in the coronal plane
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and posteriorly up to the level of the superior wall of the maxillary sinus. Thus, the 
inferomedial margin of the orbit and its caudal and medial wall is reached (Fig. 
17.2). The superior wall of the maxillary sinus corresponds with the inferior wall of 
the orbit, the medial wall of the orbit is the lamina papyracea. The anterior border is 
the lacrimal sac which lies in front of the site of attachment of the middle turbinate 
to the lateral nasal wall. 

• Orbitotomy
 After opening of the ethmoid cells, sphenoid sinus and the maxillary sinus the 

medial and inferior wall of the orbit and its apex can be reached (Fig. 17.3). 
 The extent of the bone resection depends on the location of the lesion or the type of 

the considered procedure. In most cases the medial wall of the orbit is removed. The 
lamina papyracea is thin and its resection is easily performed with a Kerrison punch 
or an elevatorium. In the case of mediocaudal location of the tumour it is necessary 

to perform a partial resection of the infe-
rior wall of the orbit (corresponding with 
the superior wall of the maxillary sinus). 
If the tumour is located in the apex of the 
orbit or if the decompression of the optic 
nerve is needed it is necessary to remove 
a part of the sphenoid bone which forms 
the medial part of the optic canal. The 
bone is first thinned by a drill and then 
removed by the Kerrison punch. The 
position of the optic nerve is usually 
visible as a bony prominence inside the 
sphenoid sinus but using the image gui-
dance for its identification is suitable. 

Fig. 17.2 Resection of the lamina papyracea, after 
ethmoidectomy; endoscopic view, right side.

orbit lamina papyracea superior turbinate

nasal septum

Fig. 17.3 Transethmoidal mononostril approach 
to the right orbit; endoscopic view.

maxillary sinus

sphenoid sinus

lamina papyracea

roof of the ethmoid cells

Fig. 17.1 Resection of the middle turbinate; endo-
scopic view, right side.

nasal septummiddle turbinate
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17.1.2  resection phase

• Resection 
 The periorbit is incised by a sickle scalpel or a diamond knife in the extent neces-

sary for the lesion resection. After the periorbit incision the periorbital fat usually 
prolapses into the operating field – therefore it is advisable to incise the periorbit 
in the postero-anterior direction (Fig. 17.5). 

Fig. 17.4 Approach to the medial and inferior 
wall of the orbit: a – lamina papyracea resection, 
right side; b – orbital apex exposure, right side; 
c – exposed periorbit, left side; endoscopic view.

Fig. 17.5 Incision of the periorbit: a – medial orbital wall, right side; b – mediocaudal orbital wall, left 
side, prolapsing adipose tissue; endoscopic view.
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 To verify the anatomical structures in the orbit we use the position of the medial 
rectus muscle and its relationship to the tumour. In the apex of the orbit, it is neces-
sary to preserve the optic nerve. Usually the corridor between the medial rectus and 
inferior rectus muscle is used. For identification of the muscles a suspension of the 
muscles by the insertion of the muscles to the eyeball can be used (Fig. 17.6). The 
four-hands technique allowing the coagulation and dissection of the tumour is used 
(Fig. 17.7). 

 The phase of resection is different from other extended approaches, mainly due 
to the worse possibility of manipulation. The reason is the monoportal and more 
tangential approach to the lesion compared to for example the transplanar approach. 
Despite these disadvantages the four-
hands technique is however possible. 

Alternative to the mononostril approach
If the lesion is located in the caudal or mediocaudal part 
of the orbit it is possible to create an auxilliary port sub-
labially, through the anterior wall of the maxillary sinus, 
through which the endoscope is introduced. This method 
improves the visualisation of the operating field and ma-
nipulation with the instruments in the mononostril appro-
ach. 

Fig. 17.7 Resection of an orbital tumour: a – 
four-hands technique allowing the coagulation 
and resection of the tumour, b – separation of the 
tumour from the periorbital fat, c – final view of 
the resection cavity; endoscopic view.

Fig. 17.6 Pulling the suture which is placed close 
to the insertion of the rectus inferior muscle to 
the eyeball.

a
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bipolar coagulation suction

preparation instrument

tumour
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17.1.3  Phase of reconstruction 

Necessity of the defect reconstruction after the orbital tumour resection by the 
transnasal endoscopic approach depends on the extent of the bone resection or if 
the liquor space was opened in the case of lesions located in the apex of the orbit. 
In the case of opening of the liquor space the reconstruction is performed according 
to the principles of the dural reconstruction. In the case of a small defect covering 
it with fascia or a dural replacement and sealing with the tissue glue is sufficient. In 
larger defect the technique using the nasoseptal flap is necessary. The reconstruction 
of the lamina papyracea defect is not necessary. 

17.2 cavernoUs sinUs, aPex of the PetroUs bone Pyramid,  

lateral wall of the sPhenoid sinUs, PterygoPalatine  

and infratemPoral fossa 

To reach the lesion located laterally in the cavernous sinus, apex of the pyramid, 
lateral parts of the sphenoid sinus and in the area below the skull base (pterygopalatine 
and infratemporal fossa) we use the extension of the approach in the coronal plane 
and a combination of the transsphenoidal and transmaxillary corridor. The area can 
be approached by a combination of these approach corridors: 
• transsellar;
• transclival;
• transpterygoid.
Extradural pathologies, mainly the clival chordomas with lateral and dorsal extensi-
on, sinonasal tumours with extension into this area (carcinoma, juvenile angiofibro-
ma) and cystic processes of the apex of the pyramid, as well as intradural patholo-
gies – petroclival meningiomas, trigeminal schwannomas and meningoceles of the 
lateral recess of the sphenoid sinus are suitable for this approach. 

17.2.1  intranasal phase

• Nasal cavity and preparation of the nasoseptal flap
 The intranasal phase consists of preparation of the nasoseptal flap, usually on the 

side contralateral to the lesion (see Chapter 16.2.1). The sphenoid sinus is widely 
opened and in the case of lateral location of the lesion it is also necessary to per-
form the transmaxillary and transpterygoid corridor. 

 In the first phase of the surgery the endoscopic medial maxillectomy a wide 
resection of the lateral nasal wall is performed. The inferior turbinate is resected 
with the bone scissors and the mucosa is incised vertically in front of its head. 
Then the osteotomy in order to open the maxillary sinus on the border of its 
anterior and medial wall is performed by a 4 mm chisel. The caudal border of the 
resection is the base of the nasal cavity, the posterior and superior border is the 
posterior and the superior wall of the maxillary sinus. It is necessary to transsect 

Surgical technique of the extended transnasal endoscopic approach in the coronal plane
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the nasolacrimal duct in the anterior part. To ensure the lacrimal drainage the lacri-
mal sac is opened into the nasal cavity – the dacryocystorhinostomy is performed. 
Thus we gain a wide approach to the posterior wall of the maxillary sinus. After 
the sphenopalatine artery is identified in the sphenopalatine foramen the pterygo-
palatine fossa is opened by resection of the posterior wall of the maxillary sinus. 
The medial pterygoid process is drilled after identification of the palatovaginal 
artery (a branch of the sphenopalatine artery running towards the n. canalis ptery-
goidei) and the n. canalis Vidii is identified (Fig. 17.8).

Pterygopalatine and infratemporal fossa
After resection of the posterior wall of the maxillary sinus the pterygopalatine and infratemporal fossa is reached. This 
approach allows resection of intradural pathologies, as well as sinonasal tumours involving this area (carcinoma, juve-
nile angiofibroma). The n. canalis Vidii, which is in the same level as the middle cranial fossa (a horisontal plane going 
through the inferior wall of the sphenoid sinus), is an important structure for orientation. 

• Specific aspects according to the location of the pathology 
 A wide opening of the sphenoid sinus and the maxillary sinus and identification 

of the n. canalis Vidii allows the extension of the approach to the lesions located 
laterally in the area of the apex of the pyramid, cavernous sinus, middle cranial 
fossa (cavum Meckeli) and the pterygopalatine and infratemporal fossa. Following 
bone resection is modified according to the location of the lesion while the use of 
intraoperative image guidance, electrophysiologic monitoring and intraoperative 
dopplerometry is necessary. 

Fig. 17.8 Transpterygoid approach: a – coagula-
tion of the sphenopalatine artery, b – infratempo-
ral fossa opened, c – lateral recess of the sphenoid 
sinus, right side; endoscopic view.
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- For the approach to the appex of the pyramid, the n. canalis Vidii is identified 
and the nerve is exposed by a drill (while preserving the nerve itself) in the 
dorsal direction. This nerve will lead the surgeon to the lateral margin of the la-
cerum segment of ICA. After ICA identification the middle transclival approach 
is performed. The drilling starts in the middle part of the clival recess and the 
resection is extended towards the cranial and caudal part of the recess. Using 
the drill of 2 mm diameter the bone above the clival ICA segment is thinned 
and removed with the Kerrison punch. The apex of the pyramid is then reached 
medially to the paraclival ICA segment (after it is pulled aside) (Fig.17.9).

- For the approach to the cavernous sinus, the n. canalis Vidii and the foramen 
rotundum with the maxillary nerve, which is an important structure indicating 
the caudal border of the cavernous sinus, are identified. Then the middle and 
superior transclival approach is performed, with resection of the bone covering 
the paraclival and the parasellar ICA segment and of the posterior and middle 
clinoid process, so that the manipulation with ICA is possible. The bone above 
the maxillary nerve is removed by a drill and the cavernous sinus is reached 
lateral to the ICA. The approach to the cavernous sinus medially to the ICA is 
possible after pulling the artery laterally in its parasellar segment. 

Fig. 17.9 Approach to the apex of the pyramid: 
a – drilling of the septum in the clival recess, b 
– drilling of the carotid prominence of the clival 
ICA segment, c – removing of the bone covering 
the clival ICA segment; endoscopic view.
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- For the approach to the cavum Meckeli the n. canalis Vidii and  the maxillary nerve 
are identified and exposed. Then the middle transclival approach is performed, 
with resection of the bone covering the paraclival ICA segment so that the manipu-
lation with ICA is possible. The base of the pterygoid process is removed by a drill 
between the n. canalis Vidii and the maxillary nerve and the corridor leading into 
the middle cranial fossa and cavum Meckeli is performed laterally to the ICA.  

17.2.2 Phase of resection 

The exposition of the dura, usually just right after the bone is resected, brings bleeding 
from the basilar venous plexus or from the cavernous sinus. It is possible to stop 
the bleeding with electrocoagulation if it is certain that the tumour, separating the 
region of the basilar plexus from the neurovascular structures and the brain stem, is 
located just underneath the dura. Otherwise the compression with the haemostatic 
material (Surgicel®, Surgiflo®, Floseal) should be used. 
• Extradural pathologies 
 The extradural pathologies often create a corridor themselves, through which it is 

possible to resect the lesion in the case of its dorsal and lateral extension. During 
the bone resection it is necessary to avoid damage to the cranial nerves – the 
oculomotor nerve cranially and the trochlear nerve caudal to the previous inside 
the cavernous sinus in the direction towards to the superior orbital fissure. It is 
necessary to preserve the oculomotor nerve also when removing the posterior 
clinoid processes and during the durotomy. The most important, however, is the 
identification of the abducent nerve and its relation to the lesion to avoid its injury 
in the area where it leaves the Dorrel canal. Furthermore it is necessary to identify 
the 1st and the 2nd branch of the trigeminal nerve (ophthalmic and maxillary nerve). 
In the case of the caudal and lateral extension into the occipital condyle a control 
of the position of the hypoglossal nerve is necessary. Monitoring of the paraclival 
and petrous ICA segment is essential (Fig. 17.10).

• Intradural pathologies 
 The durotomy is performed after the haemostasis and control of the position with 

the image guidance initially by a diamond knife or a point scalpel and enlarged 
with curved microscissors. The control of the anatomical structures, especially the 
cranial nerves III, IV, V and VI, is difficult because they can be dislocated laterally 
or medially.

It is necessary to use the electrophysiologic monitoring when performing the 
durotomy, as well as the dopplerometric probe to control the position of the 
internal carotid artery.

 The resection of the tumour is performed using the microsurgical technique – 
intracapsular dissection of the tumour, step-by-step preparation and dissection 
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from the neurovascular structures under control of image guidance and electro-
physiological monitoring. The bipolar coagulation is used for haemostasis. It is 
possible to use the ultrasonic aspirator for the inner decompression of the tumour. 
During resection the binostril technique is usually necessary – the neurosurgeon 
introduces a suction instrument through one nostril and dissects or manipulates 
with the tumour through the other nostril. The help of an otorhinolaryngologist is 
useful not only in handling the encoscope but also for suction and manipulation in 
the operating field. 

17.2.3 Phase of reconstruction 

• Dural reconstruction
 It is difficult to use the sandwich technique due to the location and character of the 

durotomy. We prefer to use a fat graft for the reconstruction. The graft is placed 
intradurally and fixed with tissue glue. The duraplasty is covered with the naso-
septal flap prepared in the beginning of the surgery (Fig. 17.11). When placing the 
flap it is important that no mucosa is left under the flap and there is no dead space 
under the flap which would make the engraftment of the flap impossible. The flap 
is compressed with a cotton strip in order to adjust its shape according to the shape 
of the resection cavity. Then it is fixed in place by tissue glue and the cavity is 
packed with Merocel®; the packing is left for 4 days. In case the liquor space was 
opened the external lumbar drainage is introduced. 

• Bone defect reconstruction
 Reconstruction of the bone defect in the approach to the apex of the pyramid and 

surrounding structures is not necessary. 

Fig. 17.11 Reconstruction of the dural defect in 
the paraclival region using the nasoseptal flap; 
endoscopic view.

Fig. 17.10 Resection of the tumour in the apex of 
the pyramid, right side; endoscopic view.

clival recess of the sphenoid sinusICA sellar floortumour

nasoseptal flap

Surgical technique of the extended transnasal endoscopic approach in the coronal plane
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17.3 case rePorts 

Clival chordoma
• Patient’s history
 A female patient, 54 years old, was examined because of hearing loss on the right side and partial lesion of the abdu-

cent and facial nerve and mild impairment of the glossopharyngeal, vagus and accessory nerve. The brain MRI showed 
a tumour of the pontocerebellar angle with usuration and extension through the pyramid into the clival area and the oc-
cipital condyle (Fig. 17.12). In the first phase the patient was operated through the retrosigmoid microscopic approach. 
Due to the histology of the tumour – chordoma and a postooperative residue, the transnasal resection was indicated. 

• Preoperative examination 
 Endocrinological examination showed no pathology. 
 Ophthalmologic examination showed a restriction of the abduction of the right eyeball and a partial lagophthalmos. 
 Neurological examination showed deafness on the right side, mild neocerebellar syndrome and the abducent, facial 

and hypoglossal nerve palsy, with temporary deterioration after the first surgery.
 The control MRI showed a tumour residue in the clival region, apex of the pyramid and the right occipital condyle 

(Fig. 17.13).
• Surgery
 The patient was indicated for the transnasal endoscopic resection of the tumour residue which was performed from the 

transclival/transpetrous approach. The resection was considered radical intraoperatively (Fig. 17.14). The dural defect 
was closed by a nasoseptal flap with a temporary external lumbar drainage. 

• Postoperative state and examinations 
 The patient did not exhibit any postoperative complications, with no neurological deterioration. 
 The histological examination confirmed the chordoma. 
 Early postoperative MRI showed no tumour residue (Fig. 17.15). 

Fig. 17.12 Clival chordoma, initial brain MRI before the resection using the retrosigmoid approach: a – pon-
tocerebellar angle, b – area of the apex of the pyramid; MRI, T1-weighted postcontrast images, axial sections.

Fig. 17.13 Clival chordoma, brain MRI after the partial resection of the chordoma in pontocerebellar 
angle before the transnasal surgery: a – residue in the area of the apex of the pyramid, b – residue in the 
area of the right occipital condyle; MRI, T1-weighted postcontrast images, axial sections.

a b

– b

occipital condyle

pontocerebellar angle

apex of pyramid

pontocerebellar angle

occipital condyleapex of pyramid
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Surgical technique of the extended transnasal endoscopic approach in the coronal plane

Fig. 17.14 Clival chordoma, tumour resection: 
a – visualisation of the tumour after the retraction 
of ICA laterally, b – resection of the tumour in 
the area of the apex of the pyramid under control 
of image guidance, c – position of the image gui-
dance probe in the area of the apex of the pyramid, 
d – resection of the caudal part of the tumour in the 
condyle region; endoscopic view, image from the 
image guidance.

a b

c d
apex of pyramid

clival recess of the sphenoid sinus

internal carotid artery

tumour

sellar base

apex of pyramid

angled suction instrument

retroclival dura

image guidance probe 

Fig. 17.15 Clival chordoma, brain MRI after the 
transnasal resection: a, b – MRI, T1-weighted 
postcontrast images, axial sections.

a

b

nasoseptal flap

petrous segment of ICA

cavity after the resection

cavity after the resection



230

Transnasal Endoscopic skull  BasE surgEry

Orbital leiomyoma
• Patient’s history
 A female patient, 67 years old, was admitted to the hospital because of a progressive vision impairment on the right 

side which she observed for 1 year, with diplopia when looking straight and to both sides, headache on the right side 
and a progressive protrusion of the right eyeball. 

• Examination
 The preoperative MRI showed a lesion with well defined margins located extraconally, in the medial part of the orbit, 

extending from the base to the roof of the orbit. Compression changes and oedema of the medial rectus muscle were 
visible and the tumour filled with the contrast agent (Fig. 17.16). The ophthalomologic examination showed  a 4 mm 
protrusion of the right eyeball and a limitation of its movement up, down, and medially. 

• Surgery
 The endoscopic resection of the tumour was indica-

ted (Fig. 17.17). The tumour was removed complete-
ly, with no residue on the control postoperative MRI 
(Fig. 17.18). Histological examination showed an an-
gioleiomyoma.  

• Postoperative state and examinations 
 After the surgery the diplopia is absent, the ophthalmo-

logic examination shows no pathology. 

Fig. 17.16 Orbital tumour; MRI image, axial 
section.

Fig. 17.17 Orbital tumour resection, right side: a – resection of the lamina papyracea; b, c, d – preparation 
of tumour; endoscopic view.
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Summary
• The transnasal endoscopic approaches extended in the coronal plane 

are the most technically and anatomically demanding of the endoscopic 
approaches, mainly because of a close relationships of the corridor to the 
ICA. 

• The most frequent indication for ETEA in coronal plane are the clival 
chordomas and sinonasal malignant tumours. 

• The intraoperative image guidance and electrophysiological monitoring is 
essential for safety of the surgery. 

• ETEA in coronal plane is, despite its difficulty, a full-fledged alternative to 
the approach from the craniotomy.

Fig. 17.18 Orbital tumour, postoperative MRI images: a, b – no tumour residue; MRI, T2-weighted 
images, axial sections.

a b

corridor of the approachdeviated medial rectus muscle

Surgical technique of the extended transnasal endoscopic approach in the coronal plane
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18 sPontaneoUs csf leak

M .  S i č á k ,  J .  F a b č i n

18.1 Etiology and pathogenesis

18.2 diagnosis

18.3 Treatment 

18.1 etiology and Pathogenesis  

18.1.1 etiology

The CSF leak can be divided to traumatic and non-traumatic according to the etiology. 
• The traumatic CSF leak is present in approximately 2% of head trauma and 

accounts for approximately 30–45% of all the CFS fistulas (Kirtane 2005). It can 
manifest immediately but also with latency of weeks or years after the trauma in 
case the bone defect and the scar in the place of the dural defect is a locus minoris 
resistentiae to the intradural infection or the CSF leak recurrence. Skull base sur-
gery is the cause of the CSF leak in 10–25%. Approximately 15% of the patients 
have bilateral CSF leak, especially in the case of the posttraumatic CSF leak.  

• The non-traumatic spontaneous CSF leak accounts for 40–46% of cases. It is 
more frequent in the case of intracranial CSF hypertension (obstructive and com-
municating hydrocephalus, brain and skull base tumours) but it can occur also in 
the case of a normal CSF pressure (congenital anomalies, osteomyelitis, idiopathic 
CSF leak). The brain and skull base tumours account for approximately one half 
of the non-traumatic CSF fistulas, usually as a result of direct errosion of the bone 
and soft tissues or indirectly by increase of the intracranial pressure. 
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Table 18.1 CSF leak etiology and pathogenesis.

• Traumatic

- posttraumatic

- iatrogenic

• Spontaneous (non-traumatic)

- increased CSF pressure

hydrocephalus

obstructive

communicating

brain and skull base tumours

- normal CSF pressure

spontaneous idiopathic CSF leak

congenital anomalies

osteomyelitis

Notes on CSF leak
The CSF leak is, in terms of etiology, diagnosis, localisation and treatment, often a complicated problem. It manifests as 
a permanent or intermittent secretion of clear liquid from nose – rhinoliquorrhea – or from the external acustic meatus 
– otoliquorrhea. 
Meningitis, often recurrent, may be the first symptom of disruption of continuity of the meninges and the skull base, 
together with a more or less apparent CSF leak. The pnemocephalus is a clear sign of the disruption of the meningeal 
integrity and the communication of the liquor space and the outer environment. Increasing numbers of the skull base 
surgeries, craniocerebral traumas, better possibilities of CSF detection and development of the endonasal endoscopic 
surgery lead to increasing numbers of the diagnosed and surgically treated CSF fistulas (Shick 1997). Identification of 
the CSF leak etiology is essential for the localisation of the fistula and its treatment. 

18.1.2 Pathogenesis

The CSF leak occurs in case the CSF crosses following barriers: arachnoidea, dura, 
bone and epithelium (nasal or tympanic cavity). 
• In the case of permanent intracranial hypertension (tumours, hydrocephalus) the 

CSF is a result of the pressure errosion of the bone and its spontaneous fracture 
usually in the thinnest place (lamina cribrosa, medial wall of the ethmoid cells) 
(Park 1983). In these locations the dura is thin and adheres firmly to the bone. The 
tumours may damage the bone by a direct invasion. 

• In the case of physiological intracranial pressure a congenital dural herniation can 
be a cause of the CSF leak. It can be difficult to distinguish this type of the CSF 
leak from the actual spontaneous CSF leak which usually occurs in the area of the 
lamina cribrosa. The lamina cribrosa is located lower than the fovea ethmoidalis 
(Fig.18.1), it is penetrated by the olfactory fibres and the dura mater adheres firmly 
to the bone and the nerve fibres covered by the arachnoidea. The liquor space thus 

Spontaneous CSF leak
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reaches down to the nasal cavity. In the case of fluctuation of the CSF pressure 
a dehiscence may appear in the lamina cribrosa. Normally the CSF pressure rises 
up to 80 mm H2O every few seconds (Wolf 1997). In certain conditions (cough, 
sneezing, pressure while defecating, increased intrathoracal pressure) the CSF 
pressure may rise to significantly higher numbers. A dehiscence of the capsules of 
the perineural liquor spaces of the lamina cribrosa can be the pathogenetic cause 
of the real spontaneous CSF leak. 

18.2 diagnosis

• Symptomatology 
 Nasal secretion of a clear liquid, especially unilateral, sometimes with headache, 

anosmia and vomiting, permanent or intermitet, is usually a single sign of a non-
traumatic CSF fistula. The secretion may be more pronounced or a latent CFS leak 
may manifest by bending the upper half of the body forward or compression of 
the internal jugular vein. It is more freuquent in females than males, usually over 
30 years of age. 

 Meningitis can also be the first sign which can raise a suspicion of  CSF fistula, 
especially in connection with rhinorrea. Pneumocephalus is very rare in spontane-
ous CSF leak and is typical rather for traumatic CSF leak.
 

A permanent or intermitent nose secretion of a clear liquid is a sign typical for 
spontaneous CSF leak, usually unilateral, pronounced by bending forward.

• Laboratory diagnosis
 To confirm the CSF leak only a small amount of liquid is sufficient, harvested into 

a test tube when the patient bends forward. If it is not possible, gauze strips are 
introduced into the nasal cavity to soak up with the CSF. Biochemical examination 
is usually not diagnostic for CSF. 

Fig. 18.1 Cribriform plate is lower than the roof 
of the ethmoid cells, a spherical mass in the 
right maxillary sinus as an accidental finding; 
CT scan, coronal section.

roof of the ethmoid cellscribriform plate
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Laboratory characteristics of the CSF
• Beta-2-transferrin and beta-trace protein examination – immunoelectroforetic examination of the beta-2-transferrin 

and beta-trace protein is highly sensitive for the CSF (Zaret 1992). The beta-trace protein is also present in the inner 
ear perilymph (cochlea) and eyeball. This type of examination is not available in every laboratory, maily because of 
economical reasons. 

• A higher concentration of glucose is typical for CSF – over 30 mg/ml but it is not diagnostic for CSF. Similarly the 
albumin/prealbumin ratio is inacurrate and only approximative. 

• Significance of the CSF fistula localisation, methods of identification of the fistula
 It is essential for the treatment. The traumatic fistula can be bilateral, the most fre-

quent location of the fistula is the posterior wall of the frontal sinus, fovea ethmo-
idalis and lamina cribrosa. In the case of unilateral CSF leak (usually spontaneous) 
about 80% of the fistulas are located in the area of the lamina cribrosa, about 15% 
in the sphenoid sinus and the remaining 5% in the fovea ethmoidalis. 

 Localisation of the fistula is however difficult, despite development of the radio-
logic methods. The main problem is the inactive phase of the CSF leak during 
the examination and the fistula is thus identified only in 20–30%. Artificial 
intracranial pressure increase  during the examination increases the success of the 
examination up to nearly 100%. Sometimes the clinical symptoms can help – for 
example accordance of the side of the secretion with the side of the skull base 
trauma. The nasal secretion in vertical position of the head or when bending the 
head backwards suggests the fistula to be located in the area of the lamina cribrosa 
or ethmoid cells, in contrast the secretion only when the head is bent forward 
occurs in the case of fistulas located posteriorly (sphenoid sinus) or in the tym-
panic cavity (secretion through the Eustachian tube). These signs are however only 
nonspecific. 

 The radiologic methods play essential role in the CFS fistula localisation.

Methods used for CSF fistula localisation: 
• HRCT;
• CT–cisternography;
• MRI and MRI cisternography;
• intrathecal dye and radionuclide application;
• rhinoendoscopy.

18.2.1  radiologic methods

The native HRCT and the HRCT with contrast, CT-cisternography with subarach-
noidal application of a non-idoinated contrast agent, native MRI, MRI with contrast 
and experimentally also the contrast-enhanced MRI-cistenography are used in the 
diagnostic process. From other possible methods, a positrone emission tomography 
(Reiche 2002) or intrathecal dye (methylene blue, toluidine blue) or radionuclide 

Spontaneous CSF leak
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(111Indium-DPTA, radioactive sodium, 99mTc-DTPA) are used. In the case of the dye 
or radionuclide application, swabs introduced into different locations into the nasal 
cavity, are left in situ for 8 hours and then detection of the dye or radionuclide in the 
swabs is performed. This method is used rather for the CSF confirmation, not for 
exact localisation of the CSF fistula, and is not standardly used. The amount of the 
blue dye applied intrathecally is also only limited due to possible adverse effects. 
The advantage of the radioisotope examination is the possibility of performing the 
radiocisternography simultaneously. Its disadvantage are false positive results in the 
case of redistribution of the radioisotope into to the nasal secretion by the blood. 
• CT examination
 The basic requirement for the HRCT is a detail imaging of the skull base (Fig. 

18.2). Nowadays the multislice scanners usually use the submilimmeter sections 
– direct coronal sections if possible considering the patient’s condition, or axial 
sections with secondary coronal and sagittal plane reconstruction. The images 
must be reconstructed also in the bone algorithm with detail bone image and iden-
fitication of the bone defects if present. If needed, mainly in the case of a suspected 
tumour, it is necessary to perform also the postcontrast imaging with intravenous 
iodinated contrast agent application. 

