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Preface

Modern skull base surgery has developed into a multidisciplinary specialty with 
a specific collaboration between several diagnostic and therapeutic medical dis-
ciplines.  It has undergone substantial evolution over the past 30 years. Although 
resection of skull base tumors was sporadically attempted in the early part of the 
20th century, it was not until the 1960s that interest in the management of skull 
base tumors was piqued by the introduction and subsequent rapid expansion of 
indications of transnasal endoscopic techniques. 

In parallel, extraordinary progress has been made in all the other disciplines 
(pathology, radiology, neurosurgery, radiation oncology, medical oncology) 
involved in the complex process of managing anterior skull base tumors, leading 
to substantial improvements in diagnosis and treatment. Due to complex anatomy 
and important functional structures, there are specific conditions for surgical 
procedures at the skull base. They require a maximum of precision, persistency, and 
well-grounded anatomical knowledge. 

This book includes chapters written by experts worldwide. In view of the extreme 
variability of lesions involving the skull base, much emphasis has been placed on 
addressing the different nuances of treatment in relation to histology. The chapters 
focusing on surgery reflect the experience of the senior author and consequently 
provide divergent views on selection criteria for a specific surgical technique. The 
book contains a  great  deal of information on the topic of skull base tumors that is 
normally only available in journal articles.

Hamid Borghei-Razavi and Mauricio Mandel
Cleveland Clinic Florida,

Weston, Florida, USA

Eric Suero Molina
University Hospital Muenster, 

Münster, Germany
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Chapter 1

Training Models for Skull-Base 
and Vascular Micro-Neurosurgery
Uwe Spetzger, Julie Etingold and Andrej von Schilling

Abstract

This overview presents computer-based augmented reality (AR) and virtual 
reality (VR) tools, in-vitro and in-vivo models as useful teaching tools for neuro-
surgical training, especially in skull-base surgery. An easy set-up and practicable 
training model for ventricular drainage (VD) is demonstrated. The model allows 
to evaluate practices, pitfalls and traceability in a virtual but realistic set-up for 
simulating VD placement. Computer-assisted planning and simulation of skull-
base approaches and integration within the daily neurosurgical routine with VR 
and AR models are discussed for neurosurgical education. A set-up for microvas-
cular training on a plastic rat and a specific vascular anastomosis practice kit with 
different tube diameters of 1–3 mm of specific plastic vessels for the training of 
microvascular anastomoses is shown. End-to-end and end-to-side anastomoses 
were performed with different levels of difficulty, trying to simulate realistic 
conditions in bypass surgery. Additionally, the teaching strategy of experimental 
silicone aneurysm clipping in a 3D printed plastic skull and silicone brain model is 
demonstrated in video sequences. An experimental animal model with microsurgi-
cally created bifurcation aneurysms is discussed because this training model for 
clip occlusion of aneurysms on a living object, still has the greatest relevance to 
neurosurgical reality.

Keywords: neurosurgical training, experimental aneurysms, microvascular surgery, 
experimental surgical models, microsurgical training and education, in-vivo 
neurosurgical models, in-vitro neurosurgical models

1. Introduction

Today the younger neurosurgical generation has a reduced possibility for 
practical training in nearly all fields of neurosurgery. Accordingly, neurosurgi-
cal training models show increasing popularity. However, skull-base surgery 
often has a higher level of difficulty and is therefore rarely integrated into the 
basic surgical training of younger neurosurgeons. Even sophisticated modern, 
computer-based 3D models cannot adequately replace the important practical 
and hands-on surgical training. For this reason, we need realistic and gradually 
coordinated practical scenarios to learn and practice basic neurosurgical skills 
in sequential steps. Here we present some easy-to-implement practical examples 
that have proven themselves for operative training in skull-base surgery and for 
vascular microsurgery.
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The number of skull-base procedures as well as microsurgical clipping of cerebral 
aneurysms is continuously decreasing. Meanwhile, the endovascular treatment of 
cerebral aneurysms has markedly reduced the number of microsurgical clipping 
procedures. The result will be a reduced possibility for practical training in aneurysm 
surgery, especially for the younger generation [1–3]. Stereotactic radiosurgery on one 
hand, and the increasing number of patients successfully treated by endovascular 
techniques on the other hand, will further reduce the overall caseload in skull-base 
and vascular microsurgery in the next years. However, especially huge, calcified 
or wide neck aneurysms will remain for microsurgical clip occlusion and will be a 
challenge for cerebrovascular neurosurgeons in the future. On the other hand, revas-
cularisation and bypass techniques will be more and more in demand [4, 5]. Due to 
these conditions, concepts and realistic models for practical microsurgical training 
are necessary to improve the practical skills in neurosurgeons during their training, 
especially in the field of vascular and skull base surgery [6–12].

2. Computer-assisted training tools

2.1 Ventricular drainage (VD) model

Various VD training models have been developed, tested and published [13–15]. 
Recently, we performed another prospective study to evaluate practices, pitfalls and 
traceability in a realistic but virtual set-up for simulating ventricular drainage (VD) 
placement as a practicable training model using our navigation system (Brainlab, 
Munich, Germany), the navigation pointer functioning as a virtual VD catheter 
to be placed in the cMRI of a healthy subject (Figure 1). We evaluated accuracy 
by repeated virtual freehand VD placement on the prone subject using anatomical 
landmarks by neurosurgeons-in-training and non-neurosurgical staff. The influ-
ence of the level of neurosurgical knowledge and training level were of overall 
interest, especially in narrow ventricles. It was found that accurate VD placement 
correlated with neurosurgical experience (Figures 2 and 3). These initial results are 
not yet published, however.

This simple set-up is an easy model for continuous neurosurgical training, with 
the aim of optimizing the medical care of our patients and constantly improving the 
level of education. Its set-up could be varied further, for example, as a good train-
ing module for simulating an intraoperative emergency puncture of the ventricle, 
exemplary in an atypical pterional positioning of the head. This poses an unusual 
situation that requires high surgical skills with an excellent three-dimensional 
spatial concept.

2.2 Augmented reality (AR) and virtual reality (VR) training tools

Navigation systems offer a multitude of technical options that can be used for 
training and further education [16, 17]. Brainlab has been offering the function of 
transparent reflection in a superimposed display of previously segmented anatomi-
cal structures for over 20 years (Figure 4). This head-up display, as an early AR 
tool, in which the pre-planned and segmented structures are faded into the ocular 
of the operating microscope or onto the screen, allows optimal orientation and is 
didactically very valuable. However, the accusation is justified that we generally 
use these technical possibilities of virtual reality or augmented reality, offered as 
multiplanar visualization or as 3D reconstruction view, far too little for teaching 
and training purposes [17].
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Recently, our department has been working with AR 3D models (UpSurgeOn 
S.r.l., Milan, Italy) to improve surgical and anatomical skills as well as presurgi-
cal positioning of the patient (Figure 5). For this, the department acquired par-
tially reusable 3D models of the most common cranial neurosurgical approaches 
including certain pathologies (e.g., intracranial aneurysms) (Figures 6–8). 

Figure 1. 
Study set-up for virtual VD placement. The navigation pointer functions as a virtual VD catheter to be placed 
in the cMRI of a healthy subject.
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The 3D models are made of synthetic materials which render them extremely 
lifelike in haptics and handling. They can be used as are or in conjunction 
with an AR app (UpSurgeOn Neurosurgery S.r.l., Milan, Italy), which walks 

Figure 3. 
A selection of virtual VD trajectories by participants without neurosurgical experience including the ‘ideal 
trajectory’ in blue.

Figure 2. 
A selection of virtual VD trajectories by participants with neurosurgical experience including the ‘ideal 
trajectory’ in blue.
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Figure 5. 
Our setup for a cadaver-free manual training session with AR 3D models (UpSurgeOn S.r.l., Milan, Italy).

Figure 4. 
Intraoperative screenshot during a skull base procedure performed on April 12, 2002, shows then state-of-
the-art technology with intraoperative AR tools that were already available at the time. The preoperatively 
segmented relevant anatomical structures are demonstrated and the navigation pointer shows the trajectory to 
the clival meningioma via a combined antero-sigmoidal/sub-temporal approach. The dominant sigmoid and 
transverse sinus (green) and the lateralized basilar artery (magenta) displaced by the tumor are visualized.
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the surgeon through the entire procedure by fusing a virtual image with the 
actual model, starting with optimal positioning of the patient for the specific 
surgery (Figures 9–11). The app also allows an image of the patient awaiting the 
planned procedure to be projected into any space, allowing the surgeon a 360° 
view. Training sessions were held for neurosurgery residents, offering them the 
opportunity to practice neurosurgical approaches safely, including cranioto-
mies, drilling with various bits, brain retraction, basic intradural dissection and 
even aneurysm clip placement. We acquired a navigational data set for one of 
the models by placing it in a CT-scanner and uploading the data set it into our 
navigation system (Brainlab, Munich, Germany), thereby giving participants 
the additional chance to practice the procedure image-guided in a non-bloody 
and risk-free manner whilst getting more familiar with the navigation system 
itself (Figure 12). Our results concerning the efficacy of this kind of modern 
training model have yet to be published; however, anecdotally, residents report 
feeling more secure in their surgical approaches, in choosing and handling sur-
gical drills as well as in the positioning of patients for surgery. Some residents 
now use the UpSurgeOn App to plan surgeries in advance or to double-check the 
preoperative positioning of the patient by overlaying the actual patient with an 
AR model.

Figure 6. 
Our setup for a cadaver-free manual training session with AR 3D models (UpSurgeOn S.r.l., Milan, Italy). The 
models can be reused by purchasing additional craniotomy covers as depicted here.
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Due to the relative ease and cost-effectiveness of implementing the aforemen-
tioned tools, we consider simulation-based cadaver-free training with AR a promis-
ing option to bring skull-base surgery training to a new level.

The intense occupation with radiological images, necessary for the segmenta-
tion of a tumour or any other lesion and the marking of the anatomical structures, 
already brings great didactic benefit to the colleagues who are in training. During 
surgery, the recognition value of the anatomical structures rendered in the CT 
or MRT as a three-dimensional surgical site under the surgical microscope pro-
vides the greatest learning value. The use of navigation data for the dedicated 
operation planning and the daily discussion of the surgical cases are essential 
for this. Particularly, in the case of complex skull base operations, the position, 
craniotomy, microsurgical strategy and resulting operation-specific risks should 
routinely be discussed with the assistant physicians on the day before the surgical 
procedure in a pre-op conference. In particular, the discussion of surgery-specific 
anatomy on the basis of the 3D navigation data provides optimal preparation for 

Figure 7. 
Close-up of the ‘aneurysm box’ including the craniotomy model, the synthetic brain and vessels and the 
associated QR code for use in conjunction with the Upsurgeon App for an AR component. The right-sided 
aneurysm is partially visible through the Sylvian fissure.
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these complex neurosurgical interventions [17]. So the following day, the display 
of the operation-specific anatomical structures via the head-up display during 
surgery will provide a much higher didactic benefit for complex skull base proce-
dures (Figure 13).

3. In-vitro microsurgical models

Here we present two sophisticated in-vitro artificial plastic models which closely 
mimic real vascular conditions and a more complex in-vivo experimental animal 
bifurcation aneurysm model in rabbits [18]. For initial and basic microvascular 
training, the poly-vinyl-chloride (PVC) rat model (Microsurgical Developments 
Foundation, Maastricht, The Netherlands) shows itself to be more or less suf-
ficient [19]. For a more realistic haptic feeling and enhanced specific microvascular 
training, a model with highly elastic polyvinyl alcohol (PVA) vessels and an ana-
tomical plastic head (Kezlex, Ono & Co., Ltd., Tokyo, Japan) is available [18, 20]. 

Figure 8. 
Retracting the synthetic brain to expose the right-sided MCA aneurysm. The materials used render the models 
extremely lifelike in haptics and handling.
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Additionally, our highly sophisticated in-vivo experimental animal model (rabbit 
carotid artery bifurcation model) is demonstrated and discussed [21–23].

Figure 9. 
The models can be used as are or in conjunction with an AR app (UpSurgeOn Neurosurgery S.r.l., Milan, 
Italy) via a QR code as pictured here. The materials used render the models extremely lifelike in haptics 
and handling. Depicted here is a right-sided pterional approach with craniotomy already performed. The 
underlying synthetic dura is visible.

Figure 10. 
Here the 3D model is fused with a virtual image via the accompanying QR code, allowing the surgeon to explore 
deeper intracranial structures of the specific surgical approach.
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3.1 PVC rat model

Using the PVC rat model for ‘unbloody training’ of microsurgical techniques 
and improvement of practical skills is a perfect example of the replacement of 
living animals (Figure 14). The number of live animals used for in-vivo training 
will likely be reduced in the future, therefore these in-vitro methods will be needed 
to make the transition to in-vivo models easier. The PVC rat model (Microsurgical 
Developments Foundation, Maastricht, The Netherlands) should be the first step 
in the practical education and allow various microsurgical training situations. The 
replacement of the plastic vessels is easy and relatively cheap [19]. Using a specific 
nozzle at the back of the rat model, the colored vessels can be filled with water, thus 
permitting an easy check of patency and quality of the anastomosis.

In the prospective part of our published study [18], end-to-end and end-to-side 
anastomoses were performed with three different levels of difficulty in the PVC rat 
model. In total six surgeons with different expertises and different levels of vascular 
training and surgical skills performed these microsurgical procedures. Different sizes 
of plastic tubes of various lengths and diameters were used for reduction of the surgi-
cal approach and the workspace, to adapt the experimental set-up to a scenario with 
different degrees of difficulty (Figure 15). Those plastic tubes reduce the operative 
field and consecutively the surgical working space and determine the trajectory and 

Figure 11. 
Hybrid view of one of the 3D models showing a right-sided ICA aneurysm.
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Figure 12. 
The navigational data set for the 3D model of an MCA aneurysm.

Figure 13. 
The operating microscope (Neuro NC4, Carl Zeiss) was linked and registered with the navigation system 
(Brainlab VectorVision). After the combined craniotomy and opening of the dura, AR overlay head-up 
display depicts the dominant sigmoid and transverse sinus (green), the basilar artery (magenta) and the clival 
meningioma below.
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the direction for the instruments. Due to this focused working channel, the degree of 
freedom for using the instruments is restricted and therefore, the level of difficulty 
to perform an adequate anastomosis increases significantly (Figure 15). The different 
sizes of the plastic tubes mimic intraoperative conditions in a narrow and deep surgi-
cal field. Plastic tube I (Advanced) has a diameter of 40 mm and a depth of 15 mm. 
Tube II (Expert) has a diameter of 30 mm and a depth of 35 mm (Figure 15). Tube 
III (Master) has a diameter of 25 mm and a depth of 45 mm. For the anastomoses, 
we used conventional microsurgical instruments and monofile polyamid sutures 8/0 
(BV 2 needle), respectively, 10/0 (BV 100-4 needle) Ethilon (Ethicon, Johnson & 
Johnson MEDICAL GmbH, Norderstedt, Germany).

In this experimental set-up, the increase of surgical complexity by reducing the 
workspace with the different plastic tubes clearly demonstrates that the time of sur-
gery to perform the anastomosis increased significantly (Figure 15). In addition, the 
rate of incorrect sutures of the vessel wall increased, the narrower the surgical field 

Figure 14. 
In-vitro model with plastic vessels of the abdominal cavity of the PVC rat (Microsurgical Developments 
Foundation, Maastricht, The Netherlands).

Figure 15. 
A transparent plastic tube was brought into the operative field and fixed to a conventional flexible retractor 
system to reduce the working space and mimic surgical conditions in deeper approaches. In this narrow 
workspace, the level of difficulty to perform an anastomosis significantly increases.
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became due to the decreasing diameter of the tube. Therefore, the overall patency rate 
of the anastomosis was clearly reduced with increasing grade of complexity [18].

3.2 PVA vessel with craniotomy site

The wet PVA vessels of the vascular anastomosis practice kit are transparent, 
highly flexible and soft [20]. However, they have to be kept moist and tend to dry 
out and lose their elasticity, especially under the high-energy xenon light of the 
operating microscope. At present, we have used the PVA vessels of the vascular 
anastomosis practice kit for various experimental anastomoses. Compared to the 
PVC vessels in the rat model, the preparation and handling of the PVA vessels, 
especially the grasping with a forceps or the insertion of the needle into the vessel 
wall is much more realistic and closely mimics human conditions.

An even more realistic scenario is provided by the plastic skull model with relatively 
soft and deformable silicone brain material and the vascular anastomosis practice kit 
with highly elastic plastic (PVA) vessels (Kezlex, Ono & Co., Ltd., Tokyo, Japan). The 
very soft and elastic plastic vessels of the vascular anastomosis practice kit are available 
in three different diameters: 1 mm, 2 mm and 3 mm. The vascular kit with the humid 
PVA vessels has a perfect haptic feeling during preparation, cutting and suturing of 
the vessels. The whole set-up with the deformable plastic brain, the realistic feeling 
of retraction and especially the optical impression under the microscope generate an 
overall aspect of a real microsurgical scenario closely mimicking human conditions.

The 3D model with pterional craniotomy and the deformable frontal and 
temporal lobe (Kezlex, Ono & Co., Ltd., Tokyo, Japan) is a perfect in-vitro model 
to simulate an opened Sylvian fissure for experimental bypass, as well as aneurysm 
surgery training.

Figure 16. 
This plastic skull and silicone brain model shows an extended pterional approach with slight retraction and 
opening of the Sylvian fissure. An end-to-side anastomosis was performed using highly elastic PVA-vessels 
(Kezlex, Ono & Co., Ltd., Tokyo, Japan). This set-up allows for a realistic scenario and the handling of the 
vessels during the anastomosis, closely mimicking human conditions during bypass surgery.
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Figure 18. 
The insertion of a venous pouch into the bifurcation finally results in an experimental bifurcation aneurysm, 
comparable to a 6 mm MCA aneurysm with a broad neck. The in-vivo bifurcation aneurysm model is a perfect 
training tool for clip application, especially if a plastic tube (schematic drawing) creates a narrow workspace 
with limited access for the clip applicator. Due to the determined trajectory, the clip occlusion of the aneurysm 
mimics human conditions. This set-up is a sophisticated in-vivo training model for active teaching and practical 
training for bypass surgery, as well as aneurysm clipping.

Figure 17. 
In-vitro model in a rabbit. An end-to-side anastomosis of both carotid arteries was created using 10/0 sutures to 
generate an arterial bifurcation.
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This set-up allows a realistic retraction of the Sylvian fissure, its handling and 
preparation closely imitating human conditions (Figure 16).

We also used 3D printed aneurysms made from soft PVA tubing that could be 
clipped for training purposes. The 3D printed hollow aneurysms were positioned in the 
depth of the Sylvian fissure and so microsurgical clip application could be simulated 
adequately (Videos 1 and 2, https://bit.ly/3AeRgNk). Then the experimental plastic 
aneurysm could be removed from the site to assess the success of the clipping maneuver 
(Video 3, https://bit.ly/3AeRgNk). These realistic human skull and brain models are 
relatively expensive but could be used repeatedly [24, 25]. If the models are integrated 
into practical teaching and training, they help to establish a realistic microsurgical 
scenario and are definitively superior to computer-based animations alone [26].

4. In-vivo microsurgical models

4.1 Rabbit model for experimental bifurcation aneurysms

The materials and methods of the experimental aneurysm bifurcation model in 
rabbits (Figure 17) were described in great detail in previous publications [21–23]. 
The developed and previously described animal bifurcation aneurysm model is 
a perfect and highly realistic vivisection model for education and practical train-
ing for microsurgical handling and preparation of cerebral vessels. However, this 
model should be used as a final education tool in an advanced stage of training. The 
blood flow, the vessel diameter, the haptic feedback, even the induced vasospasms 
by manipulating too roughly, and the tension of the vessel walls, all of this can be 
compared to vascular microsurgery in humans (Figures 17 and 18). Therefore, it is 
an optimal training tool for all cerebrovascular reconstructive surgical procedures 
and maintains expert status in bypass surgery [27].

Additionally, this experimental aneurysm model allows an optimal practical train-
ing of clip application and is a realistic teaching model for optimizing clip occlusion of 
cerebral aneurysms. As described in the PVC rat model study conditions, the differ-
ent sizes of plastic tubes were also integrated into our experimental animal model 
(Figure 18). The tubes were fixed to a conventional and flexible retractor system and 
could be removed easily if difficulties arise, especially inadvertent bleeding intraop-
eratively. The transparent plastic tubes create a narrow and deep surgical approach by 
restricting the angle of view and determining the trajectory of the clip occlusion of 
the aneurysm as in real aneurysm surgery. After clipping of the experimental bifurca-
tion aneurysm, the plastic tube was removed and the aneurysm could be inspected 
easily from all sides and the clip position could be checked adequately.

For repeated training, the clip was removed from the experimental aneurysm 
and the procedure could be repeated, for example, with a narrower, longer or differ-
ently angled plastic tube, creating a completely new situation with a different view 
and access to the experimental bifurcation aneurysm. This high-end in-vitro animal 
model is an excellent and realistic set-up for intensive practical training and teach-
ing of aneurysm clipping. However, it takes a great deal of logistical and technical 
effort to produce such an experimental animal aneurysm.

5. Conclusion

VR and AR are currently established in many areas of medical education and 
should increasingly become the standard in modern neurosurgical advanced 
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teaching and training as well. Therefore, these tools should also be used regularly 
for surgical training and further education of young neurosurgeons. With modern 
navigation systems, diverse software and hardware components are generally avail-
able and should consequently be used and strictly integrated into our daily clinical 
routine. This technology thus forms the basis for highly qualified practical train-
ing in skull base surgery. In addition, it facilitates the necessary interdisciplinary 
cooperation between faculties and offers the opportunity for lifelong learning for 
all surgically active colleagues in skull base surgery.

In-vitro models, like the AR 3D models, the PVC rat model or the PVA vascular 
model combined with the realistic brain and craniotomy site, allow for a perfect set-
up for the advanced training of microsurgery and microvascular anastomoses. The 
main advantages of these artificial plastic models are their overall availability, the 
low price and the lack of a specific OR set-up or instruments, compared to training 
in in-vivo models. The costs and logistical considerations, as well as the ethical and 
legal aspects involved in maintaining living animals for education and training, 
make in-vivo models a relatively impractical tool.

These in-vitro models are easily adaptable to the respective circumstances and 
allow unhindered practical training under almost realistic operating conditions. 
The surgical complexity with end-to-end and end-to-side anastomoses could be 
adapted in models and the success rate is easy to check. Parameters like the time 
of surgery, the rate of incorrect sutures of the vessel wall and the overall patency 
rate of the anastomoses can be clearly monitored, as well as the learning curve. 
Therefore, these in-vitro models form the basis for the first step in basic practical 
training and are a prerequisite for a successful career in vascular neurosurgery and 
skull base surgery.

In-vivo models should be the last step of practical education. Like our experi-
mental animal model with the insertion of a venous pouch within the microsurgi-
cally created arterial bifurcation represents an advanced training model very close 
to realistic human conditions. In the first step of this model, microvascular anas-
tomoses are trained and secondly, the resulting bifurcation aneurysm is a perfect 
training tool to learn clip application. Especially, if a plastic tube is positioned over 
the surgical field and creates a narrow approach with restricted workspace and 
limited scope for manipulation for the correct clip occlusion of the aneurysm. Our 
experimental animal model represents a higher level of surgical vascular expertise 
and additionally is a perfect model to practice bypass surgery, as well as the appro-
priate handling of clip application and clip occlusion of cerebral aneurysms.
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Chapter 2

Stereotactic Radiotherapy for 
Benign Skull Base Tumors
Arnar Astradsson

Abstract

Benign skull base tumors include meningiomas, pituitary adenomas,  
craniopharyngiomas, and vestibular schwannomas. As an adjuvant therapy to 
surgery or when surgical treatment carries too high a risk of complications, a 
highly precise focused radiation, known as stereotactic radiosurgery or fraction-
ated stereotactic radiation therapy, can be delivered to the tumor. The aim of this 
chapter is to systematically discuss benefits of the therapy, i.e., tumor control as 
well as complications and risk factors of the therapy relating to vision, hearing, 
hormone secreting regions, and cerebral vasculature. Meningiomas, pituitary 
adenomas, craniopharyngiomas, and vestibular schwannomas constitute the 
majority of primary skull base tumors amenable to stereotactic radiation therapy 
or radiosurgery and will be described in this chapter.

Keywords: skull base tumors, stereotactic radiosurgery, fractionated stereotactic 
radiotherapy, tumor control, vision, hearing, hormonal, stroke

1. Introduction

Stereotactic radiosurgery (SRS) is defined as a single application of a high 
dose of radiation to a stereotactically precisely defined target [1, 2]. Stereotactic 
radiosurgery of the brain using the Gamma Knife or a Linear accelerator (LINAC) 
is a well-established and very effective therapy for brain metastases, arteriovenous 
malformations, and benign skull base tumors [1, 2]. The treatment utilizes differ-
ences in the biological sensitivity and repair capability of normal and pathologic 
tissue [3]. Stereotactic principles are used for calculating the radiation field. The 
patient wears a stereotactic head frame and undergoes a computed tomography 
(CT), which is subsequently fused with a preexisting magnetic resonance (MRI) 
scan, or an MRI is performed in the stereotactic head frame, the disadvantage being 
that there are often distortions of the magnetic field [4]. However, most lesions are 
better demonstrated on MRI scans. The aim of dose planning is to deliver a maximal 
dose to the tumor, while minimizing radiation dose to healthy brain structures. This 
is accomplished with conforming the radiation to the target and applying steep dose 
gradients [1, 2].

LINAC-based radiosurgery and radiation therapy devices accelerate electrons, 
and the electron beam is aimed at a heavy metal alloy target [1]. The resulting 
interactions between the electrons and the target produce photons, which can be 
collimated and focused on a patient. Multiple radiation beams are applied, each of 
which has its own entrance and exit points, while all are directed at the same target 
where they cross each other [1]. In LINAC radiosurgery and fractionated radiation 
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therapy, both the gantry and the treatment table rotate around the isocenter of the 
lesion for accurate delivery of the multiple beams [1]. The single radiosurgery radia-
tion dose prescribed in LINAC-based radiosurgery for benign skull base tumors is 
commonly 10–17.5 Gy [1, 4–6]. Notably, in case of lesions adjacent to radiosensitive 
structures, fractionation is the preferred method of delivery, in which case differ-
ent dose regimes apply [1, 7, 8]. In contrast to the Gamma Knife, LINAC offers the 
option of dose fractionation. Fractionated stereotactic radiation therapy (FSRT) 
utilizes the principles of conventional fractionation while taking advantage of 
stereotactic dosimetric techniques to conform the radiation to the tumor target. It 
is particularly suitable for treating skull base tumors, close to eloquent structures, 
such as the pituitary gland and optic nerves. A commonly used prescription dose for 
benign skull base tumors is a total of 54 Gy given with 1.8–2.0 Gy per fraction.

Radiosurgery with the Gamma Knife uses 201 separate cobalt sources, all aimed 
at a high dose at precisely one fixed target, with one or more isocenters employed, 
depending on the size and shape of the tumor [1–3]. A commonly used dose for 
benign skull base tumors is 12 Gy–16 Gy [3, 9].

Cyberknife is used in some centers and is a frameless robotic radiosurgery 
system, which is typically delivered in multiple session. It is a relatively safe and 
effective treatment for skull base tumors [10].

More recently, proton beam therapy has been introduced and is gaining progres-
sively widespread use. It relies on protons produced end emitted by a synchrotron 
or cyclotron. The protons travel to a specific depth in the body depending on their 
energy and when striking the tumor rapidly emit their energy. It is well suited and 
used for various benign skull base tumors. Proton beam therapy is an effective 
treatment modality, with favorable long-term tumor control rates [11, 12].

The differences between Gamma Knife, LINAC and Cyberknife are summarized 
in Table 1.

Gamma knife LINAC Cyberknife

Use Developed 
exclusively for 
brain surgery

Not developed exclusively for 
brain surgery

Developed primarily for 
brain surgery but can be 
used for other regions

Accuracy Millimeter 
accuracy

Millimeter accuracy Submillimeter accuracy

Irradiation source Gamma rays 
from Cobalt-60 
source

6-MV X-rays Compact linac with 6 MeV 
photons

Beam 
arrangements

201 fixed 
concentric 
non-opposed 
beams

Non-coplanar arcs

• Dynamic arc rotation

• Conical rotation - Static 
beam arrangements

Robotic arm with 6 degrees 
of freedom of movement; 
nonisocentric, where beams 
can be directed from any 
desired angle

Head fixation A lightweight 
stereotactic 
frame is 
affixed to the 
head for rigid 
stabilization

Thermoplastic face mask, 
less rigid

Does not need head 
fixation, thus more flexible

Number of 
treatment sessions

Single 
treatment 
session

Single or multiple (i.e., 30) 
treatment sessions

Single or multiple 
(hypofractionated) up to 
five treatment sessions

Table 1. 
Differences between gamma knife, LINAC, and cyberknife.
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2.  Stereotactic radiosurgery and fractionated stereotactic radiation 
therapy of benign skull base tumors

Meningiomas, pituitary adenomas, craniopharyngiomas, and vestibular 
schwannomas constitute the vast majority of primary skull base tumors suitable for 
stereotactic radiation therapy or radiosurgery.

2.1 Meningiomas

Meningiomas are the most common primary intracranial tumors, the prevalence 
being approximately 100 per 100,000 [13, 14]. They are slow-growing tumors, most 
often benign and dural-based. Meningiomas are classified according to the World 
Health Organization (WHO) classification of grade, where grade I is benign, grade 
II atypical, and grade III anaplastic [13, 15–17]. Approximately 95% of intracranial 
meningiomas are benign and approximately 5% are atypical or anaplastic [13, 15]. 
Atypical and anaplastic meningiomas have an increased recurrence and mortality 
risk [15, 16]. In addition to WHO grade, prognosis and recurrence risk depend on 
the radicality of resection [13, 18]. Anterior skull base meningiomas are defined 
as arising anterior to the chiasmatic sulcus, which separates the middle and the 
anterior cranial fossa. Anterior skull base meningiomas include olfactory groove, 
tuberculum sellae, sphenoid wing, cavernous sinus, and optic nerve sheath menin-
giomas [19, 20]. Medial skull base meningiomas include clival and petroclival 
meningiomas [21]. Olfactory groove meningiomas arise from the cribriform plate 
in the midline and often compress or distort the olfactory and optic nerves and 
optic chiasm (Figure 1). Tuberculum sellae meningiomas are usually located in 
the suprasellar and subchiasmal region in the midline and often compress the 
optic nerves and internal carotid arteries (Figure 2). Sphenoid wing meningiomas 
arise from the sphenoid wing and often involve the optic nerves, the cavernous 
sinus, or carotid arteries, and cause neurological damage by direct compression 
of adjacent cranial nerves (Figure 3). Cavernous sinus meningiomas may either 
originate within the cavernous sinus and spread outside of it or originate outside 
the cavernous sinus and invade it. Cavernous sinus meningiomas often present 
with symptoms related to compression of structures within the cavernous sinus, 
resulting in ophthalmoplegia or facial pain or numbness or ischemic stroke due to 
compression of the carotid artery and with tumor extending beyond the cavernous 
sinus, can also affect the optic nerves and chiasm or the pituitary gland (Figure 4). 
Total resection is often not possible, and resection is also associated with risks to the 
carotid artery, or damage to the cranial nerves of the cavernous sinus [22]. Optic 
nerve sheath meningiomas are rare, accounting for 1–2% of intracranial meningio-
mas, and due to their localization, management is often conservative. Finally, clival 
and petroclival meningiomas arise from the clivus and typically compress the brain 
stem, and they often involve the cavernous sinus and are surgically particularly 
challenging (Figure 5) [21].