• CT cisternography is a specific CT examination focused on direct identification of 
the dural defect (Fig. 18.3), with contrast enhnacement after intrathecal application 
of a non-iodinated contrast agent. After the contrast agent application the patient is 
positioned in the Trendelenburg position for some time and after the subarachno-
idal spaces fill with the contrast the CT scans are performed, ideally direct coronal 
sections focused on the skull base and paranasal sinuses. The sensitivity is about 
70–80% and its effectivity depends also on the right timing of the examination, 
ideally while the fistula is active. Sometimes identification of the fistula is only 
indirect; the inactive and low-flow fistulas are difficult to identify. The examina-
tion is invasive but the indication is justifiable due to a low frequency of complications. 

• MRI examination 
 The advantage of the MRI examina-

tion is its non-invasivity and lack of 
radiation burden in contrast to HRCT 
or CT cisternography (Fig. 18.4). 
Its disadvantage compared to CT is 
worse spacial resolution and absence 
of visualisation of bone details. The 
basic MRI imaging are the T2- or 

Fig. 18.2 Meningocele of lamina cribrosa, left 
side; CT scan, coronal section.

meningocele
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T3-weighted sequences with fat supression in the coronal plane, so-called native 
MRI cisternography. If needed it is also possible to perform the sagittal and axial 
scans. These sequences show the CSF and structure similar to CSF, which can 
correspond with the CSF fistula, as hyperintense (white). Distinguishing between 
the inflammatory changes in the ethmoid cells and the CSF fistula can be difficult 
because they both give a similar hyperintense signal. The MRI examination usu-
ally consists of native sequences and T1-weighted sequences after intravenous 
application of the gadolinium contrast agent. These sequences add new informa-
tion to the images and can help to identify a possible local pathology of the skull 
base (tumours, pathologies of meninges etc.). 

• Contrast-enhanced cisternography widens the possibilities of the MRI exami-
nation. It is performed in a similar manner as the CT cisternography after the 
intrathecal application of the gadolinium contrast agent (gadopentetate dimeglu-
mine 1 ml). In T1-weighted sequences the CSF and the possible CSF fistula give 
an enhanced signal. Despite the alleged high sensitivity this technique is only 

Fig. 18.4 CFS fistula in the lateral wall of the 
sphenoid sinus, right side; MRI, T2-weighted 
image, coronal section.

Fig. 18.3 Meningocele of the anterior part of the lamina cribrosa, left side: a – coronal section, b – sagittal 
section; CT cisternography.

a bmeningocele meningocele

dural defect of the lateral 
wall of the sphenoid sinus

right sphenoid sinus 
filled with CSF

Spontaneous CSF leak
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experimental nowadays because the gadolinium contrast agent is not approved for 
the intrathecal application (Jinkins 2002).

• PET (positron emission tomography) 
 The PET combines the possibilities of the CT and the radioisotope examination 

(CT together with scintigraphy in one image) which allows easier diagnosis and 
approximate localisation of the fistula. It is similar to the radiocisternography 
using the intrathecal application of the 68Gadolinium-EDTA. 

18.2.2 rhinoendoscopy

Rhinoendoscopy is essential for identification of the CSF fistula (Fig. 18.5). The 
endoscopy is based on thorough examination of the olfactory cleft, roof of the 
ethmoid cells, sphenoethmoidal recess and the pharyngeal Eustachian tube ostium. 
If it is not possible to identify the fistula, a maneuvre increasing the intracranial CSF 
pressure can be used and the rhinoendoscopy repeated (Sičák 2004). If the native 
endoscopic examination is not successful, the method of intrathecal fluorescein 
application is very efficient.

Intrathecal fluorescein application  
It is the most efficient and essential method of the CSF fistula identification. A solution of 0.2-0.5 ml of 5% sodium-flu-
orescein in 10 ml of CSF is used for the examination (Wolf 1997). The sodium fluorescein that could be certified for the 
intrathecal application is on the market – however its application is “off label”. This does not mean that it cannot be used 
for the examination because legally speaking every safe procedure is a physician’s choice, in the sense of the therapeutic 
freedom of a physician (Keerl 2003). On the contraty, when following the protocol of application, the procedure is safe, 
however informed consent of the patient is necessary. 
• Technique of the examination – a blue filter on the light source and an orange filter on the endocamera is necessary for 

this examination. The endoscope visualises the yellow-green dye from the site of the fistula. The examination is always 
performed in a position of the head lower than the rest of the body. 

 The standard protocol of the sodium-fluorescein application consists of introducing a spinal tap and intrathecal appli-
cation of 0.5–1 ml of 5% sodium fluorescein (0.1 ml to 10 kg of weight, the maximum dose is 1 ml, corresponding to 
50 mg of fluorescein). 1 ml of 5% fluorescein in mixed with 9 ml of CSF and it is slowly administered intrathecally. 
The only available 5% sodium fluorescein for intravenous application on the market is manufactured by Monico SpA, 
Mestre, Italy. 5% sodium fluorescein without additives can be prepared by diluting the 10% intravenous solution 
(Alcon Pharma GmbH, Freiburg, Germany) in the pharmacy equipped with sterile boxes with antibacterial filters. The 
solution prepared by dilution is not stable and has to be used in 2–3 days.  

Fig. 18.5 Meningocele of the lamina cribrosa, 
left side; endoscopic view.
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• Adverse toxic effects of the intrathecal sodium fluorescein application are very rare if the solution of 5% or lower 
concentration  and maximum total dose of 50 mg of fluorescein is used. Epileptic convulsions, grand mal paroxysm, 
opistotonus, consciousness impairment, hearing loss and peripheral palsy especially in the lower, but also the upper 
extremities were observed in the case of application of higher concentrations of fluorescein (25%) or application of 
a total dose above 50–100 mg of fluorescein, even one case of death of a patient after application of more than 500 mg 
of fluorescein. One patient after administration of 25% fluorescein in another department is in care of our department, 
with sever spinal cord and central nervous system impairment with permanent sequelae. A strict following of the ap-
plication protocol and the maximum dose is statistically considered a safer procedure than the “in label” intravenous 
application (death of 13 patients as a direct complication of the i.v. fluorescein application (Kirtane 2005).

The most reliable method for verification and localisation of the CSF fistula is 
the intraoperative endoscopic examination using colored filtres with the intra-
thecal application of 0.5–1 ml 5% sodium-fluorescein through the spinal tap.

18.3 treatment

The treatment of the spontaneous CSF leak depends on its etiology and localisation 
of the fistula. If it is caused by a tumour, congenital malformation or osteomyelitis 
the treatment consists of management of the primary cause of the CSF leak (which 
is not a subject of this chapter). 
• Conservative treatment  
 The spontaneous idiopathic CSF leak is usually intermittent, with recurrent epi-

sodes of meningitis. The non-surgical conservative treatment (positioning of the 
patient – sitting, lumbar drainage, antibiotics) is suitable as the initial treatment of 
the posttraumatic CSF leak. In the case of spontaneous idiopathic CSF leak the 
conservative treatment can be considered only in the case of a first single short 
episode of CSF leak without any intracranial complication. In most patients the 
surgical intervention and closure of the CSF fistula (duraplasty) is necessary. In 
patients in whom the CSF leak is primarily caused by a hydrocephalus, also appli-
cation of the ventriculoperitoneal shunt is necessary for a successful permanent 
closure of the fistula. 

• Surgical treatment is described in the following chapter (see part 18.3.1).

18.3.1 surgical treatment

Various approaches are used for the CSF fistula closure in the area of the anterior 
skull base. These approaches can be divided into two groups: intracranial and 
extracranial. The location of the fistula is an important factor which influences the 
choice of the approach. 
• Intracranial approach
 This approach requires a craniotomy with concomitant morbidity (and mortality), 

anosmia and longer hospitalisation. The advantage is a wide approach to the dural 
defect, especially in the case of extensive devastating injuries. The first successful 

Spontaneous CSF leak
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attempt of a CSF fistula closure through the bifrontal craniotomy was described by 
Dandy in 1926. This approach was the only one used until the end of 1940s and 
nowadays it is still used in some neurosurgery departments. The disadvantage of 
this approach is a higher morbidity due to the craniotomy and a risk of irreversible 
loss of smell in the case of disruption of the olfactory nerve fibres. This approach 
is successful in 60–70%; the persistent CSF leak after the revision intracranial 
duraplasty is present in 10% of patients (Mattox 1990).

The intracranial approach is suitable in patients with extensive devastating inju-
ry to the dura and is inappropriate in the case of small dural defect which can be 
approached endoscopically (anterior skull base) or through the anterior wall of 
the frontal sinus (posterior wall of the frontal sinus). In these patients the exter-
nal or endonasal extracranial approach or their combination is more suitable.

• Extracranial approach
 The first extracranial approach was described by Dohlman in 1948. The exstra-

cranial approaches are less invasive, with lower intraoperative and postoperative 
morbidity. According to the approach corridor they are divided to: 
 - extracranial external approach; 
 the approach through the anterior wall of the frontal sinus is suitable for patients 

with a traumatic fistula in the posterior wall of the frontal sinus. In the case 
of the fistula located in the fovea ethmoidalis a modification of this approach 
through the external ethmoidectomy is possible;

 - extracranial endonasal approach; 
 nowadays this approach replaces other extracranial approaches in most indica-

tions. Almost all the fistulas located in the anterior skull base with an exception 
of the posterior wall of the frontal sinus are suitable for the endonasal approach. 

 The endonasal endoscopic or microscopic approach provide good visualisation 
of the operating field and the dural defect with significantly lower morbidity 
and invasivity. Using the endoscope or the microscope it is possible to indentify 
and locate the fistula (Fig. 18.6). 
Currently the success rate of the 
endonasal endoscopic CSF fistula 
closure if more than 95% in the pri-
mary duraplasty and more than 97% 
in the revision surgery.

Fig. 18.6 Iatrogenic CSF fistula in the roof of 
the anterior ethmoid cells; endoscopic view, 
right side.
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18.3.2  closure of the csf fistula

• Intraoperative identification of the fistula 
 The presence of the fistula can be reliably confirmed by the lumbar intrathecal flu-

orescein application (0.5–1 ml of 5% fluorescein in 10 ml of CSF, more precisely 
0.05 to 0.1 ml of 5% fluorescein on 10 kg of weight, but never more than 1 ml of 
5% fluorescein without additives) which appears in the fistula in 20–40 minutes 
after application in ideal conditions. We can also use a maneuvre to increase the 
CSF pressure (Trendelenburg position, compression of the internal jugular veins). 
In the case of patients with slower fluorescein distribution (after meningitis) some 
authors recommend application of the fluorescein approximately 4–12 hours prior 
to the surgery (Fig. 18.7) (Sičák 2004). 

The endoscopic approach for the fistula located in the roof of the ethmoid cells is 
different than in the case of a fistula of the lamina cribrosa. 
• Closure of a fistula located in the roof of ethmoid cells  
 The so-called sandwich technique is usually used for surgical treatment of the CSF 

fistula located in the fovea ethmoidalis, using several layes of fascia, muscle or fat. 
It is possible to use the fibrous tissue of the fascia lata from the thigh – while har-
vesting the fascia, also a muscle and fat tissue is harvested from the same site. The 
first layer of the fascia (of about two times larger surface than the defect) is placed 
intradurally (inlay). It serves as a plombage of the dural defect and decreases 
the CSF leak. The second layer of the fascia is placed intracranially extradurally 
(underlay – between the dura separated from the bone and the margins of the bone 
defect) (Fig. 18.8, 18.9). 

 A layer of tissue glue is applied between the two fascial layers. The third layer 
is placed extracranially and fixed with tissue glue (overlay). A muscle or fat graft 
is used as a tissue packing to ensure a safe fixation of the fascial grafts in situ 
(Fig.18.8). A layer of compressed Gelaspon® is then placed onto these layers. 
Mucosal flaps are not usually used in this location. Finally the duraplasty is fixed 
with a two baloon catheter (epistat). The baloons are filled with saline solution 
under the control of endoscope to provide pressure on the duraplasty for several days. 

Fig. 18.7 Identification of the CSF fistula after 
the intrathecal fluorescein application – CSF 
leak from the lateral recess of the sphenoid sinus; 
endoscopic view, right side.
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• Closure of a sphenoid sinus fistula 
 In the case of a fistula located in the sphenoid sinus the surgical management 

depends on its location. The defect of the posterior wall can be closed by an intra-
dural or underlay technique, similarly to the ethmoid fistula closure. It is suitable 
to use the nasoseptal flap which provides faster epithelisation. The nasoseptal flap 
is a mucoperiosteal flap harvested from the nasal septum with a lateral vascular 
pedicle supplied by a septal branch of the sphenopalatine artery. In the case of la-
teral location of the fistula the overlay technique can be used, using a fat or fascial 
graft and the nasoseptal flap (Fig. 18.10). 

 If it is not possible to identify the fistula precisely it is possible to obliterate the 
sinus with fat or muscle. In this case it is necessary to remove the mucosa from 
the sinus completely which is usually virtually impossible in the adult type of 
sphenoid bone pneumatisation. In that case the sinus should be obliterated with the 
grafts only partially, covered by a nasoseptal flap, and the rest of the sinus is filled 
with resorbable Gelaspon® so that the drainage of the rest of the sinus is preserved.

• Closure of a CSF fistula of the lamina cribrosa 
 It is difficult to perform the fistula closure in this location because it is impossible 

to elevate the dura from the bone in the medial plane. It is usually possible to 
introduce a small fascial graft as a plombage of the fistula but it is impracticable 
to place a second fascial layer between the dura and the bone in the medial part 
of the olfactory cleft. In the lateral part of this area it is possible to use the fascial 
grafts in the same manner as in the ethmoid roof (underlay – extradurally intracra-
nially). A layer of tissue glue is applied between the two layers. The technique of 
the nasal packing and fixation of the grafts is the same as in the ethmoid roof or the 
sphenoid sinus. The nasoseptal flap is not used in this area because of the position 
of its pedicle but other epithelial flaps can be used – a septal mucoperichondrial 
flap from the opposite side of the septum is suitable. 

SE SF SF

Fig. 18.8 Scheme of the CSF fistula closure tech-
nique in the roof of the ethmoid cells.

Fig. 18.9 Intradural layer of the fascia inside the 
CSF fistula of the ethmoid roof; endoscopic view, 
right side.

three layers of fascia
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• Closure of a CSF fistula in the frontal sinus  
 The procedure in the case of a fistula located in the frontal sinus is different. 

Usually it requires an external extracranial approach with an osteoplastic flap. 
A combination of underlay and overlay technique is used, with fixation of fascial 
grafts with a fibrin glue. The sinus can be also obliterated with fat under condition 
of a total removal of the mucosa which is not always possible. It is safer to ensure 
a permanent patency of the frontonasal duct. 

• Localisation of the fistula is not successful
 If the localisation of the fistula is not possible despite all measures, the bone is 

exposed in the entire extent of the ethmoid roof and covered with layers of fascia 
with tissue glue, muscle or fat, Gelaspon® and nasal packing with a baloon epistat. 
TachoComb with a similar consistency as Gelaspon®, covered with tissue glue on 
one side, can also be used. Antibiotics are administered preoperatively and post-
operatively as a prevention of intracranial inflammatory complications. 

18.3.3  efficiency of surgical treatment  

The statistical results of the extracranial and intracranial approaches are different 
– approximately 70% versus 95% in favour of the endoscopic approaches, therefo-
re, if possible, the least invasive approach with minimal morbidity and mortality, 
i.e. extracranial-endoscopic or microscopic approach should be used. The use 

Fig. 18.10 Closure of the CSF fistula of the lateral 
recess of the sphenoid sinus, right side: a – fat 
inserted into the defect, b – fixed with tissue glue, 
c – covering of the defect with the nasoseptal flap; 
endoscopic view.
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of the epithelial flaps significantly increased the efficiency of the endonasal CFS 
fistula closure. In the end it is necessary to emphasise that the CSF leak surgery 
should be performed by an experienced surgeon and an experienced surgical team 
who perform surgeries in this area on an everyday basis and are used to this type 
of surgery. With an increasing number of duroplasties the number of successufuly 
closed CSF fistulas increases.  

Summary 
• Spontaneous CSF leak accounts for almost one half (40–46%) of all the 

CSF fistulas.  
• To confirm the CSF in the nasal secretion a β-2 transferrin or beta-trace 

protein examination is used.
• Radiologic examination methods – CT cisternography, PET/CT, MRI or 

MRI cisternography are used for determining the etiology, diagnosis and 
mainly the localisation of the CSF fistula. 

• The most reliable method of intraoperative localisation of the CSF fistula is 
the preoperative intrathecal application of 5% sodium-fluorescein intrathe-
cally through the lumbar puncture.

• The most efficient surgical method of the fistula closure is a multilayer 
duraplasty. 

• The endoscopic endonasal approach is used in almost all the cases, with 
a 95–97% success of the fistula closure.

• The lumbar drainage or peritoneal CSF shunt are suitable for patients with 
intracranial hypertension. 

• Positioning of the patient and prophylactic antibiotic therapy are a standard 
part of the surgical treatment. 
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19 PostoPerative care 

P.  M a t o u š e k ,  Š .  R e g u l i ,  M .  F o r m á n e k ,  T.  H r b á č  
 

19.1 general postoperative care

19.2 csF leak

19.3 Water and electrolyte dysbalance 

19.4 postoperative care following transnasal surgery

19.5 dispensarisation and check-ups after discharge from hospital 

Good postoperative care is essential to achieve the optimal results of the transnasal 
endoscopic skull base surgery. The postoperative care is focused on diagnosis and 
treatment of neurologic, endocrinologic, rhinologic and systemic disorders which 
can occur in the early postoperative phase.

Postoperative care 
The early postoperative care takes place at the intensive care unit in our department – monitoring of vital functions, neu-
romonitoring and repeated controls of the inner environment with correlation to fluid balance and local controls of the 
operated site. 
After the patients’ overall condition stabilises (usually 1-2 days after the surgery) they are transfered to a standard ward 
and discharged from the hospital on the 4th–7th postoperative day. The outpatient based check-ups are focused on the en-
docrinologic evaluation, repeated ophthalmologic examination (oculomotor nerves, perimetry), neurologic examination, 
evaluation of the postoperative radiologic imaging (MRI), local control of the operated site by an otorhinolaryngologist 
and a final summarisation of all the findings, clinical evaluation and subsequent dispensarisation of the patient in the 
neurosurgery outpatient department. 

19.1 general PostoPerative care 

The early postoperative care begins immediately during the waking from general 
anesthaesia. Excessive coughing or increasing of the abdominal pressure which 
can lead to bleeding or dislocation of the dural closure and postoperative CSF leak 
should be prevented. In case the lumbar drainage was introduced during the surge-
ry it can be opened during the waking from general anesthaesia and thus prevent 
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the increase of the intracranial pressure. A close cooperation with the anesthaesi-
ology team is necessary. In the case of a transnasal transorbital approach an over-
pressure breathing by a face mask must be avoided due to a risk of orbital emphyse-
ma (if the nasal packing was not introduced). The ICU care consists of monitoring 
of the patient while the effect of the general anesthaesia subsides, close monitoring 
of the water and electrolyte balance with prompt diagnosis and treatment of its di-
sorders and neurologic monitoring with early diagnosis of lesion of cranial nerves. 
• Postoperative monitoring of neurologic functions, focused on function of the 

cranial nerves, is essential in the early postoperative phase. Due to the position 
of the sella turcica which is the target of most of the surgeries, not only the optic 
nerve, but also the oculomotor and abducent nerve is at risk of damage. In case 
a palsy of oculomotor nerve or a visual field impairment occurs postoperatively 
it is necessary to perform a radiologic examination (CT or MRI) immediately to 
detect possible complications (most frequently a haematoma). 

An oculomotor nerve palsy or visual field impairment which occurs newly after 
the surgery is a sign of a postoperative complication, most frequently bleeding. 

• Pharmacotherapy consists of prophylactic antibiotic therapy, corticotherapy (sub-
stitution/prevention of hypocortisolism), analgesics, antiemetics and low-molec-
ular heparine for deep vein thrombosis prevention. Amounts and composition 
of the infusion solutions depend on the current hydration and electrolyte balance 
of the patient. 
- Corticotherapy
 Corticoids are a part of routine pharmacotherapy of the patients after the pi-

tuitary gland surgery, most frequently hydrocortisone (or its synthetic analogue 
prednisone which is however rarely used in this indication). The corticotherapy 
is a substitution of the secondary hypocortisolism as a result of impaired fun-
ction of the hypothalamic-pituitary-adrenal axis which cannot cover the orga-
nism’s requirements in the postoperative stress situation. The corticosteroid 
supplementation is empiric in many departments and is based on a consent 
protocol based on a decreasing dose of the corticoids (initially administered 
parenterally, later perorally). The patient is discharged from the hospital with 
a maintenance dose of corticoids and the final endocrinologic examination with 
recommendation of further supplementation takes place on an outpatient basis. 
This protocol is used also in the authors’ department. A new approach consists 
of daily monitoring of morning cortisol level (at 8 a.m.) in order to terminate 
the hydrocortisone substitution as early as possible in a patient with a preserved 
hypothalamic-pituitary-adrenal axis and thus minimise the adverse effects of 
corticotherapy and prevent the overuse of corticosteroids. 

Postoperative care
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- Antibiotic therapy
 There is no standardised protocol for antibiotic therapy in patients after the 

transnasal endoscopic skull base surgery, but usually the antibiotic therapy 
is recommended. Frequency of inflammatory intracranial complications and 
meningitis after the transnasal endoscopic approaches is lower compared to 
the traditional open approaches (Stamm 2011). The reason for the antibiotic 
administration are, according to some authors, also relatively frequent inflam-
matory complications in the area of the approach corridor, in the nasal cavity 
and paranasal sinuses (Brown 2007), with frequency up to 20% in the first three 
postoperative months. 

Dosage of corticoids
In patients with a preoperative hypocortisolism higher doses in hydrocortisone are indicated (on the day of surgery 50 mg 
every 8 hours), 25 mg every 8 hours on the first postoperative day and 25 mg in the morning of the third day. 
The morning serum cortisol level can help to distinguish the patients that benefit from the hydrocortisone treatment: 
• serum cortisol level over 16 µg/dl predicts a good function of the HPA axis and the corticoid substitution is not indicated. 
• in the case of levels from 9 to 16 µg/dl the ACTH defficiency is improbable, the hydrocortisone substitution is indica-

ted in the postoperative phase. 
• the levels of 3.6–9 µg/dl indicate a risk of ACTH defficiency, the corticoid substitution is necessary until confirmation/

exclusion the HPA axis dysfunction by final endocrinologic tests. 

Antibiotic administration
In our department we administer the 3rd generation cephalosporins which cross the haematoencephalic barrier (for exam-
ple Cefotaxime) as a postoperative infection prevention. The antibiotics are administered in the beginning of the general 
anesthaesia and in the case of no signs of CSF leak no further antibiotic treatment is necessary (one-shot strategy). In 
the case of the arachnoidea injury with CSF leak and necessity to perform a duraplasty the antibiotic treatment continues 
for seven days.

19.2 csf leak 

CSF leak is a serious postoperative complication and if confirmed it requires early 
revision surgery. In the early postoperative period especially after removing of the 
nasal packing) it is necessary to ask the patient about having a feeling of liquid 
flowing down from the nasopharynx or a clear nasal secretion. Clear serous nasal 
secretion, increased when bending the head forward, especially together with hea-
dache, is always suspect of CSF leak. In the case of suspicion of CSF leak it is 
necessary to examine the secretion for presence of beta-trace protein. Its increased 
level (over 6 mmol/l) means presence of CSF. A head CT scan (pneumocephalus) 
or CT cisternography can also help the diagnosis (Fig. 19.1), the intraoperative 
localisation of the defect is performed using the intrathecal fluorescein application.

Signs of early postoperative CSF leak: 
• feeling of liquid flowing down from the nasopharynx;
• increased secretion when bending the head forward;
• headache.
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The preoperative and repeated postope-
rative education of the patient about the 
situations that can increase the intracra-
nial pressure and can lead to dislocation 
of the duraplasty and postoperative 
CSF leak is very important. These situ-
ations are ordinary daily activities and 
avoiding them is important for good 
postoperative healing (Fig. 19.2).

Situations increasing the intracranial pressure: 
• using the abdominal press (defecation, urination);
• lifting of heavy objects;
• lifting on the bed using the rack;
• sexual activity;
• holding breath when tying shoelaces;
• working bent forward;
• blowing nose.

An early dural defect closure combined with antibiotic prophylaxis minimises the 
risk of meningitis. 
• External lumbar drainage increases the chance of the duraplasty engraftment 

in the case of intraoperative CSF leak according to some authors. Setting of the 
external lumbar drainage set is individual. 

Setting of the lumbar drainage set 
We adjust the setting mainly according to the amount of CSF drained. Approximately 500 ml of CSF is produced in the 
brain ventricle daily. To reduce the intracranial pressure and thus improve the chances of the duraplasty engraftment we 
usually set the lumbar drainage to 6–15 cm H2O so that the daily CSF drainage is approximately 200 ml. In the case of 
clinical signs of CSF hypotension (headache) the amount of the drained CSF should be reduced. The drainage is left for 
4 days and in the case of no signs of CSF leak it can be removed on the following day. 

19.3 water and electrolyte dysbalance

Postoperative water and electrolyte dysbalance is one of the most frequent compli-
cations. Abnormal serum sodium levels are present in up to 65% of patients after 
the surgery in the sellar region (Baylis 1995).
Monitoring of the urine output, serum sodium levels and serum osmolality is es-
sential. 

Fig. 19.1 Pneumocephalus; CT scan, sagittal 
section. air in the intracranium

Postoperative care
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Fig. 19.2 Activities increasing the intracranial pressure and possibly leading to dislocation of the dura-
plasty; these activities should be avoided at least for three months after the surgery: a – pulling up on the 
bed using a rack, b – sexual activities, c – lifting of heavy objects, d – working bent forward, holding 
breath while tying shoelaces, e – increasing of the intraabdominal pressure during urination, defecation, 
f – intensive nose blowing

NO!

NO!

NO!

NO!

NO! NO!
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Table 19.1 Possible causes of postoperative polyuria.

• diabetes insipidus (hypernatraemia)

• polyuria after excessive infusion solution administration in the perioperative phase (usually normal sodium 
levels)

• polyuria caused by hyperglycaemia

• Hyponatraemia  – the most frequent cause of hyponatraemia is SIADH (syndrome 
of inappropriate ADH secretion). Also CSWS (cerebral salt wasting syndrome) 
must be considered in the differential diagnosis. The dominant sign is hyponatrae-
mia but the cause and treatment is different (Verbalis 2007).  It is necessary to rule 
out renal dysfunction, untreated hypothyreosis or hypocortisolism or excessive 
intake of fluids (perioperative infusion treatment) and congestive heart failure.

Table 19.2 Causes of postoperative hyponatraemia.

• syndrome of inappropriate ADH secretion (SIADH)

• cerebral salt wasting syndrome (CSWS)

• hypocortisolism

• renal dysfunction

• hypothyreosis

• excessive intake of fluids

• congestive heart failure

• Diabetes insipidus is the most frequent postoperative water balance disorder and 
occurs in 18–38% of patients (Verbalis 2007). It manifests by polyuria (more than 
200 ml/h for two following hours). 

 There are different opinions about early pharmacological intervention – desmo-
pressin administration. Some authors prefer a conservative approach in patients 
with a preserved feeling of thirst and unlimited peroral fluid intake who are able to 
compensate the transient fluid loss and the desmopressin is indicated in the case of 
DI lasting longer than 3 days. Others prefer an early intervention to prevent a sig-
nificant metabolic dysbalance (Verbalis 2007). It is necessary to avoid a possible 
hypercorrection to hyponatraemia during the desmopressin substitution.

Diagnosis of diabetes insipidus
In the case of natraemia over 140 mmol/l, plasmatic osmolality over 285 mosmol/kg and urine osmolality lower than 
500 mosmol/kg, the diagnosis of the diabetes insipidus is certain. DI usually manifests in the first 24 hours after the 
surgery and the condition usually normalises in 7 days in most patients. 

Frequency of diabetes insipidus incidence
The DI is more frequent in patients with craniopharyngioma of the pituitary region (up to 70% of patients after the 
transsphenoidal surgery). The patients with a functional pituitary adenoma with Cushing disease have a fourfold risk of 
polyuria compared to the patients with acromegaly and a 2.8fold risk of hyponatraemia postoperatively (Baylis 1995, 
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Verbalis 2007). According to the authors’ experience the postoperative DI incidence, especially in patients after the 
transnasal craniopharyngioma resection, is however significantly lower compared to numbers published in literature or 
patients operated by an external approach. 

• Syndrome of inappropriate ADH secretion (SIADH) – it usually manifests on the 
7th postoperative day when the overproduction of ADH causes retention of water 
in the organism and thus hyperhydration and hyponatraemia. Due to possible ma-
nifestation after discharge of the patient from the hospital an early control exami-
nation of the intogram is necessary. SIADH treatment consists of fluid restriction 
and monitoring of fluid intake and output together with the serum sodium level, 
serum osmolality and urine osmolality. Sodium supplementation is often discussed 
and is recommended only in severe cases with natraemia lower than 120 mmol/l.

• Cerebral salt wasting syndrome (CSWS) – causes excessive loss of sodium into 
the urine and the patient is usually hypovolemic. In such case it is important to 
examine the patient’s hydration – either indirectly – skin turgor, mucosa condition, 
axillary hydration, or directly by measuring the central venous pressure. A chemi-
cal urine analysis can also help to diagnose the CSWS. In the case of sodium 
urine concentration over 20 mmol/l the diagnosis is very probable. It is however 
necessary to rule out the iatrogenic causes (especially mannitol or diuretics in the 
patient’s medication). CSWS treatment consists of rehydration with NaCl solution 
to supplement the sodium loss.

19.4 PostoPerative care following transnasal sUrgery

The aim of the postoperative care is to ensure good healing of the nasal cavity and 
paranasal sinuses and prevent obstruction of the PNS ostia and functional nasal and 
paranasal sinus disorders. It consists of: 
• observation for bleeding; 
• removing of the nasal packing (if introduced); 
• following care of the nasal cavity (crust and blood clot removing, disruption of 

synechiae); 
• observation for possible CSF leak.

The aim of the postoperative care of the approach corridor is to prevent obstruc-
tion of the PNS ostia and imparment of nasal functions, i.e. nasal breathing 
disorders or anosmia. The transnasal surgery must be the least invasive as pos-
sible to minimise the risk of complications in the area of the approach corridor.

The prevention of complications resulting from the PNS ostia obstruction begins 
in the end of the surgery by trying to put the structures in the nasal cavity into their 
original position (for example medialisation of the turbinates after their lateralisation 
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in the paraseptal approach to the sphenoid sinus). The nasal packing, if introduced, 
can help to keep these structures in the desired position.

Middle turbinate bolgerisation
The desired position of the middle turbinates can be achieved also by so-called bolgerisation of the turbinates (Bolger 
1999), in which the nasal septum  and adjacent medial surface of the middle turbinate are injured in order to create a sy-
nechia between the turbinate and the septum and reduce the risk of synachiae with the lateral nasal wall and the PNS os-
tia obstruction. 

• Nasal packing
 Some authors use the nasal packing in the transnasal endoscopic surgeries, some 

authors do not (Stamm 2011). A wide spectrum of types of nasal packing is used, 
resorbable as well as nonresorbable. There are generally two reason for the nasal 
packing – haemostasis and securing the position of the nasal structures (middle tur-
binates) or the duraplasty. The bleeding from the injured nasal mucosa may occur 
especially in the case the surgery is performed in blood hypotension and the blood 
pressure increases in the end of the surgery or in early postoperative period. In the 
case of a larger dural defect the nasal packing is another factor ensuring the stability 
of the duraplasty in the early postoperative period. The nasal packing is removed by 
an otorhinolaryngologist on the 1st to 4th postoperative day. It should be removed 
very carefully, especially in the case a duraplasty had been performed.

Nasal packing
We use the nasal packing in almost all the cases. In surgeries in which the liquor 
space is not opened and the duraplasty is not performed the nasal packing is 
removed in 24 hours. After the duraplasty the nasal packing is placed in a posi-
tion in close contact with the nasoseptal flap and is removed in 4 days.

- Care after removing of the nasal packing 
 After the nasal packing is removed the patient is instructed to compress the nasal 

wings and to spit out anything flowing down into his/her throat. Thus we can 
control the amount of blood flowing down from the nasopharynx. It is possible 
to support the haemostasis by application of nasal decongestive drops. If there 
is no bleeding or signs of CSF leak the patient starts to irrigate the nasal cavity 
with a saline solution or solution of sea water in spray approximately 10 times 
a day. Before the patient is discharged from the hospital, i.e. on the 4th to 7th post-
operative day, an endoscopic control with careful crust removal is performed. 
Another otorhinolaryngologic control follows in 2 weeks and later individually 
according to local findings. 

• Removal of the crusts and blood clots from the nasal cavity 
 To ensure the nasal and PNS ostia patency it is necessary to remove the crusts and 

blood clots from the nasal cavity. Because the patient is instructed not to blow 
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his/her nose (which is forbidden for 3 months after the surgery) and thus can-
not clean the nasal cavity by blowing, it is necessary to clean the nasal cavity by 
repeated irrigation of saline solution in form of rinsing or spraying performed by 
the patient himself/herself for several weeks after the surgery (Fig.19.3). 

 A very careful removal of the crusts under endoscopic control should be performed 
on the 4th to 7th day, with regard to the duraplasty if performed. The crust formation 
is the most excessive in the first few weeks after the surgery. During this period 
it is necessary to remove the crusts repeatedly (Fig. 19.4). In the case of formation 
of synaechiae the following care depends on their location and symptomatology. The 
synechia may be located in a place important for breathing (for examples between 
the inferior turbinate and the nasal septum) or in a place important for drainage and 
ventilation of PNS (between the middle turbinate and the lateral nasal wall). In the 
case of signs of complications or in the case of risk of complications the discision of 
the synechia is performed with scissors. Due to narrow space in the nasal cavity it 
is necessary to introduce a nasal packing or silicone splint into the cavity to prevent 
formation of synechiae again. However sometimes, despite all the measures, it is not 
possible to prevent the synechiae formation. 

19.5  disPensarisation and check-UPs after discharge  

from hosPital 

If there are no complications (satisfactory levels of electrolytes and water balance, 
no signs of CSF leak) the patient is discharged from the hospital on the 4th to 7th 
postoperative day. 
• Endocrinologic dispensarisation – after the discharge we recommend an early 

endocrinologic examination with evaluation of the laboratory results and deter-
mination of necessity of further corticotherapy or other substitution therapy (see 
Chapter 20).

Fig. 19.3 Lavages of the nasal cavity with saline 
solution or Vincentka®, after extraction of the 
nasal packing; should be performed cca 15 times 
a day. 

Fig. 19.4 Using of nasal cavity lavages to remove 
the crusts in a patient after the pituitary adenoma 
resection.
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• Otorhinolaryngologic check-up with rhinoendoscopy, crust or blood clot removal, 
usually 14 days after the discharge and later in approximately 7 day intervals until 
the nasal mucosa is completely healed. 

• Control radiologic examination (MRI) – it is usually performed in 3 months after 
the surgery. 

• Control neurosurgical check-up with the MRI results, results of a recent endocri-
nologic and ophthalmologic examination  (perimetry) 12 weeks after the surgery. 
Further check-ups follow in 6 or 12 month intervals, always with a control MRI, 
perimetry and an endocrinologic examination if needed. 

Summary
• The early postoperative care following the transnasal endoscopic skull 

base surgery is focused on the neurologic functions, especially new neuro-
logic disorders, postoperative CSF leak and endocrinologic disorders. 

• The patient should be monitored in the ICU after the surgery. 
• The most frequent endocrinologic disorder is the water and electrolyte 

dysbalance. It is very important to monitor the fluid intake and output in 
the early postoperative phase. 

• Adequate local postoperative care of the approach corridor (nasal cavity 
and the paranasal sinuses) reduce the risk of inflammatory complications 
and PNS function impairment (nasal obstruction etc.).

• Education of the patient to avoid the activities increasing the intracranial 
pressure in the postoperative phase is essential for successful engraftment 
of the duraplasty (avoidance of nose blowing, lifting of heavy objects etc.).

Postoperative care
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20 comPlications of the transnasal  
endoscoPic sUrgeries

R .  L i p i n a ,  P.  K o m í n e k ,  M .  Š t e f f l ,  P.  M a t o u š e k ,  B .  G á l

20.1 neurosurgical complications

20.2 otorhinolaryngologic complications 

The transnasal endoscopic surgery is not only a new method of pituitary adenoma re-
section but also a new method for resection of intradural skull base lesions. The main 
advantage of the transnasal endoscopic approach is especially the miniinvasivity. 
Miniinvasity should not however mean only the “absence of a skin incision”, but 
especially a lower risk of complications, mainly the serious ones that threaten the 
patient’s life or result in permanent impairment, and also complications that cause 
a postoperative dyscomfort of the patient. 
The complications are divided to intracranial (neurosurgical) and approach corridor 
(otorhinolaryngologic) complications. 
 

20.1 neUrosUrgical comPlications

The intracranial complications are divided according to various criteria: 
• According to time – early (intraoperative) and late (postoperative);
• According to etiology – vascular, infectious, neurologic, endocrinologic, systemic 

complications and complications due to CSF leak.

20.1.1  vascular complications 

The vascular complications comprise of bleeding and of ischaemic brain impairment 
caused by the surgery. Both can be early or late. 
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• Bleeding  
 The source of the early bleeding can be the cavernous sinus, small arterial perfora-

tors or massive bleeding from an injured  ICA or its branches. If the ICA is arroded 
by tumour the bleeding can occur without its obvious injury and often after certain 
time after the surgery. The source of the late bleeding can also be the tumour bed. 

 The management of the postoperative bleeding depends on its severity and localisa-
tion. A mild diffuse bleeding from the tumour bed or from the adenoma is stopped 
by irrigation of saline solution of the body temperature. Bleeding from a small arte-
rial or venous branch can be stopped by bipolar coagulation if it is technically fea-
sible. If it is not, the haemostatic agents, usually based on oxycellulose (Surgicel®, 
Oxycel®) are used. The venous bleeding from the cavernous sinus is also managed 
by application of the haemostatic material. Here, materials based on fibrin foam 
(Floseal®, Surgiflo®) can be used. The most severe type of bleeding is caused by the 
ICA injury in pituitary surgeries and in extended approaches. Bipolar coagulation, 
clipping or packing with haemostatic material (Gelfoam®, Floseal®) or with muscle 
is recommended and after gaining control over the bleeding an urgent endovascular 
intervention must follow (Cavallo 2004, Kassam 2010, Snyderman 2009). 

Technique of ICA bleeding management 
• A small defect (for example after tearing out a small perforator) can be managed by bipolar coagulation. 
• A larger defect has to be managed: 
 - by packing of the defect with haemostatic material or muscle placed directly on the wall of the ICA or inside the   

  defect with following urgent endovascular intervention with stenting or obliteration of the vessel; 
 - by clipping the artery with its partial or total closure. 
• It is necessary to perform an angiography after the surgery. In the case of negative results of the early digital subtracti-

on angiography (DSA) it is necessary to repeat the DSA in 2 and 6 months because of possible vascular aneurysm for-
mation. 

• Bleeding prevention consists of preoperative evaluation of the relation of the 
tumour and the vessels, meticulous surgical technique and intraoperative image 
guidance, ultrasound and dopplerometric vessel localisation. In the case of a high 
risk of ICA injury it is advisable to perform a preoperative balloon occlusion test 
and to decide on the surgical strategy according to its result.

Bleeding incidence  
According to literature the incidence of the intracranial vascular injury in the transnasal endoscopic approaches to pitui-
tary adenoma is 0.3–0.68% and is comparable with the microscopic transnasal approach (Cavallo 2004, Kassam 2010), 
in the case of the extended endoscopic approaches it is 1.1–10% (de Divitiis 2007, Kassam 2010). In the case of the ex-
tended approaches to the skull base chordomas a chondrosarcomas the incidence of vascular surgery is 5.4–9% in endos-
copic surgeries (Frank 2006, Kassam 2010), whereas in conventional approaches it is 14% (Sekhar 2001).

• Brain ischaemia
 The intraoperative brain ischaemia can be caused by vascular spasms due to 

manipulation with the ICA, its branches or spasms or interruption of  small perfo-
rators in the basilar artery area, as well as in the anterior part of the Willis circle 
(for example a. Heubneri). The ischeamia causes a neurologic deficit topically 

Complications of the transnasal endoscopic surgeries



266

Transnasal Endoscopic skull  BasE surgEry

corresponding with the involved part of the brain. Ischaemia caused by ICA oblit-
eration or some of its branches caused by their injury not manageable by any other 
means is an extreme situation.

 Prevention of ischaemia consists of early detection of reversible ischaemia by 
intraoperative electrophysiologic monitoring of somatosensoric evoked potentials. 
In this phase it is possible to reverse the condition by ceasing the manipulation 
with the vessels, increasing the mean arterial pressure or local application of 
papaverine. The ischaemia can be also prevented by careful manipulation with 
the vessels and sparing even the small branches, especially of the anterior cerebral 
artery complex and in the area of the basilar artery in the extended approaches. 

Brain ischaemia incidence 
There is no information about the brain ischaemia incidence after the transnasal endoscopic approaches in the literatu-
re. The published data concern usually only the late neurologic complications which can be caused also by a postope-
rative haematoma. Incidence of these complications in large series is 2.4% from which in 0.8% of patients the deficit is 
permanent (Kassam 2010). 

20.1.2  Postoperative csf leak

The postoperative CSF leak is the most frequent complication of the extended 
transnasal endoscopic surgeries due to the high technical requirements of closure 
of the large dural defects. The dural defect reconstruction is a part of the surgery 
that significantly influences the frequency of the complications and must be per-
formed as carefully as the tumour resection itself. Several methods of the dural 
defect reconstruction have been described, using a fat graft, fascia graft, artificial 
dural replacement and nasoseptal flap (Hadad 2006, Kassam 2005). Each method is 
prefered or dismissed by various authors, as well as the routine introduction of the 
external lumbar drainage. In Ostrava, we prefer to use fat, artificial dural replace-
ment, nasoseptal flap and the external lumbar drainage introduction (see Chapter 12). 
In the case of the endoscopic pituitary adenoma resection the intraoperative CSF leak 
is rare due to better orientation in the operating field during the tumour separation from 
the sellar diaphragm and also because the possible CSF leak is usually identified and 
managed during the surgery. 

CSF leak incidence  
The indicence of the postoperative CSF leak after the pituitary adenoma resection is about 1–4%, with no difference 
between the endoscopic and the microscopic transnasal approach (Barker 2003, Ciric 1997, Fahlbusch 1985,1986, Ná-
hlovský 2004, Pnesti 1993). In the case of the extended transnasal endoscopic approaches, according to some reports, 
the incidence of the postoperative CSF leak with necessity of revision surgery is 14.5–40% (de Divitiis 2008, Fatemi 
2008, Gardner 2008, Kassam 2008). After gaining the experience the same authors published new results showing 
a significant decrease of incidence of the postoperative CSF leak under 6% (Kassam 2010).  

20.1.3 endocrinologic complications

The endocrinologic complications are the most frequent after resection of craniopha-
ryngiomas, pituitary adenomas and Rathke’s pouch cysts – tumours in anatomical 
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relation to the hypothalamic-pituitary system. Lesion of the hypothalamus, adeno- or 
neurohypophysis manifests usually as the diabetes insipidus, SIADH syndrome, CSW 
syndrome and postoperative hypopituitarism which can be transient or permanent. 
Prevention of the endocrinologic complications is a meticulous surgical technique 
in the area of hypothalamus sparing its vascular supply and identification and 
protection of the pituitary stalk. In the case of pituitary adenoma the prevention of 
the endocrinologic complications is the preoperative radiologic and intraoperative 
identification and protection of the adenohypophysis. 

20.1.4 neurologic complications

The neurologic complications are usually a result of a vascular complication, hae-
morrhagic or ischeamic. Another possible cause is a direct intraoperative injury to 
the nervous tissue, the most frequently the cranial nerves II.–VI. according to the 
character of the approach. The reason for the vision impairment or damage to other 
cranial nerves can be their mechanical damage during the surgery, their compression 
by a haematoma after the surgery or damage to their vascular supply. 
Prevention of the neurologic complications is a meticulous surgery technique as 
mentioned above and intraoperative electrophysiological monitoring of the cranial 
nerves. 

20.1.5  infectious complications

The infectious intracranial complications after the transnasal endoscopic surgeries 
are meningitis and abscess. The prevention is a complete closure of the liquor spa-
ce and PNS communication and antibiotic therapy. We use the 3rd generation of ce-
phalosporins which are administered until the external lumbar drainage is extracted. 

20.1.6 systemic complications

The systemic complications are mainly the deep vein thrombosis with pulmonary 
embolism or postoperative pneumonia. These complications are more common in 
older patients and extended approaches due to postoperative immobilisation, and 
in patients with Cushing disease. 

Incidence of endocrinologic complications 
The incidence of the postoperative DI is 0–5% after endoscopic pituitary adenoma resection and 0.5–15% after microsco-
pic resection (Barker 2003, Ciric 1997, Fahlbusch 1985, 1986, Náhlovský 2004, Pnesti 1993, Tabaee 2009). The posto-
perative hypopituitarism occurs in fewer than 1% of patients (Tabaee 2009). In the case of extended transnasal endo-s-
copic approach, especially in craniopharyngiomas, the incidence of the endocrinologic complications is higher and the 
incidence of transient DI is up to 40% (Singh 2011). When comparing the transcranial microscopic and the endoscopic 
approach, their resection radicality is comparable and the endoscopic approach shows a better postoperative improve-
ment of the endocrinologic functions and lower incidence of the postoperative hypothalamic dysfunction (Stamm 2011).

Risk of vision imparment after the transnasal surgery
Most often the optic nerve or the chiasm is at risk of injury and the postoperative vision impairment frequency is about 
0.3–2.6% in the case of pituitary adenomas and 5.4–29% in extended approaches (Kassam 2010).

Complications of the transnasal endoscopic surgeries
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Incidence of infectious complications  
The infectious complications are more “expected” after opening of the liquor space in transnasal surgeries where a per-
fect sterility cannot be achieved, but according to literature their incidence is low, about 1–2% in pituitary adenoma and 
6.7% in open intradural surgeries in which they can be also connected to the postoperative CSF leak (Kassam 2010, Sny-
derman 2009).

Incidence of systemic complications
The incidence of the systemic complications is 2.9% generally and 6.7% in patients over 60 years old (Kassam 2010). 

20.2 otorhinolaryngologic comPlications

The transnasal approach to the sphenoid sinus and the sella turcica has been used 
routinely since the 1960s, but with development of the functional endonasal surge-
ry (FESS, FES) the approach technique has significantly changed. The advantage 
of the endoscopic technique is its miniinvasivity. 
The traditional surgical techniques comprising of the sublabial and transseptal ap-
proaches were accompanied with typical complications, such as septal perforation, 
orofacial fistula formation or facial hypesthaesia (Fig. 20.1). Decubitae and injury 
to the nasal wings often occured after introduction of the nasal retractor. These 
complications are virtually absent in the endoscopic approach. 
The incidence of the otorhinolaryngologic complications in the endoscopic approach 
is about 4.5%. The chapter is focused on the extradural complications (the intradural 
complications have the same etiopathogenesis as the neurosurgical complications). 
• According to location – oronasofacial and sphenoidal (Gondim 2010). 
• According to time – early (intraoperative) or late (postoperative).

Incidence complications of the microscopic transseptal approach to the pituitary gland
The complications of the microscopic transseptal approache are well documented in the literature: sinusitis in 1–15%, 
mucocele of the sphenoid sinus in 1–5%, septum perforation in 1–13%, septum deviation in 3%, hyposmia or anosmia 
in 2–12%, epistaxis in 1–3%, anaesthaesia of the upper lip in 5–20% (Gondim 2010). 
The total frequency of complications is 4.5% in the endoscopic and 27% in the microscopic approach (Higgins 2008). 
The complications of the endoscopic and microscopic approach are comparable in the case of intraoperative bleeding, 
other parameters are significantly lower in the endoscopic approach (up to 1%) or hard to evaluate, for example crust 
formation (Higgins 2008). 
The results of the comparison of the approaches are mainly due to the fact that the purely endoscopic approach is, in stan-
dard conditions, not invasive until the fenestration of the sphenoid sinus. 

20.2.1 bleeding

Bleeding is the most frequent complication of the transnasal approach to the pituitary 
gland and the skull base. It is caused by a rich vascular supply of the nasal cavity and 
the paranasal sinuses with anastomoses of the internal and external carotid basins, 
especially on the nasal septum. 
The bleeding from small mucosal vessels (for example locus Kiesselbachi) 
usually stops spontaneously. More intense bleeding can be caused by interruption 
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of the branches of the sphenopalatine artery when resecting the posterior part of the 
nasal septum, opening of the sphenoid sinus and resecting the superior and middle 
turbinate (which some authors do not perform due to principles of miniinvasivity) 
(Gondim 2010). 
The prevention of the bleeding consists mainly of the careful surgical technique. 
Gauze strips with vasoconstrictor solution are also used pre- and intraoperatively for 
the bleeding prevention, it is also possible to use parenteral applicaton of antihae-
morrhagics (etamsylate etc.). Controlled hypotension during the general anesthaesia 
and positioning of the patient in the reverse Trendelenburg position is also important 
for the bleeding prevention (Fig. 14.1).

Factors reducing the intraoperative bleeding: 
• controlled hypotension during general anesthaesia; 
• positioning of the patient in the reverse Trendelenburg position during the surgery.

The bleeding should be managed by the bipolar coagulation, gauze strips with 
vasoconstrictor solutions, application of gelfoam (SpongostanTM) or haemostatic 
powder or thrombin foam. In the case of using of the monopolar coagulation the 
surgeon must be careful when coagulating in the area of important structures (optic 
nerves and ICAs) to avoid their damage. The sphenoid sinus is filled with the gel-
foam and a light nasal packing is introduced into both nostrils as a prevention of the 
postoperative bleeding. In Ostrava, we prefer to introduce the Merocel® packing so 
that the posterior end of the packing is on the margin of the trepanation opening. 
In the case of persistent diffuse bleeding from the nasal mucosa it is indicated to 
use the layered vaseline gauze strip packing. In rare cases of massive postoperative 
bleeding (ICA) it is necessary to manage the bleeding by endarterial embolisation 
(Cappabianca 2006, Pádua 2008, Tabaee 2009).

Fig. 20.1 Nasal septum perforation: a – left side, b – right side; endoscopic view.
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Table 20.1 Complications of the endoscopic surgery of PNS (Maniglia 1991).

• Minor:

- diffuse intraoperative bleeding

- postoperative bleeding

- damage to lamina papyracea

- haematoma or emphysema of eyelids

- facial paresthaesia

- headache

- formation of synechiae in the operating field

- crusting in the nasal cavity and PNS

- smell impairment

- septum perforation

- sinusitis, mucocele of PNS

• Major: 

- retrobulbar haematoma

- oculomotor impairment

- blindness

- CSF leak, meningitis

- bleeding from ICA

- death

Incidence of bleeding 
According to literature the incidence of vascular complications in endoscopic pituitary surgery is  0.7–7% , in large se-
ries up to 2%, and the frequency of revision surgeries is up to 1%. A careful technique in the area of the superior and 
middle nasal meatus because of the branches of the sphenopalatine artery is always emphasised (Dehdashti 2008, Gon-
dim 2010, Tabaee 2009). According to authors‘ experience the postoperative bleeding must be always managed endos-
copically with identification of the source of the bleeding because the nasal packing cannot be used as in ordinary epista-
xis – behind the packing, the bleeding could proceed into the intracranium with fatal consequences. 

20.2.2  crusting and synechiae formation in the operating field  

Crusting in the operating field is typical after the surgery (Fig. 20.2). To minimise 
the crusting and prevent the synechiae formation (Fig. 20.3) isotonic saline solutions 
(0.9% NaCl solution, Vincentka®, Stérimar®) in the form of drops, sprays, inhalation 
or lavages or peroral mucolytics are used. A long-term topic steroid spray applica-
tion after the surgery is usually indicated for the synechiae formation prevention 
and maintaining the nasal patency, it is necessary to tell the patient about the nasal 
mucosa dessication. 
It is necessary to start with the prevention of the scarring processes before the end 
of the surgery by controlling the operated area, removing the excessive tissue if nee-
ded and controlling the position of the bony nasal septum and the nasal turbinates. It 
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is also important to educate the patient about the crusting prevention and necessity of 
repeated otorhinolaryngologic check-ups with endoscopic controls of the nasal cavity. 
Insufficient crust removing, insufficient nasal ventilation and obstruction of the PNS 
ostia can lead to postoperative rhinosinusitis (Fig. 20.4). According to literature its 
incidence is up to 20% (Brown 2007.)  

Insufficient crust removing, insufficient nasal ventilation and obstruction of the 
PNS ostia can lead to postoperative rhinosinusitis.

20.2.3  complications in the sphenoid region

These complications are the mucocele formation, sphenoid bone fracture, optic ner-
ve injury, ICA injury, postoperative sphenoid sinus infection. 
Sinusitis is the most frequent complication; it occurs in 2% in the endonasal technique 
and in 1–9.6% in the microscopic technique of the pituitary surgery. The difference 

Fig. 20.3 Synechia of the inferior turbinate and 
the nasal septum; endoscopic view, right side.

Fig. 20.2 Crust in the posterior part of the nasal 
cavity (in front of sphenoid sinus); endoscopic view.

Fig. 20.4 Purulent secretion from the middle nasal 
meatus; endoscopic view, left side.
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is due to wider opening of the sphenoid sinus in the endoscopic approach while 
respecting the ostiomeatal complex and not using the retractors (Cappabianca 
2006). Using the nasal packing is a matter of discussion, in past some authors did 
not recommend the nasal packing because of the risk of sinusitis (Rodziewitz 1996).

20.2.4    haematoma and emphysema of the eyelids, facial parestaesia 

These complications are rare. The eyelid haematoma is caused by bleeding after en-
tering into the orbit. This is not usually a serious complication and the haematoma 
resorbs spontaneously in several days (Fig. 20.5). The eyelid emphysema is cau-
sed by air inside the orbit – it is necessary to educate the patient not to blow his/her 
nose and sometimes to administer antibiotics. 

20.2.5  headache 

Before and right after the surgery the headache is mostly caused by the neurosur-
gical findings, postoperatively they can indicate an ostiomeatal unit obstruction or 
sinusitis. Their prevention consists of maintaining the PNS ostia patency and drai-
nage by creating a wide enough opening of the sphenoid sinus and medialisation 
of the turbinates in the end of the surgery (in the case of pituitary surgery mainly 
the middle turbinates). 

20.2.6  retrobulbar haematoma, diplopia, blindness

These complications are rare with good surgical technique, but are still possible even 
in the case of using the intraoperative image guidance. They are caused by injury 
to the ethmoidal arteries or to the intraorbital muscles or in the case of damage to 
orbital nervous structures (Fig. 20.6). 
Monitoring of the position of the eyeball is necessary during the preparation in the 
area of lamina cribrosa. The revision surgery (lateral or medial cantotomy) is indica-
ted according to the clinical state (eyeball protrusion, chemosis of conjunctiva) and 
the radiologic examination results. If surgery is performed in the region of the eth-
moid cells (lamina papyracea) it is necessary to monitor the position of the eyeball.

When operating in the region of the ethmoid cells (ethmoid roof, lamina papy-
racea) it is necessary to monitor the position of the eyeball.