With incompletely resected or recurrent skull base meningiomas, stereotactic 
radiation therapy or radiosurgery is recommended [13, 23]. Also, the extent of 
surgical tumor removal is dependent on tumor’s localization adjacent to critical 
structures. Surgical treatment of cavernous sinus meningiomas, in particular, is 
associated with a high risk of cranial nerve injury, especially ophthalmoplegia, and 
therefore a high proportion of cavernous sinus meningiomas are treated by stereo-
tactic radiation or radiosurgery and in some institutions is the first-line treatment. 
Generally, stereotactic radiosurgery or fractionated radiation therapy is frequently 
used as primary therapy in surgically high-risk tumors, resulting in good local 
control [4, 10, 13, 23, 24].
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2.2 Pituitary adenomas

Pituitary adenomas are one of the most common intracranial tumors and are 
associated with a high rate of morbidity and mortality [25]. The prevalence of 
pituitary adenomas is approximately 100 per 100.000 [26–28]. Radical tumor 

Figure 1. 
MRI scan with gadolinium (Gd) of an olfactory groove meningioma.

Figure 2. 
MRI scan with Gd of a tuberculum sellae meningioma.
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resection is indicated, with a transsphenoidal approach [29]. Adenomas that 
secrete hormones are called functioning adenomas, and adenomas that do not 
secrete hormones are called nonfunctioning adenomas [28]. Nonfunctioning 

Figure 3. 
MRI scan with Gd of a large left-sided sphenoid wing meningioma.

Figure 4. 
Stereotactic radiation therapy dose plan in BrainLab/iPlan, of a right cavernous sinus meningioma, with 
isodose lines, demonstrating collateral irradiation of the optic chiasm, pituitary gland, and vascular structures 
of the cavernous sinus and circle of Willis.
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and prolactin-secreting adenomas are the most common types of pituitary 
adenomas, followed by growth hormone secreting and corticotroph adeno-
mas, thyrotropin, and gonadotropin secretin) g adenomas [26, 28, 29]. 
Macroadenomas, which are defined as tumors with a diameter > 10 mm, are 
more common than microadenomas, which are <10 mm in diameter [28, 29]. 
The first-line treatment of prolactinomas is medical, with a dopamine agonist 
(Figure 6) [28].

Nonfunctioning pituitary adenomas are often large at presentation and are  
usually diagnosed due to their mass effect, visual loss, and hypopituitarism  
[27, 28]. Occasionally, they may constitute an asymptomatic incidental finding. 
They may also cause hyperprolactinemia due to pressure on the pituitary stalk. 
The main indication for surgery is reversal of visual loss, and in many cases, it may 
reverse hypopituitarism [29]. When surgical treatment does not provide sufficient 
disease control or has serious side effects, such as visual loss, then stereotactic 
radiosurgery or fractionated stereotactic radiation therapy is indicated, and in some 
instances, this may then be the sole treatment of the tumor (Figure 7). Also, stereo-
tactic irradiation may be effective when surgery has failed to restore biochemical 
control in hormone-secreting adenomas [7].

Figure 5. 
MRI scan with Gd of a right petroclival meningioma.

Figure 6. 
MRI sagittal T1 with Gd of a pituitary microadenoma.
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2.3 Craniopharyngiomas

Craniopharyngiomas are usually benign epithelial tumors originating from  
remnants of the Rathke’s pouch, localized in the sellar or suprasellar region [30]. 
They are rare, with an incidence of 0.5–2 per 100,000 a year [31, 32]. They often 
present during childhood or adolescence and persist into adulthood [32]. They 
are cystic or solid or mixed cystic and solid and frequently contain calcifications 
(Figure 8) [31]. Presenting symptoms include visual field defects, pituitary hor-
mone deficiency, and diabetes insipidus [30–32]. Craniopharyngiomas can be very 
challenging in terms of surgical management and can cause significant morbidity, 
despite their benign nature [33]. There are two distinct histological types of cranio-
pharyngiomas. The adamantinomatous type is predominant in children, is more 
cystic and calcified and large, and often adherent to the brain. The less common 
papillary type almost exclusively presents in adults, is less infiltrative, and may be 
more amenable to surgery [34]. However, papillary craniopharyngiomas are well 
suited for stereotactic radiosurgery or fractionated stereotactic radiation therapy, 
as they are more radiosensitive and rarely recur after irradiation. Due to the high 
recurrence rate after subtotal resection, adjuvant irradiation is often warranted, with 
stereotactic radiosurgery or fractionated stereotactic radiation therapy [30, 35]. The 
main indication for stereotactic radiation therapy or stereotactic radiosurgery for 
craniopharyngiomas is thus when surgical control is not possible, or in case of tumor 
recurrence where the risks of surgery outweigh the benefits [36, 37].

2.4 Vestibular schwannomas

Vestibular schwannomas are slow-growing and benign tumors originating from 
the Schwann cell sheath of the cochleovestibular nerve (Figure 9) [38, 39]. The 
incidence is 1–2 in 100.000 a year [38, 39]. As the vestibular schwannomas grow, 
they affect hearing and balance, with unilateral hearing loss, tinnitus, and balance 

Figure 7. 
FSRT dose plan of a large pituitary macroadenoma.
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disturbances [39, 40]. With increasing tumor growth, the facial nerve can also be 
affected. Bilateral vestibular schwannomas with bilateral hearing loss are usually 
associated with neurofibromatosis type 2. Surgery is the standard treatment of 
vestibular schwannomas, including microsurgery and hearing preservation surgery 
[38]. More recently, stereotactic radiosurgery and radiation therapy have been 
introduced for the treatment of vestibular schwannomas with the aim of tumor 
control and hearing preservation, and controlled studies have found the results to 

Figure 8. 
MRI scan sagittal with Gd demonstrating a mainly solid craniopharyngioma in a 16-year-old adolescent.

Figure 9. 
MRI scan with Gd demonstrating a small left-sided vestibular schwannoma.
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be superior to microsurgery for small tumors less than 3 cm [38–40]. Sometimes a 
conservative wait and scan approach is appropriate, reserving treatment in case of 
tumor growth or neurological deterioration.

3. Tumor control and biochemical control

For skull base meningiomas, nonfunctioning pituitary adenomas, craniopha-
ryngiomas, and vestibular schwannomas, the major goal of treatment is tumor 
control. Tumor control is defined as stable or reduced size of tumor after treat-
ment. Long-term tumor control after fractionated stereotactic radiation therapy of 
benign anterior skull base tumors is well established from several large series and 
in several cases is superior to surgery, with long-term tumor control rates reported 
in the range of 88–100% for skull base meningiomas [4, 24, 41–46], 92–99% for 
pituitary adenomas [47–53], 75–100% for craniopharyngiomas [34, 37, 54, 55], 
and 85–100% for vestibular schwannomas [38, 40]. Long-term tumor control rates 
after stereotactic radiosurgery with LINAC or Gamma Knife have been reported to 
be similar [2, 4, 6, 8, 9, 36, 38, 56]. For hormone-secreting pituitary adenomas, an 
equally important goal of treatment is biochemical control [56]. For nonfunction-
ing pituitary adenomas, biochemical control rates of 50% of hormone-producing 
adenomas have been reported [7].

Tumor control can be evaluated on a contrast-enhanced MRI scan compared 
with the MRI scan before the radiation therapy. Pre- and post-therapy MRI and CT 
scans of the treatment plans are fused, with the gross tumor volume as reference 
[57]. Tumor volume is then calculated using 3D volumetric assessment with treat-
ment planning software, i.e., from Electa, BrainLab, or Varian Eclipse. Tumor con-
trol is defined as stable size or regression of the tumor. A change in tumor volume 
by ≥25% can be considered a change in size, and a change in tumor volume < 25% 
can be considered stable size [34].

Serial neuroimaging follow-up until at least 10 years after treatment is generally 
recommended.

3.1 Visual complications

During the irradiation of tumors, with close anatomical relation to the optic chi-
asm and nerves, a certain degree of collateral irradiation of these intact but sensitive 
structures occurs [58, 59]. In therapy protocols, the optic nerves, chiasm, and tracts 
are usually outlined and defined as organs at risk (OAR) [57]. Radiation-induced 
optic neuropathy (RION) is defined as painless rapid visual loss and is attributed 
to radiation necrosis of the anterior optic pathways [60]. It often has a delayed 
onset and can result in either visual acuity or visual field loss. The risk of radiation-
induced optic neuropathy is dependent on both the total cumulated radiation 
dose and the fraction dose [60]. The risk is markedly increased at cumulated optic 
chiasm radiation doses of ≥60 Gy in the case of fractionated stereotactic radiation 
therapy and at a single dose of >12 Gy in the case of radiosurgery [60]. The risk is 
greater with increasing age, preexisting compression of the optic nerves/chiasm, 
and previous radiation therapy. Percentages of 3–7 and 7–20% of RION in the dose 
ranges 55–60 and above 60 Gy, respectively, have been reported, as presented in the 
review by the QUANTEC initiative [60].

Fractionated stereotactic radiation therapy combines the advantage of a high 
accuracy of stereotactic technique and the biological advantage of fractionation 
[1, 48]. For stereotactic radiosurgery (SRS) of tumors in the vicinity of the optic 
structures, there is a dose-limiting factor, meaning that the minimal effective tumor 
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dose may be equal to or greater than the dose tolerated by the optic structures. For 
example, the treatment of tumors of the cavernous sinus, with single-dose SRS, 
has been shown not to affect the optic pathways at a single dose of <10, whereas 
the incidence of optic neuropathy has been shown to be 27% after a single dose 
of 10 Gy–15 Gy and 78% after a single dose of >15 Gy [58]. Other SRS studies of 
perioptic tumors have reported variable results [4–6, 61–64].

3.2 Hypopituitarism

The pituitary gland is particularly sensitive to radiation, and hypopituitarism 
is the most common side effect after radiation therapy [65]. When high-dose 
radiation is applied directly to the pituitary gland for the treatment of pituitary 
adenomas, frequently it results in pituitary deficiency of one or more hormonal 
axes, and this correlates well with radiation dose to the pituitary gland [65, 66]. 
Furthermore, radiation damage of the hypothalamus can result in hypopituitarism 
[50]. Treatment requiring hypopituitarism of one or more hormonal axes has been 
reported in around 8% of these patients [7].

3.3 Cerebral infarction

Occlusion of the carotid artery or its branches leading to cerebral infarction 
or ischemic stroke is a potentially serious and life-threatening complication after 
stereotactic radiation therapy involving the extra- or intracavernous portion of 
the carotid artery or the Circle of Willis [67]. Although considered to be relatively 
rare, radiation-induced cerebral infarction has been reported after single fraction 
stereotactic radiosurgery or radiation therapy of meningiomas, pituitary adenomas, 
craniopharyngiomas, and vestibular schwannomas, with an occurrence of 1–7% 
[24, 46, 68–70]. However, the risk of cerebral infarction may not be increased when 
compared with the incidence in the general population. Predisposing risk factors 
identified for ischemic events are smoking, hypertension, and hyperlipidemia, as 
well as increased age [70]. Cerebral infarction is by definition a clinical diagnosis; 
therefore, subclinical infarctions only detectable by neuroimaging may occur [70].

3.4 Hearing loss

Both stereotactic radiosurgery and fractionated stereotactic radiation therapy 
have been shown to accelerate the naturally occurring hearing loss in patients in 
around 50% of treated patients with vestibular schwannoma, and the degree of 
hearing loss is correlated to the radiation dose to the cochlea [38, 40].

3.5 Malignancies

The occurrence of intracranial malignancies after conventional radiation 
therapy is well known but is not well established following stereotactic radiation 
therapy and radiosurgery, but since this is often a late event, existing studies may 
not have had long enough follow-up. It would be feasible to conduct such a study, 
but with very long-term (10–20 years) follow-up.

4. Conclusions

Benign anterior skull base tumors include meningiomas, pituitary adenomas, 
craniopharyngiomas, and vestibular schwannomas. As an adjuvant therapy to 
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surgery or when surgical treatment carries too high a risk of complications, a highly 
precise focused radiation, known as fractionated stereotactic radiation therapy 
(FSRT) or stereotactic radiosurgery (SRS) can be delivered to the tumor. Treatment 
modalities include Gamma Knife for SRS, LINAC for FSRT/SRS, Cyberknife for SRS 
or hypo fractionated FSRT, and more recently, proton beam therapy. FSRT in par-
ticular combines the high accuracy of stereotactic radiosurgery and the benefit of 
fractionation. Existing studies include systematic analysis of complications and risk 
factors FSRT/SRS of tumors with localizations relating to vision, hormone-secret-
ing regions, cerebral vasculature, and hearing. Paying attention to risk reduction is 
extremely important to prevent complications. Existing studies provide evidence of 
good long-term tumor control for benign tumors of the skull base. Upweighting the 
risks against surgical complications and uncontrolled tumor growth, stereotactic 
radiotherapy and radiosurgery appear to be relatively safe as a treatment of patients 
with benign anterior skull base tumors. However, improved dose planning tech-
niques may be able to reduce the incidence of side effects further. Further studies 
with very long-time follow-up including the potential for malignancy are needed.
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Chapter 3

Spheno-Orbital Meningiomas
Guillaume Baucher, Lucas Troude and Pierre-Hugues Roche

Abstract

Spheno-orbital meningiomas are mainly defined as primary en plaque tumors of 
the lesser and greater sphenoid wings, invading the underlying bone and adjacent 
anatomical structures. The patients, mostly women in their fifties, generally present 
with a progressive, unilateral, and nonpulsatile proptosis, often associated with 
cosmetic deformity and optic nerve damage. Surgical resection is currently the gold 
standard of treatment in case of optic neuropathy, significant symptoms, or radio-
logical progression. The surgical strategy should take into account the morphology 
of the tumor, its epicenter at the level of the sphenoid wing, and the invasion of 
adjacent anatomical structures. Surgery stabilizes or improves visual function and 
oculomotricity in most cases but it is rare that the proptosis recovers completely. 
Gross total resection is hard to achieve considering the complex anatomy of the 
spheno-orbital region and the risk of inducing cranial nerve deficits. Rare cases of 
WHO grade II or III meningiomas warrant adjuvant radiotherapy. Tumor residues 
after subtotal resections of WHO grade I meningiomas are first radiologically  
monitored and then treated by stereotactic radiosurgery in case of progression.

Keywords: meningioma, spheno-orbital meningioma, optic nerve, optic canal, 
anterior clinoid process, superior orbital fissure, sphenoid wing, cavernous sinus, 
proptosis

1. Introduction

As early as 1922, Harvey Cushing distinguished two types of meningiomas: 
spherical en masse tumors with lobulated and sometimes irregular growth, and  
en plaque tumors, which are slightly elevated from and extend along the inner 
dural layer [1, 2]. En plaque meningiomas are classically associated with significant 
underlying hyperostosis caused by tumor invasion of the bone and overexpression 
of osteogenic molecules influencing the osteoblast/osteoclast activity (e.g., osteo-
protegerin and insulin-like growth factor 1), [3, 4]. Their preferred location in the 
pterional region and the sphenoid ridge could be due to the important intraosseous 
branching of meningeal vessels and venous sinuses at this level [1, 5]. Due to the ana-
tomical complexity of this region, many different names have been used to describe 
this pathological entity (e.g., en plaque sphenoid wing meningioma, en plaque 
pterional meningioma, invading meningioma of the sphenoid ridge, hyperostoting 
meningioma of the sphenoid ridge, pterional-orbital meningioma…); however, 
spheno-orbital meningioma (SOM) seems to be both the most appropriate and the 
most frequently used term [6]. Consequently, SOMs are mainly defined as primary 
en plaque tumors of the lesser and greater sphenoid wings that invade the underly-
ing bone and potentially adjacent anatomical structures [7]. They can progressively 
extend to the temporal and infratemporal fossae, orbit, anterior clinoid process 
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(ACP) and cavernous sinus (CS), compromising the integrity of the optic canal, the 
superior orbital fissure (SOF), and the cranial nerves passing through [8].

2. Epidemiological data and clinical presentation

While meningiomas account for approximately 20% of all intracranial tumors in 
males and 38% in females (with a 2:1 female-to-male ratio) [9, 10], SOMs comprise 
between 4% and 9% of all meningiomas [11]. In a meta-analysis of 38 retrospective 
studies about SOM that included a total of 1486 patients, Fisher et al. reported a 
mean age of 51 ± 6 years old, with a high proportion of women (82%) [12].

In a review of the literature, Apra et al. demonstrated a greater female predomi-
nance in SOM (86% across 14 different series with a total of 867 patients) than in 
meningiomas from all locations (74% female in a total of 110,359 patients in the 
largest meningioma study) [13, 14]. In their own retrospective study of 175 histo-
logically confirmed cases of SOM, women were found to be significantly younger 
than men at the time of diagnosis (51 ± 5 vs. 63 ± 8 years) [13]. Notably, proges-
terone receptors were identified much more frequently in women than in men 
(96% vs. 50%), and exogenous hormone intake (predominantly progesterone) was 
identified in 83% of women in this same series, indicating that this is a risk factor 
for developing SOM [13].

Patients typically present with progressive, unilateral, and nonpulsatile  
proptosis (84%), often associated with cosmetic deformity [12, 15]. The frequent 
optic nerve (ON) disturbances result in unilateral decreased visual acuity (46%), 
constricted visual field (31%), and sometimes loss of color vision (5%) [12]. 
Ophthalmoplegia is seen in 25% of patients with SOM, often due to cranial oculo-
motor nerves deficit (oculomotor nerve 11%; trochlear nerve 6%; abducens nerve 
4%). Diplopia can also be caused by intraorbital compression of the oculomotor 
muscles. Deficits in other cranial nerves (trigeminal, vestibulocochlear, and facial 
nerves) are less common. Finally, other general neurological signs, such as head-
aches (25%) and epileptic seizures (4%), are observed in patients with SOM.

3. Preoperative assessment

Skull radiographs were historically used to diagnose SOM by demonstrating 
unilateral sphenoid hyperostosis. With the emergence of computed tomography 
(CT) and magnetic resonance imaging (MRI), these techniques became the stan-
dard before any surgical procedure involving the removal of a SOM.

CT precisely demonstrates the bone features of the SOM, as well as its extension 
(Figures 1 and 2). Using CT, the involvement of the orbit walls, floor of the middle 
cranial fossa (including the foramens rotundum and ovale), SOF, ACP, and optic 
canal can be easily identified.

MRI completes the radiological assessment, showing the globoid or plaque-like 
shape of the intradural portion of the meningioma and its impact on the brain 
parenchyma (mass effect and edema). The epicenter of the tumor on the sphenoid 
wing is identified, and the specific involvement of the temporal and infratemporal 
fossae, orbit, SOF, optic canal, and CS is determined. At this stage, it is important 
to differentiate between simple involvement of the lateral wall of the CS and true 
intracompartment invasion. Similarly, the presence of meningioma within the optic 
canal or SOF should be similarly distinguished from tumor bony involvement of 
these structures (Figures 1 and 2). All of these details are critical, as they contribute 
to the planning of the upcoming surgical procedure for optimal tumor resection.
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A comprehensive preoperative ophthalmological exam is mandatory and 
should include at least an objective assessment of visual acuity and field, a dilated-
pupil fundus examination and ideally an optical coherence tomography (OCT). 
The Lancaster red-green test for assessment of oculomotor muscle function is 
performed according to the presence of diplopia. Accurate measurement of the 

Figure 1. 
(a) Axial contrast-enhanced T1-weighted magnetic resonance imaging demonstrates thickening of the 
temporopolar dura mater on the right side, with a deviated optic nerve compared to the left side. A 
temporopolar arachnoid cyst is seen on the left side. (b) Axial computed tomographic scan shows hyperostosis of 
both the lesser and greater sphenoid wings, sparing the anterior clinoid process. Proptosis can be easily measured 
on axial brain slices passing through the lens on both sides, by firstly taking as reference the line joining the two 
lateral orbital margins. This line is then projected to the level of each cornea and the distance between these two 
new lines is measured, giving an accurate and relevant estimate of proptosis for follow-up.

Figure 2. 
(a) Axial contrast-enhanced T1-weighted magnetic resonance imaging demonstrates a large right spheno-
orbital meningioma with middle sphenoid wing center, invading the temporal fossa (TF), the superior orbital 
fissure (SOF), and the orbit (O). There was no true invasion of the optic canal (OC) by the meningioma on 
thin-section MRI analysis. (b) Axial computed tomographic scan shows hyperostosis of the lesser and greater 
sphenoid wings (L&GSW) and anterior clinoid process (ACP) on the right side.
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proptosis can be achieved with an exophthalmometer or with correctly oriented 
cerebral imaging (Figure 1).

4. Differential diagnosis

At this time, differential diagnosis for hyperostosis due to SOM should also 
be considered. These include fibrous dysplasia, osteoma, osteoblastoma, Paget’s 
disease, hyperostosis frontalis interna, osteoblastic metastases, and erythroid 
hyperplasia [15].

5. Therapeutic strategy and decision-making algorithm

As with all other meningiomas, the decision-making process for SOM must be 
tailored to each patient. Mass effect of the tumor, age, general condition, comor-
bidities, symptomatology, its impact on daily life, and the patient’s wishes must be 
taken into account. In cases with absent or mild symptoms without mass effect on 
imaging, simple clinical and radiological monitoring can be chosen initially, with 
patient follow-up on a regular basis (every 3–6 months). In contrast, the presence 
of optic neuropathy, severe neurological symptoms, significant proptosis, or serious 
mass effect warrants surgical operation. Although a subject of debate, optimal 

Figure 3. 
Decision-making algorithm of first-line treatment for spheno-orbitary meningiomas, in accordance with the 
2016 EANO guidelines [16]. The choice of radiation treatment is mainly based on the tumor volume, stereotactic 
radiosurgery being preferred for smaller tumors and radiotherapy being preferred for larger tumors.
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surgical resection remains the current reference treatment for SOM, in accordance 
with the general EANO (European Association of Neuro-Oncology) guidelines for 
the management of meningiomas published in 2016 [16]. If the patient is in a fragile 
state of health or categorically refuses the operation, radiation treatment may be 
offered as an alternative. The choice of technique is then mainly based on the tumor 
volume, stereotactic radiosurgery being preferred for smaller tumors and radio-
therapy being preferred for larger tumors. To summarize this reasoning, we propose 
a simple algorithm highlighting the main points to be taken into account during 
decision-making in cases of SOM (Figure 3).

6. Classification

Despite their common features, SOMs are a heterogeneous group of tumors due 
to the complex anatomy of the sphenoid bone, which is a part of both the skull base 
and the orbit. Few attempts have been made to classify SOMs. Roser et al. approached 
the classification of SOMs by first identifying the morphology of the meningioma 
(globoid, en plaque, and purely intraosseous), then detailing the involvement of the 
sphenoid wing and the CS [17]. Kong et al. in turn proposed a slightly simplified 
version, focusing on the location of the tumor epicenter at the level of the greater 
wing of the sphenoid bone, which they divided into three thirds (medial, middle, 
and lateral) [18]. We suggest our own classification system derived from the previ-
ous schemes. Our proposed classification system successively takes into account the 
general morphology of the meningioma, its epicenter in the sphenoid wing, and the 
tumor invasion of specific anatomical regions and structures (Figure 4). These three 
main parameters are intended to assist in the surgical strategy planning by helping 
surgical teams determine the anatomical targets, how to reach them, and how to 
decompress them.

Figure 4. 
Classification of spheno-orbital meningiomas according to their morphology (a), sphenoid wing epicenter (b), 
and specific extensions (c).
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7. Surgical technique

7.1 Positioning of the patient and general settings

The patient is placed in a supine position with the head rotated 30° to the 
contralateral side and fixed in a three-pin Mayfield head-holder. The neck is slightly 
extended to 15°, as is done for a classical pterional approach. Neuronavigation is 
used to delineate the craniotomy and skin incision. We recommend using millime-
ter slices of the bone window of the CT scan for registration, to both highlight bone 
tumor extension and increase the accuracy of this technique [19, 20]. The CT scan 
is then merged with the MRI, including the gadolinium-enhanced 3D T1-weighted 
sequence, for intra- and extracranial tumor extensions (Figure 4). A paraumbilical 
field is prepared and draped to harvest abdominal fat for closure if needed.

7.2 Extracranial steps

The frontotemporal arciform incision starts 1 cm in front of the tragus, with the 
medial extent adjusted to the size of the surgical target. The scalp is progressively 
elevated in one layer and reclined forward, preserving the pericranial tissue for 
dural repair at the time of closure. A standard interfascial dissection is performed 
over the anterior quarter of the temporal muscle in order to spare the frontotempo-
ral branches of the facial nerve [21, 22]. The orbital rim and zygomatic arch are pro-
gressively exposed in a subperiosteal manner. The temporal muscle is incised along 
the lateral orbital rim, along the superior temporal line, and at its posterior part 
along the skin incision. Retrograde dissection of the temporal muscle is performed 
using a cutting spatula from anterior to posterior and from inferior to superior in 
order to preserve the deep vascularization and innervation of the muscle and thus 
prevent postoperative atrophy [23]. Tumor-infiltrating of the muscle (1.) temporal 
fossa extension) must be resected at this stage. If the infratemporal fossa is invaded 
by the meningioma (2.) infratemporal fossa extension), the zygomatic arch must be 
cut anteriorly and posteriorly, maintaining its attachment to the masseter muscle, in 
order to recline the temporal muscle downwards as much as possible. This optional 
step facilitates resection of the tumor portion located in the infratemporal fossa, 
with particular attention to the mandibular nerve exiting the foramen ovale. In 
cases of major invasion of this location, the collaboration of an ear, nose, and throat 
surgeon is required.

7.3 Cranial steps

Depending on the extension of the intraosseous portion of the SOM, either 
a classical pterional craniotomy or a more complex orbitozygomatic approach is 
performed [24]. Guided by neuronavigation, the tumor-infiltrated bone must be 
resected as completely as possible using a high-speed drill and rongeurs, without 
overlooking the craniotomy part. The lateral wall and the roof of the orbit are 
drilled, initially respecting the periorbita (Figure 5). The intraorbital tumor exten-
sion (3.) mostly remains extraconal and can therefore be easily removed once the 
orbit is correctly opened. Nevertheless, the periorbit must be longitudinally opened 
and resected in cases of intraconal invasion [25]. If the tumor adheres too much to 
the cranial nerves, it is recommended to leave a residue in place to avoid postopera-
tive deficits. The drilling continues medially at the level of the greater and lesser 
wings of the sphenoid bone, opening the SOF (4.), and inferiorly at the level of 
the floor of the middle cranial fossa, opening the foramens rotundum and ovale if 
necessary. With the involvement of the ACP (5.) and the invasion of the optic canal 
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(6.), an extradural anterior clinoidectomy, which is carried out under magnification 
and constant irrigation, must be performed to optimize the decompression of the 
ON and prevent thermic lesions [26]. This step also allows the surgeon to extradu-
rally split the lateral wall of the CS (7.) when there is a tumor at this level, in order to 
improve the devascularization of the meningioma.

7.4 Intradural steps

The dura mater is opened in a curvilinear fashion and the intradural portion 
of the tumor is progressively resected using conventional microsurgical methods, 
alternating debulking and peripheral dissection from the brain parenchyma and 
vessels. An additional dural incision directed medially toward the optic canal may 
cautiously be performed to complete the extradural anterior clinoidectomy. Once 
the optic canal has been widely opened intradurally (Figure 5), the tumor frag-
ments at this level can be easily removed using a small blunt hook.

Figure 5. 
Intraoperative views of the resection of a left sphenoid-orbital meningioma with invasion of the anterior 
clinoid process (ACP), optic canal, and orbit. (a) Left pterional approach with drilling of the lesser sphenoid 
wing (LSW) and lateral wall of the orbit, in order to open the superior orbital fissure (SOF). The orbito-
temporal periosteal fold is then identified at the external part of the SOF and divided to optimize the retraction 
of the frontal and temporal lobes and expose the contours of the ACP. (b) The final step of the extradural 
resection of the ACP. The LSW, optic strut, and roof of the optic canal were drilled before resecting the bony 
content inside the ACP. A thin shell of bony contour is preserved in order to remove the clinoid tip en bloc. (c) 
Once the drilling is completed, the orbit is properly exposed in continuity with the SOF and optic canal which 
have been opened. (d) The dura mater is opened in an arciform fashion, revealing the intradural portion of  
the meningioma (asterisk). (e) The dura mater of the optic canal is gently opened with a fine scalpel to remove 
the tumor fragments compressing the optic nerve at this level. (f) At the end of the procedure, the chiasma 
and the two optic nerves are correctly exposed. The coagulated portion of the dura mater at the level of the 
tuberculum sellae can be seen (asterisk; Simpson grade 2 resection).
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Complete resection is not always possible due to true intracavernous invasion 
(as opposed to a simple extension to the lateral wall) or excessive tumor adherence 
in the SOF or optic canal. In such situations, the key is to optimally decompress the 
ON so that the residual tumor can later be effectively treated with radiation therapy. 
The radiosensitivity of the ON justifies the creation of a safety zone around it, in 
order to avoid deleterious iatrogenic irradiation during radiation treatment. It is 
essential to preserve the function of the cranial nerves as much as possible, as their 
postoperative recovery is often uncertain.

7.5 Closure and reconstruction

If the ethmoidal or sphenoidal sinuses are open during the extradural steps, 
either autologous fat or a temporal muscle graft should be harvested to plug the 
defect, depending on the size of the opening (for example, the muscle should be 
used for a small aperture of a pneumatized ACP and fat should be used for a large 
sinus opening secondary to intranasal tumor invasion). A synthetic fibrin sealant 
may be used in addition to these measures to prevent postoperative cerebrospinal 
fluid leakage. The dural and periorbital defects are ideally managed using a vas-
cularized and pedicled pericranial graft that is rotated over the orbit. Alternative 
solutions include using the temporal fascia or synthetic dura patches. Finally, the 
remaining dead space left by the tumor removal can be filled with a fat graft.

Bone reconstruction for SOM is often more complex than for other meningio-
mas due to the extensive bony resection, which sometimes involves the superior 
and lateral orbital rims. Various options are available to perform cranioplasty and 
obtain a satisfactory cosmetic result. If the orbital margins are intact, the healthy 
part of the craniotomy can be replaced using grids that are cut to a suitable shape 
and serve as anchor points for the reinsertion of the temporal muscle. For larger 
defects, hydroxyapatite cement can be shaped easily. A custom-made polymethyl-
methacrylate or polyetheretherketone (PEEK) prosthesis can be ordered before the 
procedure, especially when the orbital rims are planned to be resected. The design 
of the prosthesis can also compensate for temporal muscle atrophy by incorporating 
an increased thickening at the level of the temporal fossa. Trimming of the edges of 
the prosthesis is often required to perfectly match the craniotomy. The zygomatic 
osteotomy must be reattached with standard plates before reinserting the temporal 
muscle and suturing the scalp in layers according to the usual technique.

8. Complications and postoperative care

The first postoperative night is ideally spent in an intensive care unit, so that the 
patient can be closely monitored, and any respiratory, hemodynamic, or neurologi-
cal failures can be detected at an early stage, particularly in the event of a surgical 
site hematoma. Most postoperative complications of SOM are related to the cranial 
nerves affected by the tumor. In their meta-analysis of retrospective series of oper-
ated SOM, Fisher et al. summarized the incidence of occurrence of these complica-
tions [12]. Ophthalmoplegia was frequent (16%) and mainly related to oculomotor 
nerves damage (oculomotor III 11%; trochlear IV 2%; abducens VI 6%; not speci-
fied 13%). In addition, ptosis or diplopia (neuropathic or restrictive) was observed 
in 17% of cases each. Regarding the optic nerve, visual field loss was described in 
4% of cases, while visual acuity was decreased in 9%, and blindness was reported 
in 3% of cases. Trigeminal hypoesthesia was the most frequent complication (19%); 
in contrast, facial paralysis was rare (4%). Regarding complications related to the 
brain, the incidence of epilepsy was estimated to be 8%, while motor and phasic 
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deficits, or diabetes insipidus were uncommon. Enophthalmos and cerebrospinal 
fluid leaks were encountered in 5% of cases each. Meningitis occurred in 7% and 
wound infections occurred in 3% of cases, which is consistent with the general rate 
of infection in cranial surgery, which was reported to be 9% [27]. Finally, pulmo-
nary embolism was diagnosed in 4% of the patients who underwent an operation 
for SOM.