20.2.7  anosmia, smell impairment

It can be caused by direct damage to the fila olfactoria or postoperatively by ob-
struction by crusts or later by scars. The direct damage can be caused when ope-
ning the sphenoid sinus in the area of the posterior ethmoid cells above the roof 
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of the sphenoid sinus or when preparing the nasoseptal flap with the upper incision 
made too high (less than 1 cm below the roof of the nasal cavity). The prevention 
is a perfect orientation during the surgery and minimal manipulation in the region 
of the olfactory epithelium. 

Summary 
• The complications can be divided to intracranial complications and the 

complications from the approach, and to intraoperative and postoperative 
according to time. 

• The complications are vascular (bleeding, ischaemia), infectious (me-
ningitis, sinusitis), neurologic, endocrinologic, systemic, complications 
caused by CSF leak, smell impairment, septum perforation, crusting and 
synechiae formation, mucocele.

• The most feared complication is the injury to the internal carotid artery 
because of a limited possibility (impossibility) to manage the bleeding 
endoscopically. 

• Optic nerve injury, damage to orbital structures or retrobulbar haematoma 
can lead to vision impairment, oculomotor impairment and blindness.

Fig. 20.5 Periorbital haematoma, right side. Fig. 20.6 Retrobulbar haematoma, right side; pro-
trusion of the eyeball, chemosis of the conjuctiva, 
total ophthalmoplegia.

Complications of the transnasal endoscopic surgeries
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21 nUrsing care in endoscoPic skUll base sUrgery, 
Prevention of comPlications 

J .  M e j z l í k ,  J .  D v o ř á k o v á ,  J .  Š k v r ň á k o v á ,  A .  P e l l a n t

21.1 preparation for the surgery

21.2 nurse in the operating room

21.3 postoperative nursing care 

21.4 dispensarisation

21.5 care of the instruments and technical equipment in the operating 

room and in the rhinologic out-patient department 

21.6 nursing diagnosis

21.7 prevention of the skull base diseases

Surgery of nasal cavity and paranasal sinuses (PNS) from the “external approach” 
have been performed for more than 100 years. Nowadays they are indicated less 
frequently but their modifications are still used in management of inflammatory 
complications or extensive malignant tumours of the nasal cavity, paranasal sinuses 
and skull base (Chrobok 2005).
The other direction of the surgical treatment of diseases of the nasal cavity and pa-
ranasal sinuses is the endoscopic surgery, through the nostrils, which does not leave 
any external facial scars. Its main advantage is preserving of the anatomical structures 
of the nasal cavity and PNS. Experience gained step-by-step, increasing quality of 
the technical equipment and development of the radiologic methods (CT, MRI), use 
of the intraoperative image guidance systems and possibility of team cooperation 
enables management also of the skull base lesions and lesion of surrounding areas 
by the endoscopic approach. 

21.1 PreParation for the sUrgery 

• Educating of the patient  
 The transnasal endoscopic surgeries cause minimal serious complications. 

However it is necessary to educate the patient about the surgery itself, possible 
complications or sequelae thoroughly. The education – and especially asnwering 
the questions concerning the possible loss of vision, bleeding, smell impairment or 
oculomotor nerve damage, assumed length of hospitalisation and sick leave from 
work, is the physician’s job. The patients, however, often address the nurses with 
their questions and concerns (fear of the surgery and pain, dyscomfort resulting 
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from the nasal packing and its removing, frequency of changing of the bandages, 
questions about dispensarisation etc.). Therefore the nurse must be prepared for 
such situations, be able to provide additional or more specific information and 
motivate the patient to make the right decision. The nurse is also responsible to 
educate the patient to follow all the general recommendations before the surgery 
and during the hospitalisation. 

 The patient confirms that he/she has understood the provided information, was 
informed about possible risks and possible alternatives of the treatment or risks 
of refusal of any treatment, by his/her signature. If the patient does not agree with 
the recommended surgical treatment he/she should sign the negative informed 
consent. The patient is identified with an identification bracelet which is one of the 
preventive mesures of mistaking of the patient’s identity. 

• Preoperative examination  
 All the transnasal endoscopic skull base surgeries are performed under general 

anesthaesia. Therefore the patients come to the hospital with the results of the basic 
preoperative examination and overall conclusion about feasibility of the surgery 
under general anesthaesia. Due to the extent of the surgeries it is usually necessary 
to perform several specialised examinations before the surgery. Neurologic, otorhi-
nolaryngologic, endocrinologic and ophthalmologic examination, rhinoendoscopy, 
CT and MRI are a part of standard preoperative preparation process. Repeated mea-
suring of the blood pressure is also important because of the general anesthaesia 
and minimising the bleeding during the surgery. It is also necessary to perform the 
blood group examination and if recommended by a physician to reserve red blood 
cell units for possible blood transfusion during the surgery. 

 In the case of revision surgeries or repeated hospitalisations it is also important to 
collect all the patient’s documentation – discharge reports, operation protocols and 
other documents. The collected results and documents are attached to the patient’s 
current documentation and must be available during the surgery, as well as the 
radiologic documentation. 

• Preoperative preparation 
 The general preparation before the surgery consists of removing of earrings, pier-

cing etc. The nurse deposits the valuables in the central tresor with a note in the 
patient’s documentation that “yellow (white) metal objects” are kept in the tresor. 
The note has to be signed by the patient.

 The nurse inserts the peripheral venous catheter and begins with the administra-
tion of the crystalloid infusion solution. It is also possible to introduce the central 
venous catheter the night before the surgery which is performed by an anesthaesio-
logist. It is usually introduced into the internal jugular vein, rarely to the femoral 
vein. Two hours after the procedure the position of the catheter is checked by 
a chest x-ray. As a prevention of the thromboembolic complications the patient 
wears elastic stockings adequate to his/her body proportions. The night before 
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the surgery the nurse usually gives the patient sedatives according to the physi-
cian’s prescription and educates the patient about food and fluid restriction. The 
nurse also ensures completion of the statim examinations right before the surgery 
or administration of other medication prescribed by the physician, and controls the 
patient’s preparation for the surgery – hygiene, fasting, removing of the jewelry 
and denture prosthesis, measuring of the physiological functions etc. The premedi-
cation is administered after the instruction from the operating room and the nurse 
sends the patient to the operating room with complete documentation and results 
of the radiologic examinations.

• Collection and control of all the patient’s documentation – results of all the 
planned examinations including the radiologic studies and in the case of 
repeated hospitalisation also including the old documentation is a part of the 
preoperative preparation and the complete documentation is handed over to 
the operating room together with the patient.

• It is not only the physician’s but also the nurse’s obligation to be familiar with 
the patient’s documentation. 

21.2 nUrse in the oPerating room

The transnasal endoscopic skull base surgery is performed by interdisciplinary teams 
of doctors and nurses and sometimes also technicians. The nurses who are a part 
of these teams must meet not only the requirements of the Government regulation 
No. 31/2010 about specialised education of paramedical staff and the Decree of the 
Ministry of Health of the Czech Republic No. 55/2011 about activities of the health-
care workers and other specialised workers. She/he must also have knowledge of 
anatomy, physiology, clinical matters, technical equipment (endoscopes, microsco-
pes), know how to operate the recording and documentation devices (photography, 
videorecording), be aware of the activities and responsibilities of other healthcare 
and other specialised workers and assistants during the surgery and about the used 
consumable medical supplies etc. 
A more detailed description of specific activities such are care for the endoscopic tech-
nique, cooperation in using the image guidance etc. goes beyond the scope of this chapter. 

21.3 PostoPerative nUrsing care

The patients after the sellar region and skull base surgeries are watched at the inten-
sive care unit (ICU) for 1–2 days and after stabilisation of their condition they are 
transfered to a standard ward for further care (Matoušek 2012).
After the surgery, the nurse takes the patient over from the operating room to the re-
covery room, after the skull base surgery and the intracranial surgeries the patients 
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are usually transfered to the ICU. Here the nurse’s work consists of standard acti-
vities which are described in detail in nursing textbooks. We would like to mention 
these aspects of the nursing care: 
• Continual monitoring of vital functions 
 It is necessary to monitor the blood pressure, heart rate, blood oxygen saturation, 

central venous pressure, state of consciousness (GCS – Glasgow coma scale) and 
body temperature in the early postoperative phase. 

• Monitoring of pain
 Pain evaluation is performed using the visual analogue scale (VAS) of 1–10. In 

the early postoperative phase the pain is evaluated every 30 minutes for 2 hours. 
The analgesics are administered in the case of VAS >2 and the reevaluation is per-
formed afted 30–60 minutes. In the ICU the pain is evaluated every 6 hours and 
every 8 hours in the standard ward. 

• Control of the operation wound 
 If the nasal packing was introduced the nostrils are covered with gauze. The nurses 

control leaking of blood through the packing and change the gauze if needed. If the 
nasal packing was not introduced the nurse watches for possible signs of bleeding 
or CSF leak and actively asks the patient about feelings of liquid (blood) flowing 
down from nasopharynx. 

• Lumbal drainage 
 If the lumbar drainage was introduced it is opened and set to a desired pressure 

in mm H2O by a physician. The purpose of the lumbar drainage is to lower the 
intracranial CSF pressure and ensure the healing of the duraplasty. It is usually 
set to the lowest pressure tolerated by the patient and which does not cause any 
adverse effects. A usual setting is between 60–150 mm H2O while the zero posi-
tion is set according to the position of the external acustic meatus (Fig 21.1). The 
drained CSF is measured every 6 hours and the total amount can be up to 500 ml 
a day, which corresponds with the total amount of CSF produced daily in the brain 
ventricles. Optimal drainage is 10 ml of CSF per hour. The external lumbar drain-
age is usually introduced for 3 to 5 days after the surgery. 

• Monitoring of diuresis and specific weight of urine using the urometer 
 A permanent urinary catheter connected to a closed urinary collection system is 

routinely introduced in the beginning of the general anesthaesia in patients indi-
cated for pituitary adenoma resection. The catheter is left in the first postoperative 
days on the ICU. The diuresis and the specific weight of urine is evaluated using 
the urometer every 6 hours. Based on these results the amount of urine in 24 hours 
is counted. The urine samples are collected by a port integrated into the closed uri-
nary collection system and the biochemical and bacteriological examination of the 
urine is performed while the sterility of urine is maintained. If the fluid balance is 
satisfactory for several days and polyuria did not develop it is possible to remove 
the catheter as a prevention of urinary infection. 
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 In the ICU the urinary output and also the fluid intake is monitored. The urine 
output is noted every 6 hours. A positive or negative fluid balance is given by the 
intake/output fluid ratio and is an important parameter for the nurse. An excessive 
feeling of thirst is an early sign of disorder of water metabolism which needs to be 
managed as early as possible. The patient must be educated about the water drin-
king regimen in given intervals or is given ice cubes as a substitute for the fluids. 
Usually two hours after the surgery the patient is allowed to drink non-flatulent 
fluids with respect to possible nausea. On the second postoperative day the patient 
is given mixed food and in subsequent days the patient eats the same diet as before 
the surgery. The amount of all the food and fluids is noted in the patient’s docu-
mentation.  

• Laboratory examination  
 If there are no intraoperative complications, a venous blood sample is collected in 

2–4 hours after the surgery for the basic biochemical and haematological examina-
tion. On the following day the iontogram is checked every 8–12 hours. In the case 
of pathological results the medication is adjusted immediately. 

 After the patient wakes from the general anesthaesia the nursing care consists of, 
besides standard nursing care, of: 
- observing the patient in order to spot the signs of possible complications;
- nursing care and assistance to the physician in care of the patient.

21.3.1  surgical complications and nursing care 

• Bleeding
 The bleeding occurs in every transnasal endoscopic surgery. An experienced 

surgeon is familiar with the anatomy of the vessels in the nasal cavity and the 
paranasal sinuses and possibilities of management of the bleeding. 

Fig. 21.1 External lumbar drainage: a – closed 
system for external lumbar drainage, b – place-
ment of the system next to the patient’s bed.

a b

collection burette

collection bag

“0” position in the level of 
external acoustic meatus

indicator of 
drainage setting

three-way stopcock allowing 
the drainage stopping
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 If the source of bleeding is visible during the surgery it is usually easy to stop the 
bleeding (using coagulation, nasal packing or tissue glues etc.). The patient should 
be transported to his/her bed with introduced nasal packing without signs of bleed-
ing. However it is necessary to be aware of the possible postoperative bleeding. 
Besides of the possible flow of blood into the nasopharynx bleeding into the orbit 
can occur and the haematoma can compress the optic nerve. Therefore the nurse’s 
responsibility is to observe the patient for possible signs of haematoma in the area 
of the medial eye angle, changes in position or motility of the eyeball or visual 
impairment. 

 Another critical phase for bleeding, now only from the nasal cavity is usually 
after removement of the nasal packing. In most cases the bleeding is only mild 
caused by smaller vessels and crusting or injury to mucosa when cleaning the 
nasal cavity by suction. The patient is instructed to compress the nasal wings after 
the extraction of the packing and to spit out everything that flows down his/her 
throat from the nasopharynx (control of blood loss and prevention of nausea and 
vomiting after swallowing of blood). The bleeding usually stops in 5–10 minutes 
during which the patient spits everything from his throat out. It is also possible to 
use the anemisating nasal drops or soft anterior nasal packing (Gelaspon®). Severe 
bleeding requiring revision surgery is rare. Rarely intracranial bleeding can occur. 
The clinical symptoms depend on the location and extent of the bleeding. A warn-
ing sign is the impairment of consciousness or new neurologic symptoms. 

• CSF leak
 It is necessary to confirm or exclude the CSF leak by a biochemical examination 

(ß-trace protein), the nasal secretion is harvested into a test tube without any addi-
tive and sent to a biochemical laboratory.

 A minor postoperative CSF leak can be latent and is difficult to prove by clinical 
examination. Some patients complain of headache or even sweetly tasting saliva 
but these symptoms are not specific. A more significant CSF leak manifests as 
watery nasal secretion which causes typical yellowish stains with sharp margins 
on the bedclothes (“halo effect”). A rapid decrease of the intracranial pressure can 
lead to intracranial bleeding with corresponding neurologic symptoms. 

 The postoperative CSF leak rarely resolves spontaneously and usually requires 
a revision surgery and closure of the dural defect with possible introduction of the 
external lumbar drainage (Matoušek 2012). To prevent the CSF leak the patient 
needs to avoid all the mechanisms leading to increase of the intracranial pressure 
(avoiding nose blowing, coughing, bending forward etc.). It is also possible to 
perform rhinoendoscopy (a CSF leak may be visible in the operated site) and brain 
CT in which a pneumocephalus may be present. In the case of pneumocephalus 
and CSF hypotension the patient complains of headache and nausea. 
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 The patient with nasal CSF leak must avoid any physical activity resting in hori-
sontal position in his/her bed, with limited verticalisation, the nostrils are covered 
with sterile gauze which is repeatedly changed. The nursing staff must perform all 
the activities under strictly sterile conditions to prevent the ascendent infection and 
meningitis. The patient is standardly treated with antibiotics. 

• Vision impairment
 Vision impairment or blindness are severe complications of the transnasal endo-

scopic surgeries. They are usually caused by bad orientation of the surgeon during 
the surgery, compression of the optic nerve, oedema or haematoma or effort of 
radical management of the inflammatory complications or tumours behind the 
lamina papyracea or of the posterior ethmoid cells or lateral wall of the sphenoid 
sinus or anomalies of the PNS.

• Smell impairment
 Unilateral, rare bilateral hyposmia or anosmia can be caused by radical resection 

of mucosa or a tumour of the ethmoid cell roof due to damage to the olfactory 
fibres. So-called conductive smell disorders are caused by scarring or other obli-
teration of the superior part of the nasal cavity. 

• Temperature
 During the first few postoperative days the subfebrile temperature is of low sig-

nificance. In the case of high body temperature, especially together with headache, 
a suspicion of a possible intracranial complication is raised. A high temperature is 
an indication for laboratory examination of markers of inflammation (FW, com-
plete differential blood count, CRP) and internal, neurologic and sometimes also 
infectologic examination. 

• Nausea, vomiting
 Vomiting following the surgery is caused by intolerance to certain anesthaetic 

agents in some patients or swallowed blood. Vomiting or more frequently gagging 
can be caused by nasal packing dislocated into the oropharynx. 

• Inflammation
 Generally any surgery causes a risk of inflammatory complications. We try to 

eliminate the risk before the surgery by thorough hygiene and aseptic conditions 
when performing invasive procedures. All the procedures performed in the operat-
ing room are performed under strictly aseptic conditions and maintenance of steri-
lity. The postoperative ICU care continues in the previous regimen. The healthcare 
workers, doctors and nurses, must follow the principles to prevent the spreading 
of the infection between the patients by using protective equipment, hand hygiene 
with disinfection before and after the contact with the patient. Antibiotics admi-
nistered prophylacticly are usually 3rd generation cephalosporins. The nursing 
staff is required to note the character of the local findings, manner of care of the 
introduced catheters and their regular exchange into the patient’s documentation. 
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Febrile or subfebrile temperature, leukocytosis, high CRP level and meningial 
signs are alarming signs of ascendent infection. The risk is higher in the CSF leak 
as mentioned above. 

• Diabetes insipidus and electrolyte dysbalance 
 The patient is observed in the ICU in the case of this complication and the elec-

trolyte loss is substituted parenteraly. It is necessary to know the current level of 
sodium, potassium, chlorides and osmolality of the blood serum to determine the 
optimal dose of the infusion solution. The blood samples are collected in 8–12 
hour intervals. The permanent urinary catheter is left in situ in purpose of precise 
evaluation of water balance and measuring the urine density and also for a better 
comfort of the patient because the daily amount of the produced urine can by up 
to 5–10 litres. The central venous catheter and monitoring of the central venous 
pressure (CVP) provide useful information about intravascular volume. After 
evaluation of the current parametres the doctor can decide of the desmopressin 
administration which is administered sublingually.

21.3.2 targeted nursing care and assisting a doctor in the care of the patient

• Pain and anxiety relief
 The basic postoperative nursing care is focused on monitoring of the pain and 

administering analgesics as prescribed by a physician. Aside from headache the 
patient can complain of pains of the vertebral spine caused by the position of 
the head in the operating room after long surgeries. The nasal packing can also 
cause pain or pressure. The mucosa of the oral cavity and the lips are often dry 
due to inability to breathe through the nose. It is suitable to lavage the oral cavity 
with solution of water and hexetidine and moisturise the lips. The lips are also 
coated with ointments containing vaseline. The headache with neurologic sympto-
matology can also by a sign of intracranial hypertension caused by intracranial 
bleeding. 

• Local care
 The patient is transfered from the operating room with a nasal packing. The skin 

is intact in the transnasal sugery, but all the changes of bandages or endoscopic 
examinations are performed under strictly sterile conditions. In the first postopera-
tive days when the nasal packing is still inside the nasal cavity it is necessary to take 
care of the skin around the nostrils (washing, application of antibiotic ointment). 

 Removement of the nasal packing is a big relief for the patient. In the case of the 
pituitary adenoma surgery the extraction is usually performed on the first post-
operative day. If the nasal packing is left inside longer it increases the risk of 
infectious complications. In case the nasal packing dislocated spontaneously the 
nurse is required to notify the physician and note the event into the patient’s docu-
mentation. 

Nursing care in endoscopic skull base surgery, prevention of complications
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 After the packing extraction a thorough care of the nasal mucosa is necessary – 
cleaning by suction, lavages with Vincentka®, sea water or other saline solutions, 
application of nasal decongestant drops etc. (Fig. 21.2, 21.3). If needed the physi-
cian performs the toilette of the nasal cavity by sucking out the secretion and crusts 
under endoscopic control with the assistance of the nurse. It is necessary to repeat 
this procedure until the mucosa heals completely. 

• Care of the environment, positioning of the patient 
 Due to a temporary obstruction of nasal breathing and traumatisation of the nasal 

mucosa it is very important to humidify the air in the room, especially in the winter. 
 It is very important that the patients after the skull base surgery avoid any situa-

tions increasing the intracranial pressure (risk of CSF leak). The patients are for-
bidden from any activity increasing the abdominal pressure (lifting heavy objects, 
lifting themselves on the bed using the rack, forced defecation, holding breath 
when tying shoelaces, sexual activity etc.) (Fig. 19.2). It is necessary to follow 
these recommendations for 3 months after the duraplasty.

Increasing of the intracranial pressure after the skull base surgery must be 
avoided (risk of CSF leak). The patients are forbidden any activity increasing 
the abdominal pressure (lifting heavy objects, lifting themselves on the bed 
using the rack, forced defecation, holding breath when tying shoelaces, sexual 
activity etc.).

The nurse is required to record all his/her activities into the nursing documentation.

Fig. 21.3 Spraying of the nasal cavity; the direc-
tion of the application is important – it is possible 
to aim the spray against the nasal septum in case 
of crusting on the septum (nasoseptal flap), in 
other cases it is important to aim the spray in the 
direction of the lateral angle of the eye.

Fig. 21.2 Lavages of nasal cavity using a special 
neti pot (Rhino Horn).
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Any epistaxis, flowing of blood into the patient’s throat, occurence of a hae-
matoma in the medial eye angle and sign of CSF leak should be immediately 
reported to a physician. A subsequent treatment is indicated according to the 
patient’s overall condition and local finding. 
In the case of total or partial dislocation of the nasal packing it is necessary to 
report the event to a physician and note it into the patient’s documentation. 
Questions about the state of vision is not only a doctor’s responsibility. 

21.4 disPensarisation 

Subsequent dispensary care of patients after the skull base surgery depends mainly 
on the pathology and biological activity of the disease which decide about the ter-
mination of the treatment and about the frequency of the control examinations. In 
the case of the tumours the patient is watched not only by an otorhinolaryngologist 
and a neurosurgeon, but also an oncologist, radiologist or an endocrinologist play 
a part in the subsequent care. Due to clinical accessability of the operated area the 
otorhinolaryngologist’s role in the dispensary care is essential, especially in the early 
postoperative phase. The nurse takes a significant part in the administrative work 
(indexing of the patients’ documentation, making appointments, assisting and helping 
in making appointments for the consiliary examinations and radiologic examina-
tions (MRI), control of oncologic reports etc.) and also education of the patients, 
applications of inhalation treatment, care of the endoscopic instruments, supplying 
of the consumable medical material and medication for local use and assisting the 
physician during changing of the bandages and other subsequent procedures. 
In the end, it is possible to say that the medical and nursing care of the patients 
after the endoscopic endonasal surgeries are very important and responsible. Even 
if the surgery was performed well, the effect can be insufficient and disappointing 
for the patient in the case of insufficient postoperative care. 

21.5 care of the instrUments and technical eqUiPment in the 

oPerating room and in the rhinologic oUt-Patient dePartment

The information about the methods of conservative treatment and preparation of ma-
terial and instruments used in the nursing care of patients with diseases of paranasal 
sinuses is descrisbed in detail in monographies already published (Sičák 2001, 2006).
The complete list of the instruments and devices used in the endonasal surgeries can 
be found in the documentation of the insurance companies and manufacturers of the 
medical material, or Collection of Laws No. 331/2007, supplement to Regulation No. 
134/1998 in the sense of 467/2012. In this chapter we briefly mention the diagnostic 
endoscopic unit and recording devices. 
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Endoscopic unit and recording devices
The basic components of the endoscopic unit are: 
• video camera;
• light source;
• screen;
• recording device;
• mobile cabinet. 

Video camera
The video camera transmits the image from the endoscopic camera head or from the video-endoscope. One of the 
most important criteria is the image definition of the video camera – SD (standard definition) or HD (high definition). 
According to equipment the video cameras are divided to diagnostic and surgical, according to the image processing to 
analogue and digital. It is necessary to join the video camera with the camera head or the videoendoscope. The devices 
are divided according to the number of chips for the image registration to one-chip and three-chip. A more detailed 
description goes beyond the scope of this publication.

Light source
The endoscopic light source must fulfill high requirements for safety of working in the operating room. For the surgeon 
the most important feature is the amount of light the source provides and also the durability of the lamp is important. 
There are three basic types of light source: halogene which are the cheapest, xenone which provide the most light and 
LED diode whose durability is significantly longer. 

Screen
A minimum 21 inch screen is required. Touch screens are convenient when entering data and adjusting the system. 

Mobile cabinet
Due to the prize of the endoscopic videocameras and light sources it is advisable to have a cabinet with stable base en-
suring a safe transport of the whole endoscopic unit, for example for transport of the unit between the operating rooms. 
It is important to mention the responsibilities of the nurses in operating and caring of the equipment – especially meticu-
lous cleaning of the optic parts, always following the instructions of the manufacturer, and operating and administration 
of the recorded data on the recording device. 
The nurse is also responsible for the sterility of the endoscope during the surgery and its protection (covering) after the 
surgery including save storage. The endoscope and other optic parts are very fragile and could be irreversibly damaged 
by dust which needs to be taken into account during ventilation or any contraction work in the surgery tract.

Recording device
It is possible to use ordinary recording devices to record the endoscopic surgeries.  A possibility to create a database 
system and save and index the data of the patients (assigning keywords to a recorded video)  is a big advantage. Due to 
a large amount of data of the full-HD videos the recording devices should match these criteria: a large enough hard disk 
with a possibility to safe various video and photography formats, a possibility to convert different formats and to export 
to and import from them using the user-friendly digital interfaces such as USB, USB, e-SATA, LAN, HDMI.

Photo- and videodocumentation 
The endoscopic findings of the PNS diseases can change in time during the treatment and a permanent recording taken 
during the examination is an important part of the medical records. It is important not only for comparison of the local 
state before and after the surgery but also for pregraduate and postgraduate education and presentations in congresses 
and conferences and for forensic reasons. Therefore the endoscopic examination often comprises also of endoscopic 
photographs or videoendoscopy. 

Endoscopic photography
A maximum quality of a photograph can be achieved by this method. The endoscope is connected to a digital camera by 
an adapter, due to high requirements on illumination it is suitable to use an endoscope with a larger diameter. It is also 
suitable to use the angled optic of 30° or 70° which enables visualisation of parts of the nasal cavity not visible in the 
straight view, for example the lateral nasal wall. 

Videoendoscopy 
The cost of the technical equipment is quite high. The classical photography is not practically used anymore, also the 
analogue video cameras (still used nowadays due to a low price) are also being replaced by digital photocameras and 
video cameras.
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21.6 nUrsing diagnosis 

Besides the information described above, we add a list of nursing diagnosis accor-
ding to the Taxonomy II. (Herdman 2010). Their order is based on the diagnostic 
domains 1.–13. (health promotion, alimentation, elimination/exchange, activity/
rest, perception/cognition, self-perception, role relationships, sexuality, coping/
stress tolerance, life principles, safety/protection, comfort, growth/development), not 
according to their urgency in nursing care. The nursing diagnosis can be identified 
during the preoperative and also postoperative (immediate, short-term or long-term) 
care. A diagnostic algorithm is used for their evaluation and they are used as an 
instruction document for planning, realisation and evaluation of the nursing care 
(Herdman 2010).

Table 21.1 Nursing diagnosis.

Domain 1. HEALTH PROMOTION

CLASS 2 – HEALTH MANAGEMENT

Ineffective care of own health 00078

Ineffective conduction of treatment regimen in family 00080 (in children)

Domain 2. NUTRITION

CLASS 5 – HyDRATION

Risk of reduced fluid volume in organism 00028

Domain 4.  ACTIVITY/REST

CLASS 1 – SLEEP/REST

Insomnia 00095

Lack of sleep 00096

Sleep pattern disorders 00198

CLASS 4 – CARDIOVASCULAR/PULMONARy RESPONSES 

Risk of bleeding 00206

Domain 5. PERCEPTION/COGNITION

CLASS 3 – SENSATION/COGNITION

Sense impairment (smell) 00122

CLASS 4 – COGNITION

Lack of knowledge 00126

Domain 6. SELF-PERCEPTION

CLASS 3 – BODy IMAGE

Disturbed body image 00118

Domain 9. COPING/STRESS TOLERANCE

CLASS 2 – COPING RESPONSES
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Fear 00148

Domain 11. SAFETY/PROTECTION

CLASS 1 – INFECTION

Risk of infection 00004

CLASS 2 – PHySICAL INJURy

Risk of alteration of skin integrity 00047

Impaired tissue integrity 00044

Risk of aspiration 00039

Risk of perioperative injury 00087

CLASS 6 – THERMOREGULATION

Hyperthermia 00007

Domain 12. COMFORT

CLASS 1 – PHySICAL COMFORT 

Acute pain 00132

Chronic pain 00133

Nausea 00134

Nursing diagnosis
The list of nursing diagnosis is in order according to diagnosic domains 1.–13. (health promotion, alimentation, elimi-
nation/exchange, activity/rest, perception/cognition, self-perception, role relationships, sexuality, coping/stress toleran-
ce, life principles, safety/protection, comfort, growth/development), not according their urgency in nursing care. The 
nursing diagnosis can be identified during the preoperative and also postoperative (immediate, short-term or long-term) 
care. 

With new surgical methods, development of technical equipment, new knowledge in 
medicine demands on the quality of nursing care and education of nurses increase. 
The statement above is applies also to the extended transnasal endoscopic surgery 
where the demands are even higher due to a close team cooperation of an otorhino-
laryngologist and neurosurgeon.  

21.7 Prevention of the skUll base diseases

Prevention of tumours and generally all pathologies of the skull base is divided into 
primary, secondary and tertiary. 
• Primary prevention 
 The primary prevention of skull base lesions is difficult because the causes mainly 

of the tumours are not yet completely known. Generally factors of the external 
environment are considered to play a role in their etiology (for example hard wood 
dust in tumours of PNS). Healthy lifestyle, balanced nutrition and elimination 
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of the harmful factors in the working and life environment can contribute to 
decrease of skull base tumour incidence. 

• Secondary and tertiary prevention
 Early diagnosis and continuous dispensarisation of the patients with skull base 

pathologies significantly contributes to better results of the treatment and the 
patients’ life quality. 

 The early diagnosis is possible thanks to preventive examinations by a general 
practitioner/occupational physician. Due to the most common symptoms of the 
skull base tumours preventive ophthalmologic examinations are also suitable. 
Regular postoperative check-ups of the “healed” patients as the tertiary prevention 
of the recurrence of the disease which can manifest in many years after the surgery 
are also very important. 

Summary
• In the preoperative care, the nurse plays a role in patient’s education, col-

lects the results of the preoperative examinations and retrieves the patient’s 
older documentation. Before the surgery, the nurse administers the pre-
medication, as instructed from the operating room. 

• In the early postoperative phase the nurse takes a part in postoperative 
observation on the patient in the ICU – monitoring of the vital functions, 
pain monitoring, diuresis monitoring, observation of CSF leak and bleed-
ing, care of the lumbar drainage. The nurse observes the patient in order 
to identify the possible occurence of complications, assists during the 
procedures performed by a physician and collects specimen for laboratory 
examinations recommended by a physician. 

• In the late postoperative phase (after removement of the nasal packing) the 
nurse educates the patient and is responsible for the proper care of the nasal 
cavity (irrigation of the saline solutions), assists during the endoscopic 
examinations. 

• The nurse supervises that the patient complies with the prohibition of 
blowing his/her nose and repeatedly educates the patient about following 
the recommendations concerning activities increasing the intracranial pressure. 

Nursing care in endoscopic skull base surgery, prevention of complications
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22 radiosUrgical treatment

J .  C v e k ,  D .  F e l t l ,  L .  K n y b e l ,  B .  O t á h a l 

22.1 principles of stereotactic radiosurgery

22.2 stereotactic radiosurgery of the pituitary adenomas

22.3 stereotactic radiosurgery of craniopharyngiomas

22.4 stereotactic radiosurgery of meningiomas and other tumours 

22.1 PrinciPles of stereotactic radiosUrgery

22.1.1  radiation and systemic treatment 

• Radiation treatment is the basic non-surgical modality of treatment of skull base 
tumours. Due to a very intimate relation of the tumours to nervous structures, 
mainly the structures of the optic tract, it is necessary to use the modern techniques 
of the radiosurgery (stereotaxis, brachytherapy) which allow a precise administra-
tion of a high dose of radiation  (Collins 2006). A single high (ablative) dose of 
radiation is also convenient due to a frequent radioresistance of the skull base 
tumours. The one fraction therapy is called stereotactic radiosurgery  (SRS), if the 
total dose is divided into several fractions (typically 2 – 5) we use the term ste-
reotactic ablative radiotherapy (SABR). SABR is suitable mainly in lesions larger 
than 3 cm in which the SRS can be used only in rare cases. The classical fractio-
nated radiotherapy has a generally low curative potential in these indications but 
it is possible to use it with a palliative objective. 

• Adverse effects of the radiotherapy consist of an initial transient growth of the 
lesion volume due to the post-radiation swelling with corresponding neurologic 
symptomalogy according to the location of the lesion. The post-radiation oedema 
responds very well to the corticosteroid treatment, in some cases a preventive 
corticotherapy is suitable. Other adverse effects such as hypopituitarism or optic 
neuritis are very rare in the case of following the basic rules of the radiation the-
rapy. In rare cases post-radiation mucositis can occur but it does not require a sys-
temic treatment. Induced tumours are also often mentioned as an adverse effect 
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of the radiotherapy but the increase of cancerogenesis incidence is comparable to 
perioperative mortality (0.5–0.7%) and is not significant for the decision about the 
suitable treatment modality. 

• Cytotoxic chemotherapy does not play a significant role in treatment of skull base 
tumours, with an exception of the rare pituitary adenocarcinomas. The primary 
systemic treatment is supression of the functional adenomas which can be perma-
nent or transient (until the onset of the radiation effect). The supression treatment 
is convenient because of the immediate onset of its effect but it is suspected that 
it can have radioprotective effects and therefore it should be terminated several 
weeks before the planned radiosurgical procedure. A substitution treatment is 
indicated in the case of non-functional adenomas by an endocrinologist. 

22.1.2  radiation systems 

The most common radiation system for the skull base tumour treatment is the Gamma 
Knife®, while the Cyber Knife® keeps up with the Gamma Knife® recently (Collins 
2006). Brachtherapy, i.e. intraoperative implantation of a radioisotope emitter 32P 
(phosphorus) or 90Y (yttrium) into the expansion (especially cystic craniopharyngi-
omas), is another posibility of precise irradiation. The adjusted linear accelerators 
with a non-invasive stereotactic frame or a mask do not provide a precise enough 
targeting and are not generally recommended for this region (Maciunas 1992). There 
are only a few institutions worldwide that use the proton beam for the stereotactic 
irradiation because the available sighting or fixation systems are not accurate enough 
(as in the case of the linear accelerators) but due to a very convenient dose distri-
bution the proton radiation systems could be considered for the treatment of sellar 
leasions after the technical problems are solved (Amichetti 2012).
The principle of the stereotactic radiation is simple and is based on summation of 
the radiation beams from many directions (angles) which cover the target volume 
with a high dose of radiation and create a very steep dose gradient towards the sur-
rounding organs which complies the set volume-dose limits (Table 22.1).

Table 22.1 Volume dose limits.

Optic nerve maximum dose (dose in 0.2 ml of volume) 10 Gy (8 Gy)

Brain stem maximum dose (dose in 1 ml of volume) 15 Gy (10 Gy)

Pituitary gland mean dose 15 Gy

• Gamma Knife®

 Gamma Knife® (Elekta, Sweden) (Fig. 22.1) applies the radiation dose by a 60Co 
(cobalt isotope) emitter from several dozen directions by many beams which all 
point into a single point, the isocenter (Niranjan 2010). If the lesion has an irregu-
lar shape it is necessary to use more isocenters and the dose covering the tumour 
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is given by a superposition of the individual isocenters. An invasive stereotactic 
frame, fixated to the patient’s skull throughout the therapy from focusing to irra-
diation, ensures the accuracy. The rigid metal frame is fixated to the skull under 
local anesthaesia with screws and serves for fixation of the head also during the 
sighting CT and MRI examination. The process of planning is based on coopera-
tion of the physicians and physicists. Primarily the data about tumourous infiltra-
tion is entered into the system, then the calculation of the dose distribution with 
one or more isocenters follows. After the irradiation plan optimalisation with suf-
ficient dose gradient towards the risk organs the patient is placed on the radiation 
table with the head fixated by the stereotactic frame in the same (supine) position 
as during the sighting CT. The table can be moved into desired positions in order 
to match the irradiation isocentres in the patient and in the planning system. It is 
not convenient to leave the stereotactic frame on for longer than several hours, 
therefore the Gamma knife® irradiation is usually single dose which is sometimes 
a limitation in the case of inconvenient anatomical conditions. 

• Cyber Knife®

 Cyber Knife® (Accuray, USA) (Fig. 22.2) is used for the same spectrum of diagnosis 
as the Gamma knife® but in contrast, it is able to irradiate the lesions located any-
where in the body. The Gamma knife® irradiation takes place in one moment from 
several directions whereas the Cyber Knife® performs a step-by-step irradiation by 
individual beams which converge into the target volume. The high-energy photon 
source is located on a robotic arm and can be thus placed into any desired position. 
Compared to the Gamma knife® an invasive frame is not necessary for a submili-
meter accuracy; the patient is fixated to the radiation table by a thermoplastic mask 
(Chang 2003). The micromovements of the head are detected “online” by a system 
of ortogonal skiascopy during the irradiation and compensated robotically. CT and 
MRI sighting process and the planning process is very similar to the Gama Knife® 
system. Due to the Cyber Knife’s® non-invasivity it is possible to fractionate the 
radiation into several doses in the case of inconvenient anatomical conditions.

Fig. 22.1 Gamma Knife® Fig. 22.2 Cyber Knife®
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22.2 stereotactic radiosUrgery of PitUitary adenomas

There are two aspects important for the right choice of the plan of irradiation – func-
tional capacity of the tumour and its distance from the optic nerve. The relation of 
the tumour to the brain stem is less critical and the dose limits are not as strict as in 
the case of the optic nerve. The arteries, cavernous sinus or oculomotor nerves are 
not a problem for the radiosurgery due to their radioresistance which can be used in 
irradiation of a tumour residue after the neurosurgical intervention. A maximum effort 
to spare the healthy part of the pituitary gland is essential, however the substitution 
treatment is usually necessary after the radiotherapy (Fig. 22.3).

• Dosing
 The dose necessary to stop the hypersecretion is significantly higher (35 Gy) 

than to stop the growth of a non-functional adenoma (<20 Gy), but if the tumour 
is closer than 1–2 mm to the optic nerve, using a single dose irradiation is often 
difficult. The dose can be divided into several fractions or it is also possible to 

Fig. 22.3 Irradiation plan of a functional adenoma with growth hormone overproduction. Recurrent 
tumour in the right cavernous sinus after the transnasal endoscopic resection of its parasellar part (a post-
operative pseudocysts) according to MRI. Prescribed dose 1x35 Gy corresponding to a 79% isodose.
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“underradiate” a limited part of the tumour adjacent to the critical structure. The 
situation is different in patients with a non-functional optic tract in whom it is pos-
sible to use a much more aggressive treatment even in the case of inconvenient 
anatomical conditions. The local control is achieved in 97–100%, the functional 
control in 40–82%, and with the use of the modern radiosurgical techniques the 
results correspond with the upper part of the intervals (Liščák 2010, Pollock 
2002, Witt 1995). The risk of the optic neuritis with subsequent optic neuropathy 
is around 1% if the volume-dose limits are not exceeded (Sheehan 2005). Other 
complications such as the oculomotor nerve dysfunction, carotid stenosis or 
changes in the temporal lobe are very rare. 

22.3 stereotactic radiosUrgery of cranioPharyngiomas

The biggest problem of the stereotactic radiosurgery planning is that the cystic portion 
can enlarge the target volume several times and furthermore the response to treatment 
is usually worse (Niranjan 2010). Therefore it is convenient to reduce the volume of 
the tumour by a neurosurgery first (aspiration of the cystic part) or to use the brachy-
therapy. Another problem is the rostral or suprasellar location of the tumour in which 
the distance from the optic nerve or the chiasm is very low (<1mm). The generally 
acknowledged dose limits for the craniopharyngioma control are 16–18 Gy (Fig. 22.4).

The biggest problem of the stereotactic radiosurgery planning is that the cystic 
portion can enlarge the target volume several times and furthermore the response 
to treatment is usually worse. Therefore it is convenient to reduce the volume 
of the tumour by a neurosurgery first (aspiration of the cystic part) or to use the 
brachytherapy.

Fig. 22.4 Regression of the craniopharyngioma 6 months after the irradiation: a – before irradiation, 
b – after irradiation.

a b
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22.4 stereotactic radiosUrgery of meningiomas and other tUmoUrs 

The typical meningiomas are benign, one of the most common intracranial tumours, 
but only a small number originate in the sellar region. The objective of the radiosur-
gery is the growth arrest or reduction of the tumour volume (Colombo 2009, Petti 
2006) which can be achieved with a lower dose of radiation – 14 Gy and less (Fig. 
22.5). If the meningioma grows around the optic nerve it is convenient to divide the 
dose into several fractions (3x7 Gy, 5x5 Gy).
The other tumours (sarcomas, chordomas) are relatively rare and have various biological 
features. The irradiation planning is based on the same principles as described above. 

Proton irradiation 
The physical properties of the proton beam make it possible to form a very steep dose gradient and therefore the “pro-
tons” are a very promising field of stereotactic radiotherapy and radiosurgery. The available technology of the proton 
centres however provides only limited possibilities to create a good irradiation plan for small target volumes which are 
furthermore often located in regions with a high tissue inhomogenity (sphenoid sinus etc.). The suboptimal accuracy of 
the patient’s positioning is a major setback and prevents a wider indication of the “protons” as the stereotactic modality 
for the sellar region. In the case of larger lesions of the skull base, without an intimate relation to the brain stem and espe-
cially the optic tract, it is possible to use the proton radiation and the best results are achieved in the case of chordomas. 

Summary
• The primary non-surgical treament of non-pituitary skull base tumours is 

the radiosurgery. 
• In the case of pituitary adenomas the radiosurgery is an alternative or 

a complementary method after the surgical or pharmacological treatment. 
• There are two aspects important for the right choice of the plan of irradiation 

– functional capacity of the tumour and its distance from the optic nerve.
• The most frequent adverse effect of the radiation therapy is a transient 

increase of the tumour volume with corresponding topical neurologic 
symptomatology. 

Fig. 22.5 Irradiation plan of a meningioma. Recurrent tumour 4 years after the resection after the surgery. 
Prescribed dose 2x10 Gy corresponding to a 78% isodose.
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23 endocrinologic treatment

J .  Č á p

23.1 substitution treatment of hypopituitarism

23.2 Treatment of hormonal overproduction

23.3 Treatment of water and electrolyte dysbalance

The preoperative and postoperative endocrinologic treatment is an important part 
of the complex care of patients with sellar tumours. In some types of tumours it is 
the first choice treatment with the aim not only to resolve the clinical symptoms but 
also to reduce the tumour size. According to clinical manifestation the treatment 
is divided to: 
• treatment of hypopituitarism;
• treatment of hormonal overproduction;
• treatment of water and electrolyte dysbalance.
Due to the complex symptomatology of the sellar tumours it is often necessary to 
treat combined adenohypophyseal, neurohypophyseal and hypothalamic disorders. 

23.1 sUbstitUtion treatment of hyPoPitUitarism

The indication of substitution therapy is based on confirmed hormonal deficit. In 
the case of chronic or postoperative adenohypophyseal dysfunction it is necessary 
to substitute the corticosteroid, growth hormone, thyreotropin nad gonadotropin 
deficiency. The management is different in the case of acute hypopituitary crisis. 
• Cortisol substitution
 The corticoid substitution consists of therapy with hydrocortisone in the dose of 

10–5–0 to 20–15–5 mg per day (Hydrocortisone 10 mg tbl. Jenapharm) with the 
first dose immediately after waking and the third after dinner. The patient must be 
instructed to increase the dose to 3x 20 mg in the case of an intercurrent illness 
(fever, trauma or other stress situation). Some patients are able to adjust the doses 
according to their daily activity. The doses are adjusted mainly according to the 
clinical effect. 
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• Growth hormone substitution
 The growth hormone substitution in adults is in the case of a severe deficiency 

(GH less than 3 mg/ml after stimulation with insulin test) a generally accepted 
indication covered by health insurance. In consists of daily subcutaneous applica-
tion of recombinant GH in the dose of 1–2 IU/day. The dose is adjusted so that 
the level of IGF-I is normal. The substitution leads to body fat reduction and an 
increase of the active body mass, decrease of HDL cholesterol level and often to 
subjective improvement of the patient’s overall condition. 

• Thyreotropin substitution
 The substitution of the secondary hypothyreosis consists of administration of 

thyroxine the same as in the case of primary hypothyreosis. It is necessary, if the 
ACTH insulin test does not show normal pituitary capacity, to start the treatment 
with the corticoid substitution. The dose of thyroxine is based on the serum levels 
of the free thyroxine (TSH level is not significant for the therapy). 

• Gonadotropin substitution 
 The gonadrotropin deficiency is treated in women by cyclic administration of 

estrogens/gestagens in cooperation with a gynecologist who chooses the suitable 
medicament (contraception of one-phase combination type). Similarly the coope-
ration is necessary if the aim of the therapy is to induce ovulation cycles and preg-
nancy. It is often necessary to convince the middle-aged women that the purpose 
of the therapy is not to restore the menstrual cycle but mainly the osteoporosis 
prevention. In men the substitution therapy consists of testosterone administration. 
Restoration of the spermiogenesis requires substitution of LH and FSH lasting 
6 months and sometimes it is easier to achieve conception by in vitro fertilisation 
methods with the gamete intracytoplasmatic injection.

Hypopituitary crisis treatment
In the case of suspicion of hypopituitary crisis it is necessary, right after a blood 
sample collection for examination of plasmatic cortisol and ACTH, to begin 
with intravenous hydrocortisone administration (in form of infusions) in the 
dose of 300–400 mg per day. Infusions of glucose and saline solution correct 
the hypoglycaemia and hyponatraemia. The catecholamines are indicated if the 
substitution does not lead to normalisation of the blood pressure.

23.2 treatment of hormonal overProdUction

The treatment of the hormonal overproduction is indicated in functional pituitary 
adenomas that manifest with clinical symptoms. In the case of prolactinoma the 
pharmacotherapy is the first choice method and its aim is normalisation of the PRL 
levels and also the morphological reduction of size of the tumour or its complete 
disappearance. In other functional adenomas the primary treatment is surgical 
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resection and the pharmacotherapy and radiosurgery are only alternative methods 
in case the surgical treatment is unsucessful. 
• Hyperprolactinaemia treatment
 Hyperprolactinaemia from any cause is treatable with dopaminergic agonists in 

most of the cases. The normalisation of the cycle is achieved in 80–90% of cases 
and normoprolactinaemia is achieved in 70–80%. The sufficient dose is individual 
and sometimes it is so high that the patient does not tolerate the treatment because 
of adverse effect which are very common. These are usually gastrointestinal symp-
toms – nausea, vomiting, obstipation, hiccups, hypotension with orthostatic symp-
toms, fatigue, drowsiness. Bromocriptine (Parlodel® Novartis, Medocriptine tbl. 
2.5 mg) has been used in this indication for a long time, in the dose of  2.5–7.5 mg 
per day in 1–3 doses. If the patient does not tolerate this medicament the treatment 
by cabergoline (Dostinex® tbl. 0.5 mg) is indicated, which is administered twice 
a week due to the long half-time period, in the dose of 0.5–1  mg. Carbegoline is 
well tolerated and often is effective in case that the prolactin level normalisation 
cannot be achieved with bromocriptine. Another possibility is the treatment with 
non-ergoline dopaminergic agonist quinagolide (Norprolac®Ferring) which is 
administered in a single daily dose but has no advantages compared to carbegoline 
but sometimes can be better tolerated. In the case the prolactinoma reduces its size 
during the conservative treatment (in large series the size reduction of more than 
50% in approximately half of the patients; only less than 1/5 of the patients did not 
show any size reduction of the tumour after the conservative treatment).  

Subsequent treatment after the prolactin level normalisation 
After the adenoma size reduction and normalisation of the prolactin level it is possible to reduce the dose of the do-
paminergic agonists but the treatment needs to be long-term or virtually permanent otherwise the condition relapses. 
Carbegoline in the doses used for the prolactinoma treatment does not cause heart valve insufficiency even in the case 
of long-term therapy. In the case tumour disappeared according to the MRI and the prolactin is supressed for a long 
time it is possible to terminate the treatment. In some series the disease relapses in half of the patients. The conservative 
treatment makes pregnancy possible in most women. After pregnancy confirmation (which is not contraindicated) the 
treatment is terminated and the patient is watched clinically, including perimetry examinations. If needed it is possible 
to perform an MRI during the pregnancy and in case the enlargement of the tumour is confirmend (which is rare in 
microadenomas) it is possible to begin with the bromocriptine or carbegoline administration again. An urgent surgery 
during pregnancy is very rare. 

Surgical and radiosurgical treatment 
The surgical and radiosurgical treatment is indicated in the case of failed conservative treatment mainly if the prolacti-
naemia is low and the size of the expansion does not change or grows because it is possible to definitively distinguish the 
prolactinoma and other tumour that leads to hyperprolactinaemia by compression of the pituitary stalk (pseudoprolacti-
noma) only by histological examination. 

• Acromegaly and gigantism treatment
 The pharmacotherapy is indicated in the case of unsucessful surgery to overlap the 

(sometimes very long) period to the onset of the radiosurgery effect. In one third 
of the patients with acromegaly the levels of GH and IGF-I decrease and the sub-
jective symptoms improve after threatment with dopaminergic agonists, mainly 
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in the case of mixed adenomas which produce also prolactin or in case the GH 
and IGF-I level are not very high; carbegoline is usually used in this indication. 
Treatment with somatostatin analogues is more effective. Octreotide (Sandostatin 
®LAR Novartis) and lanreotide (Somatuline® Autogel® Ipsen) can be applied once 
in 4 weeks. The treatment with somatostatin analogues achieves a satisfactory 
control of the acromegaly in about one half of the patients, there are also cases 
of complete resistancy to treatment. In a significant number of the patients it is 
possible to prove a significant reduction of the size of the adenoma, in half of the 
cases after 3 months. It is controversial if this size reduction improves the results 
of the subsequent surgery. If the normal levels of IGF-I are not achieved by the 
somatostatin analogues, treatment with the growth hormone receptor antagonist 
– pegvisomant (Somavert® Pfizer) is indicated. It is administered by subcutanous 
injections daily or several times a week and it is capable of nomalising the IGF-I 
level in more than 90% of cases. It is convenient to combine it with somatostatin 
analogues. 

Surgical and radiosurgical treatment 
The first choice method of treatment is the surgical transnasal resection of the adenoma. The result of the treatment 
depends on the size and location of the adenoma. In the case of microadenomas (smaller than 10 mm) the IGF-I level 
normalisation is achieved in 70% of patients. In contrast, in the case of macroadenomas the acromegaly is successfully 
radically treated only in 1/3 of patients and in the case of parasellar extension of the tumour it is virtually impossible. If 
the surgical treatment fails the stereotactic radiosurgical treatment is indicated. 

• Cushing disease treatment 
 The pharmacotherapy is based on blocade of the steroidogenesis in the adrenal 

glands by aminogluthethimid (Orimeten® tbl 250 mg Novartis) in the dose of  
3–6 tbl. per day or ketoconazole (Nizoral® tbl 200 mg Janssen) in the dose of 
4–6 tbl. per day. It is used as a preoperative preparation or after radiotherapy to 
overlap the period until the onset of its effect. The feedback increase of ACTH 
usually prevent a full compensation in the Cushing disease. The steroidogenesis 
blocators are very efficient in the case of adrenal adenomas in which lower doses 
are used to prevent hypocorticism. Recently, efficiency of a new somatostatin 
analogue pasireotide has been proven in Cushing disease. 

• Thyrotropin overproduction
 In the case of persistance of autonomic TSH secretion after the surgery, a treat-

ment with somatostatin analogue is indicated as the first choice, similar to the 
acromegaly treatment. This leads to normalisation of the thyroid hormone level 
and decrease of TSH level in most cases. In half of the patients the residual tumour 
also reduces its size.

Surgical and radiosurgical treatment
Surgical treatment is the first choice method, the epinephrectomy in adrenal adenomas, the transnasal resection in Cu-
shing disease (including cases with negative MRI results present in 1/3 of the patients). The transnasal surgery is suc-
cessful in about ¾ of the cases but recurrence is possible in the subsequent years. In the case of failed surgical treatment 

Endocrinologic treatment



298

Transnasal Endoscopic skull  BasE surgEry

or recurrence of the tumour the other choice is the radiosurgery. The bilateral epinephrectomy is indicated only if it is not 
possible to remove the source of ACTH (especially in the case of ectopic ACTH syndrome).  

23.3 water and electrolyte dysbalance treatment

Disorders of water and electrolyte balance, especially diabetes insipidus (DI), are 
a serious clinical manifestation of a lesion of the sellar region and, if not adequately 
treated, can lead to the patient’s death. Their early diagnosis and treatment is impor-
tant not only before, but also alfter the surgery of the sellar region.
• Diabetes insipidus treatment
 Acute treatment of DI comprises of treatment of dehydration and serum hyper-

osmolality (hypernatraemia). It requires infusion therapy for correction of the 
volume and water supplementation

The deficit of the water can be counted by the following formula: 
water deficit = 0.6 x weight x (1 -140/current natraemia).

 
 Due to the fact that the intracellular osmolality decreases slowly, a rapid decrease 

of serum osmolality could cause brain oedema. The sodium level should therefore 
decrease by approaximately 1 mmol/l in 2 hours. For the volume correction the 
0.9% NaCl solution and later also glucose infusion is used. Simultaneously it is 
possible to administer desmopressin.

 Chronic treatment of DI consists of administration of desmopressin (Minirin-
Ferring), which is a vasopressin analogue with prolonged effect. Its nasal form is 
not manufactured anymore and has been replaced with sublingual tablets (Minirin 
Melt®). The dose is usually individual, from 60 to 120 µg, usually twice a day, 
some patients require only the night dose, some patients require three doses a day. 
The postoperative and posttraumatic DI can be only transient but in case it last 
for over one month it is usually permanent. The patients are at risk of hypertonic 
dehydration only in the case of discontinuation of the treatment and impossibility 
to correct the polyuria with fluid intake (for example in the case of general anest-
haesia). 

• Treatment of hyponatraemia in SIADH
 Acure treatment of sever hyponatraemia requires correction with infusion therapy, 

with isotonic or hypertonic (3–5%) NaCl solution according to the state of hydra-
tion; in the case of hyperhydration it is administered together with furosemide. The 
furosemide causes a decrease of urine osmolality and thus the isotonic saline solu-
tion is sufficient for the hyponatraemia correction. The serum natraemia must not 
increse faster than by 1 mmol/l in 2 hours; otherwise there is a risk of hypertonic 
syndrome. 
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 Chronic treatment of asymptomatic hyponatraemia in SIADH is focused on fluid 
intake restriction to 800–1000 ml a day, which leads to weight reduction of 2–3 kg 
in 2–3 days and normalisation of natraemia and sodium urine output (the inappro-
priate ADH secretion becomes appropriate to the low fluid intake). The inhibitors 
of vasopresin receptors of the renal tubules are also efficient – tolvaptan (Samsca®-
Otsuka Pharmaceutical) in the dose of 15–30 mg once a day.  

Summary
• Endocrinologic pharmacotherapy, together with surgical and radiosurgical 

treatment, is an important part of the complex treatment of sellar tumours. 
• In the case of functional adenoma with prolactin overproduction the phar-

macotherapy is the method of first choice. 
• Disorders of water and electrolyte balance, especially diabetes insipidus, 

are serious preoperative and postoperative complications of the sellar 
tumours and, if not treated adequately, can lead to patient’s death.