9. Postoperative course

9.1 Visual function

In most cases, SOM surgery stabilizes or improves visual function. In a large 
retrospective study of 130 patients, Terrier et al. demonstrated improvement in 
45% of cases, stabilization in 39%, and worsening in 16% [28]. Fisher et al. high-
lighted in their meta-analysis that visual acuity and visual field were stabilized or 
improved in 91% and 87% of cases, respectively [12]. However, these encouraging 
results must be put into perspective, since improvement does not mean a complete 
restoration of visual function. Anatomically, invasion of the optic canal is associ-
ated with severe visual impairment both preoperatively and postoperatively [29], 
and tumor extension to the periorbit appears to be a negative predictive factor 
for visual acuity [8]. Therefore, it is essential to propose surgery to patients with 
SOM as soon as the optic pathways are threatened by the tumor, so that they can be 
optimally decompressed.

Regarding oculomotion, the reporting of results is generally less detailed, but 
seems to indicate a long-term improvement of the preoperative symptomatology that 
could reach 96% (although the degree of this improvement was not specified) [12]. 
Postoperative oculomotor deficits are frequent, varying from 8 to 68% depending 
on the series, but they recover in the majority of cases and persist in only 0–17% of 
cases [6, 11, 30, 31].

9.2 Proptosis

Proptosis, the most common sign encountered in patients with SOM, may be 
explained by different, yet interrelated, factors. From a mechanical point of view, 
the bony involvement of the orbital walls and the intraorbital tumor extension exert 
a direct mass effect on the eyeball. From a vascular point of view, the meningioma 
invasion of the SOF is responsible for a decrease in venous drainage and subse-
quently exacerbates the proptosis by increasing the intraorbital venous engorgement 
[32, 33]. This multifactorial physiopathology may explain the varied results from 
retrospective clinical series, which report improvements ranging from 50 to 100% 
[34–39]. Thus, if mechanical compression is relieved by surgical opening of the orbit 
and resection of the intraorbital portion of the tumor, exophthalmos will certainly 
improve. Nevertheless, it is rare that the proptosis recovers completely, likely due 
to persistent disturbances of venous drainage and potential trophic disorders of the 
oculomotor muscles. Removal of the periorbit appears to have a beneficial effect and 
seems to be a key factor in reducing proptosis [29].

9.3 Oncological outcome

The quality of surgical resection of meningiomas, assessed by Simpson’s grading 
system, remains an important prognostic factor in the evolution of these tumors, 
regardless of the histological subtypes considered [40, 41]. Gross total resection, 
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defined as Simpson grade I to III, is achieved in 25–70% of SOM cases depending 
on the series [34, 42–44]. Given the complex anatomy of the spheno-orbital region, 
Simpson grade I or II resections are rarely feasible without risking the induction of 
cranial nerve deficits, especially at the level of the orbital apex, SOF, and CS [43]. 
In this context, the current trend is strongly in favor of symptom-oriented surgery 
rather than radical surgery, targeting optic nerve decompression to improve visual 
function, and intraorbital tumor resection to reduce proptosis [30, 32].

Histologically, SOMs are commonly World Health Organization (WHO) grade 
I tumors (77–100%, depending on the series), with the meningothelial subtype 
being the most frequent [11, 13, 28, 43]. Although much less frequent, WHO grade 
II (atypical) or III (anaplastic) meningiomas may be encountered, together rep-
resenting 11% of the cases in the retrospective series presented by Belinsky et al. 
Moreover, the authors highlighted the strong correlation between WHO grading, 
Ki67 proliferation index, and clinical progression [45]. Thus, WHO grade II and 
III meningiomas, which are associated with an aggressive clinical course and high 
recurrence rate compared to WHO grade I tumors, have Ki67 proliferation indices 
that proportionally predict their behavior (14.9 and 58.3, respectively). When con-
sidering only WHO grade I SOM, a Ki67 index ≥3.3 is associated with a higher risk 
of recurrence. Comparing these different histological subgroups, Agi et al. reported 
a recurrence rate of 22% in the WHO grade I tumors and 50% in the WHO grade II 
tumors, with a mean follow-up of 57 months [46].

The highly variable recurrence rate of SOM in the scientific literature, ranging 
from 10 to 56%, is likely due to differences in the follow-up duration [34, 47–49]. 
Indeed, the risk of recurrence logically increases with the duration of follow-up (6% 
at 3 years and 46% at 6 years after the intervention) [28].

The role and timing of radiation therapy remain a matter of debate for menin-
giomas in general and SOM in particular. However, experts (Response Assessment 
in Neuro-Oncology Committee) agree on the importance of using adjuvant 
radiotherapy for WHO grade III meningiomas, regardless of the quality of surgi-
cal resection [40]. For WHO grade II meningiomas, the European Association of 
Neuro-Oncology guidelines recommends observation or fractioned radiotherapy 
in cases of gross total resection and fractioned radiotherapy in cases of subtotal 
resection [16]. For WHO grade I meningiomas, simple observation is indicated 
after gross total resection, and stereotactic radiosurgery or fractioned radiotherapy 
may be proposed after subtotal resection. We suggest radiological monitoring of 
the tumor residue for subtotal resections of WHO grade I meningiomas initially. 
Stereotactic radiosurgery is then justified in cases of objective progression. Cases 
of meningiomas of WHO grade II or III must be discussed in a collegial manner in a 
multidisciplinary consultation meeting.

10. Conclusion

Spheno-orbital meningiomas are usually slow-growing skull base tumors 
revealed by proptosis or visual impairment. They typically present with significant 
tumoral spheno-orbital hyperostosis and a globoid or en plaque intradural portion. 
As their epicenter is located at the level of the lesser and greater sphenoid wings, 
they progressively extend to the temporal and infratemporal fossae, orbit, anterior 
clinoid process, and cavernous sinus, compromising the integrity of the optic canal, 
the superior orbital fissure, and the cranial nerves passing through. The reference 
treatment is currently optimal surgical resection after complete ophthalmological 
examination and radiological evaluation by MRI and CT scan. Although the risk of 
recurrence appears to be clearly correlated with the quality of the surgical resection, 
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in cases with excessive meningioma adherence to critical anatomical structures, the 
removal of the tumor must be restricted in order to limit the comorbidities related 
to induced cranial nerves deficits. Radiation therapy is a safe option after surgery 
for recurrent or aggressive meningiomas.
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Chapter 4

Surgery of Meningiomas of the 
Anterior Clinoid Process
Oleksandr Voznyak and Nazarii Hryniv

Abstract

Sphenoid wing meningiomas account for 11%-20% of all intracranial  
meningiomas, whereas meningiomas of the anterior clinoid process comprise about 
34.0–43.9%. Assignment of these cranio-basal tumors to a separate group is due 
to the parasellar location and challenges in their surgical removal, mainly because 
of its anatomical syntopy: compression of the optic nerve, carotid artery inclu-
sion, and invasion to the cavernous sinus. This chapter consists of the combination 
of current knowledge and our experience in understanding, diagnosis, surgical 
strategy, and complication avoidance with these tumors.

Keywords: sphenoid wing meningioma, classification, anterior clinoid process, 
clinoidectomy, parasellar syntopy, pterional approach, fronto-lateral approach,  
skull base

1. Introduction

Meningiomas are the most common primary intracranial tumors accounting for 
20% of all intracranial neoplasms. Sphenoid wing meningiomas (SWM) account 
for 11%-20% of all intracranial meningiomas. Meningiomas of the anterior clinoid 
process (MAC) comprise about 34.0–43.9% of all sphenoid wing meningiomas. 
There is female prevalence among patients [1–3].

The challenges start with the definition of MAC. From the early beginning, H. 
Cushing and Eisenhardt in 1938 were the first to divide SWM into globoid tumors 
with a nodular shape and en plaque tumors, which are flat and spread along the 
sphenoid wing [2]. The globoid tumors were then categorized into lateral, middle, 
and medial. The last group could be classified as MAC. In accordance with Al-Mefti, 
MAC was classified into 3 groups according to the side of their origin on the surface 
of the clinoid process. First group meningiomas arise from the subclinoidal dura at 
the most proximal point of intradural entry of the internal carotid artery, before 
the carotid enters into the arachnoidal cisternal space. The second group clinoidal 
meningiomas originates from the superolateral aspect of the anterior clinoid pro-
cess. The third group originates from the region of the optic foramen and extends 
into the optic canal [1, 4]. Many authors consider this classification hard to apply in 
daily practice. Russell & Benjamin took into account the invasion of the tumor into 
the lesser sphenoid wing and spread into the cavernous sinus [3]. Both parameters 
have great practical significance in surgical approach planning [5].

The exclusion method is also useful to identify the MAC. All paraoptic menin-
giomas such as tuberculum sella, diaphragm, cavernous sinus, planum sphenoidale, 
as well as spheno-orbital are recognizable with their specific findings [6, 7, 9]. We 
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consider the presence of the anterior clinoid process in the center of the tumor bone 
attachment to be the main feature of clinoidal meningiomas (Figure 1). The second 
apparent peculiarity is the paramedian location of the tumor and consequently the 
displaced ipsilateral optic nerve, III nerve, and the ICA toward the midline [8–10].

2. Anatomical aspects

Anterior clinoid process (ACP) is tetrahedron in shape with the apex projected 
medio-posteriorly. Medially, it forms a superolateral wall of the optic canal. The 
optic strut is the posterior root of the ACP. Anteriorly it continues with the medial 
aspect of the sphenoid ridge.

As a rule, the process comprises the bony cortex. However, its pneumatization 
and bony connections could be variable and attention should be paid before the 
planned removal.

The removal of the process reveals the 2-6 cm long clinoid space [10]. The dural 
layer between this space and ACP is the deep extension from the roof of the cavern-
ous sinus and covers the inferior surface of the clinoid process. Medially, this layer 
extends to surround the ICA as the proximal dural ring and turns upward along the 
clinoid segment of the ICA to fuse with the distal dural ring. The dural connection 
between the 3rd nerve and the lateral aspect of the distal dural ring is called the 
carotico-oculomotor membrane. From the inferolateral aspect of the ACP, the neu-
ral bundle consisting of 3rd, 4th, 6th and three branches of the ophthalmic nerve 
are running. Thus, manipulation in the inferior direction exposes these structures 
to danger and should be avoided [11, 12]. Meningiomas usually invade the outer 
(temporal) dural leaf and rarely spread to dura propria (DP), so the separation of 
dural leaves during surgery provides an increased removal rate as well as better 
visualization of anatomical structures [13, 14].

C2 and C3 segments of ICA (Bouthillier nomenclature) are traversing the hori-
zontal and vertical portion of the carotid canal in the petrous bone. The cavernous 

Figure 1. 
Anterior clinoid bone anatomy, right side. 1 – Optic canal; 2 – Superior orbital fissure; 3 – Anterior clinoid 
process.
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C4 segment is forming a carotid siphon, surrounded by venous plexus. This por-
tion ends with the dural entrance through the proximal dural ring. The number of 
veins surrounding the clinoid meningioma is not constant. The superficial middle 
cerebral vein (SMCV) drains the lateral part of the cerebral hemisphere into the 
cavernous sinus (CS) directly by penetrating its lateral wall and indirectly through 
the sphenoparietal sinus or through the latero-cavernous sinus. Sphenoparietal 
sinus runs medially just below the lesser sphenoid wing to empty into the anterior 
part of the CS [15, 16].

3. Syntopy

Understanding of ACP syntopy with surrounding anatomical structures is 
extremely important for surgical dissection and anterior clinoidectomy during 
surgery. The base of the process forms the lateral and lower walls of the optic 
canal, the medial surface forms the ICA canal, and the lateral surface and optic 
strut are the parts of the upper medial wall of the upper orbit (Figure 1). Thus, 
ACP is located between the canal of the optic nerve, upper orbital fissure, and ICA 
canal. Extradural resection of the process provides the access to these bony chan-
nels and their content. The clinoidal process also separates two leaves of the dura: 
dura temporalis (DT) and DP. DP represents the lateral wall of the cavernous sinus 
and extends from the outer to the inner dural rings, where the ICA penetrates the 
cavernous sinus. Also, it touches the free edge of the tentorium in posterior divi-
sions, which is fixed to the apex of the ACP [17]. Anteriorly it continues to the layers 
of the upper orbit. It should be remembered that ACP meningiomas usually invade 
the outer leaf of the dura and very rarely are spread to the DP. Thus, the separation 
of the dural leaves during surgery allows exposure of the lateral surface of the ACP 
and provides consequent visualization of the important anatomical structures of 
the skull base [17, 18].

After performing extradural clinoidectomy, the optic nerve in the dural sheath 
could be visualized [19, 20]. The lateral wall of the cavernous sinus and the intra-
cavernous part of the ICA that is passing behind are seen as well. The 3rd nerve 
is located immediately below the projection of the lower clinoidal edge. The 1st 
branch of the V nerve passes lower.

Variable pathological anatomy of this area due to tumor growth has to be taken 
into account. Most clinoid meningiomas invade ACP causing its hyperostotic 
enlargement [21, 22]. Thus, anterior clinoidectomy is considered the key to the 
radicality of surgery.

However, there is a group of meningiomas that grows from the superior or 
superolateral surface of the clinoid without invasion into the ACP and hyper-
ostosis does not exist [23–25]. Complete clinoidectomy is not necessary for this 
type of MAC.

Intradural syntopy in presence of MAC is much more complex and variable 
in comparison with extradural peculiarities. Primarily, it is due to the nature of 
meningioma spread, that has two patterns: expansive and invasive. The first type 
has a small fixation area and the tumor “wraps” around vessels and nerves. Invasive 
type spreads along the dura and longitudinally ingrowth into the anatomical 
structures [26]. In practice, a combination of both types with some predominance is 
usually seen.

The important tip is to follow the olfactory nerve that always leads to the optic 
nerve if the last is markedly displaced by the tumor.

A1 segment of ACA and all anterior semicircle of Willis are shifted medially 
and located on the dorsomedial surface of meningioma. M1 segment of MCA “rolls 



Skull Base Surgery

62

over” through the dome of the tumor on its upper lateral surface. Special attention 
to perforating and small branches of the anterior circle of Willis should be paid 
because of their tight inclusion in the tumor [27]. Sharp dissection is the only pos-
sible method to separate them from the tumor.

The oculomotor nerve is displaced dorso-medially and could be encased by 
neoplasm.

The pituitary stalk itself is not commonly involved in MAC, located on the 
postero-medial portion of meningioma, and could be separated without difficul-
ties. Although, the superior hypophyseal artery has a variable way and has to be 
saved to prevent postoperative diabetes insipidus.

4. Diagnosіs

Despite the fact that advanced imaging techniques are more accessible and have 
advantages in certain scenarios, the computed tomography and MRI routine scans 
remain the standard investigations for patients with MAC [28]. Hyperostosis, bone 
structures, and anatomical syntopy could be assessed with standard protocols. CT 
is informative in assessing the bony structures of the skull base, especially anterior 
clinoid hyperostosis, as well as to determine the presence of petrifications in the 
tumor. This examination is routinely performed the next day after surgery to 
control the extent of the tumor removal and exclude the hematoma.

Some features are associated with more aggressive meningiomas and include 
increased signals on both T1- and T2-weighted MRI, irregular contour, extensive 
edema, lack of calcifications, central necrosis, and low apparent diffusion coeffi-
cient [29]. However, if normal anatomy is variable, the more challenging pathologi-
cal anatomy influenced by the tumor makes the strategy individual.

Attention should be paid to the tumoral entrapment of the supraclinoid part of 
the ICA. The ICA is “enveloped” and can potentially be dissected from the tumor if 
the tumor does not invade the bone, CS, and grows expansively in the intracranial 
direction. Circular encasement of the ICA by the tumor that spreads from the CS 
along the artery makes its surgical separation almost impossible [30].

Thus, we tend to divide MAC into two main types. The first includes tumors that 
do not invade the anterior clinoid process and grow expansively into the cranial 
cavity. Type II meningiomas involve the ACP, spread into the CS, and concentrically 
entrap the supraclinoid segment of the ICA. There is a sense to separate the second 
subgroup of tumors: with the penetration to the CS and without it. Anatomical 
criteria for distribution are demonstrated in Table 1 and Figures 2–4.

Type I Type IIA Type IIB

Anterior clinoid process 
hyperostosis

— + +

Cavernous sinus invasion — — +

Internal carotid artery 
entrapment

Shifting / Wrapping Wrapping / 
Adhesion

Concentric 
encasement

Needed clinoidectomy Partial Total Total

Surgical approach Fronto-lateral* 
intradural

Pterional 
extradural

Pterional extradural

*In absence of peritumoral edema.

Table 1. 
Criteria for distribution of sphenoid meningiomas.
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Many surgeons recommend performing angiography before surgery to deter-
mine the tumor’s blood supply and venous features. We totally agree with the expe-
diency of this study, however, we would not insist on the absolute need to conduct it 
to all patients with this pathology.

5. Surgical approaches

According to the literature, several surgical approaches are used to remove 
sphenoid meningiomas: subfrontal, fronto-lateral, fronto-temporal intradural, 
pterional, fronto-temporo-orbito-zygomatic [14, 31, 32]. Eyebrow incision 
supraorbital keyhole approach (essential modification of the standard frontal-
lateral/supraorbital) could be used as well [33]. Recently, several authors have 

Figure 2. 
Type I sphenoid meningioma.

Figure 3. 
Type IIA sphenoid meningioma.

Figure 4. 
Type IIB sphenoid meningioma.
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reported their experience using this approach in the management of tumorous 
lesions around the sellar region [34, 35].

We are using two surgical approaches in our practice: fronto-lateral supraorbital 
and pterional. The advantages and disadvantages of both approaches are presented 
in Table 2.

In general, the patient’s body should be strictly fixated despite the chosen 
approach to allow the operative field position and angles change. A rigid fixation of 
the head in the Mayfield or Sugita skull clamp should be used. We have abandoned 
the use of lumbar drainage to relax the brain during surgery. All surgeries are 
performed under general anesthesia with artificial lung ventilation.

5.1 Pterional approach

The head is turned away from the side of the craniotomy and the neck should be 
extended so that malar eminence is at the highest point of the operative field to allow 
gravity to facilitate brain retraction. The neck should be positioned to avoid excessive 
compression of jugular veins and the endotracheal tube. Elevation of the head of the 
bed and ipsilateral shoulder elevation with a pad is used to ensure adequate jugular 
venous return. The hair is shaved, extending for 3 cm behind the hairline. Skin is incised 
in a curvilinear fashion from 1 cm anterior to the tragus to the midline. Temporalis 
muscle is divided by electrocautery and the myocutaneous flap is reflected anteriorly 
and inferiorly by the subperiosteal dissection with the periosteal elevator and minimal 
electrocautery, until the root of the zygoma, keyhole, and supraorbital ridge are identi-
fied. Posteriorly, the temporalis muscle is retracted for additional temporal exposure.

Adjacent to the Sylvian fissure parts of the frontal and temporal lobes should 
be widely exposed during the trepanation window formation. The extradural stage 
includes pterion and lateral orbit drilling. The meningo-orbital band is cut. Dura 
propria and temporalis are separated from each other. The removal of hyperostotic 
ACP is impossible without this maneuver. MAC usually involves only temporal 
dura, thus DP serves as a great orientation layer covering cavernous sinus and pro-
tecting its structures during dissection. Intraoperative ultrasound investigation and 
neuromonitoring should be used during this stage to ensure the ICA and adjacent 
III and V1 nerves location. Before the intradural stage, it is necessary to visualize 
the optic nerve in the dural sheath, ICA, and the lateral wall of the cavernous sinus. 
Arcuate dural incision along the tumoral border allows to use the proximal undam-
aged dura as brain protection. Incision prolongs to the dura that rostrally covers 
the optic nerve and then along the upper edge of the cavernous sinus caudally. The 
edges are connected along the upper part of the cavernous sinus. Mobilized shred is 
removed together with the adjacent tumor (Figure 5).

Fronto-lateral Pterional

Surgical corridor Intradural Extradural

Clinoidectomy Intradural partial Extradural

Exposure of optic nerve and internal 
carotid artery

Intradural after dissection and 
debulking of tumor

Extradural before the 
tumor dissection

Meningioma devascularization During the removal Mainly before the removal

Need for Sylvian fissure dissection + —

Need for cerebral traction Frontal lobe Minimal due to protective 
dura

Table 2. 
Advantages and disadvantages of pterional and fronto-lateral approaches.
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At this stage, the ON and supraclinoid segment of the ICA could be visualized. 
Markedly deprived from the blood supply, the tumor is debulked. Incrementally, 
the tumor is dissected from ON, chiasm, pituitary stalk, 3rd nerve, bran surface, 
ICA, PCA, ACA, MCA, and their branches in a sharp manner. Wound hermitiza-
tion could be conducted with fat or vascularized galeo-aponeurotic flap.

5.2 Fronto-lateral supraorbital approach

The position of the patient is on his back. The head is raised and turned by 
30° from the approach side. The skin incision is performed along the edge of hair 
growth. The musculocutaneous flap is directed toward the superciliary arch. 
Supraorbitally, a bone flap of approximately 5x3 cm is formed. Avoidance of frontal 
sinus opening is important and the mucous membrane should be dissected from 
the bone and sutured by atraumatic sutures if opened. Following the arcuate dural 
incision, CSF aspiration during Sylvian fissure dissection provides the brain’s relax-
ation and wide working space. There is a tendency to avoid using a retractor for the 

Figure 5. 
Final view after tumor removal, right side. 1 – Drilled optic canal 2 – Incised dura around the optic nerve  
3 – Optic nerve 4 – Brain tissue 5 – Internal carotid artery 6 – Dural edge 7 – Posterior communicant artery  
8 – Oculomotor nerve 9 – Distal dural ring 10 – Superior orbital fissure (connected with optic canal) 
11 – Drilled clinoid base; A and B – Preoperative MRI; C – Preoperative CT; D – Preoperative 3D CT bone 
reconstruction; E – Postoperative 3D CT bone reconstruction.
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frontal lobe. Even if needed, the use should be as the “brain holder” but not for the 
forced retraction. Tumor dissection is started from the attachment point and after 
the ICA, 2nd and 3rd nerves visualization the separation from the basal attachment 
could be safely ended. Following the main arterial supply deprivation, the tumor 
usually becomes softer and the volume reduction is effectively conducted. This step 
allows crucial structures to release. The superior and lateral surface of the anterior 
clinoid bone as well as the optic nerve roof should be skeletonized by excision of the 
involved dura. The optic canal is opened necessarily and the anterior clinoid process 
is drilled within its tumor germination. The procedure is ended with the hermetic 
dural suturing, fixation of the bone flap, and suturing of the skin.

6. Complication avoidance

Skull base surgery is technically complex and requires special training of the 
entire neurosurgical team. The procedure should be performed step by step, as 
each subsequent stage is possible only after the perfect execution of the previ-
ous ones. This form of organization as well as applying general principles of 
craniobasal surgery prevents the majority of surgical complications [36, 37]. 
Today, mortality after sphenoid wing meningioma surgery does not exceed 1.2% 
(0.6-1.8%).

In addition to technical aspects, the correct position of the body and head, 
the presence of neuronavigation and the intraoperative neuromonitoring system 
accompanied with a well-prepared neurophysiologist are no less important [38, 39]. 
The confidence with a set of special micro instruments and its appropriate applica-
tion is crucial. Co-working with anesthesiologists is of great importance in manag-
ing the brain edema and consequences of nerves, meninges, and other immediately 
reactive structures irritation.

The most common complications after the removal of the sphenoid wing 
meningioma are deterioration of vision, 3rd nerve damage, vascular accidents due 
to vessels injury, and CSF leakage [36].

6.1 Optic nerve

Visual impairment is usually the first and main symptom and the primary goal 
of surgery is to preserve and improve the visual function of these patients.

Thus, early extradural visualization following the anterior clinoidectomy 
and intensive irrigation while drilling to prevent thermal damage is extremely 
important.

Dissection of the optic nerve sheath, as well as the falciform ligament, allow to 
explore the nerve in the optic canal, remove the intracanal portion of the tumor, 
and to ensure the complete ON decompression in the bone canal. Subsequent 
intracranial dissection from the tumor should be gentle to cause minimal injury of 
the ON and chiasm.

Early visualization of the ON is challenging in the case of the intradural fronto-
lateral approach as it is covered with a tumor. The fixation point of MAP often 
extends to the roof of the optic canal. The risk of thermal damage of the optic 
nerve is high during the attachment site coagulation. We coagulate and separate the 
meningioma not directly along the basal dura, but retreating a few millimeters into 
the tumor mass. This maneuver lowers the risk of ON sacrifice. Ophthalmic nerves 
could serve as a landmark to find the 2nd nerve as I and II nerves as they are always 
overcrossing.



67

Surgery of Meningiomas of the Anterior Clinoid Process
DOI: http://dx.doi.org/10.5772/intechopen.101945

6.2 Oculomotor nerve

The oculomotor nerve has a low tolerance to any traumatic impact, so the 
violation of its function is possible even in the absence of direct manipulation 
with it during surgery. Nevertheless, if the 3rd nerve has not suffered serious 
traumatic impact intraoperatively, its function will be restored within 1-3 months 
postoperatively.

In contrast to pterional, the risk of damage to the 3rd nerve is minimal via the 
fronto-lateral approach. The oculomotor nerve passes directly below the lower edge 
of the wing, so clinoidectomy and separation of the two dural leaves could be harm-
ful. Attentive dissection of DP and DT along with the plan, adequate irrigation, and 
coagulation avoidance in this area provide a better chance to pass by troubles.

The intracranial area of   the 3rd nerve can be visualized after removal of the 
germinated basal dura. Sometimes it is appropriate to cut the 3rd nerve meningeal 
canal, to reach the tumor in the CS.

6.3 Arteries

Detection of the ICA is challenging because it is covered with a tumor. The point 
is to estimate the character of MAP adhesion to the arterial wall as early as possible. 
Intimate fusion makes surgical separation impossible because of the risk of arterial 
wall damage. The so-called “proximal control” proposed by Al-Mefty is not fre-
quently used nowadays. Comparing two approaches in the context of ICA damage 
risk, the intradural approach is more dangerous because of the need to go through 
the mass of the tumor to reach the artery wall without having a plan for dissection. 
In contrast, the extradural approach provides the opportunity to assess the degree 
of adhesion by early detection of the ICA in CS using intraoperative Doppler and 
visualize it at the level of the distal dural ring.

The presence of circular ingrowth of the ICA by the tumor cast doubt on 
attempts to separate them. Consequently, the sharp dissection of all involved vessels 
of the circle of Willis is preferred.

6.4 Veins

Venous anatomy in this region is extremely variable. They are always full-
blooded and are at high risk of being damaged. The CS is a complex of venous 
channels. Due to the variability of the functional role of each vein, the excision of 
the tumor should be conducted with maintaining the integrity of the veins. They 
should be cut only if there is a confidence that the vein drains the tumor. Sylvian 
veins could be directly drained into the CS [15].

7. Surgical outcomes and prognosis

Sphenoid wing meningiomas are the group of tumors where the advantages 
of cranial base surgery over conventional transcranial surgery can be clearly 
demonstrated. The introduction of craniobasal approaches, which evolved 
from the fronto-temporal to the pterional and the fronto-temporo-orbito-
zygomatic, and from the unilateral subfrontal to the fronto-lateral supraorbital, 
significantly reduces both the mortality and postoperative complications rate. 
Thus, in the 1970s postoperative mortality was up to 43% in some reports [37]. 
In contrast, nowadays less than 2% are reported [36]. The complication rate is 
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dependent on involved structures and surgical approach but has markedly fallen 
over during the recent decades.

Analysis of the factors influencing the postoperative prognosis showed that 
histopathological characteristic of meningioma is one of the main determinants. 
Around 70% of meningiomas are benign (WHO grade I), while 28% are atypical 
(WHO grade II), and 2% are malignant (WHO grade III) [40]. Despite these well-
known prognostic groups, meningiomas could have up to 15 different histologic 
subtypes. These characteristics are marked prognostic predictors and define the 
treatment strategy.

Anterolateral skull base and convexity meninges are derived from the neural 
crest, but the rest of the skull base has mesenchymal origin (paraxial mesoderm 
and dorsal mesoderm) [41]. This correlates with different histological subtypes of 
tumors and even WHO grades. Interestingly, the recent studies demonstrate the link 
between topography (meaning mesenchymal or neural crest origin) and the main 
somatic gene mutations [42].

The radicality of the removal is the next important prognostic factor. However, 
the introduction of radiosurgical treatment of the residual tumor of the skull base 
has significantly decreased the recurrence rate in the described group [42, 43].

8. Radiotherapy and radiosurgery

Surgical resection of MAC is the treatment of choice, but in some cases, surgery 
alone may not be radical due to the tumor invasion to the CS, ICA, and/or ON 
encasement. Subtotal resection with adjuvant postoperative radiotherapy may be 
preferable over complete resection.

High-dose fractionated radiotherapy and radiosurgery have been reported 
to achieve a tumor control rate between 93–97% and 91–98%, respectively [43]. 
Permanent complications after radiosurgery are rare and have been reported in 
0–10.5% of patients. They mainly consist of delayed optic nerve neuropathy, tri-
geminal nerve dysfunction, cognitive deficits, and seizures [44]. Functional results 
after radiosurgery for meningiomas involving the CS have proved to be superior to 
those obtained after microsurgical resection. [45]

The growth pattern in progressive benign meningiomas after failed radiosurgery 
can be unusually aggressive. In the case of reoperation after radiotherapy, it is 
associated with a higher complication rate compared to primary procedures [46].

9. Conclusions

Despite the great variety of existing approaches, the pterional extradural is 
the most common “workhorse” for meningiomas of the anterior clinoidal process 
excision. If there is no clinoid process hyperostosis and cavernous sinus invasion, 
the fronto-lateral approach will be an option. Overall, total clinoidectomy is the 
key procedure for visualization of all important structures during an extradural 
way to the tumor. All the peculiarities should be taken into account to move safely 
and prevent the thermal and mechanical injury of neural and vascular struc-
tures. Radicality of excision is limited by the ICA encasement rate and character, 
the cavernous sinus invasion, and an anterior semicircle of Willis ingrowth. 
Preserving the integrity of perforating arteries and surrounding veins is the main 
key to preventing complications. Finally, the radicality of surgery will never 
exceed the value of the functional result of surgery and the patient’s postoperative 
quality of life.
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Abstract

Pituitary adenomas are one of the most common brain tumors. They represent 
approximately 18% of all intracranial, and around 95% of sellar neoplasms. In 
recent years, our understanding of the pathophysiology and the behavior of these 
lesions has led to better control and higher curative rates. The treatment decision 
is largely dependent on type of the adenoma, clinical presentation, and the size of 
the lesion. In addition, incidental pituitary lesions add uncertainty in the decision-
making process, especially for pituitary adenomas that can be medically managed. 
When surgery is indicated, the endoscopic endonasal transsphenoidal approach is 
the technique of choice, but open standard craniotomy approaches can also be the 
option in selected cases. The following chapter will review the classification, clinical 
presentation, pathophysiology, diagnostic work-up, selection of surgical approach, 
and treatment complications in pituitary adenomas.

Keywords: functional pituitary adenomas, non-functional pituitary adenomas,  
sellar tumor, endoscopic endonasal surgery, prolactinoma, acromegaly,  
Cushing’s disease

1. Introduction

Pituitary adenomas (PA) are benign tumors which account for being the 
second most common intracranial tumors after meningiomas [1]. The incidence 
of PA is 4.36 per 100,000 and can affect all age groups [1]. However, PA is uncom-
mon in the 1st decade of life with a prevalence of 1–10% when compared to all 
brain tumors in that age group [2]. The overall chance of developing a pituitary 
adenoma increases with age, and the non-secretory type is most common after 
40 years old [2, 3]. Presentation is highly dependent on the whether the tumor 
is capable to disrupt hormone homeostasis. Secretory adenomas, also called 
“functional” adenomas, tend to present early in the clinical course of disease. 
Conversely, non-secreting adenomas, also called non-functional” adenomas, typi-
cally present after reaching a critical size, leading to compression of surrounding 
neuronal and/or vascular structures.
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The first step in the management of a patient with a pituitary adenoma is to  
distinguish the lesion between a secreting and a non-secreting one. The secreting-
type subclassification is based on the specific hormone release by the tumor. 
Despite advancements in pharmacologic and radiotherapeutic management, 
surgery is still considered the main modality of treatment for most pituitary 
adenomas.