• Endocrinologic treatment play an essential role not only in preoperative 
but also in the postoperative phase.
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24 recommendations for clinical Practice 

P.  M a t o u š e k ,  R .  L i p i n a ,  V.  C h ro b o k

24.1 definition of the transnasal endoscopic surgery

24.2  anatomy and pathology of the skull base

24.3 diagnosis of the skull base lesions

24.4 principles of transnasal endoscopic surgery and the surgical approaches

24.5 indication for the transnasal endoscopic surgery

24.6 general principles of the transnasal endoscopic surgical technique

24.7  postoperative care and prevention of complications 

24.1 definition of the transnasal endoscoPic sUrgery

• Endoscopic skull base surgery is performed through a transnasal approach under 
the control of an endoscope. 

• The aim of the surgeries are the lesions located on the external (sinonasal) side, 
as well as the intracranial side of the skull base. The technique uses the approach 
corridors through the nasal cavity and the paranasal sinuses.  

24.2 anatomy and Pathology of the skUll base

• Skull base is defined as a part of the skull which turns to the brain by its endo-
cranial surface and to the nasal cavity, paranasal sinuses, orbit, infratemporal and 
pterygopalatine fossa and parapharyngeal space by its extracranial surface. It is 
divided to the anterior, middle and posterior skull base. 

• Sphenoid sinus is the most important anatomical structure for the transnasal 
endoscopic approach to the skull base. Its anatomical variations and relation to 
surrounding structures, especially to the internal carotid arteries, pituitary gland, 
optic chiasm and oculomotor nerves are essential for indication and performance 
of the transnasal approach to the skull base lesions. 

• Pituitary adenoma is the most frequent sellar tumour. It arises from the cells of 
adenohypophysis and is classified according the the size and type of the cells it 
consists of. According to its size it is classified as picoadenoma, microadenoma or 
macroadenoma. According to the type of cells they are classified as functional ade-
nomas which overproduce the adenohypophyseal hormones (the most frequently 
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prolactin, growth hormone or adrenocorticotropin) and non-functional adenomas 
whose cells do not produce any clinically significant type or amount of a hormone. 

• Meningiomas and craniopharyngiomas are the most frequent intradural tumours 
found in the sellar region and generally in the region of skull base and it is possible 
to use the transnasal endoscopic approach for their resection. The other lesions of 
this region are chordoma, chondrosarcoma, Rathke’s pouch cyst and epidermoid 
and dermoid cyst. 

• In differential diagnosis it is necessary to distinguish the tumourous from the non-
tumourous lesions which are not usually indicated for the transnasal approach or 
generally any surgical treatment. These conditions are the empty sella syndrome, 
lymphocytic hypophysitis and pituitary hyperplasia. 

24.3 diagnosis of the skUll base lesions 

• The sellar and skull base tumours can manifest by endocrinologic, ophthalmologic 
and neurologic symptoms. The symptoms depend on the location and histological 
type of the tumour. A slow gradual onset of the symptomatology is typical while 
the symptoms are often disregarded by the patient and the lesion is therefore diag-
nosed in late stages. 

• Endocrinologic symptomatology is present mainly in the patients with sellar 
tumours. These are usually the pituitary adenomas, but other tumours also can 
manifest by endocrinologic symptoms of the hypothalamic-pituitary axis dysfunc-
tion, usually craniopharyngiomas or meningiomas. The endocrinologic dysfunc-
tion can also occur after the surgery or the radiotherapy/radiosurgical treatment. 
The endocrinologic symptoms depend on the part of the hypothalamic-pituitary 
axis from which the tumour originates, compresses or infiltrates. These are:
- pituitary hormone deficiency (hypopituitarism) which occurs in the case of 

impairment of the pituitary gland, its stalk or hypothalamus;
- adenohypophyseal hormone overproduction caused by impairment of the 

adenohypophysis, rarely of its stalk;
- water and electrolyte balance disorders caused by impairment of hypothalamus 

or neurohypophysis. 
• Ophthalmologic and neurologic symptoms are caused by compression of the optic 

chiasm, optic nerves, optic tracts and nervous structures in the sellar region and 
the skull base by the tumour. The vision impairment is often the first manifesta-
tion of the pituitary adenoma or generally a sellar tumour. The character of the 
vision impairment depends on the type of the tumour and its location. The pitu-
itary adenoma usually causes bitemporal hemianopsia or diplopia in the case of 
its invasion into the cavernous sinus. The initial symptom of a craniopharyngioma 
can be an impairment of the inferior temporal quadrants and later a complex 

Recommendations for clinical practice
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vision impairment. In the case of meningiomas, the character of vision impairment 
depends on the location and relation to the optic tract. 

• Radiologic examination (mainly CT and MRI) – it is possible not only to localise 
the skull base lesion but also estimate its histological type by the CT and MRI 
imaging. The character of the lesion and its relation to the surrounding neurovas-
cular structures influence the indication of the transnasal endoscopic approach. 
Different types of radiologic examination have different significance in the diag-
nosis of the skull base lesions. 
- Magnetic resonance imaging is the primary diagnostic method for the skull 

base lesions. The three-dimensional image, possibility to use a contrast agent, 
different character of various sequences and possibility to perform an MRI 
angiography can predict with high accuracy the etiology and origin of the lesion 
and also its relation to surrounding structures. 

- Computed tomography (CT), especially in the bone window, is important for 
evaluation of suitability of the transnasal endoscopic approach. CT, in contrast 
to MRI, displays the bony structures of the nasal cavity, sphenoid sinus and 
other paranasal sinuses better and in greater detail. 

- Angiographic examination is indicated in the case of suspicion of a vascular 
etiology of the lesion. Mainly in  patients after the surgery in the  sellar region 
it is necessary to rule out a possible aneurysm of the cavernous ICA segment 
which can imitate a tumour. 

24.4 PrinciPles of the transnasal endoscoPic sUrgery and the 

sUrgical aPProaches 

• Transnasal endoscopic surgery is a novel technique of the pituitary adenoma 
resection and a brand new method of resection of intradural skull base lesions, its 
main advantage is the miniinvasivity of the approach and better visualisation of 
the operating field while preserving or increasing the radicality of the surgery.  

• The advantage of the endoscopic approach is a possibility to introduce the endo-
scope close to the lesion and thus achieve good visualisation. The use of the 
angled optic endoscopes makes it possible to look “around the corner” (in contrast 
to the microscopic approach) and thus identify a possible tumour residue. The 
endoscopic approach, if performed by a surgeon with knowledge of the sinonasal 
anatomy and physiology, is minimally invasive with minimal complications in 
the approach corridor. Compared to the microscopic approach the traumatisation 
of the intranasal structures is much lower and compared to the craniotomy the 
cosmetic effect is better and the manipulation with the brain tissue is minimal. By 
removing the bony structures of the skull base the surgeon approaches the lesion 
directly and the brain tissue does not stand in the way of the approach corridor. 
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• The disadvantage of the endoscopic approach is still a possibility of “only” a 2D 
image and worse image definition of the endoscope compared to the microscopic 
image. The biggest disadvantage is the limited possibility of management of intra-
operative complications, especially of the vascular injury, and also the closure of 
the dural defect. The disadvantage of the 2D image can be partially overcome by 
active cooperation of the assisting surgeon who creates the “mental depth percep-
tion” of the operating field by rotation and manipulation with the endoscope in 
antero-posterior direction. 

• The transnasal endoscopic approaches are classified according to various aspects. 
The basic division based on the indication of the endoscopic approach according 
to the tumour type is to the transsphenoidal approach and the extented approach. 
- Approach to the pituitary gland is based on the transsphenoidal approach under 

the microscopic control but is modified for the use of endoscope. This approach 
is called trassphenoidal. 

- Extended approaches allow resection of other types of the tumours of sellar 
region or other parts of the skull base and are called the “extended transnasal 
endoscopic approaches” (ETEA). The ETEA are classified according to the 
plane in which they are extended. 

- Approaches extended in the sagittal plane are the transfrontal, transplanar, tran-
scribriform, transclival and transodontoid approaches. 

- Approaches extended in the coronal plane are the supraorbital, transorbital, 
transpterygoid, transcavernous approaches, the approach to the apex of the pyra-
mid, the transcondylar approach and the transnasal approach to the parapharynx. 

• Transsphenoidal corridor is the basic approach and the sphenoid sinus is opened 
first in most of the transnasal surgeries because of its importance for orientation in 
the critical structures (optic nerve, ICA). 

24.5  indication for the transnasal endoscoPic sUrgery

• The pituitary adenomas are the most common indication for the transnasal endo-
scopic approach. Generally, this method is indicated as the first choice treatment 
in non-functional adenomas with symptoms of compression of the surrounding 
structures, especially the optic chiasm, and also in the non-invasive functional 
adenomas with the growth hormone, adrenocorticotropin and thyreotropin over-
production. This method is also indicated as an alternative to the pharmacological 
treatment in patients with a functional adenoma with prolactin overproduction and 
in other functional adenomas with invasive growth. 

 Incidentalomas, i.e. incidentally found adenomas, are not indicated for any type of 
treatment and the radiologic, endocrinologic and ophthalmologic dispensarisation 
is recommended. The surgery is indicated only in the case of size progression, 
pathological perimetry results or occurence of the hormonal activity. 

Recommendations for clinical practice
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• Indications for the extended transnasal endoscopic approach for non-pituitary 
lesions are not absolute for any of the pathologies listed below and the ETEA is 
still only an alternative method of resection of the intradural tumours to the open 
microscopic approach through craniotomy. The non-pituitary tumours indicated 
the most frequently for the ETEA are: 
- meningiomas of the anterior cranial fossa, planum sphenoidale and tuberculum 

sellae. In this location, the indication is limited by the lateral extension of the 
tumour – the tumour cannot reach laterally to the optic canal and the intracra-
nial ICA segment in the coronal plane. The position of the chiasm in relation 
to the tumour is also important; the prefixed chiasm stands in the way of the 
endoscopic approach. In the region of the middle and posterior cranial fossa, the 
meningiomas of the diaphragma sellae, dorsum sellae and meningiomas located 
retroclivally down to the foramen magnum can be indicated for the ETEA. The 
limit of the endoscopic resection is the lateral extension of the meningioma; 

- craniopharyngiomas of the sellar and suprasellar region. The relation of the cra-
niopharyngioma to the optic chiasm, hypothalamus, 3rd brain ventricle, vascular 
structures and the pituitary stalk are important for the decision-making process 
and indicating the ETEA. The craniopharyngiomas suitable for endoscopic 
resection are pre-, trans- and retroinfundibular; 

- clival tumours, mainly chordoma and chondrosarcoma;
- other lesions indicated for ETEA are the cysts and developmental lesion such 

as the Rathke’s pouch cyst, epidermoid and dermoid cysts, meningoceles and 
meningoencephaloceles and sinonasal carcinomas; 

- germinomas, intraaxial brain tumours, mainly astrocytomas, and metastases are 
indicated for the endoscopic biopsy. 

• Spontaneous and traumatic CSF leak in the parts of the skull base approachable 
by the endoscope are a clear indication for the transnasal endoscopic closure. 
The indications are virtually all the CSF fistulas of the anterior cranial fossa with 
an exception of the posterior wall of the frontal sinus. The transnasal approach 
provides a very good visualisation of the dural defect with lower morbidity and 
invasivity compared to the transcranial approach which are indicated only in the 
case of extensive devastating injuries of the anterior and middle cranial fossa. 

24.6 general PrinciPles of the transnasal endoscoPic sUrgical 

techniqUe

• The surgical team’s position is different than during the transcranial surgeries. The 
surgeon stands on the right side of the patient, the assisting surgeon stands on the 
left side, the scrub nurse stands behind the surgeon on the left side, by the feet of 
the patient. The image guidance and the screen of the endoscope are placed behind 
the head of the patient. 
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• The four-hand surgery enables the microsurgical technique of preparation. The 
instruments and the endoscope are usually introduced into the nasal cavity by 
both nostrils (binostril approach) and the common resection cavity is created by 
resection of the posterior part of the nasal septum. The surgery is performed in 
cooperation of an otorhinolaryngologist and a neurosurgeon: 
- the otorhinolaryngologist creates the approach corridor or manages the extracra-

nial lesions; 
- the neurosurgeon manages the intracranial pathologies. 

• The technical equipment for the transnasal endoscopic surgeries is specific due 
to the different surgical technique. The endoscope is used for visualisation and 
illumination of the operating field. The surgical instruments are introduced 
in the area of the operating field outside of the view of the endoscope, usu-
ally by the contralateral nostril. Their design is different from the instruments 
used for the transsphenoidal microscopic resection and from the instruments 
used for the transcranial approaches. The difference is in the shape and length 
of the instruments – the transnasal endoscopic approach requires straight (non-
bayonet shaped) instruments and their length must correspond with the length of 
the transnasal approach corridor. The manipulation with the instruments inside the 
transnasal corridor is rather difficult therefore it is suitable to have more types of 
instruments available during the surgery. 

• Technique of resection of the tumours is different in pituitary adenomas and in 
different lesions: 
- the pituitary adenomas are resected using suction, blunt curretes of various 

shapes and elevatoria. The basal part of the adenoma is resected first and then 
the lateral and cranial and possible suprasellar parts are removed. This way an 
early prolaps of the sellar diaphragm into the operating field and thus a risk of 
leaving a tumour residue dorsally or laterally can be prevented. Preservation 
of the pituitary gland, which is usually dislocated dorsally by the tumour, is an 
important part of the surgery. It is necessary to identify the position of the pitu-
itary gland by the preoperative MRI; 

- intradural lesions, mainly meningiomas and craniopharyngiomas are resected 
following the principles of the microsurgical technique – inner decompression 
of the tumour, mobilisation of the capsule of the tumour, extracapsular dissec-
tion and separation of the capsule from the neurovascular structures and remo-
ving of the capsule of the tumour. 

• Intraoperative image guidance and imaging increase the safety and the radicality 
of the surgery. The intraoperative image guidance serves for the approach to the 
intracranial pathology. In most cases a frameless optic or electromagnetic image 
guidance is used. The intraoperative radiological imaging can be used for an intra-
operative control of the lesion – MRI or intrasellar ultrasound. 

Recommendations for clinical practice
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• Dural defect closure is performed in order to separate the intracranium from the 
sinonasal area, to protect the neurovascular structures and prevent the infectious 
complications, mainly meningitis. It is not necessary to perform a defect recon-
struction in pituitary adenoma surgeries in which the diaphragma sellae is not 
injured. The small dural defects with minor CSF leak can be closed by a free graft 
using allogenous or alloplastic materials. In ETEA to the intradural pathologies the 
adequate closure can be performed using the nasoseptal flap which is prepared in 
the beginning of the surgery by an otorhinolaryngologist. 

• Haemostasis is performed by irrigation of saline solution of the body temperature, 
and more significant bleeding is managed with haemostatic materials containing 
thrombin. Use of cotton strips with hydrogen peroxide should be avoided because 
of the risk of damage to the pituitary functions. In the end of the surgery the 
resection cavity is covered with a layer of haemostatic material. It is possible to 
use materials based on oxycellulose which induce the haemostasis by a change of 
pH and have germicidal properties. All the haemostatic material that expand their 
volume (foam, gelfoam) must be avoided because of the risk of the postoperative 
compression of the optic chiasm. 

24.7 PostoPerative care and Prevention of comPlications 

• The early postoperative care takes place in an intensive care unit, with monitoring 
of the vital functions, neuromonitoring and repeated controls of the inner environ-
ment in correlation to the fluid intake-output balance and local controls of the 
operated site. The function of the hypothalamic-pituitary axis must be observed; 
its impairment manifests as one of the syndromes (diabetes insipidus, cerebral salt 
wasting syndrome and syndrome of inappropriate ADH secrection), and the local 
signs of CSF leak or postoperative bleeding must be observed. 
- The postoperative CSF leak is the most frequent complication of ETEA due to 

technical difficulty to close a large communication between the liquor space and 
the nasal cavity. The dural defect closure is a part of the surgery which signifi-
cantly influences the frequency of the postoperative complications and therefore 
it must be performed as meticulously as the resection of the tumour. The CSF 
leak is a serious postoperative complication. The medical staff is required to 
actively ask the patient (mainly after extraction of the nasal packing) about fe-
eling of the fluid flowing down to his/her throat from the nasopharynx or about 
clear nasal secretion in the early postoperative phase. In the case of suspicion 
of the CSF leak it is necessary to examine the secretion for presence of the 
ß-trace protein – its increased level means the presence of CSF. The diagnosis 
can be confirmed by CT scan in which the pneumocephalus may be present, or 
CT cisternography. A verified persistent postoperative CSF leak is always indi-
cated for an early revision surgery. 
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- Prevention of the haemorrhagic complications is the preoperative evalua-
tion of the relation of the tumour to the vessel, careful surgical technique and 
intraoperative control by image guidance and ultrasound and dopplerometric 
localisation of the vessels. The vascular injury incidence in the transnasal endo-
scopic approaches is comparable to the microscopic transnasal and transcranial 
approach.

- Postoperative care of the approach corridor is the prevention of obstruction of 
the ostia of the paranasal sinuses and impairment of the function of the nasal 
cavity, i.e. nasal obstruction or smell impairment. The minimal invasivity of the 
transnasal surgery means also the minimalisation of the risk of complications in 
the approach corridor. The prevention of the complications due to the PNS ostia 
obstruction begins in the end of the surgery with the effort to put the intranasal 
structures into their original position. The nasal packing, if introduced, helps to 
keep the structures in the desired position.

• Dispensarisation of the patient consists of regular otorhinolaryngologic check-ups 
every 3 months after the surgery and dispensarisation by the neursurgeon with 
control radiologic examinations in various intervals according the the type of the 
lesion and radicality of the surgery. The endocrinologic and ophthalmologic care 
is also necessary. 

Recommendations for clinical practice
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Summary
• Indication for the surgical treatment of the skull base tumours is 

an interdisciplinary process in which a neurosurgeon, endocrinologist, 
otorhinolaryngologist, ophthalmologist and a radiologist take part, based 
on evaluation of the clinical and radiologic examinations. 

• The choice of a suitable surgical approach is a decision of  the neurosur-
geon and the otorhinolaryngologist, based on evaluation of the radiologic 
examination, suspected etiology of the process and the considered radica-
lity of the resection, as well on the experience with the surgical techniques. 

• The transnasal endoscopic approach is indicated as the first choice method 
for the pituitary adenoma resection, CSF fistula closures and sinonasal 
lesions involving the skull base. 

• The extended transnasal endoscopic approaches are an alternative method 
to the transcranial microscopic approach in the case of intracranial sellar 
region tumour resection. The extended transnasal endoscopic approach is 
considered the first choice method for resection of the tuberculum sellae 
and planum sphenoidale meningiomas, pre- and transinfundibular cranio-
pharyngiomas and clival tumours without lateral extension. 

• The indications of the transnasal endoscopic approach, especially of the 
extended approaches to the non-pituitary lesions, have to make sense – 
anatomically, functionally and pathologically. The fact that the endoscopic 
approach is a current trend is not a reason for its indication.

• The surgical team performing the transnasal endoscopic surgeries must be 
able to perform also the alternative external or transcranial surgeries.
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terminology

M .  F o r m á n e k ,  P.  Š t r y m p l

A
adenocarcinoma – malignant tumour from glandular epithelium
adenoma – benign tumour from glandular epithelium

autonomous a. – adenoma, which does not respond to hypothalamic negative feedback regulation
gigantic a. – rare adenoma, the largest dimension is more than 2.5 cm
invasive a. – adenoma with evident invasion into surrounding structures
macroadenoma – adenoma with the largest dimension more than 1cm
microadenoma – adenoma with the largest dimension 1cm or less, see prolactinoma
picoadenoma – adenoma with the largest dimension 2 mm or less

acromegaly – hormonal disorder with growth hormone (pituitary somatotropin) overproduction in the 
adulthood; growth occurs in acral parts of the body (most often phalanges, nose, chin, mandible, zygomatic bone)

amenorrhoea – skipping of menstrual bleeding in a sexually mature woman, not during pregnancy
aneurysm – expansion of a vessel or a heart as a result of weakening of their wall by a pathological process
antrostomy – surgical opening of the maxillary sinus (antrum Highmori)

supraturbinal a. – opening of the maxillary sinus from the nasal cavity above the insertion of the infe-
rior turbinate by widening of the maxillary ostium

infraturbinal a. – opening of the maxillary sinus from the nasal cavity below the insertion of the inferior 
turbinate by creating an artificial ostium

sublabial a. – opening of the maxillary sinus from the oral vestibulum through the fossa canina
apex of the pyramid – medial part of the petrous bone, it lies between the occipital bone and the greater 

wing of the sphenoid bone
apoplexy – bleeding into the tissue which causes its damage

pituitary a. – bleeding into the pituitary gland causing its damage and loss of function
arachnoidea – one of the meninges, a thin, see-through layer of fibrous tissue with no vessels; its name 

comes from its appearance of a spider web; the subarachnoidal space with vessels and cerebrospinal 
fluid is located between the pia mater and the arachnoidea

B
bolgerisation of a turbinate – surgical procedure, wounding of the septal mucosa and the adjacent sur-

face of the middle turbinate with intention to create a synechia; this procedure is a prevention of the 
paranasal sinus obstruction by synachiae formed between the middle turbinate and the lateral nasal wall 

C
carotid prominence – the  impression of the intracavernous segment of the internal carotid artery (carotid 

groove) in the area of the lateral and posterior wall of the sphenoid sinus; it is an important structure 
for intraoperative orientation in the sphenoid sinus

carotid-cavernous fistula – a pathological communication between the internal carotid artery and the cavernous sinus
cavernous sinus – an intracranial venous sinus, located on the skull base on either side of the pituitary 

fossa; the internal carotid artery and the cranial nerves (abducent nerve and other three nerves located 
adjacent to the lateral wall of the sinus – oculomotor nerve, trochlear nerve and the first branch of the 
trigeminal nerve – the ophthalmic nerve) pass through the cavernous sinus; the superior ophthalmic 
vein drain into the cavernous sinus 

cerebral salt-wasting syndrome – a condition of natriuria followed by hyponatraemic dehydration in 
a patient with an intracranial pathology (tumour, trauma, bleeding, surgery)



315

Terminology

choroid plexus – a part of the brain with rich blood supply, its main function is the CSF secretion of cere-
brospinal fluid, in humans it is located on the roof of the third and fourth brain ventricle and partially 
on the walls of the lateral ventricles

circle of willis – circulus arteriosus cerebri, an arterial circle located on the basis of the brain, formed by 
a connection of the internal carotid arteries and the basilar artery

cisternography – a radiologic method; imaging of the central nervous system liquor spaces, used for 
identification of the CSF fistula

clivus – a bony structured formed by the connection of the body of the sphenoid bone with the basilar 
part of the occipital bone; the brainstem (pons and medulla oblongata) are located dorsally to the clivus 

craniopharyngioma – benign brain tumour which is located in sellar region; it is the most common 
extraaxial tumour in childhood

Cushing disease – a disease caused by cortisol overproduction and its effects on the organism, this condi-
tion is caused by ACTH overproduction by a pituitary adenoma

Cyber Knife® – a robotic stereotactic radiosurgical device; unlike the Gamma Knife® it uses only one 
beam emitter which rotates around the patient, it can be used to irradiate the whole body

cyst – a pathological cavity, demarcated from the surrounding tissues by its own, often atrophied, epithelium
arachnoid c. – a congenital cyst, the wall is lined with a layer of arachnoid cells
dermoid c. – a cyst containing skin, complete with hair follicles, sweat glands and other forms of solid tissue
epidermoid c. – a retention cyst resulting from blockage of a sebaceous gland or a hair follicle

D
dermoid – see cyst/dermoid c.
diabetes insipidus – a group of pathological conditions in which the capacity of the organism of adequate 

water retention (urine concentration) in the case of the serum hyperosmolality is limited or absent. The 
condition is caused by vasopressin deficiency caused by impairment of its secretion in the hypothalamus. 

diaphragm – barrier
sellar d. – a dural duplicature which creates the roof of the sella turcica covering the pituitary gland – 

separating the pituitary gland from the liquor space
Dorello’s canal – a canal variably present in the temporal bone, containing the abducent nerve and infe-

rior petrous sinus
dura mater – one of the meninges, a fibrous membrane which is the outer layer of the meninges covering 

the central nervous system
durotomy – surgical incision of the dura mater

E
embolisation – a process in which a thrombus is dislocated from the site of its origin to a different ves-

sel which is then obliterated by the thrombus; also an interventional radiologic method of the bleed-
ing management in case the source of bleeding cannot be approached surgically, using the artificial 
embolisation of the supplying vessels; it is used preoperatively to lower the intraoperative bleeding in 
e.g. meningioma surgeries

empty sella syndrome – a sacciform expansion of the subarachnoidal space filled with the CSF into the 
sella turcica of the sphenoid bone; the pituitary gland is compressed to the floor of the sella; it is pos-
sibly caused by impaired development of the sellar diaphragm, regression of a pituitary tumour, shrin-
king of the pituitary gland during pregnancy, damage to the diaphragm during surgery; usually latent 

ethmoidectomy – a surgical procedure in which the ethmoid cells are opened into the nasal cavity 
external e. – ethmoidectomy from the external approach
intranasal e. – ethmoidectomy from the endonasal approach
endoscopic e. – ethmoidectomy under endoscopic control

exophthalmos – protrusion of the eyeball from the orbit, a sign of an expansive process inside the orbit 
(bleeding, tumour)



316

Transnasal Endoscopic skull  BasE surgEry

F
fascia lata – a fascia covering the thigh muscles; used as a graft for the dural defect reconstruction
fat plug technique – a technique of duroplasty; an autologous fat graft is pushed inside the dural defect 

and stabilised intracranially by expansion
fluorescein – dihydroxyxanthen dye, whose solution of alcaline pH is red with green flueorescesce even 

if highly diluted, used in the CSF leak diagnostic process

G
galactorrhea – discharge of milk-like substance from the breast without pregnancy or after six months 

from delivery when woman does not breastfeed; it is a sign of prolactin overproduction
Gamma Knife® – a stereotactic radiosurgical device using cobalt as the energy source, unlike the Cyber 

Knife® it uses several beam emitters and the stereotactic frame must be used; suitable only for irradia-
tion of the head

gigantism – a condition in which the growth hormone is overproduced during development; it results in 
abnormal skeletal and muscular growth leading to abnormal growth of a person or an animal

glioma – a CNS tumour originating from neuroglia (supporting neural tissue)
gliosis – proliferation of neural supporting cells

H
Haller’s cell – a cell which is a part of the ethmoid cell system, formed by pneumatisation of the orbital 

base, localised medially to the infraorbital groove between the orbit and the maxillary sinus
hormone – a product of a gland with inner secretion, it serves as a chemical carrier of information from 

one tissue to another
adrenocorticotropic h. – a hormone produced by the anterior lobe of the pituitary gland, regulates the 

adrenal function
follicle stimulating  h. – a hormone secreted by the anterior lobe of the pituitary gland, it stimulates 

growth of the ovarian follicles in women and spermatogenesis in men 
luteinising h. – a hormone secreted by the anterior lobe of the pituitary gland, it regulates ovulation and 

formation of yellow body by stimulating estrogen and progesterone production in ovaries; in men it 
has effect on Leydig cells which produce testosterone

growth h. – a hormone secreted by the anterior lobe of the pituitary gland, stimulating linear growth
thyroid-stimulating h. – a hormone secreted by the anterior lobe of the pituitary gland, it regulates 

growth of the thyroid gland and stimulates its function
thyrotropic h. – see thyroid-stimulating h.

hydrocephalus – it is caused by increased amount of cerebrospinal fluid in ventricles or subarachnoid 
space, caused by increased CSF secretion, lower resorption or obstruction of the CSF circulation

hyperprolactinaemia – increased level of prolactin in blood, a laboratory manifestation of the functional 
adenoma of the pituitary gland 

hypophysis – pituitary gland, the central organ of the endocrine system. It is located behind the optic 
chiasm in the hypophyseal fossa, connected with the hypothalamus (located on the basis of the dien-
cephalon) by a stalk; it is superior to other glands of endocrine system
adenohypophysis – the anterior lobe of the pituitary gland 
neurohypophysis – the posterior lobe of the pituitary gland, composed mostly of non-myelinated axons 

of neurosecretory cells, glial cells (pituicytes) and blood capillaries; there is no hormone secretion in 
the neurohypophysis; hormones are produced by the neuronal bodies in the hypothalamus and are 
transported by the axonal transport to the neurohypophysis

hypocorticalism – insufficiency of the adrenal cortex with insufficient production of its hormones
hypopituitarism – a condition caused by insufficiency of the pituitary gland, mostly of its anterior lobe; 

it leads to many hormonal disorders
hypopituitary crisis – a life threatening condition caused by pituitary insufficiency
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hypothalamic-pituitary axis – the mutual influence of hypothalamus and pituitary gland; hypothalamus 
is superior to the pituitary gland in this system

hypothalamus – a part of diencephalon between the anterior commissure and the mammillary bodies 
forming the inferior part of the walls and base of the third ventricle; its function is mainly to organise 
the organs into a complex response; e.g. prepares the organ systems for physical or mental activity; the 
antidiuretic hormone (vasopressin, ADH) and oxytocin are produced in the hypothalamus and trans-
ported to the neurohypophysis by the axonal transport

I
incidentaloma – a tumour found by a coincidence, without any clinical symptoms
infundibulum – a funnel-shaped structure, here the pituitary stalk; connecting the hypothalamus and the 

pituitary gland

J
junctional scotoma – bilateral visual field deficit caused by damage to the optochiasmatic connection

K
Keros classification – it describes the height of the roof of the ethmoid cells in relation to the cribriform 

plate; it divides the shapes of the olfactory fossa according to the level of the lateral lamella to three 
types from 1 mm to approximately 17 mm

kissing carotids – a pathological vascular variant, the internal carotid arteries running paramedially in the 
parasellar region, it can be an obstacle for the transnasal approach to the pituitary gland

L
liquorrhea – CSF leak, a communication between the subarachnoidal and the extracranial space with 

CSF leakage into the extracranial space
paradox l. – posttraumatic liquorrhea, cause by a pyramid bone fracture with an intact eardrum; the 

CSF leaks through the Eustachian tube into the nasal cavity
spontaneous l. – with unknown reason
traumatic l. - posttraumatic
rhinoliquorrhea – leakage of the CSF into the nasal cavity 
otoliquorrhea – leakage of the cerebrospinal fluid from the external acoustic meatus

lumbar drainage – a diagnostic or a therapeutic procedure in which the CSF is drained into a closed 
system out of the patient’s body; it is used as a method of decreasing the intracranial CSF after the 
dural defect reconstruction

M
maxillary hiatus – natural ostium of the maxillary sinus
Meckel (trigeminal) cavity – area on the apex of the pyramid of the temporal bone, containing the 

Gasser’s (trigeminal) ganglion
meningioma – usually a benign tumour from meninges, arising from the arachnoidea
meningoencephalocele – a condition in which the meninges and a part of the brain prolaps (usually into 

the nasal cavity or paranasal sinuses) through a skull defect; congenital or posttraumatic 
meningocele – a condition in which the meninges prolapse through a skull defect; sometimes with accu-

mulation of the CSF in the meningeal sac
midfacial degloving – a surgical approach used mainly in oncosurgery of the nasal cavity and the parana-

sal sinuses; the soft tissues of the central part of the face are separated from the bones from an incision 
in the oral vestibulum and around the nostrils and pulled up as a glove (degloving)

N
nasoseptal flap – a mucoperichondrial and mucoperiosteal flap harvested from the nasal septum, supplied 

by the posterior septal branch of the sphenopalatine artery; used for dural defect closure

Terminology
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neurohypophysis – see hypophysis

O
odontoid – a part of the second cervical vertebra (axis); developmentally it was a body of the atlas
olfactory region – a region located in the roof of the nasal cavity containing the olfactory cilia of the 

olfactory cells
Onodi cell – a non-constant posterior ethmoid cell with a close anatomical relation to the optic nerve
optic chiasm – a crossing of the medial fibers of the optic nerves from the nasal part of the retina on base 

of the brain close to the pituitary gland
optic-carotid recess – a recess on the lateral wall of the sphenoid sinus between the prominence of the 

optic canal and carotid canal; an important structure for orientation in the sphenoid sinus
orbital apex – the dorsal part of the orbit where its four walls connect, the optic canal with the optic nerve 

and the ophthalmic a. is located in the apex of the orbit
ostiomeatal complex – a functional unit of the lateral nasal wall; location of the ostia of the frontal and 

the maxillary sinus and the anterior ethmoid cells; its obstruction can lead to inflammation of the 
paranasal sinuses

overlay technique – a surgical method used during dural defect closure; the graft is placed between the 
bone and the mucosa

P
panhypopituitarism – a complex pituitary insufficiency accompanied with symptoms caused by insuf-

ficient pituitary hormone production
pharyngeal recess – a wide recess of the lateral wall of the nasopharyx, it extends cranially and dorsally 

from the ostium of Eustachian tube
pia mater – the innermost meninx, a delicate membrane with rich blood supply adjacent to the surface 

of the brain
pituitary apoplexy – haemorrhagic infarction of the pituitary adenoma compressing the surrounding 

structures; an acute condition which requires urgent surgical treatment
planum sphenoidale – the surface of the sphenoid bone in front of the sella turcica between the lesser 

wings of the sphenoid bone; it forms the roof of the sphenoid sinus
pneumocephalus – presence of air in the intracranial space; a sign of a communication of the liquor 

spaces with the external environment
prolactin – also known as the luteotropic hormone; secreted by the mammotropic cells of the adenohy-

pophysis; stimulates the growth of the mammary glands during pregnancy and during lactation after 
the delivery, suppresses the maturing of the the egg cell in the ovary and menstrual cycle, influences 
the mother-child relation; in men it controls the growth of the prostate and the accessory reproductive 
organs

prolactinoma – a benign pituitary adenoma with prolactin overproduction (hyperprolactinaemia); can 
cause intracranial hypertension or visual field defects

pseudoaneurysm – a false aneurysm; unlike the real aneurysm its walls consist only of some of the layers 
of a vessel or an organ wall

pseudoprolactinoma – see stalk syndrome

R
Rathke’s pouch – ectodermal outpouching of the stomodeum, the anterior lobe of the pituitary gland 

(adenophyphysis) develops from the Rathke’s pouch during embryonal development

S
sella turcica – a saddle like fossa in the sphenoid bone, contains the pituitary gland
sphenoidotomy – surgical opening of the sphenoid sinus

parasagittal s. – the approach to the sphenoid sinus through the nasal cavity, medially to the superior 
turbinate cca 1–1.5 cm above the superior margin of the choana
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transethmoidal s. – the approach through the posterior ethmoid cells, the sphenoid sinus is reached in 
the mediocaudal direction 

shaver – a microdebrider; a surgical instrument composed of two hollow knives, which fit in together, its 
working parts oscillating in a specific mode, and a suction instrument connected to the working part of 
the shaver; used for soft tissue resection

sinotomy – surgical opening of a paranasal sinus
frontal s. – surgical opening of the frontal sinus

Sternberg’s canal – developmental dehiscence in the area of the lateral wall of the sphenoid sinus which 
can cause a congenital meningo(encephalo)cele or be a predilection site for the spontaneous CSF leak

syndrome – a set of symptoms
Cushing’s s. – endocrine disorder caused by overproduction of the adrenal hormone (cortisol). Primary 

C.s. – adrenal disorder; secondary C.s. higher ACTH production (e.g. pituitary adenoma) is the 
reason of cortisol overproduction

Foster-Kennedy s. – a dissociated finding on the ophthalmoscopy image caused by an expanding 
tumour of the frontal lobe, causing ipsilateral optic atrophy and central scotoma, contralateral pa-
pilloedema and ipsilateral anosmia

s. of inappropriate antidiuretic hormone secretion (SIADH) – characterised by ADH overproduction 
caused by a CNS lesion, malignant tumour or a lung disease; its typical clinical manifestation is the 
brain oedema 

Sheehan’s s. – a postopartum ischaemic pituitary necrosis; manifests with impossibility of breast-
feeding, secondary amenorrhea, hypothyreosis, hypopigmentation and hair loss

stalk s. – a condition manifesting with hyperprolactinaemia in which the hyperprolactinaemia is caused 
by commpression of the pituitary stalk by a tumour other than prolactinoma 

Tolosa-Hunt s. – a non-infectious granulomatous inflammation located in the orbit and retroorbitally 
in area of the superior orbital fissure and the cavernous sinus; it manifests with ipsilateral cephalea, 
palsy of the III., IV., V., VI. cranial nerve, periorbital pain and ophthalmoplegia; etiology is unknown

T
temporal fascia – a fascia covering the temporal muscle, used for the dural defect reconstruction
Trendelenburg position – a position in which the body of the patient is laid flat on the back (supine 

position) with the pelvis higher than the head
tuberculum sellae – a prominence, present variably, forming the posterior border of the prechiasmatic 

groove and the anterior border of the pituitary fossa

U 
underlay technique – a surgical method used for dural defect closure; a free graft (usually a mucle fascia) 

is placed between the dura and the bone of the skull base or from the inside of the dura

V
ventriculoscopy – endoscopic examination of the brain ventricles
Vidian canal – pterygoid canal, a small canal containing the n. canalis pterygoidei opening into the 

pterygopalatine fossa
Vidian nerve – a clinical term for the n. canalis pterygoidei

w
wilbrand’s knee – the nerve fibres from the inferior nasal quadrant of the retina do not enter the optic 

tract directly, but first they bend in the anterior part of the chiasm, run adjacent to the contralateral optic 
nerve and then turn into the contralateral tract to form the Wilbrand’s knee 

Terminology
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list of imPortant names

F o r m á n e k ,  M . ,  M a t o u š e k ,  P.

BASEDOw, Karl Adolph von  (1799–1854)
a German physician, see Graves-Basedow disease (Chapter 7.2).
He was born in 1799 in Dessau, Germany, his father was an important local politician. He graduated from 
the Faculty of Medicine of the Halle University in 1822 and then moved to Merserburg where he opened 
his private practice and worked there for the rest of his life. He is known for his surgical achievements 
and publications. In 1840 he described exophthalmos related to the thyroid diseases and later defined the 
Merserburg triade – exophthalmos, goiter and palpitations. J. R. Graves described a similar condition in 
1835. Nowadays the disorder is known as the Graves-Basedow disease. Basedow proposed the mineral 
water with rich content of iodine as a tretment. Later he became the head doctor of Merserburg and kept 
this position until his death. He died in 1854 of thyphoid infection which he acquired from a patient he 
had dissected. 

CALDwELL, George Walter  (1867–1946)
an American surgeon, writer and painter, see Caldwell-Luc surgery (Chapter 2.1).
He was born in 1867 in Lincoln, Vermont (USA) in a family of a farmer and grew up in poverty. He 
studied medicine at the University of Colorado and University of Denver, and he graduated in 1891. After 
the graduation he worked in New York and was interested especially in rhinology and laryngology (by 
that time a new specialisation in USA). He constructed a special probe for treatment of lacrimal pathways 
stenosis and in 1893 he described a new method of opening of the maxillary sinus and its drainage into 
the nasal cavity (nowadays called the Caldwell-Luc surgery). All his medical publications were published 
3 years after his graduation. From 1900 to 1926 he worked at Stanford University in San Francisco and 
then moved to Hollywood, California, and started to be interested mainly in literature and art. He died in 
California in 1946. 

CASTELNUOVO, Paolo (1953)
an Italian otorhinolaryngologist (Chapter 12.1).
He was born in Milan, Italy, in 1953 where he graduated from the medical faculty in 1979. He spent his 
residency at the Department of Otorhinolaryngology, University of Pavia. Nowadays he is the professor 
and the head of the Dept. of Otorhinolaryngology, University of Insubria, Varese. He is a member of 
several important medical societies. Since the late 1980s he has specialised predominantly in endoscopic 
surgery of the paranasal sinuses and the skull base. He has presented over 200 lectures worldwide and is 
the author of numerous publications. 

CUSHING, Harvey Williams (1869– 1939)
an American neurosurgeon, the “father of modern neurosurgery”, see Cushing disease, Cushing syndrome 
(Chapter 7.2).
He was born in 1969 in Cleveland, Ohio (USA) into a family of a physician as the youngest of 10 chil-
dren. He earned his baccalaureate in 1891 at Yale University where he was a member of the secret society 
Scroll and Key. He studied medicine at the Harvard Medical School from which he graduated in 1895. He 
spent his internship in Massachusetts General Hospital in Boston and completed his residency under the 
leadership of William Stewart Halsted in Johns Hopkins Hospital in Baltimore. Then he worked as a neu-
rosurgeon under Kocher in Bern and Sherrington in Liverpool and later returned to Baltimore where he 
opened his private practice. While working in Bern he described a reflex of the relationship of the blood 
pressure and the intracranial pressure (today known as the Cushing reflex) and together with Sherrington 
he significantly contributed to the localisation of important brain centres. In 1901, in the age of 32, he 
was named a professor of surgery in Johns Hopkins Hospital and started to focus on publishing his works. 
Among other works, he invented a method of surgery in local anesthaesia, the article about its use in the 
hernia surgeries gained him acknowledgement across whole Europe. He also significantly contributed 
to the field of studying the blood pressure during surgeries. In 1911 he became the chief of surgery in 
Peter Bent Brigham Hospital in Boston. One year later he started to work as a professor of surgery at the 
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Harvard Medical School and was named a member of several important societies. In 1915 he pointed out 
the possibility of the influence of the pituitary surgery on growth. During World War I he worked as the 
head doctor of a surgical hospital near Paris where he experimented with using electromagnets for extrac-
tion of schrapnels from the brain and by the end of the war he was the main neurosurgical consultant of 
the U.S. Army in Europe. Then he served as a military doctor and he earned the rank of colonel. After 
leaving the army he worked at Yale University School of Medicine from 1933 to 1937. He died in 1939 
of myocardial infarction.

COwPER, William (1666–1709)
an English surgeon and anatomist (Chapter 2.1).
He was born in 1666 in Petersfield, Great Britain, and was an apprentice of the surgeon William Bignall 
in London. In 1691 he became a member of the society of barbers and surgeons and opened his practice 
in London. In 1696 he became a member of the Royal Society and in 1698 he published his work The 
Anatomy of  the  Human Bodies which gained him fame and acknowledgement although there are opin-
ions that state that it was plagiarism. In following years he published numerous works concerning surgery, 
pathology, anatomy and physiology. The bulbourethral gland is named after him. He died in 1709.

DANDY, Edward Walter (1886–1946)
an American neurosurgeon (Chapter 2.2).
He was born in 1886 in Sedalia, Missouri (USA) two years after his parents came to the USA from England. 
His father was an engine-driver. He earned his baccalaureate at the University of Missouri in 1907. He was 
a talented student and athlete. He received the Rhodes scholarship and had to refuse the opportunity to study 
medicine in Oxford. Therefore he continued his studies at the Johns Hopkins Medical School from which he 
graduated in 1910. During his studies he gained attention of William Steward Halsted who became his men-
tor and recommended that he spent his first surgical year in the Hunterian laboratory. There he met Harvey 
Williams Cushing and became his assistant. Together they published several studies. Their cooperation did 
not however last long because they both wanted to be chief doctors. In 1913 he published a famous work 
about pathogenesis and therapy of hydrocephalus. In 1918 he described pneumoencephalography which he 
had been using in his patients for a long time. He specialised especially in posterior cranial fossa surgeries, 
however Cushing is still the uncrowned king of neurosurgeons of that era. In 1929 Dancy performed an 
arteria cerebri media aneurysm surgery and despite the patient suffered from aphasia and hemiplegia after 
the surgery and Dandy had to perform a revision surgery, this procedure raised the interest in medical circles. 
He then performed the first successful intracranial aneurysm surgery in 1937 in which he used a silver clip 
to close the pedicle of the aneurysm before its coagulation. He also specialised in destructive surgeries in 
Meniere’s disease with unbearable vertigo in which he transsected the vestibular and also the cochlear nerve. 
Despite this technique some of the patients who were operated bilaterally complained of the persistent 
symptoms. Dandy described this phenomenon in his article which is now called the Dandy phenomenon. 

DRAF, Wolfgang (1940–2011)
a German otorhinolaryngologist, see Draf I, II, III  (Chapter 11.3).
He was the professor and the head of the Otorhinolaryngology Department of Fulda University. The 
last department he worked at was the Neurosurgery Department in International Neuroscience Institute 
in Hannover, Germany. He was a member of several important medical societies and laureate of nume-
rous awards. He specialised mainly in endoscopic surgery of the nasal cavity and paranasal sinuses 
and published important works concerning the frontal sinus surgery. He was one of the most important 
otorhinolaryngologists of the second half of the 20th century. The most important works published by Draf 
concerned the endoscopic endonasal surgery. 

EUSTACHI, Bartolommeo E. (1513–1574)
an Italian anatomist, see Eustachian tube (Chapter 4.1).
He was born in San Severin, Italy, the exact date of his birth is unknown. His father was a renowned 
doctor and he provided his son with wide humanitarian education, amongs others, Eustachi was fluent 
in Greek, Hebrew and Latin. For example he translated the work of Avicenna. He worked as a doctor 
starting in 1540 and later he was the personal physician of the duke of Urbino. In 1549 he started to work 
as an anatomist at the Sapienza University where he could study the cadaverous specimen which led to 
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his discoveries. In his works he described the auditory tube (which is named after him), he described the 
m. tensor tympani and m. stapedius (Almaceon of Sparta described the auditory tube first in 400 b.c. but 
he thought it served for breathing through ears in the same manner as through the nose). It is possible that 
his discovery of connection of the pharynx and the tympanic cavity inspired Shakespeare in one of his 
play – Hamlet’s father was killed by poison poured into his ear (the other theory says that back then the 
systemic resorption of a poison from the external auditory meatus was considered possible).

GRAVES, Robert James (1796–1853)
an important Irish surgeon, see Graves-Basedow disease (Chapter 7.2).
He was born in 1796 in Dublin, Ireland as the eighth child. His father and his grandfather were important 
members of Trinity College in Dublin where Graves later studied. He was a gifted student, with a great 
talent for foreign languages. After graduation from the medical school in 1818 he spent 3 years traveling 
around the best European medical schools as an observer. He returned to Dublin in 1821, opened his 
practice and introduced the most recent clinical methods he learned while traveling – among others the 
method of teaching the medical students by the patient’s bed which made the Dublin faculty famous all 
around the world. He was obsessed with the quality of teaching and gave lectures mainly in English, 
unlike most of the teachers of that time who preferred latin. In 1835 he described a disease nowadays 
known as the Graves-Basedow disease. In 1843 he became the professor of the Institure of Medicine at the 
Royal College of Physicians of Ireland and published his “Clinical lessons” the same year which made his 
famous. In this work, he recommended measuring of the heart rate using watch, giving the patients with 
fever sufficient amounts of food and fluid (oposed to established fasting that time) etc. He was a president 
of the Royal Society, London in 1843-1844 and in 1849 he was named a member of the Royal Society, 
London.. He gained an honorary doctorate at the medical faculties in Berlin, Vienna, Hamburg, Tübingen, 
Brugges and Montreal. He is the inventer of the second-hand on watches but he never applied for the 
patent. He died in 1853 in Dublin. 

GRUBER, Wenzel (Wenzeslaus) Leopold (1814–1890)
an Austrian anatomist, see Gruber ligament (Chapter 4.3).
He was born in 1814 in Krukanice (Austrian Empire, nowadays Czech Republic). He attended he high 
school and studied medicine in Prague. He was not able to gain the title of professor there so he left for 
Saint Petersburg, Russia, in 1846, under condition that he would become the head of the descriptive 
anatomy there in 3 years. This happened in 1847 and after many complications he was named the head of 
the descriptive anatomy in 1855 and remained in this position for 30 years. He published over 500 works 
during his life. He died of stroke in 1890.

GUIDO, Guidi (lat. Vidius Vidius) (1508– 1569)
a Florentine surgeon and anatomist, see canalis n. pterygoidei (Vidii) (Chapter 4.2).
He was born in 1508 in Florence in the family of a physician and a painter and studied medicine at the 
florentine medical school. He is better known under his Latin name Vidius Vidius. First he worked in 
Florence where he became a renowned physician. Therefore, in 1542, he was invited to Paris by the 
French king François the 1st to become his personal physician and was named the professor of the 
Sorbonne University. After the king’s death in 1547 he was invited to Tuscany by count Cosmo to become 
the professor of philosophy and medicine in Pisa where he died in 1569. He significantly contributed to 
development of anatomy although most of his works were published by his nephew after his death. The 
pterygoid nerve canal is named after him. 

FREER, Otto Tiger (1857–1932)
an American otorhinolaryngologist, see Freer’s raspatorium (Chapter 10.2).
He was born and lived in Illinois, USA, and married poet Agnes Lee. He invented the surgical instrument 
Freer’s raspatorium.

HEUBNER, Johann Otto Leonhard (1843–1926)
a German pediatrician, see arteria reccurens Heubneri (Chapter 4.3).
He was born in 1843 in Mühltroff, Germany and graduated from the Faculty of Medicine of University of 
Leipzig in 1867. Later he continued his studies in Wien and he habilitated in the field of internal medicine 
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in Leipzig. In 1873 he was named professor at the University of Leipzig and in 1876 he became the head 
of the local policlinic where he remained until 1891. During this period he started to focus on pediatrics. 
He founded the first pediatric outpatient practice under the policlinic and later a pediatric hospital. In 
1891 he became the head of the pediatric department and he was the director of the Pediatric Hospital 
Leipzig at the same time. He left this position in 1894 and moved to Berlin to become the director of 
the University Pediatric Hospital and the professor of pediatrics at the Friedrich Wilhelm University. He 
specialised, among other fields, in the pediatric nutrition and in 1896 he discovered the pathogene causing 
meningitis – meningococcus. He remained in Berlin until his resignation in 1916 and then he was named 
professor emeritus. He died in 1926. 

HOPKINS, Harold Horace (1918– 1994)
a renowned British physicist (Chapter 2.1).
He was born in 1918 in Leicester, Great Britain, into a poor family. He was a prodigy child and gained 
numerous scholarships. He studied mathematics and physics at the University of Leicester, graduated as 
the first in his class in 1939 and started his postgraduate studies in nuclear physics. He had to interrupt 
his studies because of the war and started to work in a company manufacturing lenses where he focused 
on the optics design. In 1945, while working, he finished his postgraduate studies. In 1947 he gained 
a research grant at the Imperial College London where he lead the team that focused on optics. When he 
moved to Reading in 1967, nearly the whole team followed him. There he worked as a professor of the 
applied physical optics until he retired in 1984. Among his most significant inventions is the lens capable 
of focusing, optic fibre, fibroscopes and endoscopes, CD and DVD. During his life he received numerous 
awards and was the member of the most important scientific societies. He was nominated for the Nobel 
prize twice and received the Rumford medal. The modern optic systems are based on his work Wave 
Theory of Aberrations (1950). In 2009 the Hopkins research centre was opened at the Reading University.

KIESSELBACH, Wilhelm (1839– 1902)
a German otorhinolaryngologist, see locus Kiesselbachi (Chapter 20.2).
He was born in Hanau, Germany. He was the head of the Otorhinolaryngology Department of University 
Hospital in Erlangen from 1889 to 1902. His name is connected to the term plexus Kiesselbachi – a place 
of anastomosis of the anterior ethmoidal artery, greater palatine artery, sphenopalatine artery and posterior 
labial artery in the anterioinferior part of the nasal septum. During his life he published numerous works 
focusing mainly of rhinology and otology. He died in 1902 in Erlangen. 

KILLIAN, Gustav (1860–1921)
a German otohinolaryngologist, see Killian’s surgery (Chapter 2.1).
Born in Meinz, died in Berlin. He studied in Strasbourgh, Freiburg, Berlin and Heidelberg and graduated 
in 1884. He specialised in laryngology and worked in Berlin under Hartman and Krause. In 1887 he was 
named head of the ear-nose-throat policlinic in Freiburg. He habilitated in 1888 and was named hono-
rary professor in 1894, in 1899 he became the director of the Department of Otorhinolaryngology of 
University Hospital in Freiburg. Killian is considered the inventor of bronchoscopy. He first examined 
the bronchi by a bronchoscope in 1895 and two years later he successully removed a foreign body during 
bronchoscopy – a bone stuck in the right main bronchus. In 1908 he constructed and used a laryngoscope. 
For his work in bronchoscopy he was considered to be nominated for the Nobel prize in physiology or 
medicine but he died before he could be nominated. 
His son, Hans Killian (1892 – 1982) also became a doctor and is the author of several books. In 1923 
he founded the magazine Narkose und Anästhesie and in 1959 the magazine Lokalanästhesie und 
Lokalanästhetika.

LUC, Henri  (1855–1925)
a French otorhinolaryngologist, see Caldwell-Luc surgery (Chapter 2.1).
He was born in Saint-Omer on the French-Belgian border. He studied medicine in Lille and was so suc-
cessful that he became a prosector in the age of 20. He continued his studies in Paris, where he graduated 
in 1879 and earned the doctorate in 1884. Later he wanted to focus on otorhinolaryngology and continued 
his studies in Vienna under Adam Politzer and Leopold von Schrötter. After he returned to Paris he soon 
became famous – he demonstrated the relation of the ear and nose infections and invented numerous 
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surgical instruments. In 1894 he described his technique of the maxillary sinus surgery (nowadays called 
Caldwell-Luc surgery) and in 1895 a surgical method of drainage of the frontal sinus through the ethmoid 
cells. Luc is considered the father of French otorhinolaryngology. He died in Paris in 1925. 

LYNCH, Robert Clyde (1880–1931)
an American otorinolaryngologist (Chapter 2.1).
He was born in 1880 in Carson City, Nevada (USA). He graduated from Tulane University and specia-
lised in otorhinolaryngology which he also studied abroad. He worked in New Orleans and was named 
professor at the Post Graduate School of Medicine at Tulane University. He was a very skilled surgeon 
and was interested in the videorecording of the larynx. He was a co-publisher of the “Archives  of  
Otolaryngology” journal. He died in 1931 in Richmond, Virginia.

MECKEL, Johann Friedrich  (1724–1774)
a German anatomist, see cavum Meckeli (Chapter 4.1).
He was born in 1724 in Wetzlar, Germany. He studied medicine in Göttingen where he received his 
doctorate in 1748 with his disertation thesis in which he described his discovery of the ganglion sub-
maxillare. Then he moved to Berlin to work as a prosector and was the first to start to teach at the newly 
founded school for obstetricians. In 1751 in Berlin he was named professor of anatomy, obstetrics and 
botanics. He was the founder of the famous anatomical collection at the Martin Luther University in 
Halle-Wittenberg: Die anatomischen  Sammlungen  zu Halle, also known as the Meckel collection. In 
1830 this enormous collection consisted of 12 000 objects, it is divided to the medical and the zoological 
part. The oldest exponent is more than 200 years old and comes from the Meckel’s era – a complete situs 
inversus. Johann Friedrich Meckel is also called “the  Elder” or “the  Grandpa” to distinguish him from 
his grandson of the same name, who was also a famous anatomist. J.F. Meckel was the first of the family 
of four German anatomists who was followed by his son Philipp Friedrich Theodor Meckel (1756–1803) 
and later by his two grandsons August Albrech Meckel (1790–1829) and the famous Johann Friedrich 
Meckel (1781–1833). However the members of this family lived only up to 47 years of age on average. 
Meckel died in 1774 in Berlin. 