2. Applied anatomy and general information

The pituitary gland is located in the hypophyseal fossa, which is a depression in 
body of the sphenoid bone located in the middle cranial fossa. Anteriorly, this space 
is limited by the tuberculum sellae, posteriorly by the dorsum sellae, laterally by 
the medial wall of the cavernous sinus on each side which extends from the ante-
rior clinoid process and superior orbital fissure anteriorly to the posterior clinoid 
process posteriorly (Figure 1A). The chiasmatic sulcus is a shallow depression 
running between tuberculum sellae and the limbus sphenoidale where the optic 
chiasm spans between two optic nerves. The anterior tip of the chiasmatic sulcus, 
or limbus sphenoidale, is the limit between the anterior and middle cranial fossae. 
The pituitary gland is an intradural extra-arachnoidal structure with an ovoid shape 
composed of two lobes: a larger anterior lobe and a smaller posterior one. The pitu-
itary stalk (aka the infundibulum) provides the pathway for ascending neural con-
nections arising from superior surface of the posterior lobe to the hypothalamus. 

Figure 1. 
Intracranial view showing sellar and parasellar areas anatomy. A: Superior view of cranial base. Hypophyseal 
fossa, or sellae turcica, bounded anteriorly by tuberculum sellae, posteriorly by the dorsum sellae, laterally by 
the medial wall of the cavernous sinus on each side which extends form anterior clinoid process and superior 
orbital fissure (SOF) anteriorly to posterior clinoid process posteriorly. Anterior tip of chiasmatic sulcus 
called limbus sphenoidale (marked by asterisk) which is the junction between anterior and middle cranial 
fossa. Anterior optic strut separates optic canal superomedially from SOF inferolatearlly and maxillary strut 
separates SOF from foramen rotundum. Middle clinoid process (MCP), which present in 50% of population, 
is a projection from lateral margin of sellae turcica. It corresponds transsphenoidally to medial opticocarotid 
recess. B: Superior view showing the roof hypophyseal fossa and cavernous sinus. Diaphragm sellae roof the 
superior surface of pituitary gland with the exception of a small opening that allows the stalk to pass from 
the gland to the hypothalamus. It is continuous with the dura covering the planum sphenoidale anteriorly 
and the dorsum sellae and clivus posteriorly. The roof of cavernous sinus formed by the oculomotor triangle 
(blue highlighted triangle) and clinoidal triangle. Oculomotor nerve (CNIII) enter the cavernous sinus 
at the middle of oculomotor triangle. The roof of left cavernous sinus is opened to show the contents of the 
cavernous sinus. Only the ICA and abducens nerve (CN VI) are running inside the sinus. CNIII, trochlear 
(CNIV), ophthalmic, and maxillary nerve are running in the lateral wall of cavernous sinus. CN VI enters 
the cavernous sinus by passing under Gruber’s ligament (aka petrosphenoidal ligament) which spans from the 
petrous apex to the posterior clinoid process and form the roof of Dorello’s canal. In this specimen, Gruber’s 
ligament is duplicated. ACP, anterior clinoid process; CAV. ICA, cavernous segment of ICA; MCP, middle 
clinoid process; PCP, posterior clinoid process; ON, optic nerve; PETR. ICA, petrous segment of ICA.
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Due to the lack of a robust blood-brain barrier, the pituitary gland exhibits intense 
enhancement on contrasted magnetic resonance imaging (MRI). The larger anterior 
pituitary gland is composed of 3 parts:

1. Pars distalis (anterior): the largest of the 3 parts, responsible for the bulk of 
hormone production.

2. Pars tuberalis: an upward extension of glandular cell sheaths that connects the 
pars distalis to the pituitary stalk.

3. Pars intermedia: epithelial cells that sheath and separate the pars distalis from 
the pars tuberalis.

Five types of endocrine cells are contained inside the anterior lobe that secrete 6 
different hormones (Table 1). The secretion of hormones is under either stimula-
tory control from hypothalamus or inhibitory control through feed-back mecha-
nisms. Prolactin is the only pituitary hormone that is under inhibitory control from 
hypothalamus by prolactin releasing inhibitory factor, mainly dopamine.

The roof of the sellae is formed by a structure known as the diaphragm sellae, 
which covers the entire superior surface of pituitary gland with the exception of a 
small opening that allows the stalk to pass from the gland to the hypothalamus. It is 
formed by a dual layer of dura that is continuous with the dura covering the planum 
sphenoidale anteriorly and the dorsum sellae and clivus posteriorly (Figure 1B).

Anterior lobe

Pituitary cell Hormone 
produced

Control Staining Target organ Effects

Corticotrophs ACTH ⨁CRH Basophile Adrenal 
gland

Cortisol 
secretion

Thyrotrophs TSH ⨁TRH Basophile Thyroid 
gland

T3 & T4 
secretion

Gonadotrophs LH, FSH ⨁GnRH Basophile Gonads ♂: Testosterone
♀: Estradiol

Somatotrophs GH ⨁GHRH
⊝Somatostatin

Acidophile Epiphyses of 
long bones
Liver

Bones: 
Chondrocyte 
proliferation
Liver: IGF-1 
release

Lactotrophs PRL* ⊝PIF Acidophile Mammillary 
gland

Lactation

Posterior lobe

Hormone produced Target organ Effects

Antidiuretic hormone (ADH) Kidneys Fluid retention, vasoconstriction

Oxytocin Uterine smooth muscle 
Mammary gland

Uterine contraction
Milk ejection into lactation ducts

*Prolactin is the only hormone that is under direct inhibition from hypothalamus.
ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; GH, growth hormone; GHRH, growth 
hormone releasing hormone; LH, luteinizing hormone; PRL, prolactin; TSH, thyroid-stimulating hormone.

Table 1. 
Pituitary glandular cell types and function.
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Two layers of dura cover the sellar anterior wall and the floor, namely: the inner 
(meningeal) layer, and the outer (periosteal) layer. These dural layers run adherent 
to each other on the anterior and floor of the hypophyseal fossa. Laterally, these 2 
dural layers split, as the outer layer continues laterally and form the anterior wall 
of the cavernous sinus, and the inner layer adheres to lateral wall of pituitary gland 
to form the medial wall of cavernous sinus (Figure 2). Inferior and superior inter-
cavernous sinuses are venous channels that connect the bilateral cavernous sinuses 
to each other. These venous channels run in the space between the two dural layers 
in superior and inferior aspects of the hypophyseal fossa (Figure 2). In extended 
transsphenoidal approaches, it is important to coagulate those venous channels 
before dural opening to avoid significant venous bleeding.

The floor of the sellae forms the posterior wall of sphenoidal sinus, which offers 
a shortcut in approaching the sellar region. The sphenoidal sinus can be classified 
based on the degree of pneumatization: conchal, presellar, and sellar. The sellar type 
is the most common and it is found in 80% of population, representing of a fully 
pneumatized sphenoid sinus. The conchal type is present in 3% of the population, 
and it represents a non-pneumatized form. It is common to see this type in the pedi-
atric age population as aeration begins at 10 months of age and rapidly progresses 
between ages 3 and 6 years—eventually achieving final pneumatization around the 
3rd decade of life. The presellar type is an intermediate classification between the 
conchal and sellar types in which partial pneumatization is observed.

During the endonasal transsphenoidal approach to the sellar and suprasellar 
regions important structures can be identified as bony prominences on the poste-
rior wall of sphenoidal sinus depending on the degree of aeration. These include 
the cavernous carotid artery prominences, optic nerves prominences, pituitary 
gland prominence, and paraclival carotids segments prominences. The lateral optic 

Figure 2. 
Transsphenoidal endoscopic stepwise dissection of sellar floor. (A) Sellar floor bone over the right side anterior 
wall of cavernous sinus and pituitary gland has been removed and kept intact on the left side. Important 
landmarks can be appreciated on the sellar floor. Optic nerve, cavernous and paraclival ICA segments 
prominences can be seen. Lateral opticocarotid recess (LOR) seen superolateral to carotid prominence and 
inferior to optic nerve prominence (ON Prom.), and it corresponds to optic strut. Limbus sphenoidale 
spans between optic chiasm/chiasmatic sulcus and planum sphenoidale. (B) Bone over sellar floor removed 
completely. Periosteal layer of dura (PoL) has been peeled from the meningeal layer (MenL) on the right half 
of the gland and kept on the left. The anterior wall of cavernous sinus formed by PoL after separating form 
MenL on the lateral aspect of the pituitary gland and MenL remains stuck to the gland forming the medial 
wall of cavernous sinus. Note the ligament (marked by “*”) that anchor the medial wall of cavernous sinus. 
Also, those 2 layers separate at superior and inferior aspects of pituitary gland to form superior intercavernous 
sinus (Sup. InterCavS.) and inferior intercavernous sinus (Inf. InterCavS.), respectively, which are venous 
channels connecting the bilateral cavernous sinuses. Inferior hypophyseal artery (IHA) is a branch from 
meningohypophyseal trunk in majority of cases and supply the pituitary gland with blood. (C) Dura over sellae 
and suprasellar area has been removed to show the superior hypophyseal artery (SHA) which is a direct branch 
from supraclinoidal segment of ICA to supply the stalk and gland in addition to optic chiasm and nerves. The 
arrow heads pointing to diaphragma sellae. Note the opening in the diaphragm through which the stalk ascends 
from the gland to hypothalamus.



81

Pituitary Adenomas: Classification, Clinical Evaluation and Management
DOI: http://dx.doi.org/10.5772/intechopen.103778

carotid recess is a depression seen between internal carotid artery (ICA) and the 
optic nerve prominences. This structure correlates with the optic strut/anterior 
clinoid process when viewed transcranially (Figure 2).

2.1 Blood supply of pituitary gland

The pituitary gland receives its blood supply from bilateral superior and inferior 
hypophyseal arteries. Superior hypophyseal artery (SHA) is a direct branch from 
the supraclinoidal segment of the ICA. In addition to supplying the pituitary gland 
and stalk, the SHA also supplies the optic nerve and chiasm. The inferior hypophy-
seal artery (IHA) branches from the cavernous segment of the ICA, but can also 
branch from the meningohypophyseal trunk. The IHA supplies the pituitary gland 
and to some extent the stalk (Figure 2). Truong et al. [4] found that the bilateral 
coagulation of IHA has minimal effect on adenohypophysis and neurohypophysis 
functions due to presence of rich intraarterial anastomosis between SHAs. However, 
injury to SHA branches supplying the visual apparatus may result in visual field 
defects or vision loss due to paucity of anastomosis in the optic nerves or chiasm.

3. Classification of pituitary adenomas

Multiple classification systems have been adopted to classify pituitary adenomas. 
They can be classified either based on functioning status (i.e. secretory and non- 
secretory) or on the size of the adenoma (i.e. >1 cm in diameter macroadenoma, 
<1 cm diameter microadenoma). Other classification systems include pathological 
findings under light microscopy with hematoxylin and eosin stains (basophilic, 
acidophilic, or chromophobic), or growth characteristics found on imaging studies 
(e.g. modified Hardy’s classification for suprasellar extension and Knosp classifica-
tion for parasellar/cavernous sinus extension).

The functional classification is the most widely used. It classifies pituitary 
adenomas on the hormone secretion status and the resultant endocrinologic 
manifestation. Functioning adenomas may secrete PRL, GH, ACTH, TSH, or FSH/
LH, and patients usually present with endocrinologic manifestations of endogenous 
effect of the hyper-secreted hormone. Non-functioning adenomas usually present 
with mass effect on surrounding neuronal or vascular structures or with pituitary 
dysfunction due to compression on normal glandular tissue.

4. Clinical presentation

Pituitary adenomas may present with multiple different manifestations. These 
include: hormonal hypersecretory signs and symptoms, pituitary dysfunction, mass 
effect on surrounding neuronal structures, or may present acutely with headache 
and altered mental status due to pituitary apoplexy. However, asymptomatic 
pituitary adenomas discovered incidentally on brain MRI are not uncommon. It 
was found that 10% of general adult population may have asymptomatic pituitary 
adenoma (pituitary incidentalomas) [5].

4.1 Hormonal manifestations

One of the most common clinical presentation of pituitary adenomas is hor-
monal disturbances. Hypersecretion of one of the pituitary hormones will result in 
distinctive clinical syndrome that is related to endogenous effect of the hormone 
(Table 2).
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4.2 Pituitary dysfunction

Pituitary dysfunction is generally caused by the adenoma compression over 
normal secretory glandular tissue or the pituitary stalk. Usually, significant tumor 
growth (size >1 cm) and pituitary compression is needed to cause pituitary dys-
function. GH is the first hormone to be affected, followed by LH and FSH, then 
TSH and lastly ACTH. Single hormonal dysfunction due to pituitary compression 
is extremely rare. Pituitary stalk compression may result in hyperprolactinemia due 
to the loss of inhibitory control from hypothalamus which manifest as a moderate 
elevation in prolactin level (usually <150 μg/l).

4.3 Mass effect

Pituitary macroadenomas may extend to the suprasellar region causing 
compression to the optic nerves and chiasm. Visual impairment is seen in about 
40–60% of patients upon presentation and the classical presentation is bitem-
poral hemianopsia. In addition, suprasellar mass growth may result in hypo-
thalamic compression with subsequent disturbances in eating, emotion or sleep 
pattern. Rarely, 3rd ventricle extension may result in obstructive hydrocephalus. 
Parasellar extension into cavernous sinus is usually asymptomatic, however, 
oculomotor, abducens and trigeminal nerves compressive symptoms may occur. 
Additional parasellar extension may compress the mesial temporal lobe which 
can result in seizures.

4.4 Pituitary apoplexy

Pituitary apoplexy is defined as sudden onset of intense headache associated 
with visual field defects, ophthalmoplegia, and/or altered mental status [6]. 
Pituitary apoplexy is clinically observed in 1–7% of pituitary adenomas [6, 7]. 
The accepted pathophysiology is tumor outgrowth of the vascular blood supply 

Adenoma type Incidence* Hormone 
in excess

Clinical manifestation

Prolactinoma 40–57% PRL Male: decrease libido, impotence.
Female: amenorrhea-galactorrhea syndrome
Either sex: infertility, osteoporosis, headache, 

visual changes

GH cell 
(somatotroph) 
adenoma

11% GH Acromegaly

Corticotroph 
adenoma

2% ACTH Cushing’s disease

Thyrotroph 
adenoma

Rare TSH Hyperthyroidism

Gonadotroph 
adenoma

Rare LH, FSH Mostly present as non-secretory adenoma; rarely 
may cause menstrual abnormalities, ovarian 

hyperstimulation syndrome, and in males may 
cause testicular enlargement, hypogonadism

*Incidence of all pituitary adenomas [41].

Table 2. 
Functional pituitary adenomas clinical presentation.
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resulting in hemorrhagic infarction of the tumor mass [8]. Headache is the most 
common symptom which is usually felt over frontal or retro-orbital areas. However, 
visual field defects, cranial nerves palsy, and meningeal irritation signs and symp-
toms are not uncommon. Approximately 80% of patients have anterior pituitary 
hormonal dysfunction with ACTH deficiency being the most critical one.

There is evidence suggesting that the risk of pituitary apoplexy is higher in 
functional pituitary adenomas (e.g. GH-secreting adenomas and prolactinomas). 
However, there is contradicting data demonstrating a higher risk in non-functional 
ones [7]. Multiple risk factors for pituitary apoplexy have been identified including; 
sudden changes in blood pressure, (e.g. major surgeries), coagulative disorders and 
anticoagulation usage, radiotherapy, estrogen-based oral contraceptive pills, and 
head trauma [6, 7, 9].

5. Prolactinoma

Prolactinoma is the most common type in secretary pituitary adenoma with 
an incidence of 50% of all pituitary adenomas. It is typically commonly seen in 
women aged 20–50 years old. As stated previously, prolactin is under continu-
ous inhibition from dopamine, a PIF, secreted from hypothalamus through the 
pituitary stalk. Stalk dysfunction, either by compression or hypothalamic lesion, 
will result in loss of prolactin inhibition with subsequent prolactin elevation. 
Prolactinomas arise from monoclonal expansion of pituitary lactotrophs, however, 
5–10% of prolactinomas can co-secrete GH resulting in superimposed gigantism/
acromegaly [10]. As the disruption of hormone homeostasis causes subtle symp-
toms in some prolactinoma patients, it is the most likely tumor to become large 
enough to cause clinical manifestations of mass effect compared to other secret-
ing tumors.

5.1 Signs and symptoms

Hyperprolactinemia symptoms in males include decreased libido, sexual 
dysfunction and oligozoospermia (due to secondary hypogonadism). In perimeno-
pause females, amenorrhea-galactorrhea syndrome is usually seen, which is a triad 
of galactorrhea, amenorrhea and infertility. In children and adolescents, growth 
arrest, pubertal delay and primary amenorrhea are frequently seen. Symptoms may 
also be due to mass effect which may cause headache, vision field deficits, cranial 
nerve palsy, seizure, and hydrocephalus.

Head trauma

Convulsions

Medication (antipsychotics, antiemetics, verapamil)

Chest wall stimulation, strenuous exercises, heavy meals.

Craniopharyngioma, granulomatous disease of the hypothalamus, acromegaly

Primary hypothyroidism

Pregnancy and breast feeding

Table 3. 
Differential diagnosis of hyperprolactinemia.
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5.2 Evaluation

Diagnosis of prolactinoma requires both: radiological evidence of adenoma 
and sustained hyperprolactinemia. Normal PRL levels in women are <25 μg/l and 
in men are <20 μg/l. Single random measurement of PRL at any time of the day is 
adequate for evaluation of hyperprolactinemia. The differential diagnosis of hyper-
prolactinemia is wide (Table 3), but PRL level is seldom >100 μg/l in these condi-
tions. Pituitary stalk compression (Stalk Effect) can also cause hyperprolactinemia 
(e.g. PRL level up to 150 μg/l) [11, 12].

In PRL-secreting adenomas, PRL level usually correlates with tumor size as levels 
above 250 μg/l are commonly seen in macroadenomas [12]. In the setting of low PRL 
level in patients with clinical presentation strongly suggestive of a prolactinoma, “hook 
effect” should be suspected. Hook effect occurs due to the impairment of immune-
complex formation in the presence of high levels of PRL. To overcome this phenom-
enon, serial dilution of the sample with repetition of the immunoassay is needed.

After ruling-out other causes of hyperprolactinemia, diagnosis confirmation of 
prolactinoma is made by gadolinium-enhanced brain MRI.

5.3 Management

Management of prolactinomas depends on several factors: tumor size, patient 
symptoms and preferences, and PRL level. All patients with macroadenoma require 
treatment, however, mildly symptomatic microadenoma patients (e.g. premeno-
pausal woman with normal menstrual cycles and galactorrhea, or postmenopausal 
woman with tolerable galactorrhea) can be followed-up with serial PRL level 
measurement and brain MRI. Since only 5–10% of microadenomas will enlarge in 
size [13], management of microadenomas should not be based on size control alone. 
Prolactinomas respond very well to medical therapy, and dopamine agonists are the 
first line of management (e.g. bromocriptine or cabergoline) (Table 4).

Bromocriptine is a non-selective dopamine receptor agonist. It is the first line 
of management for microadenoma patients seeking fertility restoration and it is 
effective in 90% of patients and PRL level normalization can be achieved in 82% of 
patients [14]. If pregnancy has been achieved, bromocriptine can be stopped safely 
without a risk of abortion or congenital malformation. In child-bearing age women 

Dopamine 
agonist

Bromocriptine Cabergoline

Mode of action Ergot-derivate D1 and D2 receptors 
agonist

Non-ergot-derivate Selective D2 agonist

starting dosage 1.25 mg/day 0.5 mg/week

Desired dosage 1.25 mg increment weekly until 2.5 mg × 
3/day is reached

0.5 mg increment monthly until maximum 
dose of 3 mg/week is reached

Side effects Gastrointestinal (GI) upset, postural 
hypotension, peripheral vasodilation, 
mood disturbances

GI upset, headache, dizziness, 
hypotension, cardiac valve fibrosis (mitral 
valve most commonly affected)

Response rate 
[14]

Microadenoma: normalize PRL in 82%, 
gonadal function restoration in 90%
Macroadenoma: 80% will reduce in size

Microadenoma: 70% effective in 
bromocriptine resistant patients with fewer 
side effects rate
Macroadenoma: higher tumor size control 
compared to bromocriptine

Table 4. 
Bromocriptine and cabergoline specifications.
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with microadenomas, risk of microadenoma progression is low and prolactin level 
monitoring is not necessary [15].

Macroadenomas always need management. Bromocriptine should be the drug of 
choice for patients who need fertility restoration. Pregnant women with macroad-
enoma without extrasellar extension can be followed similarly as microadenoma 
patients. However, if the suprasellar extension was detected before pregnancy, 
tumor debulking is advisable as the risk of macroadenoma growth during preg-
nancy is up to 35% [15, 16]. In these patients, it is also prudent to have a visual field 
assessment every 3 months till delivery.

Surgical management of prolactinoma is indicated in patients who are non-
responders to dopaminergic therapy, with intolerable adverse effects from medical 
therapy (e.g. bromocriptine), CSF fistulas under DA, cystic tumors with intramural 
hemorrhage, or progressive neurological deficits [11, 17]. Stable visual field defect is 
not considered an indication for surgery as most patients will have tumor shrinkage 
on medical therapy with improvement on visual symptoms.

When to consider a prolactinoma as being medication resistant?

1. Failure to normalize serum prolactin levels after having received a daily dose of 
15 mg of Bromocriptine for 3 months (25% of patients).

2. Failure to normalize serum prolactin levels after having received a weekly dose 
of 1.5–3.0 mg of Cabergoline for 3 months (10–15% of patients).

Seventy-percent of bromocriptine resistant patients will respond on cabergoline. 
Around 10–16% of prolactinoma patients will need surgical management [11]. Most 
patients will have a reduction of PRL levels 2–3 weeks after dopamine agonist initia-
tion, which generally precedes the tumor size reduction. Periodic PRL measure-
ments and pituitary MRI every 6–12 months is advised. After 2 years of continuous 
therapy, if prolactin levels have been normalized and >50% reduction of tumor 
size has been achieved, medication dose can be reduced. Typically, a low-dose of 
dopamine agonist after 2 years of tumor control will usually keep prolactin within 
normal range and prevent tumor recurrence [18].

6. Acromegaly and gigantism

Acromegaly is a rare disorder resulting from exposure to high levels of GH 
which is associated with significant morbidity and mortality. The most common 
cause of acromegaly is pituitary adenomas which may be either pure-GH secret-
ing adenoma (60%) or mixed cell adenoma. In children before epiphyseal plate 
closure, GH secreting adenoma results in gigantism. It has an annual prevalence 
of 4 new cases per million inhabitants, with male and female being equally 
affected [19]. Other rare causes of acromegaly include growth hormone releasing 
hormone (GHRH) secretion from hypothalamus (e.g. hamartoma or glioma) or 
ectopic GHRH secreting tumors (e.g. primary bronchial carcinoid or pancreatic 
cancers).

6.1 Clinical presentation

The majority of acromegaly cases are due to GH-secreting pituitary adenomas. 
Similar to other subtypes of pituitary adenomas, GH-secreting adenomas may pres-
ent with mass effect symptoms and/or with signs and symptoms of the endogenous 
effect of the over secreted hormone (i.e. GH).
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Acromegaly dysmorphic features include enlarged hands and feet, facial bone 
enlargement that results in frontal bossing, prognathism, maxillary widening with 
the resultant of teeth separation and jaw malocclusion. The pathophysiology of 
bone changes is due to GH/IGF-1 effects on the periosteum of bones that results 
in new bone formation and bone remodeling. In the extremities, these effects 
will result in osteophyte formation over the digits with cartilage hypertrophy. 
Radiological hand findings include joint spaces widening, enthesopathy, diaphy-
sis broadening and soft tissue hypertrophy. Due to these changes, two-thirds of 
patients will have degenerative arthropathy with large joints more commonly 
affected. In fact, arthropathy is the most common symptom referred by patients 
with acromegaly on presentation and the leading cause of morbidity. The axial 
skeleton can be affected by the same mechanism resulting in excessive kyphotic 
angulation of the thoracic spine with a compensatory hyperlordotic angulation of 
lumber vertebrae. These factors contribute to the fact that approximately half of 
these patients have low back pain. Neurogenic claudication is not uncommon due to 
ligamentum flavum hypertrophy with the resultant spinal canal stenosis. Patients 
with pure somatotroph pituitary adenoma usually have normal bone mineral den-
sity, however, acromegaly patients showed a higher incidence of vertebral compres-
sion fractures with high IGF-1 being a significant risk factor [20].

Growth Hormone and insulin like growth factor 1 can also affect visceral organs. 
Up to 50% of acromegaly patients have hypertension [21, 22]. The underlying cause 
is multifactorial. Endothelial dysfunction can be caused by GH-induced hyper-reac-
tivity of the sympathetic nervous system [23]. In addition, high levels of GH/IGF-1 
increase sodium reabsorption in renal distal tubules which results in chronic water 
retention/hypervolemia and increased plasma volume (up to 40%) when compared 
with normal individuals. Another important cause is chronic-sleep-apnea-induced 
hypertension as 80% of acromegaly patients have obstructive-sleep apnea induced 
by soft tissue hypertrophy. In addition, hypertrophic cardiomyopathy is commonly 
found in long standing acromegaly with diastolic dysfunction being the most 
common cardiac manifestation. Moreover, premature ventricular contractions 
can be detected in up to 50% of patients. The most common cause of mortality in 
acromegaly patients is due to cardiac arrhythmias or dysfunction [19].

Acromegaly has deleterious effects on both the upper and lower respiratory 
systems. Costal bone and subsequently chest wall changes (e.g. barrel chest) are 
common. Intercostal muscles also are affected by segmental degenerative fibrotic 
changes resulting weak inspiratory and expiratory efforts [24]. In the upper respira-
tory tract, acromegaly patients develop macroglossia, narrowing of pharyngeal 
airway space and thickening of vocal cords. These changes contribute largely to the 
pathogenesis of obstructive sleep apnea. One third of acromegalic patients with 
sleep apnea have neurogenic causes due to the effect of GH/IGF-1 on the respiratory 
center in the brain stem. Total lung capacity is increased in the majority of acrome-
galic patients due to increased alveolar volume. Narrowing of bronchi and bronchi-
oles lead to obstructive patterns found in approximately 30% of patients, but they 
rarely have hypoxia due to the absence of ventilation-perfusion mismatch.

In the intestine, increased GH results in an incidence of colon polyps and 
cancer. Delhougne et al. [25] found in a prospective study that 45% of acromegalic 
patients had colonic polyps, 24% of them were of the adenomatous type. IGF-1 is 
unique in that it induces cellular growth and proliferation while also possessing an 
anti-apoptogenic effect. In 2010, The British Society of Gastroenterology (BSG) 
and the Association of Coloproctology for Great Britain and Ireland (ACPGBI) 
advised to start screening of acromegaly patients at the age of 40 with colonoscopy, 
10 years earlier than the general population. Patients who were found to have 
adenoma at first screening or an increased serum IGF1 level above the maximum of 
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the age-corrected normal range needed to be screened every 3 years. Patients with 
normal colonoscopy or non-adenomatous polyp, or normal growth hormone/IGF1 
level, should be screened every 5–10 years [26].

6.2 Evaluation

Due to its pulsatile nature of secretion, random GH measurement is not 
preferred. Clinical diagnosis starts by observing the typical manifestations of 
GH hypersecretion (Figure 3). Once it is suspected, early morning GH level and 
IGF-1 level are measured. It is highly advised to use sex and age adjusted levels 
of IGF-1 as variations in the levels may result in false negative results. The gold 
standard test for acromegaly diagnosis confirmation is oral-glucose tolerance 
test (OGTT).

All patients with confirmed acromegaly should be screened for associated 
comorbidities which include hypertension, diabetes, cardiomyopathy and ECG, 
sleep apnea, and colonoscopy if the age above >40 years old. Patients who have 
acromegaly related comorbidities have two-fold increase in mortality [24]. While 
clinical manifestation is extremely indicative of the type of pituitary adenoma—lab 
values for other pituitary hormones are important screening factors for mixed 
adenomas (e.g. PRL co-secretion is found in 30% of patients). Standard visual field 
assessment should be offered to all patients who have macroadenomas abutting the 
visual apparatus on imaging studies.

Pituitary MRI is needed for evaluation of acromegaly of pituitary source. 
Because of its insidious onset, GH secreting pituitary adenomas present around 
4–7 years after onset. At the time of diagnosis, around 75% of acromegaly patients 
have macroadenoma on MRI. It is important to note the extent of invasion to supra-
sellar and cavernous sinus compartments (Figure 4).

Figure 3. 
Acromegaly diagnosis algorithm.
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6.3 Management

The goal of management in GH-secreting adenomas is to normalize GH/IGF-1 
levels, remove the mass effect of adenoma from surrounding neurovascular struc-
ture, and reverse or control comorbidities that are related to high GH levels. Most of 
biochemical and structural changes caused by high GH status are reversible (Table 
5). Treated acromegaly patients with postoperative GH <1 ng/mL have mortality 
rate that is similar to age-matched general  population [27].

Surgical excision through a trans-sphenoidal route is the gold standard. Unless it 
is contraindicated, all patients should be offered surgical excision of the adenoma. 
In older reports before the year of 2000, GH normalization rate after surgical 
management was between 40 and 70% [28]. The most common cause of incomplete 
tumor excision and failure of GH normalization after surgery is extra-sellar tumor 
growth, specifically invasion into the cavernous sinus. Adenoma total resection will 
result in a biochemical cure which is defined as IGF-1 within normal range for age 
and gender, and suppression of GH to <1 ng/mL following OGTT [29].

Recent studies have found that the rate of medial wall invasion in GH-secreting 
adenomas between 70 and 89% and resection of the medial wall of the cavernous sinus 
resulted in higher post-operative GH normalization rate which in recent reports was 
found to be 67–92% [29–32]. Detection of suprasellar extension or cavernous sinus 
invasion can be evaluated and graded on pre-operative MRI scans by using Hardy’s and 
Knops’ classification systems (Figure 4), This system uses CISS and VIPE sequences to 
evaluate cavernous sinus invasion and optic canal tumor extension [33, 34].

Treatment algorithm is summarized in (Figure 5) which is adopted from The 
Endocrine Society Guidelines released in 2014 [35].

Important points regarding the management of GH-secreting adenomas:

• Surgical debulking should be offered to patients who harbor large adenomas 
with significant extra-sellar extension as that would increase the response to 
medical therapy.

Figure 4. 
Modified Hardy’s classification for sphenoidal sinus and extrasellar extension (A), and Knosp classification of 
cavernous sinus invasion (B).
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• All patients who had total resection of the adenoma and achieved biochemical 
cure should be followed-up with IGF-1 level annually.

• All patients who did not achieve biochemical cure should be treated with 
octreotide (SRL). Pegvisomant is added to medical regimen if the response on 
octreotide is suboptimal.

• Radiotherapy is offered for patients who had recurrent adenoma or in sub-
optimal response on medical therapy. All patient who received radiotherapy 
should be monitored for hypopituitarism as 80–100% of patients will develop 
it about 10 years after radiotherapy [28]. It is particularly helpful in adenoma 
growth control in 90% of patients and can achieve normal IGF-1 level in 
up to 70% of patients, however, full response takes 10 to 15 years to be seen 
[28, 36].

• On early morning of post-operative day 1, GH level < 2 ng/ml is highly predic-
tive of surgical biochemical cure [37].

Cardiovascular 
changes

Outcome Notes

Hypertrophic 
cardiomyopathy

Reversable Better prognosis in patients <40 years and 
shorter duration of GH exposure (<5 years 
duration)

Arrhythmias Reversable

Hypertension Possible reversable Unsolid data showed possible reversibility

Valvular hear 
disease

Irreversible Mitral and aortic valves are most commonly 
affected

Metabolic 
changes

Outcome Notes

Insulin resistance/
diabetes

Reversable Depends on the status of beta-cells function. 
Octreotide associated with deleterious effect on 
glucose metabolism especially at the beginning 
of treatment

Hyperlipidemia Reversable

Respiratory 
changes

Outcome Notes

Sleep apnea Reversible (unless significant 
remodeling of upper airways 
due to long-standing 
acromegaly)

Nocturnal PEEP-ventilation assisted device 
ma needed in treated patients with irreversible 
upper airway changes

Lung volume and 
elasticity

Reversible

Musculoskeletal 
changes

Outcome Notes

Arthropathy Irreversible Treated patients may have improvement on 
pain and range of motion, but not on the 
structural joints changes.