MIKULICZ-RADECKI, Jan (Johann Freiherr von Mikulicz-Radecki) (1850–1905)
a Polish-Austrian surgeon (Chapter 2.1).
He was born in Czerniowce in the Austrian Empire (present-day Chernivtsi in Ukraine). He studied 
medicine at the Vienna University under Theodor Billroth. Then he was the chief of surgery in Krakow 
in Poland, Königsberg in Russia and in Wroclaw in Poland starting in 1890. His innovative surgical tech-
niques significantly contributed to the modern surgery development. He focused especially on the surgery 
of tumours of the gastrointestinal tract. He was the first to suture the perforated gastric ulcer in 1885, in 
1886 he reconstructed a part of the oesophagus and in 1903 he replaced a part of the colon infitrated by 
a tumour. He was a great supporter of Lister’s principles of antisepsis, he invented the surgical mask and 
was the first to use medical gloves during surgery. He was also fluent in 4 languages and was a talented 
pianist, a friend of Johannes Brahms. He died in 1905 in Freiburg. 
There are numerous eponyms named after Mikulicz: for example Heineke-Miculicz pyloroplasty, 
Heineke-Mikulicz strictureplasty, Mikulicz’s cells, Mikulicz’s disease, Mikulicz’s drainage.

MONRO, Alexander, secundus (1733–1817)
a Scottish physician, see foramen Monroi (Chapter 8.2).
He was born in 1733 in Edinburgh, Scotland, into the family of the anatomist Alexander Monro Primus. He 
studied medicine at the University of Edinburgh. He was supported by his father during his studies, who let 
him teach his students in the evening school of anatomy and who even was the author of the petition with the 
purpose to make him a university teacher while still studying. Eventually he was named his father’s assis-
tant in 1755. In the same year he graduated – his thesis focused on spermatogenic canaliculi and the proof 
of their direct connection to the lymphatic and vascular system. After graduation he continued his studies 
in London, in Paris and he also spent some time in Berlin at the institute of the famous anatomist Johann 
Friedrich Meckel “the Elder” where he focused mainly on studying of the lymphatic tissue about which he 
published several works. Later he moved to Leiden for a short time to return to Edinburgh to teach and help 
his father whom he later replaced in the position of the head of the department of anatomy and remained 
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in that position for more than 50 years. He was a very gifted and popular lector and speaker. In 1759 he 
became a member of the Royal College of  Physicians of Edenburgh. In Edinburgh he worked in numerous 
other positions, for example the home-defence commander, head hygienist etc. In 1798 he helped his son 
(later known as Alexander Monro Tertius) to earn his title of professor of anatomy. In 1808 he handed the 
position of the head of the department over and retired. He was considered to be a very competent but also 
very manipulative person who abused his position enormously. His most famous discoveries are the foramen 
interventriculare in the brain and the description of the articular bursa. His most famous work is focused on 
the nervous system: “Observations on the Structure and Functions of the Nervous System” published in 1783. 
He died in 1817 in Edinburgh.

OGSTON, Alexander, sir (1844–1929)
a Scottish surgeon (Chapter 2.1).
He was born in 1844 in Aberdeen, Scotland, as the eldest son of a professor of the medical law. He studied 
medicine at the Marischal College from which he graduated with honors at only the age of 21. Then he 
started to work as a surgeon in the Royal Hospital in Aberdeen where he also taught medical law and 
ophthalmology. In 1882 be was named professor of surgery. Amongst other achievements, he discovered 
staphylococcus. In 1884 he participated in the war in Egypt as a military doctor and then he took part 
in several other wars including World War I when he was over 70 years old. He was knighted in 1912. 

RATHKE, Martin (1793–1860)
a German embryologist and anatomist, see Rathke’s pouch (Chapter 5.2).
He was the professor of zoology and anatomy in Königsberg, Russia, from 1835 to 1860. He focused 
mainly on the marine organisms and embryonal development of reproductive organs. In 1839 he 
described the embryonal structure from which the anterior lobe of the pituitary gland arises, nowadays 
known as the Rathke’s pouch.

RIEDEL, Bernhard Moritz Carl Ludwig (1846–1916)
a German surgeon, see Riedel’s surgery (Chapter 2.1).
He was born in 1846 in Teschentin in Germany into a priest’s family. He studied medicine in Jena from 
1866 and in 1888 he moved to Rostock. He interruped the studies because of the war to become a soldier. 
During the war his first asignement was corpse disposal and later he worked as a paramedic. After the war 
he returned to his studies and graduated in 1872 in Rostock as one of the best that year. Later he worked 
as a prosector at the institute of anatomy in Rostock and in 1875 he became an assistant of Franz Köning 
in Göttingen where he habilitated as a surgeon two years later. He focused mainly on the wound healing 
and joint effusion and in surgery he specialised in gastric surgery, surgery of appendicitis and cholecys-
tolithiasis. In 1877 he was named associate professor of surgery, in 1881 he moved to Aachen where he 
worked as the chief of surgery. In 1888 he became the chief of surgery in Jena where he remained until his 
death. In the last years of his life he had to have his leg amputated under the knee due to atherosclerosis, 
however he remained active. He died of lung cancer in Jena in 1916.

ROSENMÜLLER, Johan, Christian (1771–1820)
a German anatomist and surgeon, see fossa Rosenmülleri (recessus pharyngeus) (Chapter 4.1).
In 1786 he began his studies at Leipzig University where he earned his master’s degree in 1792. Then 
he studied in Erlangen for 2 years and in 1794 he started to work at the Institute of Anatomy in Leipzig. 
He gained his doctorate in 1797 and was named professor of anatomy and surgery in 1802. He was 
a passionate speleologist – one of the caves in Bavaria, a favourite tourist site in the end of the 18th and 
the beginning of the 19th century thanks to its beauty (1.5 km north to Muggendorf), is named after him. 

SIEBENMANN, Friedrich (1852–1928)
a Swiss otorhinolaryngologist, (Chapter 2.1).
He was born on the 22nd May 1852 in Uerkheim, Switzerland, as the eldest of four childen in the family 
of the local pastor. Despite his parent who wanted him to study theology, he decided to study medicine. 
He studied in Zurich, Würzburg and Bern. For one year he was an assistant of the famous surgeon Kocher 
but due to financial troubles he was forced to open a private practice. However he still longed for the aca-
demic career and started to specialise in otorhinolaryngology at universities in Vienna and later in Munich 
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under the famous Bezold who was his friend and Siebenmann was one of his best apprentices. Later he 
moved to Basel where he was named professor. He died of prostate cancer on the 4th April 1928. During 
whole his career he focused mainly in otology; numerous findings in this field come from Siebenmann. 
Ugo Fisch is one of his students. 

STAMMBERGER, Heinz (1946)
a German-Austrian otorhinolaryngologist, see Stammberger punch (Chapter 2.1, 10.2).
He was born on the 1st December 1946 in Germany, and later he gained Austrian citizenship. He studied 
high school in Cologne-Nippes and graduated from the medical faculty in Graz, Austria, in 1973. His 
whole career is related to Graz – he specialised in otorhinolaryngology under professor Messerklinger 
and in 1988 he was named professor and the head of the department. He focuses mainly on FESS and 
endoscopic skull base surgery. He won numerous awards of the Otorhinolaryngology Societies in Austria, 
Great Britain and for example also in Jordan. His works are frequently cited. He repeatedly organises sur-
gical courses and he taught over 2000 interns. Together with professor Messerklinger he was the founder 
of the functional endoscopic surgery and nowadays he is still one of the leading personalities in this field. 

STERNBERG, Carl (1872–1935)
an Austrian pathologist, see Sternberg canal (canalis  craniopharyngealis  lateralis) (Chapter 4.2).
He was born in Vienna in 1872 where he graduated from medical faculty in 1896. After the graduation 
he worked as an assistant at the institute of pathology in Rudolfsspital where he was influenced mainly 
by professor Paltauf. In 1903 he habilitated in pathological anatomy. In 1908 he moved to Brno where he 
was named associate professor. In 1914 he was called to arms and gained a great reputation as a soldiers’ 
rights and quality of life defender. He became one of the most decorated doctors in the Austrian army. 
After the war he came back to Brno and in 1920 he moved back to Vienna. In Vienna he became the 
head of the institute of pathology in the General Hospital. In 1922 he was named professor of pathology. 
During his career he focused especially on tuberculosis and leukemia. He died suddenly of myocardial 
infarction in 1935 in Vienna. 

TRENDELENBURG, Friedrich (1844–1924)
a German surgeon, see Trendelenburg position (Chapter 10.1).
He was born in Berlin to a family of the philosopher Friedrich Adolf Trendelenburg. He studied medicine 
at the University of Glasgow and University of Edinbugh. He graduated from Charité - Universitätsmedizin 
Berlin under Bernhard von Langenbeck and he earned his doctorate in 1866. He worked at Univestities of 
Rostock and Bonn. In 1985 he became the chief of surgery at the University of Leipzig. In 1872 he founded 
the German Society of Surgery. He was interested in the surgical resection of the pulmonary embolus and 
then his student Martin Fisher performed the first successful pulmonary embolectomy in 1924, shortly before 
Trendelenburg’s death – he died of mandible cancer. Several medical methods and terms are named after 
him – Trendelenburg’s cannula, operation, position, Trendelenburg walking pattern, Trendelenburg’s test and 
perfusion test, Trendelenburg’s sign.

wEGENER, Friedrich (1907–1990)
a German pathologist, see Wegener granulomatosis (Chapter 9.2).
He was born in Varel. He started his career as an assistant pathologist at Wroclaw University and worked 
also in Berlin and Lübeck. He was interested in granulomatous diseases and he described the rare 
autoimmune disease which is named after him. He was a passionate and successful athlete. In 1933 he 
joined the S.A. and later the NSDAP and during World War II he was a relatively high-ranking military 
doctor (the head hygienist) in Lodz, Poland, where the first closed Jewish ghetto was founded in which 
nearly  250,000 people died. There are speculations about his involvement in genocide and experiments 
on humans conducted in the local concentration camp. He was awarded by the The American College 
of Chest Physicians. He died in 1990 in Lübeck. After his Nazi past was uncovered the award was with-
drawn and the campaign in order to rename the Wegener granulomatosis to “ANCA-associated granulo-
matous vasculitis”, later “granulomatosis with polyangiitis” started. 
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wIGAND, Malte Erik (1931)
a German otorhinolaryngologist, see Wigand punch forceps (Chapter 10.2).
He was born in 1931 in Szczecin, Poland. He spent his youth in Pommem in Germany and studied 
medicine at universities in Marburg, Innsbruck and Düsseldorf. He graduated in 1956 and focused on 
physiology of senses, pathology and neurology as a resident. He worked at the Otorhinolaryngology 
Department of the University of Würzburg. He habilitated in 1966 with a thesis focused on experimental 
electrophysiologic examination of middle ear reflexes in wake rabbits. In 1972 he moved to Erlangen 
where he became the head of the local otorhinolaryngology department and remained in this position until 
2000. He focused and was very successful in the ear and skull base microsurgery, endoscopic paranasal 
sinus surgery and electrophysiology of the facial and middle ear muscles. 

wILBRAND, Hermann (1851–1935)
a German ophthalmologist, see Wilbrand’s knee (Chapter 8.1).
He was born in 1851 in Giessen, Germany. His father and his grandfather were also doctors. He studied 
medicine at the University of Strasbourg from which he graduated in 1875. He had worked in Strasbourg 
and Wroclaw for some time before he moved to Hamburg where he became the head of the Opthalmologic 
department in Algemeines Hospital in 1905. He focused on neuroophthalmology. He demonstrated cases 
of homonymous hemianopsia caused by an occipital lobe, thalamus and occipital tract lesion. 

wILLIS, Thomas (1621–1675)
an English physician and anatomist, see circle of Willis (Chapter 4.3).
He was born in 1621 in Great Bedwyn in Great Britain as the eldest of three brothers. He graduated from 
the medical faculty of Oxford University in 1642. He was one of the greatest personalities of the 17th cen-
tury, described numerous diseases, and several anatomical structures carry his name (circle of Willis, para-
cusis Willlisi, Willis ligament, Willis disease I and II, Willis nerve, Willis pancreas – the uncinate process 
of the pancreas). He created the term thalamus opticus, nucleus lentiformis and corpus striatum. He is the 
cofounder of a philosophers’ club later transformed into the London Royal Society. He is also known for 
“reviving” a woman who had been hanged and carried to him after death. He is the author of one of the 
most important books of the 17th century – “Pharmaceutice rationalis” which is the first scientific book 
focused on pharmacology. He described the sweet taste of urine in diabetes mellitus and distinguished 
it from the urine in diabetes insipidus. He also focused on pertussis, gave the first sufficient description 
of lungs and contributed to knowledge in psychiatry and psychology. For example he concluded on his 
paracusis from a case of a woman who could hear only if drums were beating in the background. He was 
the first to describe myasthenia gravis. He also lead one of the most successful private practices of that 
time in which the members of royal family were treated. His personal life was however very unfortunate 
because 6 of his 8 children died very young and because his colleagues were envious of his successful 
career and he felf very lonely. Willis died of pleuritis in 1675 in London. 
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list of Used abbreviations

2D  two-dimensional
3D  tree-dimensional
a.  artery
ACTH adrenocorticotropic hormone
ADH antidiuretic hormone
APUD amine precursor uptake and decarboxylation system, difuse neuroendocrine system
ATB antibiotics
BAEP brain stem evoked potentials
BP  blood pressure
BT  body temperature
C  cervical
C4  cervical vertebra (lower index indicates the order)
CBC complete blood count
CC  craniocervical
CCD charge-coupled device
CD  cluster of differentiation
CNS central nervous system
CRH corticotropin-releasing hormone
CRP C-reactive protein
CSF cerebrospinal fluid
CSWS cerebral salt wasting syndrome
CT  computed tomography
CTA computed tomography angiography
CUSA cavitron ultrasonic surgical aspirator
CVT central venous pressure
DDAVP desamino-D-arginine vasopressin
DIC disseminated intravascular coagulation
DTPA diethylenetriaminepentaacetic  acid
DSA digital subtraction angiography
EDTA ethylenediaminetetraacetic acid
EMA epithelial membrane antigen
ENT branch of medicine diagnosing and treating ear, nose and throat pathological conditions
ET  Eustachian tube
ETEA extended transnasal endoscopic approach
FES functional endonasal surgery
FESS functional endoscopic sinus surgery
FSH follicle stimulating hormone
FW sedimentation rate
GCS Glasgow coma scale
GFAP glial fibrillary acidic protein
GH growth hormone
GHRH growth hormone releasing hormone
HD high-definition
HDL high-density lipoprotein
HDMI high-definition multimedia interface
HE  hematoxylin-eosin
HPA hypothalamic-pituitary axis
HMB-45 homatropine methylbromide 45
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HPF high power field, visual field of maximum magnification
HRCT high-resolution computed tomography
ICA internal carotid artery
ICU intensive care unit
IGF insulin-like growth factor
LAN local area network
LED light-emitting diode
LH  luteinising hormone
MAO monoamine oxidase
MEP motoric evoked potentials
MRI magnetic resonance imaging
n. (II) nerve
OCR optic-carotid recess
oGTT oral glucose tolerance test
P  pulse
PAS periodic acid shiff
PET positron emission tomography
pH  potential of hydrogen
PLAP placental alkaline phosphatase
PNS paranasal sinuses
PRL prolactin
SATA serial ATA (advanced technology attachment), computer bus interface
SABR stereotactic ablative radiotherapy
SIADH syndrome of inappropriate antidiuretic hormone secretion
SRS stereotactic radiosurgery
SSEP somatosensory evoked potentials
TBC tuberculosis
TRH thyrotropin-releasing hormone
TSH thyroid stimulating hormone
T1   longitudinal relaxation time (during MRI)
T2   transverse relaxation time (during MRI)
USB universal serial bus
VAS visual analog scale
VEP visual evoked potentials

List of used abbreviations
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list of Used abbreviations – figUre legends

ACA anterior cerebral artery
ACP posterior cerebral artery
ACS  superior cerebellar artery
AHI inferior hypophyseal artery
AHS superior hypophyseal artery
AIO infraorbital artery
AM maxillary artery
ANP posterior nasal artery
APD descendent palatine artery
AAPS superior posterior alveolar artery
AS  sphenopalatine artery
BE  ethmoid bulla
CE  ethmoid cells
CH  choana
CP  cribriform plate
ET  Eustachian tube
FI  infratemporal fossa
FM foramen magnum
FP  (nasoseptal) flap pedicle 
FR  foramen rotundum
FS  frontal sinus
H  hypophysis
ICA internal carotid artery
IS  intersphenoidal  septum
LL  lateral lamina of pterygoid process
LM medial lamina of pterygoid process
LOCR lateral optic-carotid recess
LW lateral nasal wall
MOCR medial optic-carotid recess
MPL lateral pterygoid muscle
MPM medial pterygoid muscle
N  nasopharynx
NAI inferior alveolar nerve
NF  nasoseptal flap
NPV palatovaginal nerve
n. II optic nerve
n. III oculomotor nerve
n. IV trochlear nerve
n. VI abducent nerve
O  orbit
OG olfactory groove 
OS  sphenoid ostium
PC  pterygoid canal (Vidian canal)
PP  pterygoid process
PS  planum sphenoidale
PU  processus uncinatus
RC  clival recess
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RE  roof of ethmoid cells
REL roof of ehtmoid cells, left side
RER roof of ethmoid cells, right side
RL  retroclival localisation
RS  rostrum sphenoidale
S  nasal septum
SB  septal branch of sphenopalatine artery
SM maxillary sinus
SS  sphenoid sinus
SSD sphenoid sinus, right side
SSS sphenoid sinus, left side
ST  sella turcica
TI  inferior nasal turbinate
TM middle nasal turbinate
TS  superior nasal turbinate
TuS sphenoidal tubercle
TT  torus tubarius
V1  ophthalmic nerve
V2  maxillary nerve
V3  mandibular nerve

List of used abbreviations – figure legends
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index

adrenocorticotropic hormone 89
 overproduction 89
 symptoms 90

anterior cranial fossa
 anatomy 37
 indications for surgery 188
 sellar region 53

antrostomy 150
 supraturbinal 150

approaches
 binostril 138
 classification 137, 138
 corridors 137, 138, 140
 mononostril 138

arachnoid cyst 72
binostril approach 138
cavernous sinus 57, 223
choana 40, 43
chordoma 73

 epidemiology 29
 surgery 206
 treatment 206, 293

clivus
 anatomy 38, 50
 surgery 206

complications of skull base surgery  264
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 otorhinolaryngologic complications 

268
 infectious 267
 neurosurgical 264
 neurologic 267
 postoperative CSF leak 266
 systemic 267
 vascular 264

corridors (approaches) 137
 classification 137,138
 coronal plane 146, 219
 extended approaches 142, 188, 195
 sagittal plane 143, 195

craniocervical junction
 anatomy 38
 surgery 210

craniopharyngioma
 epidemiology 29
 histology 67

 surgery 192
 treatment 192, 292

Cushing 23, 89
cyst

 epidermoid and dermoid  72
 c. of Rathke’s pouch 69

dermoid cyst 72
diabetes insipidus  92
diaphragma sellae 54
diseases of skull base and pituitary gland 27, 63

 patient’s history 81
 diagnosis 82
 endocrinological examination 83, 84
 endoscopy of nasal cavity 18
 ophthalmologic symptoms 95
 ophthalmologic examination 95
 imaging methods 103
 neurologic symptoms 99
 radiologic examination 83, 103
 surgical treatment 121
 symptoms 84
 radiologic images of individual pathologies 106

dura
 dural defect 152, 266
 injury 153, 266
 nasoseptal flap 156
 reconstruction 152
 sandwich reconstruction 154, 155

dural defect 152, 266
 closure with vascularised flap 156, 160
 closure with free graft 154
 external lumbar drainage 161
 nasoseptal flap 156

durotomy
 extended approaches 201, 202
 surgery of the pituitary gland 176

empty sella syndrome 111
endocrinology 84

 hypopituitarism 84, 294
 hypopituitarism – substitution 294 
 hypopituitary crisis 85, 295
 postoperative complications 266
 symptoms 84
 treatment 294
 treatment of hormonal overproduction 295
 treatment of hyponatraemia 298
 treatment of water and electrolyte dysbalance 297

endonasal surgery
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 endoscopic 23
 history 22
 Hopkins’ fibre optics 23
 microscopic 23
 transnasal approaches 137
 transsphenoidal 24, 141
 with nasal mirror 23

endoscopic surgeries
 indications 163, 188

endoscopically assisted surgery 18
endoscopically controlled surgery

 endonasal 18
endoscopy

 3D endoscopy 123
 endoscopically assisted surgery 18
 endoscopically controlled surgery 18
 endoscopy of nose and sinuses 18
 in neurosurgery 18
 transnasal 19
 transnasal surgery 19

epidermoid a dermoid cysts 72
extended approaches (corridors)

 contraindications 193
 coronal plane 146, 219
 craniopharyngioma 192
 indications for surgery 188
 sagittal plane 143, 195

FEES – functional endonasal endoscopic 
surgery 24

frontal sinus
 anatomy 46
 Denker’s surgery 22, 150
 Jansen-Ritter surgery 23
 Killian’s surgery 23
 Draf I-III surgeries 23, 151
 Riedel’s surgery 22
 surgery 22, 151

functional endonasal endoscopic surgery 24
germinal tumours 70
growth hormone

 overproduction 87
 symptoms 88

haemostasis 181, 203
 materials 181

hamartoma 71, 115
hormonally active pituitary adenoma 86,165

 epidemiology 28
 symptoms 86

hyperprolactinaemia 86
hypophysis

 adenohypophysis 54
 anatomy 54
 history of surgeries 24
 hyperprolactinaemia 86
 neurohypophysis 54
 overproduction of hormones 86

hypopituitarism
 laboratory diagnoses 85
 treatment 294

hypopituitary crisis 85, 295
image guidance

 significance 128
imaging methods and skull base

 CT (computed tomography) 103
 ethmoid cells – anatomy  43
 frontal sinus – anatomy 46
 images of individual pathologies 106
 intrasellar and infundibular lesions 106
 MRI (magnetic resonance imaging) 105
 intraoperative examination 131
 intraoperative ultrasound 132
 sphenoid sinus – anatomy 46

indication for endoscopic surgery 19,163, 188
indication for pituitary adenoma surgery 163
infratemporal fossa 61, 223
internal carotid artery 38, 53, 55, 60

 anatomy 38, 53, 55
 division – segments 38
 intercarotid distance 55

intraoperative examination
 electrophysiology 135
 imaging methods 131
 magnetic resonance imaging 132
 monitoring of cranial nerves 135
 monitoring of evoked potentials 135
 ultrasound 132

Kerisson punch forceps 124
Keros’ classification 44
lateral nasal wall 40
lavages of the nasal cavity 262
lipoma 71
liquorrhea

 causes 232
 closure with free graft 154
 closure with vascularised flap 156
 conservative treatment 239
 diagnoses 234, 256
 external lumbar drainage 161
 fluorescein 238
 imaging methods 235
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 methods of reconstruction 152
 nasoseptal flap 156
 postoperative care 257
 posttraumatic 232
 prevention 257, 258
 reconstruction 152
 spontaneous 232
 surgical treatment 152, 239

meningioma
 histology 64
 surgery 144, 191, 197

minimally invasive approach 19
monitoring
 cranial nerves 135, 226
motoric evoked potentials 135, 226
mononostril approach 138
nasal cavity

 anatomy 40
 lateral nasal wall 40
 postoperative care 260
 roof 43, 44
 surgery 22, 150
 packing 261

nasal septum
 anatomy 40, 42
 surgery of pituitary gland 173

nasal turbinate
 inferior 41
 middle 41
 superior 41

nasoseptal flap
 dural defect closure 156
 preparation 157

n. canalis pterygoidei 39, 48, 50
optic chiasm

 anatomy 58, 95
orbit

 approaches 146, 149
 tumours 30

paranasal sinuses 43
 ethmoid cells – anatomy 43
 frontal sinus – anatomy 45
 maxillary sinus – anatomy 46
 sphenoid sinus – anatomy 46

parasellar region
 anatomy 58, 60
 pathological lesions 68, 71
 anatomie 58, 60

pathologies of the skull base
 epidemiology 27

 non-pituitary lesions 70
 orbital tumours 30
 pituitary lesions 66

pituitary adenoma
 endocrinology 84, 267, 294
 epidemiology 27
 resection of microadenoma 178
 functional activity 86, 165, 295
 haemostasis 181
 hormonally active 86, 165, 295
 indication for surgery 163
 intranasal phase of surgery 172
 preoperative preparation 171
 phases of resection 176
 surgery 163, 170
 symptoms 81, 84, 95
 transnasal approach - technique 170

pituitary apoplexy  99
pituitary macroadenoma 66

 surgery 163
pituitary microadenoma 66
pituitary tumours

 carcinoma 68
 epidemiology 27

positioning of a patient before surgery 171
postoperative care 253

 corticotherapy 255
 general care 254
 water and electrolyte dysbalance 257
 nasal CSF leak 256
 nursing care 274

preoperative preparation 171
prevention of skull base diseases 286
pterygopalatine fossa 61, 223
radiological examination

 skull base 103
radiosurgical treatment

 Cyber Knife® 290
 Gamma Knife® 289
 irradiation systems 288, 289
 proton therapy 293
 stereotactic radiosurgery 288, 291, 292, 293

sellar region
 anatomy 53
 pathology 64

SIADH 93, 298
skull base

 anatomy 37
 diseases 63
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 division 37
 imaging methods 103
 surgical approaches 137
 symptoms 81
 topographic anatomy 37

smell
 postoperative disorder  272

sphenoid sinus
 anatomy 46
 cavernous sinus 57, 223
 cranial nerves 57, 58
 diaphragm 54
 internal carotid artery 38, 53, 55, 60
 intersphenoidal septum 51
 intranasal stage 172
 opening of the sinus 172
 optic chiasm 59, 96
 optic nerve and internal carotid artery 38, 

48
 ostium 46
 pneumatisation 52
 rostrum sphenoidale 51
 sellar region 53

Sternberg’s canal 49
surgical approaches (corridors)

 classification according to the approach 
corridor 137, 140

 classification according to the plane of 
extension 137, 142

 classification according to the target 137, 
148

technical equipment 122
 image guidance 128
 surgery of pituitary gland and skull base 

126
 surgery of nasal cavity and paranasal 

sinuses 123
transnasal endoscopic approach

 classification according to the approach 
corridor 137, 140

 classification according to the plane of 
extension 137, 142

 classification according to the target 137, 
148

transnasal surgery
 endoscopic approaches  23
 external approaches 22
 history 22
 philosophy 18

transsphenoidal approach 24, 141
tumours

 carcinoma 63, 68
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 cysts 72
 epidemiology 27
 germinal 70
 histological examination 63
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 metastases 72
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Summary
Skull base tumours are a borderline issue of neurosurgery and otorhinolaryngo-
logy. Other specialities including radiology, pathology, neurology, endocrinology, 
ophthalmology and oncology also play a significant role in diagnosis and treatment 
of the skull base tumours and their complications. 
The aim of this publication is to give a comprehensive review on current know-ledge 
and technical possibilities in endoscopic surgery of skull base pathologies, especially 
pituitary adenomas and brain tumours. The publication consists of 24 chapters that 
are divided into 6 bigger sections: introduction, skull base anatomy and pathology, 
diagnosis, surgical treatment, postoperative and consecutive treatment and conclu-
sion.  The section focused on the surgical treatment addresses the transnasal endos-
copic approaches to the skull base, technique of dural reconstruction, indications 
for surgery of the sellar region and adjacent regions of the skull base. The technique 
of surgery of pituitary adenomas and extended approaches to the skull base are 
described in detail. One of the chapters also addresses diagnosis and treatment of 
spontaneous CSF leak. Postoperative care including nursing care, stereotactic surgery 
and postoperative endocrinologic treatment are described in the section focusing 
on the postoperative and consecutive treatment. The conclusion includes practical 
advice. The text is accompanied with 378 pictures and 36 tables.
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