Carpal tunnel 
syndrome

Reversible

Table 5. 
Reversible and irreversible biochemical and structural changes in treated acromegaly patients [22].
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• Octreotide may result in gastrointestinal hypomotility and increase the risk of 
gallbladder stones, however, regular monitoring with ultrasound is not needed.

• Pegvisomant reversibly elevates liver enzymes. Patients should have liver 
enzymes monitored every month for first 6 months and every 6 months there-
after. If liver enzymes become elevated three-times above the baseline level, 
Pegvisomant should be stopped.

• Patients may experience excessive diuresis after surgery with immediate 
improvement in soft tissue edema which should be differentiated from postop-
erative diabetes insipidus. This phenomenon occurs due to fluid mobilization 
from soft tissue as GH cause significant fluid retention and plasma volume 
expansion. Zada et al. found that patients with a negative cumulative fluid bal-
ance at 48 hours after surgery were more than twice as likely to have a GH level 
of <1.5 ng/ml (55 vs. 25%, p = 0.023) [38].

7. Cushing disease

Cushing disease (CD) is a clinical syndrome caused by exposure to supraphysi-
ological levels of cortisol due to adrenocorticotropic hormone (ACTH) hypersecre-
tion from pituitary gland. Cushing disease has an annual incidence of about 2.4 
cases/million and a prevalence of 39.1 cases/million [39, 40]. The cause of 70% of 
endogenous CD is by pituitary adenomas. 20–30% of endogenous CD are due to 
ectopic-ACTH secreting tumors, 50% of them are from lung cancer.

In normal physiological conditions, ACTH secretion from the anterior pituitary 
gland is under stimulatory effect by corticotropin-releasing hormone (CRH) 
released from the paraventricular hypothalamic nucleus. CRH is delivered to 
pituitary corticotroph cells through hypophyseal portal venous system. ACTH 
release will stimulate cortisol secretion from adrenal glands. Cortisol will exert an 

Figure 5. 
Acromegaly management algorithm. SRL, somatostatin receptors ligands. *Repeat surgery is recommended 
for residual and resectable disease. **SRL are the first line of management in patients who are poor surgical 
candidates, have extensive parasellar invasion, or who had only tumor debulking.
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inhibitory effect on ACTH and CRH release from pituitary gland and the hypotha-
lamic nucleus, respectively, in a negative feedback-mechanism. Adenoma cells are 
not sensitive to high levels of cortisol, however, CRH levels will be suppressed.

ACTH-secreting adenomas are rare, they constitute around 6% of pituitary 
adenomas [41]. On diagnosis, the majority are microadenomas and only 4–10% 
are macroadenomas [40]. Unlike acromegaly, CD has female predominance (3:1). 
Unlike prolactinomas and GH-secreting adenomas, ACTH-secreting adenomas have 
no relationship between the size of the adenoma and the extent of hypersecretion. 
Mathioudakis et al. found that patients with microadenomas had more clinical signs 
and symptoms overall when compared to patients with macroadenomas [42].

7.1 Clinical presentation

High cortisol levels have deleterious effects on almost every organ or system in the 
body. The most common signs and symptoms are glucose intolerance, hypertension, 
plethoric rounded facies, decreased libido in both sexes, and menstrual irregulari-
ties in females [43]. Other manifestations include osteoporosis, skin thinning and 
easy bruising, buffalo hump, acne, and proximal muscle weakness. In the pediatric 
age group, CD should be suspected in children who present with rapid weight gain, 
growth retardation and dorsocervical fat pad. Uncontrolled CD is associated with 
high mortality with estimated 5 years’ survival of 50% [44]. The main causes of mor-
bidity and mortality in untreated patient are myocardial infarction, strokes, diabetes 
mellitus, and infection. However, even after successful management, patients are at 
higher risk for lethal cardiovascular incidents up to 5 years after treatment [45].

7.2 Evaluation

Early recognition of CD is vital for mitigation of long-term consequences from 
high cortisol exposure. The first step in diagnosis relies on clinical suspicion. 
Exogenous corticosteroid source should be first ruled-out by a detailed history. 
The diagnostic work-up is summarized by 3 broad steps: detection of high cortisol 
level, ACTH level status, and localization of the disease origin (Figure 6). After 
biochemical confirmation of Cushing syndrome, ACTH level should be measured.

Low-ACTH levels mean that pituitary cells are suppressed and there is no 
extra-pituitary ACTH secretion. In this setting, it is prudent to rule-out adrenal 
adenomas. If ACTH level is high, CD is confirmed and the localization of the 
source of ACTH secretion should be evaluated. Unlike cancer cells that secret 
ACTH, adenomas affecting corticotrophic pituitary cells are usually suppressed 
by exogenous high corticosteroids doses. High-dose dexamethasone test (e.g. 8 mg 
given at 9 p.m. and cortisol levels measured at 8 a.m. the next morning) will sup-
press ACTH secreted from pituitary adenoma but not from ectopic sources. MRI 
pituitary need to be ordered if high-dose dexamethasone test localize the source to 
pituitary gland. As mentioned earlier, 70–75% of ACTH-secreting adenomas are 
microadenomas. However, up to 60% of these adenomas are not detected on MRI 
[43, 45, 46]. To increase detection rate of the adenoma, volumetric interpolated 
breath-hold examination (VIBE) sequences should be added [47]. If the brain MRI 
is negative or high-dose dexamethasone test is unequivocal and a pituitary source 
is still highly suspected, inferior petrosal sinus (IPS) sampling would confirm the 
pituitary source and also localize the tumor within the pituitary gland to the left or 
right side. IPS sampling has an accuracy rate of up to 95%, however, it is an invasive 
procedure and requires highly experienced operators. To enhance the detection 
rate, bilateral simultaneous IPS sampling after CRH or desmopressin stimulation is 
highly recommended (Figure 7) [48, 49].
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It is important to mention that IPS sampling is not recommended for adenoma 
localization in previous surgically treated patients because the venous drainage of 
the pituitary gland lateralizes unpredictably after initial surgery [50].

Figure 6. 
Diagnosis algorithm for Cushing disease.

Figure 7. 
Bilateral internal jugular vein catheterization (A) and selective contrast injection and sampling of bilateral 
inferior petrosal sinuses (B).
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7.3 Management

The only current treatment is surgery, and the aim should be total adenomec-
tomy. Surgical cure and recurrence rate depends on surgeon experience, adenoma 
size, extra-sellar extension, and adenoma detection on preoperative MRI. The defi-
nition of postoperative biochemical remission varies in the literature but cortisol 
levels in the early morning after surgery <5 μg/dl within 2–7 days of adenomectomy 
is widely considered to have high positive predictive value of remission [51].

Remission rate in surgically treated CD is 69–93% [52–54]. Recurrence rate 
after successful management is between 3 and 22% of patients after 3 years [50]. 
However, in patients whose preoperative MRI failed to show the adenoma, remis-
sion rate drops to 50–70% [54]. Adenomectomy resection using pseudocapsule 
technique in which the tumor is resected with its surrounding adherent pituitary 
cells is associated with higher success rate, longer remission rate, and higher rate of 
cortisol decline in the post-operative period (Figure 8) [45, 55].

In cases where the adenoma is small or not visualized on MRI, several options 
are available which will aid in intraoperative tumor localization. Waston et al. 
could localize ACTH-secreting adenomas by using intraoperative ultrasound in 
69% of their patients with negative preoperative MRI [56]. If intraoperative ultra-
sound is not available or inconclusive, sellar exploration with making multiple 
cuts within the pituitary gland looking for the adenoma may be warranted. 
However, in such cases it is very important to expose the whole pituitary gland 
by wide removal of sellar floor bone and wide dural opening. Additionally, it is 
crucial to expose the anterior and medial walls of cavernous sinuses bilaterally for 
adequate visualization. If the exploration was not fruitful, then a partial hypoph-
ysectomy of the side that was lateralized by IPS sampling should be considered. 
Total hypophysectomy (i.e. removal of the anterior pituitary gland while leaving 
the posterior gland attached to the stalk) may be considered in cases where IPS 
sampling was unable to lateralize the adenoma, or in cases where intraoperative 
localization of the adenoma failed.

But the question is when to consider that patient has failed the surgical manage-
ment and did not achieve remission?

Determining when to consider a patient has failed surgical management is dif-
ficult. As stated, all patients should have their cortisol levels evaluated the morning 

Figure 8. 
A 30-year-old female patient presented with typical features of Cushing disease. Preoperative workup revealed 
high cortisol level. She was investigated with MRI pituitary with contrast which showed microadenoma 
involving the left half of the pituitary gland (A). The patient underwent endoscopic transsphenoidal total 
resection by utilizing pseudocapsular technique (B). She went to complete remission 36 hours after surgery.
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after surgery. Immediate postoperative cortisol levels may fluctuate. Generally 
after 72 h, cortisol level is stabilized, and therefore can be a better determinant of 
whether that the patient did not reach the remission state [57]. However, it was 
found that cortisol level ≤2 μg/dl within first 24 h after surgery there is a 100% 
sensitivity for durable remission [58]. A serum cortisol value >5 μg/dl up to 6 weeks 
post-surgery is considered to have persistent disease and should be considered for 
repeat surgery. Ten percent of patients who had durable remission after adenomec-
tomy will develop recurrence of the disease, therefore, all patients need regular long 
follow-up for recurrence monitoring [59].

Then, what if the patient failed first surgery and remission did not achieved?
If a patient failed to achieve remission after their first surgery, it is always 

advisable to do an exploration of the pituitary gland and resect any remnant of 
the adenoma. Firstly, a pituitary MRI should be repeated; if MRI shows remnant 
adenoma, resection is needed as soon as possible. If MRI failed to show the remnant 
disease, surgical exploration of the resected cavity and possible partial or total 
hypophysectomy should be considered.

But, what if partial or total hypophysectomy have been done in first operation?
In such cases, patient should receive medical therapy, radiotherapy, or other 

adjuvant therapy.
The aforementioned plan can also be adopted for recurrent disease after an initial 

biochemical cure. In terms of radiotherapy, stereotactic radiosurgery has the highest 
incidence of CD remission with rate of 70–75% according to recent reports [60, 61].

Most patients who had successful resection of the adenoma will develop hypo-
cortisolism. This is happens due to longstanding suppression of normal cortico-
troph cells by high cortisol levels and it takes more than 6 months for those cells 
to recover. In our practice, we do the first cortisol level measurement 6 h after the 
surgery and we repeat it every 6 h for the first 3 days. We give replacement therapy 
(hydrocortisone 8 mg/m2 on early morning and 4 mg/m2 on evening) only if 
cortisol level < 1.8 ug/dl. Hypopituitarism occurs after adenoma resection in <5% of 
cases, therefore, pituitary function assessment should be usually done 2 weeks after 
surgery by measuring prolactin and T4 levels [45].

Lastly, Cushing’s disease patients have an increased risk of venous thrombo-
embolism (VTE). The incidence of postoperative VTE was found to be 3.4% in 
one study. Excess circulating corticosteroids cause inhibition of fibrinolysis and 
accelerated activation of coagulation factors. Even after correction of high cortisol 
level, Hypercoagulability state persist for extended period and the exact time of 
hemostatic parameters normalization is not well studied [62]. One proposed plan is 
to keep the VTE chemoprophylaxis up to 30 days after surgery [62].

8. Nonfunctional pituitary adenoma

Non-functional, or non-secretory, adenomas constitute about 10–20% of all 
intracranial tumors and 15–30% of all pituitary adenomas [63]. They are the second 
most common pituitary adenoma after prolactinoma. However, if only macroade-
nomas are considered, NFPA is the most common one [64]. NFPA is unique com-
pared to functional pituitary adenomas in different aspects. First, NFPA are usually 
seen in old age groups compared to functional adenomas. Second, patients present 
mainly with signs and symptoms of mass effect. Third, large number of patients 
have hypopituitarism in one or more of pituitary axes. On the other side, many of 
NFPA patients are detected incidentally (pituitary incidentalomas). The incidence 
of asymptomatic NFPA varies in the literature, but one large meta-analysis-autopsy 
study found the mean prevalence of pituitary incidentalomas was 10.7% [65].
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The natural history of incidentally discovered NFPA remains relatively unknown. 
However, the risk of tumor expansion is related closely to tumor size on presentation 
and, to lesser extent, tumor relation to optic apparatus [66]. Microadenomas have a 
low chance of expansion (19%) compared to macroadenomas (25–50% of macroad-
enoma patients show tumor expansion on follow-up imaging) [66].

8.1 Clinical presentation

The most common presentation of NFPA is headache. It may be caused by intra-
sellar pressure increment and dural lining compression which are innervated by 
trigeminal nerve branches. Visual field defect is the second most common clinical 
presentation that may be seen in up to 61% of cases [64, 67]. Visual field defects are 
asymmetrical in 2/3 of the patients. They occur due to optic nerves and/or chiasm 
displacement and compression, which also may result in permanent deficit in long-
standing compressions.

Tumor extension to cavernous sinus may result in ophthalmoplegia due to 
compression of CNIII, CNIV, and CNVI. CNIII is most commonly affected followed 
by CNVI and then CNIV.

Adenomas greater than >4 cm of diameter may obstruct foramen of Monro and 
cause obstructive hydrocephalus.

Pituitary apoplexy is another common presentation for these lesions. Pituitary 
apoplexy is most commonly seen in NFPA, accounting for 45–82% of pituitary 
apoplexy cases, and 7–9.5% of asymptomatic NFPA present initially with  
pituitary apoplexy [64].

Hypopituitarism is another common sequela of NFPA. 70–85% patients will 
have deficiency in at least one axis of pituitary cells secretion [68]. Hypopituitarism 
occurs in an expected sequence of hormonal loss which usually affect GH, then LF/
FSH, then TSH, and lastly ACTH. Diabetes insipidus is rare in non-surgically-NFPA-
treated patients, and if it is found in a patient with pituitary lesion, other lesions 
should be considered (e.g. craniopharyngioma, aneurysms, metastasis).

Lastly, as stated previously, NFPA may be discovered incidentally on brain 
MRI that was done for other causes. In one large single-center prospective study, 
49% of NFPA presented incidentally and 85% of them harbored macroadeno-
mas. Interestingly, in the same cohort, they found that half of the patients in the 
asymptomatic group reported some mass effects symptoms like headache and/or 
visual symptoms and only 35% of the incidentally discovered group (in which brain 
imaging done for unrelated reasons) has no symptoms at all [69].

8.2 Evaluation

All patients who their imaging studies showed pituitary adenoma, whether symp-
tomatic or asymptomatic, should go thorough hormonal evaluation as recommended 
by The Clinical Guidelines Subcommittee of The Endocrine Society [70]. These include 
IGF-1 and GH, ACTH, prolactin, FSH/LH, and TSH. If ACTH and IGF-1 test are 
equivocal, stimulatory tests are recommended. Hypopituitarism is not uncommon 
and hormonal replacement therapy should be initiated in patients with hormonal 
deficiency. Panhypopituitarism can be seen in up to 30% of patients. Prolactin level 
could be elevated in 25–65% caused by pituitary stalk compression (stalk effect) [71]. 
Therefore, it is important to differentiate between hyperprolactinemia caused by a pro-
lactinoma or NFPA. Prolactin level > 200 μg/L is unlikely to be caused by stalk effect.

The diagnostic approach and follow-up are different between symptomatic and 
asymptomatic NFPA. In symptomatic NFPA, and after doing the hormonal laboratory 
tests, all patients need to have ophthalmic evaluation for assessing optic apparatus 
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function. Also, it is important to have a detailed history and physical examination to 
assess the patient symptoms. In asymptomatic NFPA, patients need to have complete 
hormonal evaluation as mentioned previously to rule-out hyper-or-hypopituitarism. 
Asymptomatic microadenomas can be followed-up after 1 year of diagnosis by 
repeating the brain imaging only. In asymptomatic macroadenomas, follow-up is after 
6 months with brain MRI and hormone levels, then every year if the follow-up images 
and laboratories did not show tumor progression or pituitary dysfunction (Figure 9).

8.3 Management

Treatment of patients with NFPA starts with hormonal replacement therapy in 
case of hypopituitarism. It is vital to recognize and treat cortisol deficiency effi-
ciently. The same is true for secondary hypothyroidism as patients should receive 
thyroxine immediately after confirming its deficiency. Both cortisol and thyroxine 
should be initiated before surgery, and in non-emergency surgery, it is better to 
replace thyroxine and wait until hypothyroidism is adequately treated.

Surgical indications for NFPA are symptomatic optic nerve or chiasm compres-
sion, cranial nerves dysfunction, and pituitary apoplexy with visual impairment 
(Figure 9). However, surgery is also advised in asymptomatic growing adenomas 
that are close to or progressively abutting optic nerves and/or chiasm on follow-up 
imaging studies [70].

What about patients who have hypopituitarism or headache only?
Surgery in patients with hypopituitarism alone without visual symptoms is not 

recommended as only 30% of patients will have improvement over pituitary func-
tion. Also, headache is a common symptom in NFPA patients, but as headache has 
multiple causes, there is a high chance of headache persistence after adenoma resec-
tion. Therefore, only intractable headache that is affecting patient’s daily activities 
should be an indication of surgery and the patient should be aware that headache 
relief cannot be guaranteed [71].

After surgery, patients should be evaluated for hypopituitarism 6 weeks after 
surgery. Also, pituitary MRI should be done 3 months after surgery to have it as a 
baseline for future follow-up. Gross-total resection of NFPA has a recurrence rate of 
7–24%, and 47–64% of cases in partially resected ones [72].

Figure 9. 
Simplified scheme of NFPA diagnosis and management.
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9. Surgical approaches to pituitary adenomas

Currently, pituitary adenomas are approached almost exclusively through 
transsphenoidal route because it offers a direct access to sellar and suprasellar 
region by removing of posterior wall of sphenoidal sinus. Also, it is associated with 
lower morbidity and it is considered a less invasive approach than the transcranial 
route. Either endoscopic and microscopic, transsphenoidal approach is adequate 
to remove intrasellar lesions with satisfactory outcomes. Recent advancements 
in surgical endoscopy have improved our ability to visualize and dissect normal 
anatomical structures from the adherent pathologies in a way that is nearly similar 
to microneurosurgery. However, in selected cases, transcranial approaches are still 
needed for resecting tumors extending to suprasellar or parasellar regions that 
could not be addressed by transsphenoidal approaches.

9.1 Transsphenoidal approach

It is an extra-arachnoidal direct route to pituitary gland. It has the advantage of 
avoiding brain retraction, early optic nerves decompression with minimal manipu-
lation, and wide operative view. Posterior wall of sphenoidal sinus, or sellar floor, 
can be accessed via a transnasal or translabial route. Usually, it involves the usage 
of microscope, endoscope, or both. Whether endoscope or microscope is used, the 
procedure has three-stages that are needed to reach the intrasellar space: nasal stage, 
sphenoidal stage, and sellar stage.

It is important to utilize an operative setup that is comfortable for whole 
team. Patient is typically positioned supine with 20-degrees head elevation and 
is positioned straight or slightly extended and fixed using Mayfield head clamp. 
The surgeon usually operates on the right and facing of the patient. We prefer to 
have the scrub nurse on the right side of the surgeon and the assistant on the left 
side. The screen and the navigation are positioned on the left side of the patient fac-
ing the surgeon (Figure 10). Neuronavigation is essential for dealing with tumors 
that extended to supra- or para-sellar regions, and recurrent tumors.

9.1.1 Nasal stage

Using 0-degree endoscopy, inferior, middle and superior turbinates are identi-
fied. Middle turbinate usually obstructs the access to sphenoidal sinus. To have 
unobstructed route, middle turbinate is typically displaced laterally, or resected if a 
wider view is needed, using a blunt dissector to create enough working space. After 
that, the choana is found on the inferomedial aspect of the view. Sphenoethmoidal 

Figure 10. 
Patient positioned supine, with head slightly extended, monitors are placed to left of the patient (A).  
The surgeon standing on the right of the patient and the assistant on the surgeon’s left side (B).
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recess is identified and sphenoid ostium is seen on the roof of the recess and the 
choana. Nasal septum the best landmark for midline identification.

9.1.2 Sphenoidal stage

It starts with enlarging the sphenoidal ostium lateral and inferiorly. This step is 
usually undertaken by using chisel or high-speed drill. Care is taken to avoid injury to 
sphenopalatine artery the lies in the inferolateral direction. Posterior nasal septum is 
coagulated and detached from the sphenoidal rostrum. Anterior wall of the sphenoi-
dal sinus now is exposed, circumferentially with bony removal using high-speed drill 
and sphenoidal rostrum is removed in fragments. It is important to perform a wide 
removal of anterior wall of sphenoidal sinus to avoid a narrow working space. Multiple 
sphenoidal septa can be seen inside the sinus and may need to be drilled. Care is taken 
septa drilling as one or more of the septa may be attached to carotid prominences.

9.1.3 Sellar stage

After a wide removal of anterior wall of sphenoidal sinus and drilling of sphe-
noidal septa, sellar floor will be seen. Important anatomical landmarks at sellar 
floor include carotids, optic nerves, pituitary prominences, and lateral opticoca-
rotid recesses bilaterally (Figure 2). Progressive thinning of sellar floor using 
diamond drill and Kerrison rongeur till the dura over the pituitary gland is exposed. 
Lateral and superior exposure depends on the extent of the tumor. We prefer not 
to expose the intracavernous carotids unless the anterior wall of cavernous sinus 
is needed to be opened for medial wall resection or when dealing with functional 
adenomas.

9.1.4 Complications

Transsphenoidal approach is usually safe and associated with low morbidity rate 
[73]. The most feared intraoperative complication is ICA injury, which has a very 
low incidence rate. However, it is associated with significant morbidity and mortal-
ity. Consequences of a such injury include pseudoaneurysm formation and carotid 
cavernous fistula.

Postoperative complications include the ones related to the nose (nasal sep-
tum perforation, insomnia, epistaxis from injury to sphenopalatine artery or its 
branches), sphenoid sinus complications (mucocele formation, sinusitis or sphe-
noid bone fractures), or related to intrasellar (hemorrhage, cerebrospinal fluid 
(CSF) leak and tension pneumocephalus).

CSF leak incidence has decreased in recent years due to the advancements and 
newer techniques in harvesting vascularized nasoseptal flaps [74]. CSF leak inci-
dence in recently published series falls between 1% and 4% [75].

9.2 Transcranial approaches

The majority of patients can be treated using transsphenoidal route. However, 
a few of pituitary adenomas may require transcranial approaches for resecting 
adenoma extensions that cannot be reached by transsphenoidal route.

Common indications for transcranial surgery in pituitary adenomas include:

1. Lateral and significant suprasellar adenoma extensions to critical neurovascu-
lar structures.
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2. Anatomical challenges like conchal-type sphenoidal sinus, kissing carotids, 
sinuses infection.

3. Unsuccessful previous transsphenoidal surgery.

Other uncommon indications include patients with obstructive sleep apnea who 
could not be weaned off CPAP or concomitant aneurysm that is in proximity to the 
sellar area.

Recurrent adenomas are no longer an indication for transcranial surgery [76, 77]. 
Also, giant adenomas (>4 cm) used to be an indication for transcranial surgery, but 
due to recent advancements in endoscopic approaches, large size adenomas can be 
effectively treated through transsphenoidal route [78].

In dealing with giant pituitary adenomas that encasing nearby neurovascular 
structures, both transsphenoidal and transcranial may be needed, especially when 
the goal of surgery is gross total excision in functional-adenoma cases.

But what approach should be the first choice, the transsphenoidal or the tran-
scranial surgery?

The answer of this question relies on the understanding of the blood supply of 
pituitary adenomas. These tumors share the same blood supply of normal pituitary 
gland which comes from inferior and superior hypophyseal arteries. In general, 
pituitary adenomas have low vascular density which may explain their slow growth 
[77]. Attacking the adenoma through transsphenoidal route will result in acute 
devascularization of the remaining unresected adenoma which result in intratu-
moral necrosis and subsequently hemorrhage (Figure 11). Therefore, it is preferred 
to go transcranially first then to operate transsphenoidal [79, 80].

Figure 11. 
Preoperative MRI (A and B) and postoperative CT scan (C and D) for a senior male patient who was 
complaining form headache and progressive visual dysfunction. The patient was operated in outside hospital 
through transsphenoidal approach. Incomplete excision was done. However, the patient developed decrease 
in the level of consciousness and oculomotor nerve dysfunction after surgery. Brain CT scan showed excessive 
hemorrhage in the unresected intracranial part of the adenoma.
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Transcranial approaches that commonly utilized to deal with pituitary adeno-
mas include pterional, orbitozygomatic, bifrontal, and supraorbital approaches. 
The choice of the approach depends on tumor extension and the neurovascular 
structures that are needed to be addressed intraoperatively.

10. Conclusion

Pituitary adenomas associated with significant morbidity and require multiple 
modalities of treatment. Management is usually surgical except for prolacti-
nomas. The therapeutic decision should be adjusted to adenomas type, center 
expertise, and patient desire. Thorough understanding of the pathophysiology 
and management options of PA different types is essential to achieve the thera-
peutic goals, which can be summarized in pituitary and neurological function 
restoration.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6

Surgical Approach to the 
Cavernous Sinus and Middle 
Cranial, Pterygoid Fossa
Kentaro Watanabe and Sébastien Froelich

Abstract

The cavernous sinus is a very complex area, and surgical treatment requires 
detailed anatomical knowledge and familiarity with its relationship to surrounding 
structures. By exposing the lateral wall of the cavernous sinus with the extradural 
approach, it is possible to pass through the triangular corridor of the cavernous 
sinus and perform surgical treatment for diseases such as trigeminal schwan-
noma and meningioma inside and outside the cavernous sinus. In addition to the 
extradural infratemporal fossa approach, the extradural infratemporal fossa to the 
pterygoid fossa and the approach to the paranasal sinuses can be safely performed 
by inserting the endoscope into the bone corridor of the middle cranial fossa. 
Furthermore, in the last decade, transnasal endoscopic skull based approaches have 
further developed, facilitating surgical access to the cavernous sinus. The cavernous 
sinus is an unattachable site due to the complex structure of multiple nerves, veins, 
and internal carotid arteries, but if the anatomy of the cavernous sinus is known 
well we can treat this complex site. As for the choice of approach to the cavernous 
sinus, a better understanding of the anatomy surrounding the cavernous sinus will 
allow a rational choice between transcranial and transnasal approaches.

Keywords: cavernous sinus, middle fossa approach, endoscopic approach

1. Introduction

This chapter shows the anatomically based bone removal to the original middle 
cranial fossa surgery method, which is difficult to reach using microscopy alone [1, 2]. 
The author advocates a safe method of reaching the middle cranial fossa surgery by 
rationally approaching the cavernous sinus, pterygopalatine fossa, paranasal sinuses 
from the cranial side, pharynx, and medial jugular foramen from the microanatomical 
viewpoint [3–5].

In addition, the anatomical relationship with the paranasal sinuses and 
Eustachian tubes will further enhance the anatomical understanding of trans-
nasal endoscopic surgery. Safe bone removal is paramount in skull base surgery. 
In this article, it is possible to approach the petrous bone, clivus, sphenoid 
sinus, maxillary sinus, and ethmoidal sinuses from the infratemporal fossa. 
Furthermore, understanding the layered structure of the cavernous sinuses 
will allow for a rational choice of approach to the surgical target and method of 
tumor removal [6–8].
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The various approaches to skull base surgery have a history of significant 
development through collaboration with pyramidal bone surgery in otolaryngol-
ogy. As a result, the deepest region, the skull base, can now be safely reached 
using the pyramidal bone route to the depths of the skull base. Furthermore, since 
around 2000, neuroendoscopes have been introduced, and transnasal endoscopic 
surgery has been advocated for the approach through the sphenoid sinus to the sella 
turcica tumor, the clivus, and the pyramidal bone area [2, 9–13]. In addition, the 
transcranial approach to reaching surgery has made it possible to use endoscopes to 
observe deeper regions, expanding the variation of surgery to areas that could not 
previously be observed with microsurgery. However, despite advances in surgical 
methods that allow access to the skull base without craniotomy, one of the advan-
tages of nasal endoscopic surgery, it has gradually become clear that endoscopic 
surgery still has its disadvantages.

Although the surgical wound is not visible in transnasal endoscopic surgery, 
damage to the mucosa of the nasal cavity can be significant. Because the structures 
within the nasal cavity have been destroyed, the nasal environment may deteriorate, 
resulting in nasal contamination, olfactory disturbances, and other symptoms [14].

The most problematic complication is CSF leakage. As safe and reliable methods 
have been established, the most rational method is selected for each disease based 
on the direction of tumor extension, site of origin, and surrounding anatomy, 
craniotomy, endoscopic surgery, and combined approaches of open and endoscopic 
surgery can be performed safely in response to clinical variations [15–18].

In addition to the conventional middle cranial fossa craniotomy, we have 
further expanded the range of surgical approaches to the cavernous sinus around 
the trigeminal nerve by removing bone within a safe range, and by introducing an 
endoscope, we have expanded the scope of surgical approaches to the cavernous 
sinus, the inferior cranial nerve, the sinus cavity, and the pterygopalatine fossa. 
Furthermore, the nasal endoscope was used to approach the cavernous sinus 
from the pterygopalatine fossa (PPF), and the possibility of treatment from both 
sides was examined, and the advantages and disadvantages of this approach are 
discussed.

2. Anatomical structures

2.1 Inferior orbital fissure (IOF)

The IOF is defined as a space between the lateral wall and floor of the orbit. The 
IOF runs in a direction from the maxillary strut posteriorly to the zygomatic bone 
anteriorly. The zygomatic nerve (ZyN) of the maxillary nerve, infraorbital nerve 
(ION), orbital ganglionic branch of PPG, infraorbital artery, and inferior division 
of ophthalmic vein pass through the IOF [19].

2.2 Muller’s muscle (MM)

Muller’s muscle, an embryological remnant of the retractor bulbi in mammals, 
can be identified over the IOF and it blends with the periosteum. Muller’s muscle 
forms a bridge over the IOF, separating the orbital content from the PPF [19].

2.3 Zygomatic nerve (ZyN)

The zygomatic nerve (ZyN) is the first branch of the maxillary nerve that 
divides off after emerging from the FR to enter the PPF. The ZyN can be found 
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about 5 mm distal from the anterior point of the maxillary strut. Coursing supe-
riorly, it enters the orbit laterally through the IOF. It divides two branches distally, 
the zygomaticotemporal nerve, which is parasympathetic branch and connected 
lacrimal nerve, and the zygomaticofacial nerve, which is a sensory branch carried 
from the skin of the zygomatic area [20].

2.4 Pterygoid fossa

Under the temporalis muscle, the superior head of the lateral pterygoid muscle 
(LPM) lies on and attaches to the infratemporal surface and infratemporal crest of 
the greater wing of the sphenoid bone, while the lower head attaches to the lateral 
surface of the lateral pterygoid plate (LPP). The origin of the Medial pterygoid 
muscle (MPM) can be seen between the LPP and medial pterygoid plate (MPP). 
Under the MPP, the wall of epipharynx can be found. The third segment of the 
internal maxillary artery is located in the pterygoid fossa. The maxillary artery 
branches into the descending palatine artery, the infraorbital artery, the artery of 
the pterygoid canal, the artery of the FR, and the sphenopalatine artery [21].

2.5 Vidian nerve

The VN arises from the junction of the greater petrosal nerve and the deep 
petrosal nerve within the vidian canal, after which it merges with the PPG. Between 
V2 and V3, the VN lies, on average, 8.0 ± 1,2 mm below V2 and parallel to V2. 
The bony windows superior and inferior to the VN (between the VN and V2 and 
between the VN and the superior wall of the pharynx) are the corridor to the 
posterior SphS [5].

2.6 Sphenoid sinus

The sphenoid sinus is well known as a part of para-sinus which is close to the 
skull base. It can be used for the transnasal, transsphenoidal approach. However, it 
can be accessed from the transcranial approach. The posterior part of the SphS can 
be opened above and below the VN. After exposing and opening the vidian canal, 
the VN can be followed to the PPG anteriorly. The sphenopalatine artery supplies 
the SphS mucosa, except for the area of the planum sphenoidal, which is supplied 
by the posterior ethmoidal artery.

2.7 Maxillary sinus

The posterior wall of the MaxS can be opened below the pterygopalatine fossa 
through the V2-V3 vidian corridor, between V2 and the palatine nerve. Muller’s 
muscle can be incised along with V2 and the fat around the PPG in the PPF 
removed. Under V2, the PPG can be translocated medially and inferiorly, thus 
exposing the upper part of the posterior wall of the MaxS, below the orbit.

3. Extended approaches to the paracavernous sinus

1. Ophthalmo-maxillary nerve corridor (V1-V2 corridor)

2. Maxillary-mandibular corridor (V2-V3 corridor)

3. Extended anterior petrosal approach (petrous rhomboid corridor)
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4.  Basic exposure of the middle fossa for anterior infratemporal  
fossa approach

A frontotemporal craniotomy is performed first, with the temporal muscle 
reflected posteroinferiorly to provide maximal exposure of the anterior temporal 
base. The pterion and the lesser and greater sphenoid wings are then drilled. 
The foramen spinosum (FS) and middle meningeal artery (MMA) are identified in 
the infratemporal fossa extradurally, and the MMA is coagulated and cut. Then, the 
dura propria is elevated from SOF side or V3 side. The elevation of the dura-propria 
is performed and exposing SOF, V2, and V3. The lateral wall of the SOF is exposed, 
and the lateral orbital wall is removed anteriorly exposing the periorbita.

4.1 V1-V2 corridor

sphenoid sinus, maxillary sinus, pterygopalatine fossa (Figures 1 and 2) [8].
The gap between the ophthalmic and maxillary nerve is used to reach the sphe-

noid, maxillary, or ethmoid sinuses. This approach is useful when the tumor extends 
from the periorbital to the infraorbital and further into the middle fossa, with exten-
sion into the SphS, MaxS, and PPF. The relationship of the periorbital area to the sinus 
trigeminal nerve should be known when increasing the tumor removal rate of benign 
tumors or when performing extensive resection of malignant tumors. Maxillary nerve 
is exposed along the nerve up to the MaxS. Delete the lateral orbital wall and leading 
to the middle cranium, the MaxS is covered by the fatty tissue of the PPF. The ptery-
gopalatine ganglion is hidden in the fat tissue within this PPF and the connection 
between V2 and the vidian nerve can be seen. Initially, the ZyN branches off from the 
maxillary nerve and heads in the direction of the zygomatic arch. This ZyN is then 
transected, allowing the PPF to be detached from the orbit. The PPF will be able to 
deploy V2 backward along with PPG and palatine nerve and vidian nerve.

A large area can be developed between V1-V2. In addition, a small bony ridge at 
the corner of V1-V2, the Maxillary strut, can be removed just below and anterior to 
the sphenoid sinus. The infraorbital nerve can be traced peripherally to enter the 
maxillary sinus. A sphenopalatine artery runs between the sphenoid sinus and the 

Figure 1. 
Schematic images of V1-V2 corridor. A. the V1 and V2 are exposed after removing the bone of the anterior 
inferior temporal fossa. The PPF, which is included V2 and pterygopalatine ganglion, can be translocated 
posteriorly. The incision line is shown on the schema. B. after removing the maxillary strut, the sphenoid, 
ethmoid, and maxillary sinus are opened between the maxillary orbit and pterygopalatine fossa. EthS; 
ethmoid sinus, FO; foramen ovale, FR; foramen rotundum, ICA; internal carotid artery, ION; inferior orbital 
nerve, GG: Gasserian ganglion, MaxS; maxillary sinus, PPF: Pterygopalatine fossa, SOF; superior orbital 
fissure, SPA; sphenopalatine nerve, SphS: Sphenoid sinus, SupAN; superior alveolar nerve, V1; ophthalmic 
nerve, V2: Maxillary nerve, ZyN; zygomatic nerve.
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maxillary sinus, and the exit of the sphenopalatine foramen is visible. This approach 
is useful for the removal of tumors extending from the anterior middle fossa to the 
orbital wall, along the trigeminal nerve, or into the maxillary sinus.

4.2 V2-V3 vidian corridor

-sphenoid sinus, maxillary sinus, pterygoid - pharyngeal area, condyle- [6].
Vidian corridor to the para-sinus (Figure 3).
The lateral wall of the SOF is exposed, and the lateral orbital wall is removed 

anteriorly exposing the periorbita. The temporal fossa floor lateral and anterior 

Figure 2. 
Stepwise dissections of the anteromedial middle fossa triangle. A. after frontotemporal craniotomy, the middle 
fossa is exposed with elevation of the dura propria from the cavernous sinus lateral wall. The trigeminal nerve, 
trochlear nerve, and oculomotor nerve are exposed. B. the lateral orbital wall and orbital roof are removed, 
and the foramen rotundum is unroofed toward the pterygopalatine fossa. The periorbita and pterygopalatine 
fossa are exposed. C. an incision is made between the pterygopalatine fossa and orbit. D. the pterygopalatine 
fossa is translocated posteriorly and the zygomatic nerve is bridged between the pterygopalatine fossa and 
orbit. E. the bone around the maxillary strut is drilled to get access into the sphenoid sinus. The posterior 
wall of the maxillary sinus is opened between the maxillary and ophthalmic nerves. F. the maxillary, 
ethmoid, and sphenoid sinus can be opened through the maxillary and ophthalmic nerves. EthS; ethmoid 
sinus, FO; foramen ovale, FR; foramen rotundum, ICA; internal carotid artery, ION; inferior orbital 
nerve, GG: Gasserian ganglion, MaxS; maxillary sinus, PPF: Pterygopalatine fossa, SOF; superior orbital 
fissure, SPA; sphenopalatine nerve, SphS: Sphenoid sinus, V1; ophthalmic nerve, V2: Maxillary nerve, ZyN; 
zygomatic nerve.
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to FO and FR is drilled until the periosteum of the exocranial surface of the bone 
is reached. The FR is unroofed, and the pterygopalatine fossa is exposed as well as 
the fascia of the temporalis muscle and lateral pterygoid muscle (LPM). Further 
elevation of the periosteum of the exocranial surface of the temporal fossa floor can 
reveal the lateral aspect of the pterygoid process.

Drilling of the antero-superior aspect of the infratemporal fossa, between the 
LPM and temporal dura mater and lateral orbital wall was done in order to gain 
additional working space in the pterygoid fossa.

Limits of the pterygoid drilling required are the epipharynx inferiorly, the clivus 
posteroinferiorly, the posterior wall of the MaxS anteriorly, and the posterior part 
of the lateral wall of the SphS medially.

Access to the SphS is gained through the V2-V3 vidian corridor, which is in the 
depth of the FLT and limited superiorly by V2, posteriorly by V3, inferiorly by 
the superior wall of the pharynx, and anteriorly by the pterygopalatine ganglion 
(PPG). Following the VN anteriorly, the PPG is identified in the PPF along with 
the sphenopalatine artery (SPA), which is a branch of the internal maxillary artery 
(IMA). In some cases, lateral pneumatization of the SphS is extensive and the VN 
is dehiscent in the SphS. Below V2, the PPF can be opened, and the fat of the PPF 
removed. This exposes the PPG, SPA, and the posterior wall of the MaxS, which 
is located between the PPG and the inferior wall of the orbit. Anterior to the PPG 
and below the orbit, the MaxS can be accessed through this V2-V3 vidian corridor 
below V2.

The posterior wall of the MaxS is thin and can be opened easily, granting access to 
a large space to insert the endoscope. At this point, endoscopic assistance is required to 
provide additional illumination and widen the exposure of the SphS and MaxS.

Figure 3. 
Schema of the V2-V3 corridor. A. the sphenoid sinus is opened through the vidian corridor. The vidian nerve 
runs between the V2 and V3, parallel with V2. The sphenoid sinus is opened medially to the vidian nerve. B. 
the maxillary sinus and sphenoid sinus are opened in the infratemporal fossa with translocation of the fat tissue 
of the pterygopalatine fossa. The maxillary and sphenoid sinus are opened through the V2-V3 vidian corridor 
with a lateral corridor of the V2. The blue arrows show the direction of the sinus. C, D, E. the root of pterygoid 
is drilled and the vidian nerve is exposed completely. The sphenoid sinus can be opened medial to the vidian 
nerve. Between the vidian nerve and V2, a small corridor can be opened and used to access corridor to the 
sphenoid sinus. The vidian corridor can be enlarged with retraction of V2 and vidian nerve. EP; epipharynx, 
EthS; ethmoid sinus, FO; foramen ovale, FR; foramen rotundum, ICA; internal carotid artery, ION; inferior 
orbital nerve, GG: Gasserian ganglion, MaxS; maxillary sinus, MM; Muller muscle, PPF: Pterygopalatine 
fossa, SOF; superior orbital fissure, SPA; sphenopalatine nerve, SphS: Sphenoid sinus, V1; ophthalmic nerve, 
V2: Maxillary nerve, ZyN; zygomatic nerve.
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4.3  Combined V2-V3 corridor and anterior petrosal approach with endoscopic 
assistance

-Clivus, condyle, dorsal cavernous sinus, medial aspect of the jugular foramen- 
[7] (Figure 4).

The posterior border of the temporal muscle was incised and detached from 
the temporal bone. The temporal muscle is retracted anteriorly and exposed to the 
posterior point of the root of zygoma. The temporal craniotomy was performed and 
access to the middle fossa extradullary.

Initially, the MMA is traced to confirm the foramen spinosum (FS), and the 
dura mater is thoroughly dissected anteriorly and posteriorly. The arcuate eminence 
(AE) is identified posteriorly, the GSPN is peeled off posteriorly to expose the 
pyramidal bone.

The middle meningeal artery (MMA) is coagulated and cut 1 mm out of the 
FS. The foramen rotundum (FR) is identified anteriorly, where the dura mater 
enters the bone. An incision is made in the dura above the foramen ovale (FO), and 

Figure 4. 
Schematic representation of the infratemporal fossa, with opening of the vidian corridor and petrous 
rhomboid. A. the blue arrow shows the direction of access to the upper-mid and lower clivus through the 
vidian corridor. The green arrow shows the trajectory to the petrous apex and inferior cavernous sinus 
through the petrous rhomboid. The purple arrow shows the posterior view to the medial jugular foramen 
and hypoglossal canal through the petrous rhomboid. The light green arrow shows the direction to the clivus. 
B. the cadaveric view of the middle fossa. The blue arrow shows the direction of access to the upper-mid 
and lower clivus through the vidian corridor. The purple arrow shows the posterior view of the medial 
jugular foramen and hypoglossal canal through the petrous rhomboid. The light green arrow shows the 
direction to the clivus.
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one thin layer of dura (osteal dura) is elevated to lift the dura propria and expose 
the lateral wall of the cavernous sinus [22–26].

After performing the anterior petrosal approach with post meatal drilling, the 
petrous rhomboid bounded by the GSPN, superior semicircular canal, petrous 
ridge, and the posterior border of the mandibular verve, gives a working space to 
the middle and posterior fossa.

The facial, cochlear, and vestibular nerves have a distance from the dura mater 
of the internal auditory canal (IAC) from this side. Thus, the dura mater can open if 
they are not compressed and drained by the tumor.

Then, an anterior petrosectomy with extended petrous bone removal toward the 
petrous apex and ventral cavernous sinus wall through the petrous rhomboid. The 
bone around the internal auditory canal (IAC) can be removed completely. Usually, 
the IPS is a landmark of the inferior limit of the anterior petrosal approach.

When the tumor extends to the clivus and/or condyle, the tumor makes a tumor 
corridor around the petrous and clivus bone. After crossing the IPS, the clivus 
cancellous bone can be drilled and arrive at the medial aspect of the jugular bulb. A 
partial clivectomy could be performed by removing bone around the JF.

4.3.1 Anterior view from the petrous rhomboid corridor

The petrous rhomboid area provides a large bone corridor to the petrous and cli-
vus lesion. The endoscopic assistance offers a deep exposure of the middle to lower 
clivus, epipharyngeal space, and bilateral condylar regions (Figure 5). Advancing 
the petrous rhomboid corridor toward the petrosal apex allows us to drill the bone 
beneath the Gasserian ganglion. The IPS can be seen where it joins the cavernous 
sinus. And the ICA is seen rising from the neck just below the GSPN and joining the 
cavernous sinus. Laterally and anteriorly, the posterior wall of the retropharyngeal 
mucosa is seen behind the ICA. Care must be taken during exposing the essential 
structure around the cavernous sinus. Continuing to follow the bony corridor and 
proceeding with the removal of bone from the clivus, it reaches the mid-clivus until 
lower clivus. At this time, when the petrous rhomboid and V2-V3 corridor are com-
bined, the posterior aspect of the sphenoid sinus can be reached. Posteroinferiorly, 
at the level of the mid and lower clivus, it follows to posterior wall of epipharynx. 
The ability of the V2-V3corridor to provide light assistance and an enlarged working 
space allows for extra resection of the pterygoid or sphenoid sinus tumor.

Figure 5. 
An endoscopic image and schema and cadaveric dissection image of the anterior view from the 
anterior petrosal approach. A. an anterior view through the petrous rhomboid corridor after removing the 
petrous apex and upper clival bone. The ICA goes into the cavernous sinus. The superior and inferior petrosal 
sinus emerge from the cavernous sinus. B. Below the mandibular nerve (V3), a large cavity can be obtained 
after removing the petrous apex.
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4.3.2  Endoscopic-assisted posterior view of the petrous rhomboid to the condyle, 
medial aspect of the jugular foramen

The IPS leads to finding the location of the medial aspect of the jugular bulb and 
jugular foramen. To visualize below the IAC, the endoscopic assisted visualization 
is necessary (Figure 6). The posterior view of the petrous rhomboid can provide 
exposure to the medial jugular complex up to the level of the hypoglossal canal 
(HGC). The location of the HGC indicates the same level of the condyle. The bone 
around the condyle is cancellous and can be easily drilled. When the posterior fossa 
dura is opened, the glossopharyngeal, vagal, and accessory nerves are seen. In the 
case of tumors originating from the bone, such as chordoma and chondrosarcoma, 
the tumor provides the surgical corridor by itself. The medial aspect of the jugular 
bulb is the deepest lesion because of the sigmoid sinus and jugular vein. This route 
is one of the choices of how to reach the medial jugular lesion.

5. Clinical case

5.1 Case 1

A 58 year old female patient, who operated on 9 years ago for the cavernous 
sinus meningioma, had an MRI that revealed a recurrence tumor extending into 
the middle fossa, sphenoid sinus. A pterional approach was performed and expo-
sure of the middle fossa was obtained. An anterior clinoidectomy was performed 
first. Wide drilling of the bone of the anterior middle fossa was done to remove as 
much of the tumoral bony infiltration and hyperostosis as possible. The fascia of 

Figure 6. 
Posterior view through the petrous rhomboid. A, B. schematic drawing showing a posterior view onto the 
medial part of the jugular foramen through the petrous rhomboid. C. Endoscopic view, in a posterior trajectory, 
through the petrous rhomboid. The inferior petrosal sinus, which connects to the medial wall of the jugular 
bulb, is visualized below the cochlea. D. the horizontal segment of the ICA was skeletonized and followed 
posteriorly to the vertical segment of the ICA, close to the JB. E. the IPS was cut, exposing the medial wall of 
the jugular foramen. The jugular tubercle is located between the jugular foramen and hypoglossal canal. Under 
the hypoglossal canal, the condyle and foramen magnum can be accessed. The dura mater of the posterior 
fossa was opened. The cranial nerves VII, VIII, IX, X, XI, XII, and vertebral artery can be identified in the 
intradural space.
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the pterygoid muscles was exposed and the SOF, Muller muscle, V1 and V2 were 
skeletonized. A Maxillary strut was drilled and opened the sphenoid sinus between 
the V1 and V2 corridor. In addition, an incision was made on the posterior border of 
the Muller’s muscle with preserving the zygomatic nerve and transposed anteriorly 
in order to enlarge the anterior medial triangle. Tumor in the sphenoid sinus was 
removed under seeing of the endoscope visualization (Figure 7).

5.2 Case 2

A 50-year-old male underwent an MRI at a medical health examination. The 
MRI detected a mass effect in the infratemporal fossa incidentally. The tumor was 
located in the cavernous sinus and the imaging was evocative of trigeminal schwan-
noma. The tumor resection was undertaken through a transcranial transcavernous 
sinus, extradural anterior infratemporal fossa approach. Frontotemporal approach 
was performed and elevated the frontal and temporal dura from the sphenoid bone. 
After identifying the superior orbital fissure and elevating the dura propria, the 
FR and FO were identified and exposed the V1, V2, V3 and the gasserian ganglion. 
However, the trigeminal nerve fibers lie on the surface of the tumor. In order not to 
damage the trigeminal nerve fibers, the maxillary strut was drilled and gained the 
working space to the tumor from the anterior aspect of the tumor. The pterygoid 
process, between V2 and V3, was thin and was easily drilled to allow wide exposure 
of the sphenoid sinus. The tumor extension into the SphS was better appreciated 
under endoscopic visualization. A more extensive resection was accomplished 
with this approach, although it remained subtotal. The posterior part tumor was 
removed through the petrous corridor. The pathology was concordant with a 
schwannoma, from the trigeminal nerve. After tumor resection, the window of 

Figure 7. 
Pre and post-operation MR images of the cavernous sinus meningioma and intraoperative images of the 
cavernous meningioma surgery. A, B. preoperative MR image show enhanced mass effect originates from the 
cavernous sinus extends into the sphenoid sinus. C, D. postoperative MR image shows the yellow arrow showing 
the removal of the tumor in the sphenoid sinus. E. Sphenoid sinus was opened between the V1 and V2. F. 
Incision was made between the Muller’s muscle and V2. G. the zygomatic temporal nerve was identified in the 
distal of the V2 and the window of the V1-V2 corridor was enlarged. H. Endoscopic view shows a tumor in the 
sphenoid sinus and removed with suction. I. Two instruments are inserted through the V1-V2 triangle. IOF; 
inferior orbital fissure, PPF; pterygopalatine fossa, MM; Muller’s muscle, SOF; superior orbital fissure, V1; 
ophthalmic nerve, V2; maxillary nerve.
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the SphS was covered with a vascularized fascial flap harvested temporal muscle, 
supplemented by fibrin glue. The postoperative outcome was with slight facial 
sensation. (Figure 8A, B, C, D, E).

Abbreviation

IV trochlear nerve
III oculomotor nerve
AE  arcuate eminence
Cdy condyle
CT Computed tomography
CTA computed tomography angiogram
CTV computed tomography venous angiography
EP epipharynx
FO foramen ovale
FR foramen rotundum
GG gasserian ganglion
GdT1W T1 with gadolinium contrast
GSPN greater superficial petrosal nerve
HC hypoglossal canal
IAC Internal auditory canal
ICA internal carotid
ION inferior orbital nerve

Figure 8. 
A: T1 gadolinium enhanced MRI shows a high intensity lesion located in the pterygoid fossa, with an extension 
up to the sphenoid sinus. B: CT scan shows a mass lesion faces on the sphenoid sinus. C: Post-operative MRI 
T1 gadolinium image shows the tumor was removed. D; intraoperative microscopic view of the anterior 
infratemporal fossa view after resection of the tumor. The FLT and AMT were opened, and sphenoid sinus 
mucosa was seen inside of the sphenoid sinus, between V1-V2 and V2-V3. E; intraoperative endoscopic 
view below the V2 and the Gasserian ganglion. The tumor can be seen under endoscopic visualization. V1; 
ophthalmic nerve, V2; maxillary nerve, V3; mandibular nerve, Tu; tumor, SphS; sphenoid sinus, rt.VN; right 
vidian nerve.
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IPS inferior petrosal sinus
IJV internal jugular vein
JB jugular bulb
JF Jugular foramen
JT jugular tubercle
LPM lateral pterygoid muscle
LPP lateral pterygoid plate
MPP medial pterygoid plate
MPM medial pterygoid muscle
MM Mullar’s muscle
MMA middle meningeal artery
MF middle fossa
MRI magnetic resonance imaging
MS maxillary strut
PPF pterygopalatine fossa
PPG pterygopalatine ganglion
PF pterygopalatine foramen
SPA sphenopalatine artery
PLL petrolingual ligament
ShpS sphenoid sinus
SOF superior orbital fissure
SPS superior petrosal sinus
V1 ophthalmic nerve
V2 maxillary nerve
V3 mandibular nerve
VN vidian nerve
ZyN zygomatic nerve
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Chordoma (Skull Base Tumors)
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Abstract

Chordoma is a rare bone malignancy that influences the spine and cranium 
base. Once in a while, it includes bone and when it does, cranial bones are the 
favored location. Chordomas emerge from embryonic remnants of the primitive 
notochord and chondrosarcomas from primitive mesenchymal cells, otherwise 
from the embryonic rest of the cranial cartilaginous matrix. Chondrosarcomas 
constitute a heterogeneous group of essential bone malignancy characterized by 
hyaline cartilaginous neoplastic tissue. Both are characterized by invasion and 
pulverization of the neighboring bone and delicate tissue with higher locoregional 
reappearance frequency. Chordoma and chondrosarcoma, especially myxoid varia-
tion of chondrosarcoma of the cranium base, are as often as possible amalgamated 
because of similar anatomic location, clinical presentation, and radiologic sight-
ings, and mixed up histopathological highlights. Chordoma and chondrosarcoma 
vary with respect to their origin, management strategy, and contrast particularly 
with respect to outcome. Ultimately, developing indication supports aberrant 
growth factor signaling as possible pathogenic mechanisms in chordoma. Here, 
we have shown such a location-based symptomatic predicament, understood 
effectively with ancillary immunohistochemistry. In this review, we summarize 
the most recent research findings and focus primarily on the pathophysiology and 
diagnostic aspects.

Keywords: chordoma, chondrosarcoma, histopathology, immunohistochemistry, 
spheno-occiput

1. Introduction

Chordomas are uncommon, locally aggressive malignant bone tumors that 
develop from the primordial notochord remnants, accounting for 1–4% of all 
primary malignant bone tumors [1]. Despite the fact that they can form anywhere 
along the axial skeleton, sacrococcygeal and spheno-occipital locations are most 
prevalent, followed by cervicothoracic and coccyx [2]. There are also reports of 
axial destinations and soft tissue involvement. The spheno-occipital synchondrosis 
of the clivus is the most common source of intracranial chordomas. The origin can 
be found along the upper clivus (basisphenoid) or along the clivus’ caudal border 
(basiocciput). Intracranial chordomas can sometimes develop singly from the 
petrous apex. Chordomas are classified into three categories based on their histo-
logical characteristics: classical (conventional), chondroid, and dedifferentiated. 
Chondroid chordoma is a relatively rare variant that accounts for nearly 14% of all 
chordomas and is thought to have a better prognosis than classical chordoma [3]. 
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Dedifferentiated chondrosarcoma is a type of cartilaginous tumor that includes 
two distinct components, namely low-grade chondrogenic components and high-
grade noncartilaginous sarcoma. It constitutes 1–2% of all primary bone tumors. 
Dedifferentiated chondrosarcoma is a rare, highly malignant variant of chondrosar-
coma and has a poor prognosis.

Chondrosarcoma is the collective term for a group of heterogeneous, 
premalignant tumors of bone characterized by the arrangement of hyaline 
cartilaginous neoplastic tissue. Most conventional chondrosarcomas are low- to 
intermediate-grade tumors (grade 1 or grade 2). Dedifferentiated chondro-
sarcoma develops when low-grade conventional chondrosarcoma changes 
into a high-grade sarcoma, most often showing features of osteosarcoma, 
fibrosarcoma, or else undifferentiated pleomorphic sarcoma. Mesenchymal 
Chondrosarcoma (MCS) could be a profoundly malignant tumor showing a 
Dimorphic histologic design with an exceedingly undifferentiated round cell 
component admixed with well-differentiated cartilage. The myxoid variant 
of chondrosarcoma is usually seen in soft tissues, identified as Chordoid sar-
coma or parachordoma [4]. Seldom, it includes bone and when it does, cranial 
bones are the favored location. The prognosis for the majority of patients with 
chondrosarcoma is relatively favorable and relates to histologic evaluation and 
satisfactory surgical margins.

In any case, the complex anatomy of the spine and generally expansive tumor 
volume makes a clean resection ideally challenging, driving to a higher proportion 
of local relapse as well as distant metastases. Latest disclosures in molecular biology 
and epigenetics of chordoma and chondrosarcomas have significantly advanced our 
understanding of the pathobiology of these tumors and offer insight into potential 
restorative targets.

2. History

The first macroscopical and microscopical description of chordomas was given 
by the German pathologist Rudolf Virchow and depicted on autopsy an incidental, 
little, slimy development on the surface of clivus [5]. Virchow coined the term 
“chordomata”, and he described its embryonic character and denoted it as ‘ecchon-
drosisphysaliforaspheno-occipitalis’ which translates to a “cartilaginous physalipho-
rous” lesion of the cartilaginous junction between basiocciptal and basisphenoid 
bones [6]. He used the word “physaliphora” to describe the findings during his 
microscopic observations. Hugo Ribbert, another German pathologist afterwards 
proposed the term chordoma.

In 1858, German anatomist Johannes Peter Müller hypothesized that chordomata 
may originate from notochordal tissue. Müller’s hypothesis was based on the point 
that most vertebrates, counting humans, contain remnants of notochordal tissues 
but his hypothesis was rejected by Virchow and Luschka (A German anatomist and 
one of the most prolific anatomical writers of the 19th century) due to a lack of 
evidence. After a few years later Belgian anatomist Hector Leboucq proposed that 
notochordal tissue is demolished before human birth [7]. Arnold C. Klebs, a Swiss 
physician in 1864 first described a patient with spheno-occipital chordomata and 
afterward in 1889, he stated the first case of cervical vertebrae chordomata. In 1910, 
physicians Feldmann and Mazzia reported the first official case of a sacrococcygeal 
Chordoma. In 1919, physician Daland in the USA operated on the first spheno-
occipital case. In this year Porter and Daland attempted X-ray treatments on their 
patient. In 1960, Hungarian neurosurgeons Zoltan and Fenyes noted various initial 
operation cases to treat cranial chordomas.
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3. Epidemiology

Cranium base chordomas are unusual malignancies with an incidence rate of 
less than 0.2% among all intracranial neoplasms [8]. Population-based studies also 
confirmed that the overall frequency of chordomas in a year to be 0.08 per 100,000 
persons [8]. All age groups have the chance to be affected with this disease but 
most of the cases are diagnosed during adulthood and hardly affect children and 
adolescents. Approximately 0.15% of all intracranial neoplasms are detected as 
Chondrosarcomas and it is 6% of all cranium base tumors [8].

4. Pathogenesis

4.1 Origin

In general, it is believed that chordoma cells are initiated from the embryonic 
notochord remnants [9]. It is also projected that notochordal remnants are derived 
from the embryonic notochord and reside in the region of an embryo where the 
embryonic notochord was existing. It is assumed that notochordal remnants 
stay dormant in maximum cases but might be transformed into malignancies. 
Yamaguchi and his colleagues have stated a link between persistent notochordal 
remnants and Chordoma [10]. Currently, cancer stem cell theory has given more 
details about the embryonic transformations and stem-like cells in Chordoma may 
show stemness, gene expression, and differentiation [9].

Chordomas may also be an outcome of direct malignant transformation of the 
notochordal remnant, deprived of a benign notochordal tumor intermediary stage. 
Otherwise chordoma may be inferred from benign notochordal cell tumor through 
malignant transformation (Figure 1) making another root of chordomagenesis.

4.2 Chromosome

Chromosomal changes are found in a few de novo chordomas having poorer 
prognosis and most common genomic alterations are observed in chromosome 
numbers 1p, 3, 4, 9, 10, 13, and 14 [11]. It was found that chromosomal gain is 
less common than chromosomal deletion. Bai and his colleagues have identified 

Figure 1. 
A schematic presentation of notochord remnant and Chordoma [9].
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Approach Description

Brachyury • Expression of this protein is the diagnostic hallmark of chordoma.

• Encoded by T-Box Transcription Factor T (TBXT) or T gene

• Germline duplications of the T gene are associated with familial chordomas, 
whereas somatic tandem T duplications are related with sporadic chordoma.

• Brachyury is a mediator of epithelial-to-mesenchymal transition by down-
regulating E-cadherin expression.

• Ubiquitous brachyury expression in chordoma makes this protein a therapeu-
tic target.

Cyclin-dependent 
kinase inhibitor 2A 
(CDKN2A)

• Upregulation of other T-box genes in malignancy is supposed to repress cell-
cycle regulators such as CDKN2A.

• Tumor suppressor proteins are also encoded by the CDKN2A gene.

• Mutations of the CDKN2A gene results in uncontrolled cell proliferation 
through activation of cyclin-dependent kinases 4 and 6 (CDK4/6).

Phosphate and tensin 
homolog (PTEN)

• PTEN gene encodes for a tumor suppressor protein.

• PTEN is a potent cell growth regulator.

• Numerous chordomas feature loss of PTEN function whereas up-regulation of 
PTEN has been investigated.

Chromatin 
Remodeling

• Pathogenesis of chordoma may involve dysregulation in DNA level resulting in 
oncogene activation or tumor suppressor silencing.

• Mutations of Switch/Sucrose non-fermentable (SWI/SNF) gene results in 
chromatin dysregulation, assisting neoplastic development.

• SMARCB1 gene is a SWI/SNF component that is supposed to act as tumor 
suppressor by regulating histone methylation of transcription factor EZH2.

• Loss of SMARCB1 function acts as a defining marker of poorly differentiated 
chordomas.

• Mutations in other SWI/SNF associates like PBRM1, SETD2, ARID1A, etc. 
have been recognized as probable drivers in chordomas.

Immune Checkpoint: 
Programmed cell 
death protein 1/
Programmed Cell 
Death Ligand 1 (PD-1/
PD-L1)

• Recent immunotherapy trials of chordoma have focused on immune check-
point regulator, PD-L1, which is responsible for suppressing regulatory T cell 
apoptosis.

• PD-L1 expression is also observed on lymphocytes and tumor-infiltrating 
macrophages at the tumor-stroma interface.

• Chordomas with negative PDL1 expression is inclined to have further PD-L1 
positive tumor-infiltrating lymphocytes (TIL).

• Prevalence of TIL is associated with metastatic potential.

• PD-L1 expression in chordomas may be controlled by microRNAs.

T-cell immunoglobulin 
and mucin-domain 
3 (TIM3)/ galectin-9 
(Gal9)

• TIM3 has newly emerged as a target of interest in chordoma immunotherapy.

• TIM3 endorses survival of the tumor cells by binding to galectin-9 (Gal9) and 
encouraging T cell exhaustion.

• TIM3/Gal9 pathway may be an innovative pharmaceutical target for 
chordoma.

Hedgehog pathway • Given the important role of hedgehog signaling in chondrogenesis, therapeu-
tic targeting of this pathway has been investigated.

Platelet-derived 
growth factor (PDGF) 
and epidermal growth 
factor (EGF) signaling 
Pathways

• PDGF and EGF signaling have been revealed to increase tumor hyperplasia 
and tumor survival also.

• PDGF and EGF bind to a receptor tyrosine kinase resulting in the initiation of 
regulatory signaling pathways of proliferation and differentiation.

• Tyrosine kinase inhibitors can selectively block PDGF and EGF receptors 
phosphorylation and this can be applied for the treatment of chordoma.



131

Challenges in Diagnosing Chordoma (Skull Base Tumors)
DOI: http://dx.doi.org/10.5772/intechopen.102048

germline duplication of the TBXT gene that encodes brachyury, a transcription 
factor that plays an important role in familial Chordoma [12]. A common genetic 
polymorphism in TBXT is consequently associated with an increased risk for both 
sporadic and familial chordoma. They have found that PBRM1, B2M and MAP3K4 

Approach Description

PI3K/Akt/mTOR 
Pathway

• Phosphoinositide 3-kinase (PI3K)/Akt signaling pathway regulates progres-
sion of the cell cycle, cellular proliferation, and survival.

• Mutations in mTOR and tumor suppressors of PI3K/Akt cascade have been 
connected with oncogenesis.

• Skull-based chordoma cells with higher brachyury expression show upregula-
tion of PI3K/AKT cascade genes compared to low-brachyury tumor cells.

• PI3K/AKT pathway inhibitors decrease brachyury expression.

Insulin-like growth 
factor 1 (IGF-1) 
Pathway

• IGF-1 affects mitogenic activity in bone and its dysregulation may accelerate 
chordoma development.

• IGF-1/IGF-1 receptor expression and prognosis in chordomas have been 
reported.

• Activation of IGF-1 receptor signaling can thus contribute to the progression 
of chordoma cells, denoting as a potential biomarker.

Collagen Type II Alpha 
1 Chain (COL2A1)

• COL2A1 codes α-chain of type II collagen fibers, a key collagen component of 
articular cartilage.

• COL2A1 mutations may generate vital perturbation of matrix deposition and 
oncogenic signaling of chondrosarcoma.

Extracellular matrix • Chordomas produce a plentiful extracellular matrix.

• Cathepsin K, a cysteine protease may play a role in osteoclast-mediated bone 
resorption.

• There is a relation between the expression of cathepsin K and chordoma.

• Morphogens, signaling molecules that govern embryonic notochord 
development may play a key role to establish a cellular microenvironment that 
stimulates chordoma pathogenesis.

MicroRNA (miRNAs) • miRNAs are involved in normal chondrogenesis like miR-140 negatively 
regulates histone deacetylase 4 in non-hypertrophic chondrocytes.

• Histone deacetylase 4 regulates the chondrocyte hypertrophic phase by 
inhibiting transcription factor RUNX2 (Runt-related transcription factor 2).

Hypoxia-inducible 
factor-1α (HIF-1α)

• Expression of the pro-angiogenic ligand vascular endothelial growth factor 
(VEGF) is dependent upon HIF-1α.

• HIF-1α is upregulated under hypoxic environments.

• During hypoxia, normal and malignant chondrocytes induce HIF-1α 
expression.

Other molecular 
targets

• Phosphatidylinositol-4,5-Bisphosphate 3-Kinase catalytic subunit Alpha 
(PIK3CA) mutations are key aspects of chordoma pathogenesis and therefore 
it is a potential target.

• Receptor tyrosine kinases (RTKs) are the key players in the development and 
progression of chordoma.

• Human epidermal growth factor receptor 2 (HER2)/neu is associated with 
EGF receptor dimer formation.

• There is a possibility that this heterodimerization upsurges the sensitivity of 
EGFR-positive chordoma.

Table 1. 
Different pathways and cyto-molecular factors associated with the pathogenesis of Chordoma [11, 13, 14].
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are the most frequently mutated cancer driver genes in chordoma. Given the role 
of PBRM1 and SETD2 in chromatin remodeling, it can be proposed that epigenetic 
dysregulation may play a vital role in chordoma development. Bai and his group 
suggested that amplifications of TBXT gene, homozygous deletion of CDKN2A 
and mutations in genes like PBRM1, SETD2, ARID1A etc. are the most common 
genomic events in sacral Chordoma [12].

4.3 Different pathways

Developing new technologies have widened our understanding of chordoma 
by implicating innovative pathways to understand the pathogenesis and future 
therapeutic approach. Alteration in cell-cycle regulation and different signaling 
pathways have been identified in chordomas. It is also well established that differ-
ent growth factor signaling is also related to pathogenic mechanisms in chordoma. 
There are a number of pathways and cyto-molecular factors which are associated 
with the pathogenesis of chordoma and some are listed in Table 1.

4.4 Epigenetics

Critically, myxoid chondrosarcoma harbors repetitive genetic rearrangements 
including the NR4A3 gene, demonstrating an exceptionally useful confirmatory 
diagnostic indication. Other proteins namely EWSR1 and TAF15 are also involved 
in this type of cancer. Some researchers also described uncommon combina-
tion of transcripts like HSPA8-NR4A3, TFG-NR4A3, and TCF12-NR4A3 which 
can play a major role in the initiation and development of this malignancy [15]. 
Currently, no predictive factor is accessible to assist decision making for this 
metastatic process, and in specific to characterize whether systemic treatment 
ought to be utilized.

5. Clinical presentation

Patients with chordomas and chondrosarcomas generally show common and 
occasionally confusing symptoms, which sometimes delay the diagnosis process 
until the late stages of the illness [16]. Presentation of the tumors can essentially 
shift depending on the area of the tumor, expansion, and vicinity of the lesion 
to basic structures. Visual indications may incorporate obscured vision or loss of 
vision, ptosis, and visual field defects related to cranial nerve palsies that may 
be clarified by the area and development pattern of the tumors. It is common for 
chordoma to invade structures such as petroclival region, parapharyngeal space, 
cavernous sinus, temporal bone, cerebellopontine point, and infratemporal fossa. 
Headache, seizures, weakness, vomiting, etc. are the most common symptom in the 
case of chordoma.

Sacrococcygeal chordoma has different symptomatology based on the location. 
Most patients usually present with a posterior sacral mass initially and in later 
stages present with features of sacral pain, lower limb weakness, and/or bladder 
bowel disturbances.

Other signs and side effects that will show with clival lesions are hypoesthesia, 
hearing loss, dysphonia, vertigo, dysphagia, dysarthria, dyspnea, and anosmia. Bigger 
size/volume tumors may likewise compress the brainstem and cerebellum, affecting 
ataxia, gait disturbances, dysmetria, hemiparesis, or tetraparesis [17]. It is very tough 
to recognize the nature of the tumor on the basis of the only clinical demonstration. 
Basic similarities, differences, and treatment difficulties are shown in Table 2.
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6. Diagnosis

Chordoma and chondrosarcoma have a common overview and similar anatomic 
location, and can be troublesome to recognize some time before the histopathologic 
and immunohistochemical examination; in any case, tumors have a distinctive 
origin and distinctive prognosis. Chondroid chordomas, in spite of having a few 
pathologic characteristics that are comparable to chondrosarcoma, carry on clini-
cally like chordomas. The preoperative separation between chordomas and chon-
drosarcomas based on the clinical presentation and clinical and instrument-based 
diagnostics alone is very tough.

Intracranial chordomas usually have a midline cranium base area whereas 
most chondrosarcomas emerge along the petro-occipital fissure. On the other 
hand, chondrosarcomas may sometimes have a midline area, making it difficult to 

General 
features

Chordomas and Chondrosarcomas

Similarity • Chordoma and chondrosarcoma of the skull base are rare tumors with overlapping 
presentations and anatomic locations. Chordomas, mostly occur at the sacrococcygeal 
region, and at the sphen-occipital region, with nearly all of these occurring at the 
clivus. Chordoma and chondrosarcoma constitute most primary bone tumors arising 
within the skull base, both are characterized by invasion and pulverization of the 
neighboring bone and delicate tissue with higher locoregional reappearance frequency.

• All age groups have the chance to be affected but most of the cases are diagnosed during 
adulthood and hardly affect children and adolescents. These diseases affect males more 
often than females.

• Chordoma and chondrosarcoma have an alike radiologic and histologic appearance.

• Display slow growth patterns and cause gradual displacement of neurovascular struc-
tures, in sequence leading to the expression of clinical signs and subsequent diagnosis.

• High tendency for locoregional recurrence with infiltration and obliteration of the 
surrounding bone and soft tissue.

• Metastatic potential is considered to be relatively low, distant metastases have been 
described in patients with advanced disease.

• Poor prognosis and a lesser survival rate.

Differences • Chordomas arise from embryonic remnants of the primitive notochord with a molecu-
lar alteration preceding their malignant transformation. Chondrosarcomas originate 
from primitive mesenchymal cells or from embryonic remnants of the cartilaginous 
matrix in the cranium.

• MRI characteristics in de novo cases of chordoma, chondroid chordoma, and chon-
drosarcoma have shown some differences. Most of the chordomas are located in the 
midline craniovertebral axis whereas in cases of chondrosarcoma the preferred location 
is paramedian adjacent to synchondrosis [18, 19].

• Light microscopic examination shows that most chordomas from the base of the skull 
and spine had classic features. It consists of sheets, nests, and cords of large cohesive 
cells in a myxoid matrix. Maximum chondrosarcomas are of mixed hyaline and myxoid 
type and they differ from chordoma by their cytologic and architectural features.

Challenges • The multifaceted structure of the cranial base, composed with the close proximity to 
cranial nerves and vessels, signifies a weighty challenge in the management of these 
tumors.

• Aggressive surgery is associated with a considerable risk of high morbidity and mortal-
ity and in case of partial resection locoregional recurrence is the rule. Most patients 
require some kind of adjuvant therapy for disease control.

Table 2. 
Similarities, differences, and treatment difficulties of both chordomas and chondrosarcomas.
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differentiate between chondrosarcoma and an intracranial chordoma. In addition, 
these two tumors have alike signal intensity on T1- and T2-weighted magnetic 
resonance images. Hence, direct, globular, or arc-like calcifications when present in 
chondrosarcomas may help to distinguish them from intracranial chordomas [20].

Plasmacytoma and lymphoma sometimes include the cranium base and cause 
damage to lytic bone. Craniopharyngiomas, other than illustrating a generally char-
acteristic signal intensity, are found more anteriorly in midline than are intracranial 
chordomas. Other differentials, though uncommon, may include aggressive pitu-
itary adenoma, histiocytosis X, trigeminal neuroma, dermoid and epidermoid cyst.

Neurosurgical methods frequently utilized for the resection of intracranial 
chordomas and chondrosarcomas are trans-sphenoidal, Cranio-orbito-zygomatic, 
transbasal, transcondylar, transzygomatic amplified center fossa, and transmaxil-
lary methodologies. Chordomas and chondrosarcomas are not sensitive to chemo-
therapy and thus the management modality might be a combination of surgical 
resection with a maximal extraction and adjuvant radiotherapy for both chondro-
sarcomas and chordomas.

Differential diagnosis includes mainly metastatic carcinoma, chondrosarcoma, and 
myxopapillary ependymoma. Metastatic carcinoma and chordomas both show posi-
tive responses with epithelial markers. It is unusual for metastatic carcinoma to have 
the lobulated growth pattern of chordoma whereas chondrosarcoma may grow in a 
lobulated pattern but without fibrous septa. Myxopapillary ependymoma is easy to dif-
ferentiate from chordoma as they do not stain for epithelial markers [21]. In electron, 
microscopic view chordoma shows desmosome and mitochondrial rough endoplasmic 
reticulum complex whereas both are absent in case of chondrosarcoma [22].

6.1 Radiology

Cranium base chordomas are ordinarily found within the midline [18] and 
appear to start within the bone, penetrating the way of slightest resistance and 
inevitably creating a soft tissue mass. In spite of the fact that their clinical and imag-
ing presentations are analogous, they infer from distinctive roots. CT and MRI, both 
are required for accurate characterization of clival chordomas and their association 
to adjacent anatomy (Figures 2 and 3). Currently, MRI is the most suitable for the 
radiologic evaluation of intracranial chordomas [23].

Chowhan and his colleagues (2012) studied through MRI of chondrosarcoma 
and showed a T2 hyperintense lesion involving the clivus, petrous temporal bone, 
and sphenoid bone [4]. This lesion was hypointense on a T1-weighted image 
(Figure 4a) and enhanced heterogeneously in the postcontrast (gadolinium) study 
(Figure 4b).

Figure 2. 
MRI: Expansile lobulated lytic lesion in clivus which is hyperintense on T2 images (a, b) hypointense on T1 (c) 
image showing heterogeneous enhancement after contrast administration (d) extending into cisterns causing 
compression over brainstem and displacing basilar artery, lesion is extending into sella (red arrow).
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CT and MRI are essential to decide the tumor localization, as well as the degree 
of tumor development and the treatment logic, is to maximize tumor resection 
with reduced morbidity. On susceptibility-weighted imaging the chordoma show 
multiple areas of blooming which is a nonspecific finding and diffusion-weighted 

Figure 3. 
Figure (a) axial CT brain window and figure (b) axial CT bone window showing subtle lesion on brain 
window and small lytic lesion on bone window images in a 48-year-old female.MRI images of the same patient 
1 year later show the lesion have grown and appear as T2 hyperintense lesion (c), T1 hypointense lesion (d, e) 
which shows heterogeneous enhancement after contrast administration (f).

Figure 4. 
Chondrosarcoma: (a) Postcontrast T1-weighted axial image shows heterogeneous enrichment of lesion. (b) 
Figure showing T1-weighted axial image: Lesion is hypointense on this image.
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imaging can help to differentiate the conventional vs. dedifferentiated based on 
cut-off values of apparent diffusion coefficient.

6.2 Histopathology

The histopathological type of chordoma (i.e., classic (conventional), chondroid, 
and dedifferentiated) predicts the prognosis of this tumor. Chondroid chordoma 
appears in locales where the stroma takes after hyaline cartilage and neoplastic, 
occasionally physaliphorous cells develop in lacunae. The chondroid variant of 
chordoma and myxoid chondrosarcoma of cranium base are uncommon tumors 
and possess the same anatomic location, the clinical presentation sometimes com-
ing about in their amalgamation [19]. But Chordoma and chondrosarcoma have 
particular histologic and immunohistologic highlights that generally permit for 
their precise refinement.

Cranium base chordomas emerge from remnants of the primitive notochord at 
the spheno-occipital synchondrosis, though chondrosarcoma begin from primitive 
mesenchymal cells or from the embryonic rest of the cartilaginous matrix of the skull. 
Using immune-histochemical staining they can be differentiated and pathological 
aspects can be studied. Chondrosarcoma is encompassed of cartilage with pleomorphic 
chondrocytes [24]. Chordomas comprise uniform cells containing small-oval, eccen-
tric nuclei with prominent chromatin and physaliferous cells which can be identified in 
histopathology. Chondroid chordoma also possesses a cartilaginous component.

Histologically, chondrosarcomas are considered by a profuse hyaline sort of 
cartilaginous stroma and the presence of a neoplastic chondrocyte populace. 
Chondrocytes have an unnoticeable cytoplasm and a small, dark nucleus with fine 
chromatin. Invasion of the hard trabeculae could be a histological highlight of 
malignancy. It is strongly identified that chondrosarcomas illustrate recognizable 
histological grades of separation. Based on mitotic activity, cellularity, atypia, and 
size of the nucleus, World Health Organization (WHO) presented it in 3 groups 
namely grade I (well-differentiated), grade II (moderately differentiated), and 
grade III (poorly differentiated) [25]. Chondrosarcoma grade I and grade II show 
a better outcome while chondrosarcoma grade III is related with a high recur-
rence rate as well as metastases. Myxoid chondrosarcoma may be an uncommon 
mesenchymal soft-tissue malignancy of putative chondrocytic differentiation. 
Intermittent plain cartilage formation, positivity for S-100 protein, and ultrastruc-
tural examination have bolstered this view. In any case, most extraskeletal myxoid 
chondrosarcomas (EMCs) don’t appear chondroid tissue arrangement, and S-100 
protein is found in much less common than has been detailed. For the most part, 
utilizing matrix proteins as markers of mesenchymal cell differentiation explored 
the biochemical matrix composition and cellular phenotype of the tumor cells in 
illustrative specimens [26]. Extraskeletal myxoid chondrosarcoma comprises most 
likely primitive mesenchymal cells with focal, multidirectional differentiation. 
Chondrocytic differentiation is an abnormal aspect within the range of differentia-
tion patterns displayed by these lesions.

EMC may be a very rare sarcoma subtype that usually ascends in the extremi-
ties, in spite of the fact that it can begin from any anatomic location and there are 
reports of primary EMC of the bone. EMC may occur anywhere exterior to the 
hard skeleton, synovial layer and the neurocranium and once in a while inside the 
bones. The histopathologic range of EMC ranges from lesions with densely packed 
rounded cells to those composed of cords of cells.

Chordomas show up as thick, multi-lobulated, semi-translucent greyish tumors 
and usually, lesions are 2–5 cm in measure [27]. In typical chordomas, the cells 
incline to be orchestrated in a set with a pale matrix of mucopolysaccharide with a 
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specific physaliphorous appearance and in development, typical chordomas contain 
necrosis zone, hemorrhage, and bone trabeculae. Sometimes chondroid chordomas 
may look like low-grade chondrosarcomas and with the assistance of immune-
histochemical observation, these tumors can be distinguished from others [8].

In chondroid chordoma combination of both chordoid and chondroid cells are 
found. Just in the case of chondromas, some free lying monomorphic cells having 
blurry cell borders along with faintly stained cell nuclei are usually observed lying 
within lacunary structures in a background of myxoid material. On histology, chon-
droid chordomas appear with physaliphorous cells admixed with epithelial cells 
(characteristic morphology of chordomas) in addition to cartilaginous background. 
High mitotic activity is also found in the case of chondrosarcomas. Chondromas are 
uncommon within the pelvis region and ordinarily hypocellular, however, it can be 
cellular and cytologically atypical. With the assistance of immunohistochemistry, 
we can differentiate these types of cancer. Prognosis depends on the degree of 
spread, the treatment choice chosen. Progress in the field of molecular genetics and 
epigenetics of chordoma and chondrosarcoma, have essentially refined the molecu-
lar concept of oncogenesis and hope in coming days it will advance in diagnosis and 
therapy.

6.3 Differential diagnosis

Chordoma and chondroid chordoma both are immune positive for epithelial 
markers cytokeratin (CK) and epithelial membrane antigen (EMA), though 
chondrosarcoma is negative for both [28]. Chordoma show up comparable to 
fetal notochord on both light and electron microscopy and are immune-histo-
chemically and ultrastructurally similar. Chordoma of the cranium base starts at 
the spheno-occipital intersection and in soft tissues, they may be encapsulated 
in contrast to the bony lesion. In microscopy it appears as pseudo-encapsulated 
by fibrous strands making dense hylanized septa or thin septa creating lobules. 
Lobules show up as an area of vacuolated physaliferous cells and the sheets of cells 
contain intracytoplasmic mucin (Figure 5). In chondrosarcomas, immunehisto-
chemical stains are negative for CK and EMA and positive for S-100 protein and 
Vimentin [15].

Figure 5. 
Photomicrographs from a case of chordoma a) Tumor cells with the lobular arrangement are separated by 
fibrous septae (microscopic field with 100X in hematoxylin and eosin stain) b) Large bubbly-looking tumor 
cells with stellate-shaped nucleus and presence of physaliphorous-like cells (microscopic field with 200X in 
hematoxylin and eosin stain).
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All chondroid and nonchondroid chordomas are positive for cytokeratin and 
vimentin and in most of the cases they are positive for S-100, EMA, neuron specifi-
cenolase (NSE), and carcinoembryonic antigen (CEA). Neoplastic cells within the 
chondroid zones are stained similarly to those within the tumors. All chondrosar-
comas are negative for cytokeratin, EMA, and CEA and are positive for vimentin 
and S-100. Chowhan et al., 2012 detailed the histological features of chondrosar-
comas as a lobular lesional component including large cells with round to mildly 
pleomorphic vesicular nuclei along with abundant vacuolated cytoplasm lying on a 
mucomyxoid background (Figure 6) [4]. The immune-histochemical positivity of 
the tumor component for the S100 protein and Vimentin (Figure 7) and negative 
for EMA and CK favored the diagnosis of the myxoid variant of chondrosarcoma 
over chondroid chordoma [4].

IHC marker Brachyury may is used which is a very precise diagnostic marker 
for chordomas [29]. Other tumors don’t show expression of this protein; hence it 
can be used as a diagnostic marker for chordomas [30]. It was also found that some 
differentiated zones of chordomas may show a loss of brachyury immune-reactivity 
[31]. Synaptophysin and Desmin can be used for staining purposes which is less 

Figure 6. 
Photomicrographs from a case of a myxoid variant of Chondrosarcoma) Tumor cells with the lobular 
arrangement are separated by fibrous septae (microscopic field with 200X in hematoxylin and eosin stain) 
b) Large bubbly-looking tumor cells with stellate-shaped nucleus and presence of physaliphorous-like cells 
(microscopic field with 400X in hematoxylin and eosin stain).

Figure 7. 
Myxoid variant of chondrosarcoma showing cytoplasmic positivity for vimentin (microscopic field with 400X).
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pathologically explored. Focal glial fibrillary acid protein (GFAP) immune-reac-
tivity study is another technique that can be explored. Oliveira and his colleagues 
studied extraskeletal myxoid chondrosarcoma cells with immune reactivity reac-
tion for smooth muscle actin, cytokeratin, polyclonal carcinoembryonic antigen 
(pCEA), and MIC2 [15]. They have found that all experimental tumor samples 
lacked the immunoreactivity of the said compounds.

For the histological study of collagen, Masson–Goldner staining may be used 
[26] as we know collagen is a very important component to study chondroid 
tumors [26]. Researchers have used to find suitable immune histochemical mark-
ers for assisting in the differential diagnosis between chordoma and other tumors 
with chordoid morphology with biomarkers like GFAP, D2–40, pan-cytokeratin 
(panCK) etc. Chordoma typically shows positive for panCK and negative for GFAP 
and D2–40; while chondrosarcoma reveals positive for D2–40, and negative for 
panCK, and GFAP [32]. To assess the proliferative activity of tumors, Ki-67 immu-
nohistochemistry can be done [33].

7. Management

The primary modality of treatment of chordoma is maximal safe surgical excision 
of the tumor. This is to ensure maximal cytoreduction & minimizing the morbidity. In 
most larger-sized tumors complete excision is not technically possible, so some form 
of adjuvant radiotherapy (preferably with Proton Beam Therapy) is needed [34]. The 
indications for molecular targeted therapy in chordoma patients are to a great extent 
based on a number of imminent clinical trials, retrospective studies, and case reports 
[35]. In any case, the suitability and safety of molecularly targeted therapy regimens 
in chordoma patients and the fundamental molecular mechanisms, need more effi-
cient research and clinical investigation. Subsequently, novel therapeutic strategies 
are required to drag out patients’ survival and make strides in the quality of lifespan. 
Pathologically, chordoma emerges from remaining notochord cells inside the vertebral 
frame, as confirmed on the premise of molecular and immuno-genetic biomarkers [36].

In view of their un-accessible location in the clivus and their cell of origin from 
the remnants of notochord the Endonasal-Endoscopic surgical Approach (EEA) to 
these lesions offers an optimal cure [37, 38]. This approach gives the surgeon the most 
direct access to these tumors in contrast to the open transcranial/facial microscopic 
approaches which has more morbidity. However, the endoscopic approach requires 
a higher skill with a steep learning curve for the surgeons. Moreover, as these tumors 
are locally aggressive, in case of incomplete resection of these tumors, recurrence is 
the rule [39]. In certain cases, the tumors are large invading the dura mater and very 
often cause encasement of major intracranial arteries like internal carotid and basilar 
arteries, etc. In such cases, it is prudent to leave a sleeve of tumor around these critical 
structures to reduce postoperative morbidity. In this situation other modalities of 
treatment like proton beam external irradiation offer better locoregional control of 
the disease [40]. The advantages of proton beam radiotherapy is a very short dose 
fall-out effect of the proton beams, which helps a better disease control with limited 
side-effects on the critical structure like the brainstem. However, the proton beam 
external radiation is very expensive and not available in many centers [41].

7.1 Targeted therapy

Molecular targeted therapy (Figure 8) in chordoma incorporates a) erlotinib, 
lapatinib, gefitinib, and cetuximab against epidermal growth factor receptor 
(EGFR) and erbB-2/human epidermal growth factor receptor 2 (HER2/neu); b) 
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imatinib and dasatinib against platelet-derived growth factor receptors (PDGFR) 
and stem cell factor receptor [43]; c) sorafenib, pazopanib, and sunitinib that target 
angiogenic components like vascular endothelial growth factor receptor [44]; and 
d) temsirolimus and sirolimus that target the phosphoinositide 3- kinase (PI3K)/
AKT/mammalian target of rapamycin (mTOR) pathway [42].

The hairy/enhancer-of-split related with YRPW motif 1 (HEY1; on 8q21.13) 
gene and the nuclear receptor coactivator 2 (NCOA2; on 8q13.3) [HEY1- NCOA2] 
gene combination has been recognized in mesenchymal chondrosarcoma [45]. 
Extraskeletal myxoid chondrosarcoma is additionally a slow-growing soft-tissue 
tumor containing conspicuous myxoid degeneration and described by extended 
clinical course despite higher rates of local recurrence as well as metastases. It is 
characterized by t(9;22)(q22;q12), combining Ewing sarcoma breakpoint region 1 
(EWSR1). Other translocation accomplices to Nuclear Receptor Subfamily 4 Group 
A Member 3 (NR4A3) incorporate TATA-Box Binding Protein Associated Factor 15 
(TAF15) and Transcription Factor 12 (TCF12) [46].

Chordomas are rare tumors that are notoriously refractory to chemotherapy and 
radiotherapy and the problems of handling aggressive and refractory chordoma have 
motivated the study of the biological foundations of this disease [11]. Molecular 
targeted therapy is an alternative way for the treatment of advanced chordoma [11]. 
The choice of molecular targeted inhibitors for patients with advanced or relapsed 
chordoma ought to be based on gene mutation screening and immunohistochemistry. 
Monotherapy with molecularly targeted inhibitors is suggested as the first-line of 
administration, and combination treatment may be the choice for drug-resistant chor-
doma. The brachyury vaccine may be a promising strategy and have a great prospect.

7.2 Radiotherapy

Patients with resectable chordomas, usually radiation therapy [RT] (preopera-
tive, postoperative, or intraoperative) are utilized in conjunction with surgery 
to improve local control and disease-free survival. For treating spinal/sacral and 

Figure 8. 
Molecular targeted therapy in Chordoma using some inhibitor of the major signaling pathway that triggers for 
the progression of Chordoma [42].
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clival/skull base chordomas, various retrospective studies and case series have dem-
onstrated enhanced local control and disease-free survival with combined surgical/
RT treatments [47, 48]. A meta-analysis of 464 individuals with cranial chordoma 
found a 68 percent recurrence rate and average/median disease-free survival of 23 
and 45 months, respectively, in a meta-analysis [49]. In the treatment of patients 
with low-grade skull-based and cervical spine chondrosarcoma, proton beam RT, 
alone or in combination with photon beam RT, has been linked to excellent local 
tumor reduction and long-term survival. Carbon ion RT has also been shown to 
have a high local control rate in patients with chondrosarcoma of the skull [50], as 
well as other unresectable chondrosarcomas [51].

In both cranial and extracranial chordomas, specialized methods such as intensity-
modulated radiation therapy (IMRT) and stereotactic radiosurgery (SRS)/stereotactic 
radiotherapy (SRT) have been linked to good local control rates [52]. Computed 
tomography (CT) is used to detect bone deterioration and calcifications in skull base 
chordomas, whereas magnetic resonance imaging (MRI) is used to define the tumor 
margin from the brain, characterize the position and extension of the tumor into the 
neighboring soft tissue structure, and visualize blood vessels [53]. When compared 
to CT, MRI gives a more precise and superior contrast with surrounding soft tissue, 
making it useful for assessing recurrent or metastatic lesions [54].

8. Prognosis

Weber and his colleagues have recognized histology, gross tumor volume, 
and brain compression as prognostic feature for local control for chondrosar-
comas and chordomas as well as overall survival (OS) based on multivariate 
investigation [55]. Dedifferentiated chordomas usually display a poor prognosis 
and this subtype contains a 60% 3-year OS compared to an 89.4% 3-year OS for 
classical chordomas [8]. Bloch and his colleagues have revealed that grade III 
chondrosarcomas appear with aggressive behavior and are related with the most 
reduced survival rates [56]. They calculated a 5-year mortality rate was 11.5% in a 
systematic review of 560 patients with intracranial chondrosarcomas and median 
survival time of 2 years. The conventional and chondroid variants of chordoma 
have a favorable long-term prognosis, with a 3-year survival rate of 90% [57]. The 
dedifferentiated subtype shows aggressive behavior and the 3-year overall survival 
rate is around 60% [58].

9. Future aspects

Chordoma may be a malignant tumor with a few confusing highlights, such as 
its origin, and its neighborhood invasiveness, and moderate aggressive character. 
To conclude, in spite of the fact that the myxoid variation of chondrosarcoma and 
chondroid chordoma are comparative in a few viewpoints, they vary in their origin. 
Cranium base myxoid chondrosarcoma carries an extraordinarily more favorable 
result with negligible recurrence though chordomas counting its chondroid variant 
illustrates an aggressive clinical course with consistently destitute outcome after 
disease recurrence. Radiotherapy is usually suggested after surgery in chordoma, 
while resection of the tumor suffices in the myxoid variant of chondrosarcoma. 
Immunohistochemistry is the most common application of immunostaining and it 
is also widely used to differentiate chondrosarcoma and chordoma and understand 
the scattering and localization of biomarkers and differentially expressed proteins 
in different cellular parts of chondrosarcoma and chordoma.
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In spite of the advance in current surgical strategies and some encouraging 
results with the use of targeted therapy, control of the disease and long-term patient 
prognosis are still not satisfactory. However, understanding of the molecular basis 
of chordoma pathophysiology hopefully will give us a better understanding to 
improve the prognosis of this rare malignancy. Currently, surgical resection is the 
favored treatment for chordoma, whereas recent advances are focused on curative 
treatment and advanced radiotherapy may play for the treatment of chordoma, and 
surgery will be done only for the most advanced cases of chordoma.
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Extended Orbital Exenteration: A
Step-by-Step Approach
Arsheed Hussain Hakeem, Hassaan Javaid,
Novfa Iftikhar and Usaamah Javaid

Abstract

Extended orbital exenteration is a highly disfiguring operation which entails
complete removal of the orbital contents including periorbita, eyelids and involved
surrounding bony walls with variations tailored to the specific clinical circum-
stances. The aim of such an extensive surgery is to achieve local control of the life-
threatening progressive neoplasms, when other treatment modalities fail to achieve
disease control. Eyelids can be preserved in posterior orbital pathology, while it may
not be possible in neoplasms arising from the anterior eye tissues. Depending on the
clinical circumstances, if the neoplasm is invading the surrounding bony orbit, the
involved bony and soft tissue structures are removed en bloc to achieve complete
resection (R0 resection). Although the steps of the orbital exenteration are well
defined, the same is not true for extended orbital exenteration. We demonstrate the
details of extended orbital exenteration in different clinical scenarios for the malig-
nancy of orbit and periorbital tissues invading surrounding orbital walls.

Keywords: extended orbital exenteration, orbital neoplasms, paranasal sinuses,
skin malignant tumors, reconstruction, rehabilitation

1. Introduction

Any ocular or periocular tumor, if neglected, can invade the orbit and raise the
probability of various forms of orbital exenteration. Approximately 2–4% of the
periocular malignancies invade the orbit and are candidates for orbital exenteration
or extended procedures [1–6]. Frezzoti et al. classified orbital exenterations into
subtotal, total and radical (Table 1) [7]. The radical resections or extended orbital
exenteration have been classified as Type V (removal of bony walls) and VI
(removal of bony walls and adjacent structures) (Table 1) [7]. Exenteration or its
variations are psychologically and anatomically disfiguring, hence reserved to treat
potentially life-threatening malignancies unresponsive to other treatments.
Extended orbital exenteration has wide variations to the basic technique and is
tailored to the clinical circumstances. These variations depend on saving or
sacrificing different tissues within or around the orbit. Clinical and radiological
findings guide the surgeon to tailor make the resection needed to completely
remove the tumor with negative margins along with the selected sections of the
orbital bone. Extended orbital exenteration, although highly disfiguring surgery,
offers the best chance of cure as it aims to achieve local control of extensive disease
when other treatment modalities fail to halt the progression of the disease [8]. The
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basic technique is somewhat similar to the orbital exenteration which removes all
orbital contents including the periorbita along with part or complete eyelids. But
variations are tailor made depending on the extent of the disease as assessed by the
CT or MRI scan [9, 10]. Eyelids may be spared if the pathology present posteriorly
not infiltrating them [11]. We describe different indications and step by step
approach to different clinical presentations of orbital tumors.

2. Indications

Any tumor arising from the globe or periocular tissues with involvement of
orbital apex, full thickness periorbita or periosteum, retro-orbital fat, extraocular
muscles, conjunctiva and sclera form an indication for orbital exenteration
(Table 2). Different Tumors which result in orbital invasion are depicted in
Table 3.

2.1 Malignant tumors arising from eyelids and surrounding skin

Basal cell carcinoma is the most common malignant skin tumor accounting for
90% these cases; squamous cell carcinoma and sebaceous gland carcinoma each
comprising approximately 4–6% of cases [1–6, 8–13]. The reported incidence of
orbital invasion in basal cell carcinoma is 1.6–2.5% and risk factors include multiple
recurrences, large size, aggressive histological subtype like infiltrative and morpheic
patterns, perineural spread, canthal location particularly the medial canthus and age
over 70. The incidence of orbital invasion is high in squamous cell 5.9% and much
higher in sebaceous gland carcinoma 6–45% [14, 15].

2.2 Malignant conjunctival tumors

Advanced and invasive conjunctival melanoma and ocular surface squamous cell
carcinoma require orbital exenteration. Approximately 15% of ocular surface squa-
mous cell carcinoma invade orbit as reported McKelvie et al. [16]. The rare variants
of ocular surface carcinoma like mucoepidermoid or spindle cell carcinomas and are
better controlled orbital exenteration [11].

2.3 Orbital sarcomas

Orbital rhabdomyosarcoma is presently treated with combination of radiother-
apy and chemotherapy. Orbital exenteration may be indicated either in poor

Stage Type Surgical technique

Subtotal exenteration I Eyelids and palpebral and bulbar conjunctiva sparing

II Eyelids and palpebral conjunctiva sparing

III Eyelid skin and deeper muscle layer sparing

Total exenteration IV Eyelid resection

Radical exenteration V Resection of orbital cavity bones

VI Extension of adjacent structures

Source: Adapted from Frezzotti et al. [7].

Table 1.
Categorization of orbital exenteration based upon surgical technique.
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Different pathologies involving the orbit and peri-orbital tissues

Periocular cutaneous
malignant tumors

Basal cell carcinoma

Squamous cell carcinoma

Sebaceous gland carcinoma

Conjunctival tumors Ocular surface squamous cell carcinoma Mucoepidermoid variant

Spindle cell variant

Malignant melanoma

Choroidal melanoma Choroidal melanoma with extra-scleral extension

Sarcomas Rhabdomyosarcoma post chemoradiation residual/recurrent

Lacrimal gland tumors Squamous cell carcinoma
Transitional cell carcinoma
Adenocarcinoma
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Poorly differentiated carcinoma

Lacrimal sac tumors Squamous cell carcinoma
Transitional cell carcinoma
Adenocarcinoma
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Poorly differentiated carcinoma

Nose and paranasal sinus
tumors

Carcinomas

Squamous cell carcinoma
Adenocarcinoma
Olfactory neuroblastoma,
Malignant melanoma
Adenoid cystic carcinoma

Sarcomas

Chondrosarcoma
Rhabdomyosarcoma
Osteosarcoma

Invasive fungal
infections

Sino-orbital aspergillosis involving retrobulbar tissues and the orbital apex

Sino orbital Mucormycosis involving retroorbital tissue and the orbital apex

Table 3.
Common pathologies of eye and orbit.

Indications of orbital exenteration and extended procedures

Primary tumors of globe with
Malignant tumors arising from eyelids and surrounding
skin with.
Orbital sarcomas with.
Lacrimal gland tumors with.
Tumors of the paranasal sinuses and nose with.
Lacrimal sac tumors

I Orbital apex

II Invasion through periorbita

III Involvement of retro-orbital fat

IV Extension into the extraocular
muscles

V Invasion of the conjunctiva or sclera

VI Extension of adjacent structures

Table 2.
Indications for orbital exenterations.
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responders or recurrent sarcomas. Alveolar soft part sarcomas may need upfront
orbital exenteration with adjuvant radiotherapy.

2.4 Lacrimal gland tumors

Advanced adenoid cystic carcinoma of the lacrimal gland especially stage III and
IV is an indication for orbital exenteration. Adenoid cystic carcinoma of the lacrimal
gland is known to invade bone as well as demonstrate perineural invasion.

2.5 Tumors of the paranasal sinuses and nose

Paranasal sinuses and nose tumors may also require exenteration in case they
extend to the orbital apex, complete thickness invasion through periorbita into
posterior orbital fat, extension into the extraocular muscles and invasion of the
bulbar conjunctiva or sclera.

2.6 Lacrimal sac tumors

Invasive neoplasms arising lacrimal sac like squamous cell, adenoid cystic carci-
noma with infiltration into the orbit is an indication for orbital exenteration.

2.7 Invasive fungal infection

Uncontrolled invasive fungal infection like invasive aspergillosis or Mucor
mycosis may need orbital exenteration for control.

3. Surgical technique

We will describe step by step approach of various forms of orbital exenterations.
The basic procedure is lid sparing total orbital exenteration and other forms are
modifications of this procedure. All orbital contents are removed in entirety with
preservation of the major part of the upper and lower lids. Once again we are
stressing the fact that any form orbital exenteration is a radical procedure with high
degree of disfigurement and therefore should be only considered when there is a
valid indication as mentioned above.

4. Total orbital exenteration-lid preserving

Lid preserving orbital exenteration is an excellent surgical procedure as it takes
care of the challenge of providing a good concave stable skin cover over which
customized prosthesis can be glued. If it is not oncologically safe to preserve eyelids,
they can be sacrificed and orbital cavity can be lined by temporalis fascia/muscle,
fore head flap or split-thickness skin graft. Some surgeons do advocate spontaneous
granulation method, however healing by granulation takes a long time and needs
intensive post-operative care. Lid sparing technique avoid these sequels provided
this method is technically feasible. This method, popularized by Coston and Small,
is the modification of total exenteration technique which preserve major parts of
both the eye lids [17]. A transverse blepharorrhaphy is done to cover the orbit thus
ensuing good cosmesis and fast healing. This method also spares orbicularis muscle
which provides an excellent vascular supply to the skin flap enhancing early
healing.
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5. Steps

Orbital exenteration should be performed under general anesthesia. Incision is
marked on closed eyelids approximately 2 mm beyond the eyelash line including
medial and lateral canthus (Figure 1). A sterile gauze piece is placed in the cul de
sac in conjunctival tumors to avoid maceration. The eyelid can be divided into two
lamellae, namely, the anterior and the posterior. The anterior lamella consists of
the skin and orbicularis muscle, while the posterior lamella is formed by tarsus and
conjunctiva. Three traction sutures with 4–0 silk are placed through the upper and
lower tarsi to provide traction on the orbital contents (Figure 2A and B). Incision is
then made with radiofrequency probe, 15 no blade or cutting diathermy along the
skin markings (Figure 3A and B). Further dissection is done in pre-septal plane,
which avoids injury to orbital septum, especially important in the cases where
tumor is present in the anterior orbit. This technique spared orbicularis muscle
which provides an excellent vascular supply to the skin flap. Dissection is further
continued with bipolar cautery till the orbital rim is reached (Figure 4A and B).
The periosteum along the arcus marginalis or orbital rim is incised 3600 (Figure 5A
and B). Periosteal elevator is used to dissect the periosteum off the orbital rim and
continued all the way to the orbital apex (Figure 6). Medially, along the superior
orbital rim, superior orbital notch is encountered. The supra orbital neurovascular
bundle is identified and cauterized (Figure 7A and B). On the medial wall,
subperiosteal dissection is done from the anterior to the posterior lacrimal crest
remaining medial to the lacrimal sac. Meticulous dissection is required here to
avoid fracture of the thin lamella papyracea. Mostly periosteum can be easily

Figure 1.
The skin incision for the eyelid sparing orbital exenteration is made 2 mm behind the ciliary margin.

Figure 2.
Two or three traction sutures are placed through the upper and lower tarsi to provide traction on the orbital
contents.
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Figure 3.
Skin incision is made along the marked area using radiofrequency probe or 15 no blade or cutting diathermy.

Figure 4.
Skin and orbicularis flaps are raised up to bony rim for 3600.

Figure 5.
The periosteum is incised for 360 degrees along the orbital margin.
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elevated as it is loosely adherent to orbital bones, except in certain locations like
sutures and fissures where tight adhesions are encountered. Gentle dissection is
carried out at these tight adhesions to avoid tearing of periosteum. Laterally, the
frontozygomatic suture is identified and periosteum elevated to identify and
zygomatico-facial and zygomatico- temporal neurovascular bundles which are
then cauterized (Figure 8).

Figure 6.
The periosteum is elevated from orbital rim up to the apex of the orbit 360°.

Figure 7.
Supra-orbital neurovascular bundle (arrow) is identified and cauterized.

Figure 8.
Zygomatico- facial neurovascular bundle identified.
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Floor of the orbit is thin and fragile like medial lamina papyracea and dissection
has to be gentle so as not to fracture it or create a communication with maxillary
sinus. As the lacrimal sac is approached by dissecting medial to it, nasolacrimal duct
is divided with diathermy. The exposed end of the nasolacrimal duct is further
cauterized with diathermy to obliterate it. This step decreases the risk by of post-
operative fistula formation. Next, inferior orbital fissure is encountered and pene-
trating vessels are divided by cautery. After separation of the periosteum 3600 from
the from arcus marginalis to the orbital apex, a pair of curved enucleation scissors
are introduced into the posterior orbit. With left hand traction is applied and with
the right hand the optic nerve, the superior orbital contents and posterior orbital
tissues are divided. Hemostasis is achieved by ice cold wet gauze, pressure and
cautery. If necessary additional hemostasis is achieved by surgicel and bone wax.
The empty socket is examined meticulously for any residual tumor tissue
(Figure 9). Additional apical tissue can be resected if needed and complete

Figure 9.
View of the orbit after resection is complete.

Figure 10.
Closure of the skin flaps of the orbit.
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hemostasis achieved. Frozen section analysis can be done to assess adequacy of
resection. The eyelid flaps are reapproximated with 4–0 vicryl for orbicularis and 6–
0 ethilon for skin (Figure 10). Aspiration of the socket for blood or serum is done as
and when required. Usually socket heals by 6 weeks and is ready for prosthesis
placement by 8 weeks. The main advantage of the lid sparing is early wound
healing, better cosmesis, and minimum patient morbidity.

6. Extended orbital exenteration

Extended orbital exenteration is a challenge to the surgeon as various modifica-
tions need to be made depending on the presenting clinical scenario. All the forms
of the extended exenteration are various modifications of the total lid sparing
orbital exenteration as described above. We discuss step by step approach in dif-
ferent clinical scenarios depending on the extension of the cancer into various
surrounding structures.

7. Orbital exenteration with surrounding skin and soft tissue
resection

The demonstrated patient has a pleomorphic rhabdomyosarcoma of the right
orbit (Figure 11). Main bulk of the tumor was present in the superior orbit and
protruded between the eyelids superiorly (Figure 11). The tumor was infiltrating
the soft tissues of the eyelids circumferentially (Figure 11). He had received
chemotherapy and radiation as part of initial treatment with disease progression.
A preoperative contrast-enhanced CT scan axial and coronal view demonstrates
well defined, homogenous and iso-dense soft tissue mass filling the orbit
completely (Figure 12). The space occupying lesion was surrounding the globe
completely with invasion of the subcutaneous soft tissues overlying the nasal bone
and extends up to the lamina papyracea of the right orbit (Figure 12A). There was
erosion of the floor of the orbit without extension of the disease into the maxilla
(Figure 12B).

Assessment of the surrounding skin and soft tissue is done by palpation and
lifting of the skin from the underlying structures before marking the incision.
Radiology images are carefully reviewed, preferably with radiologist and incision
planned accordingly. In this particular case, significant amount of eyelid tissue is
infiltrated by the tumor and eyelid preservation is not possible, the incisions here

Figure 11.
Advanced pleomorphic rhabdomyosarcoma of the right orbit fungating through the palpebral fissure and
invasion of the surrounding skin and soft tissues.
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is made full thickness along the orbital rim area at least 1 cm away from the
indurated skin margin (Figure 13). Incision is then made along the skin marking,
full thickness, as demonstrated, in small increments and complete hemostasis
achieved in incised segments to reduce the blood loss and maintain clean surgical
field (Figure 14A). This procedure is continued circumferentially 360 degrees
along the planned incision (Figure 14B). Once the orbital rim is reached,
periosteum is exposed and a fine tip monopolar cutting cautery is used to incise
the periosteum circumferentially just outside the orbital rim or arcus marginalis
(Figure 15A and B). After incision of periosteum around the rim, Freer periosteal
elevator is used to dissect the periosteum off the bony orbit circumferentially
(Figure 16A and B). After elevation of the periosteum circumferentially,
subperiosteal dissection continued till the orbital apex (Figure 17A and B). Rest
of the steps are similar to the total lid sparing orbital exenteration as described
above. The lacrimal sac is approached by dissecting medial to it and dividing
common canaliculi and orbicularis attachments. It is then dissected from the
lacrimal sac fossa and divided from the nasolacrimal duct, preferably with cautery
(Figure 18A and B). The exposed nasolacrimal duct is obliterated by cautery to

Figure 12.
(A) The axial view of contrast enhanced CT scan shows a large soft-tissue homogenous, iso-dense mass involving
all the quadrants of the orbit enclosing the globe in middle with eyelid and surrounding soft tissue infiltration.
(B) The coronal view of contrast enhanced CT scan shows a large soft-tissue homogenous, iso-dense mass
involving all the quadrants of the orbit with eyelid and surrounding soft tissue infiltration.

Figure 13.
Eyelid sacrificing skin incision marked for the planned surgical excision in case of involvement of the
eyelids.
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decrease the risk of fistula formation. A pair of curved enucleation scissors are
then introduced into the posterior orbit and the optic nerve, superior orbital
fissure contents and posterior orbital tissues are cut (Figure 19A). The socket is
carefully examined carefully for any residual tumor tissue (Figure 19B). In such a
case where generous amount of the eyelids have been sacrificed due to the tumor
infiltration, different local or free flaps may be used for reconstruction. Since our
case was child of 11 years age, we preferred generous undermining of the sur-
rounding skin flaps (Figure 20A and B) and could approximate primarily, albeit
with some tension (Figure 21). Our preference is always to close the orbit with
preserved lids or advancement of the cheek skin to decrease the donor site
morbidity.

Figure 14.
(A) The skin incision is full thickness and is deepened in a plane superficial to the periosteum in small
increments to achieve complete hemostasis. (B) Skin incision is deepened up to the periosteum circumferentially
3600 around the orbit.

Figure 15.
(A) Periosteum is incised with monopolar cautery along the orbital rim superiorly. (B) Periosteum is incised
with monopolar cautery just beyond the orbital rim inferiorly again 360° circumferentially.
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Figure 16.
(A and B) Freer periosteal elevator is used to elevate the periosteum of the orbit circumferentially.

Figure 17.
(A and B) Subperiosteal dissection being carried to the orbital apex.

Figure 18.
(A) Lacrimal sac is approached by dissecting medial to it and dividing common canaliculi and orbicularis
attachments. (B) Lacrimal sac dissected from the fossa and divided from the nasolacrimal duct.
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Figure 19.
(A) The extraocular muscles and the optic nerve are divided at the orbital apex with curved enucleation scissors
and specimen delivered. (B) Empty socket after orbital exenteration.

Figure 20.
(A) Generous undermining of the superior skin flap with pericranium kept undisturbed on cranium. (B)
Generous undermining of the lateral skin flap.

Figure 21.
Primary closure of the surgical defect.
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8. Radical resection for a locally advanced basal cell carcinoma
involving floor of the orbit and zygomatic bone

This demonstrated case has long standing basal cell carcinoma of the left lower
eyelid with extension into the orbit (Figure 22). The CT scan showed soft tissue
mass with enhancement involving left lateral eyelid skin and subcutaneous tissue
with extension to the pre-septal and post-septal left orbit. The lesion invades ante-
rior portion of the floor of the orbit and zygomatic bone (Figure 23). The plan of
surgical resection includes access through upper eyelid preservation with upper
eyelid incision marked 2 mm beyond the eyelash margin, while on the lower lid the
involved skin and soft tissue is generously resected en-bloc with the specimen
(Figure 24). The upper lid dissection is done between anterior and posterior lamella
of the eyelid, while the lower lid incision is full thickness at least 1 cm away from
the visible tumor margin. The skin incision is deepened, leaving a generous amount
of soft tissue on the lateral and inferior wall of the orbit to secure adequate margins
around the tumor. The skin flap is elevated laterally, directly over the zygoma and
the anterior bony wall of the maxilla. The upper lid dissection and periosteal eleva-
tion is similar to the steps described for above first case. The bone cuts to encompass
the tumor are depicted on a skull (Figures 25 and 26). A power saw is used to make
bone cuts for the proposed inferior orbital wall and zygoma resection. The inferior

Figure 23.
CT scan showing orbital invasion by periocular basal cell carcinoma. Erosion of the orbital rim and floor is
noticed.

Figure 22.
Basal cell carcinoma of the left lateral lower eyelid with orbital invasion.
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rim of the orbit is divided medial to the infraorbital foramen to keep the lower
lateral quadrant with the specimen with adequate bone margins (Figure 25). This
bone cut extends through the floor of the orbit up to the optic foramen posteriorly.
Bone cuts are made on the lateral wall of the orbit at fronto-zygomatic suture and
zygomatico-temporal suture (Figure 26). This superior bone cut is extended
through to the superior orbital fissure (Figure 25). Small osteotomes are used to

Figure 25.
The inferior rim of the orbit is divided medial to the infraorbital foramen.

Figure 26.
Bone cuts are made on the lateral wall of the orbit at fronto-zygomatic suture (blue circle) and zygomatico-
temporal suture (black circle).

Figure 24.
The plan of surgical resection through a upper lid sparing, while generous amount of skin and soft tissues are
kept on lower lateral region.
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complete the bone cuts and to mobilize the bony attachments of the surgical speci-
men. Once all bone cuts are completed, the surgical specimen remains attached only
at the cone of the orbit posteriorly through the attachments of the extraocular mus-
cles and the optic nerve. The orbital contents are retracted laterally and the posterior
attachments of the extraocular muscles and the optic nerve are transacted with
curved enucleation curved scissors to deliver the specimen (Figures 27 and 28).
Rest of the steps are similar to as described for the above case for achieving
hemostasis. Specimen and orbital defect is examined after hemostasis is achieved and
reconstruction of the defect done.

9. Orbital exenteration with medial maxillectomy

Orbital exenteration with addition of the operative procedure to include part of
maxilla is used when the orbital tumors invade adjacent ethmoid sinuses or the
nasolacrimal duct system. Various additional surgical procedures are used to
remove such tumors depending on the clinical scenario. The demonstrated patient
shown in Figure 29, has lympho-epithelial carcinoma of the left lacrimal sac. An
axial T1-weighted magnetic resonance imaging (MRI) scan, reveals a multi-lobular,
slightly hyperintense lesion in the medial aspect of the right orbit with loss of plane

Figure 27.
Anterior view of the total orbital exenteration and lateral orbital wall resection specimen.

Figure 28.
Lateral view of the total orbital exenteration and lateral wall removal specimen.
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with medial rectus (Figure 30). An axial T2-weighted MRI scan demonstrates
space occupying mass in the medial orbit with extension to the ethmoid sinuses
(Figure 31). An axial view post-contrast fat-suppressed T1-weighted image shows
peripheral enhancement and a lack of central enhancement (Figure 32). The
operative procedure therefore will entail an orbital exenteration with a medial
maxillectomy. The medial wall of maxilla is accessed through lateral rhinotomy
incision that extends from the floor of the nasal cavity along the alar groove and the
lateral aspect of the nose up to the medial canthus. Upper and lower eyelid incisions
are made 2 mm away from the lid margin and are extended along the nasolabial fold
to encompass the involved portion of the skin overlying the lacrimal fossa and
nasolacrimal duct (Figure 29). Skin incision and flap elevation up to the periosteum
is done as described above in the first case except that a generous portion of soft
tissue is sacrificed at the medial aspect of the incision where the skin is involved.
Here the skin incision is deepened straight down to the nasal bone medially and the
anterior wall of the maxilla laterally. In the inferomedial quadrant of the orbit the
soft tissues along the lacrimal sac region are retained on the specimen. No attempt is
made to mobilize the periosteum on the lower medial wall of the orbit at the
lacrimal apparatus and the lacrimal fossa as medial wall of maxilla will be resected
en-bloc with the orbital contents. At the lower end of pyriform aperture of the nose

Figure 29.
Clinical picture of lymphoepithelial carcinoma of the left lacrimal sac. Incision encompasses the involved
portion of the skin overlying the lacrimal fossa.

Figure 30.
An axial T1-weighted MRI scan, reveals a multi-lobular, slightly hyperintense lesion in the medial aspect of the
right orbit with loss of plane with medial rectus.
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mucosal incision is made with the monopolar cautery till the posterior choana below
the inferior turbinate. After periosteal elevation of the superior, lateral and the
inferior orbital walls, a oscillating power saw is used to make bone cuts for the
proposed medial maxillectomy (Figure 33). The inferior rim of the orbit is divided

Figure 32.
An axial view postcontrast fat-suppressed T1-weighted image shows peripheral enhancement with lack of
central enhancement.

Figure 31.
An axial T2-weighted MRI scan demonstrates mass lesion in the medial orbit extending to the ethmoid sinuses.

Figure 33.
The planned bone cuts are outlined on a skull superior cut is along the nasal bone and inferior cut is made
lateral to the inferior orbital foramen.
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lateral to the infraorbital foramen to keep the lower medial quadrant in the speci-
men with adequate bone margins. This bone cut extends through the floor of the
orbit up to the inferior orbital fissure and the anterior wall of the maxilla is
divided in the plane extending up to the pyriform aperture (Figure 33). Superior
bone cut is made above the meridian of the orbit so that entire lacrimal fossa can be
resected with the specimen with satisfactory margins. This extends posteriorly
along the lamina papyracea up to the posterior ethmoids. Medial bone cut is made
on the lateral aspect of the left nasal bone from the orbit up to the nasal vestibule
(Figure 33). Inferiorly along the pyriform aperture, osteotome is used to make a
bone cut along the lower border of the lateral wall of the nose, below the inferior
turbinate. Once all the osteotomies are completed, the surgical specimen remains
attached only at the cone of the orbit posteriorly through the attachments of the
extraocular muscles and the optic nerve. Rest of the steps are similar as described
above. Additional attention is paid to the sphenopalatine artery as brisk hemorrhage
may result from it and is easily controlled with electrocoagulation. In this particular
case due to adjuvant radiotherapy, necrosis of the skin flaps resulted in the open
orbital defect (Figure 34). The surgical defect following healing of the socket shows
the medial one-third of the orbital rim has been resected to encompass the tumor of
the lacrimal apparatus, which is removed in an en bloc fashion with the contents of
the orbit and lateral wall of the nasal cavity (Figure 34). Such cases can be rehabil-
itated best by prosthetic replacement and glasses as shown in the Figure 35 and
Figure 48.

Figure 34.
The postoperative appearance of the patient approximately 2 month after surgery shows excellent healing
within the orbital socket.

Figure 35.
(A) Rehabilitation of the orbital socket with prosthesis. (B) Glasses are used to enhance appearance.
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10. Orbital exenteration with lateral wall removal

This patient has right lateral canthal infiltrative basal cell carcinoma with lateral
orbital wall invasion (Figure 36). He had been operated twice before and had also
received radiotherapy as part of initial treatment. Coronal view CT scan revealed
ill-defined soft tissue mass causing erosion of the lateral wall and infiltration of the
orbit and globe (Figure 37A and B). The surgical plan is orbital exenteration with
lateral wall removal along with surrounding soft tissues. Upper and lower lid
incisions were marked 2 mm beyond eyelid margin with generous amount of skin
and soft tissue kept attached to the eyelids at the lateral canthus to ensure satisfac-
tory soft tissue margins (Figure 38). Superior lid, inferior lid and medial dissection is
done similarly as described in first case, while laterally generous amount of soft
tissues is left for safe margin attached to the specimen. Superiorly, medially and
inferiorly subperiosteal dissection is done till the orbital apex as described for
above cases. The surgical procedure needs a orbito-zygomatic cranial base exposure.
A superior, lateral and inferior orbitectomy is done along with the removal of the
zygomatic bone as shown on the skull (Figure 39A and B). Oscillating saw is used to
make bone cuts from the superior orbital rim to superior orbital fissure posteriorly.
Inferior cut is made from the inferior orbital rim to the inferior orbital fissure

Figure 36.
A patient with a basal cell carcinoma of the right lateral canthus with extension into the orbit.

Figure 37.
(A) The coronal view of the CT scan shows ill-defined tumor involving the lateral quadrant of the right orbit
with erosion of the lateral wall. (B) 3-D reconstruction of the orbit showing eroded lateral wall.
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posteriorly and zygomatico - temporal suture is divided. Small osteotomes are used
to mobilize the surgical specimen after division of the surrounding soft tissues
with electro- cautery. Diamond bur can be used to smoothen the bone edges. In a

Figure 38.
Surgical plan of resection with generous amount of soft tissues kept on the lateral wall to achieve disease free margins.

Figure 39.
(A) Anterior view of the planned bone cuts outlined on a skull. (B) Right lateral view of the planned bone cuts
outlined on a skull.

Figure 40.
The surgical defect shows the apex of the orbit and remnant walls after resection.
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scenario of the erosion of the cranial base in the region, diamond bur can be used
to remove the bone without causing tear in the dura. Even appropriate size
Kerrison’s punch can be used to remove the cranial base with adequate margins with
out injuring dura. The surgical defect after removal of the specimen is examined for
completion of surgery (Figure 40) and specimen can be sent for frozen section
analysis of soft tissue margins. Anterior and posterior view of the specimen can
be seen in the Figure 41A and B. In this particular case since enough of upper and
lower eyelid flaps could be preserved, we could achieve primary closure (Figure 42).

11. Orbital exenteration with superior orbital margin/frontal bone
removal

The patient presented with adenoid cystic carcinoma of the right lacrimal gland
(Figure 43). Contrast enhanced CT scan coronal and axial view reveals soft tissue
mass in the upper lateral and superior orbit with outward and medial displacement
of the eye ball (Figure 44A and B). Three dimensional reconstruction reveals
erosion of the superior orbital rim and outer plate of the frontal bone without any
intracranial extension (Figure 45). Such a case in addition to the orbital exentera-
tion will need lateral and superior orbitectomy. Skin incision and periosteum expo-
sure were performed as described for the first case. The periosteum on the superior
rim was removed widely to encompass the involved area and achieve negative
margins of resection. After orbital exenteration the lateral and the superior orbital

Figure 41.
(A) Anterior view of the surgical specimen shows en-bloc resection of the tumor with the contents of the orbit
and the lateral soft tissues. (B) Posterior view of the surgical specimen shows en-bloc resection of the tumor with
the contents of the orbit and the lateral soft tissues.

Figure 42.
The skin incision is closed in layers.
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wall or cranial base was drilled generously to expose dura completely to ensure even
the microscopic tumor is removed. The skull base area to be resected is shown in the
Figure 46A and B. The Bone drilling is done well beyond the grossly involved
margin and dura exposed (Figure 47). To hasten the process Kerrison’s punch can
be used to remove the thinned out bone. Since this is an eyelid sparing procedure,
surgical defect is repaired with closure of the remnant eyelid flaps.

Figure 43.
This patient has an adenoid-cystic carcinoma of the right lacrimal gland.

Figure 44.
(A) A contrast-enhanced coronal view of CT scan shows the tumor involving the superior and lateral orbit with
displacement of the globe. (B) A contrast-enhanced axial view of CT scan shows the tumor involving the orbit.

Figure 45.
3-D reconstruction revealed erosion of the orbital rim and outer plate of the frontal bone.

173

Extended Orbital Exenteration: A Step-by-Step Approach
DOI: http://dx.doi.org/10.5772/intechopen.104763



12. Orbital exenteration with total maxillectomy

This patient has squamous cell carcinoma of the right maxillary sinus invading
the orbit through the periosteum (Figure 48). Contrast enhanced CT scan of the
paranasal sinuses reveals soft tissue mass involving the right maxillary sinus
completely and eroding floor of the orbit and extending into the orbit through the
periosteum (Figure 49). To remove the tumor en-bloc, orbital exenteration with
total maxillectomy is indicated. Orbital exenteration of a functioning eye with
normal vision is only indicated if the procedure is done with curative intention. A
lateral rhinotomy incision with midline lip is split is extended laterally as upper and
lower lid incisions circumferentially encompassing the palpebral fissure of the eye
(Figure 48). The skin incision begins in the midline of the upper lip up to the root
of the columella. Here the incision extends into the floor of the nasal cavity and then
returns back outside of the nasal cavity around the ala of the nose up to the medial
canthus to join circumferential orbital incision (Figure 48). The skin incision is
deepened through the subcutaneous tissues and musculature of the upper lip and
the right cheek. The cheek flap is elevated laterally with a mucosal incision along the
upper gingivobuccal sulcus. The skin incision for the sub-ciliary extension begins at

Figure 46.
(A) Anterior view of the planned bone cuts outlined on a skull. (B) Right lateral view of the planned bone cuts
outlined on a skull.

Figure 47.
The surgical defect shows the complete removal of the superior and lateral wall of the orbit and exposed dura
(arrow).
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about the level of the medial canthus of the eye 2 mm beyond the eyelid margin.
The skin incision here should be placed meticulously without tearing as the skin
over the eyelid is thin. The cheek flap is elevated to about 1 cm beyond the lateral
canthus to provide adequate access to the anterolateral wall of the maxilla. After
elevation of the cheek flap, attachment of the orbital periosteum to the orbital rim is
incised in its superior half. A periosteal elevator is used to separate the orbital
periosteum from the bony roof of the orbit all the way up to the apex of the orbit.
Periosteum of the lower half of the orbit is kept intact, so as not to violate the
surgical field. The attachment of the masseter muscle on the inferior border of the
zygoma is divided next with use of the cautery.

A mouth gag is placed on the contralateral side to open the oral cavity and a
tongue depressor is used to depress the tongue. A mucosal incision is made between
the lateral incisor and the canine tooth, which marks the anterior line of resection of
the alveolar process of the maxilla. An incision is now made in the mucosa of the
hard palate along midline from the junction of the soft and hard palate and it is
further extended to the incision of the alveolar process between the canine and
lateral incisor (Figure 51). Posterior end of the midline palatal incision is turned
laterally behind the maxillary tubercle to connect the upper gingivobuccal-sulcus
incision. This incision is deepened through the mucoperiosteum of the hard palate.
Posteriorly the incision is deepened through the attachments of the medial ptery-
goid muscle to free up soft-tissue attachments to the maxilla.

Nasal vestibule is opened through the piriform aperture to expose the nasal
process of the maxilla. All the soft tissue attachment of the maxilla and the orbit are
thoroughly divided before proceeding for bone cuts. All the bone cuts are marked
by electrocautery. Superior bone cut is through the nasal process of maxilla, later-
ally the maxilla is separated from the zygomatic arch along the inferior orbital
fissure and inferiorly the maxilla is divided through its alveolar process between the

Figure 48.
Clinical picture of advanced squamous cell carcinoma of the right maxillary sinus invading right orbit.

Figure 49.
Coronal CT scans show a large left maxillary sinus mass that has destroyed most of the sinus walls. The tumor
extends into the orbit through the periosteum.
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lateral incisor and canine tooth up to the midline to the posterior margin and from
there onward through the midline up to its posterior margin (Figures 50 and 51).
Posterolateral wall is separated from the pterygoid plates through its hamulus by
placing a curved osteotome in between and gentle tap with mallet (Figure 52).
All the bone cuts are accomplished by oscillating power saw. Once all the bone cuts
are completed with the power saw, an osteotome is used to mobilize the specimen
en-bloc (Figures 53–55). Soft-tissue and muscular attachments on the posterior
aspect of the maxilla are divided with heavy curved scissors. The surgical defect

Figure 50.
Medial and lateral bone cuts shown on skull.

Figure 51.
Palatal bone cuts shown on skull.

Figure 52.
Posterior separation line between maxilla and pterygoid plates.
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following total maxillectomy with orbital exenteration is shown is shown in
(Figures 55 and 56). Surgical defect was reconstructed by primary closure and
prosthetic rehabilitation (Figure 57).

13. Reconstruction following extended orbital exenteration

Reconstruction of the defects that result from extended orbital exenteration
is a challenge. There are basically two methods, first is open method and second
is closed method (Table 4). In open method, healing occurs by secondary

Figure 53.
A anterolateral view of the specimen.

Figure 54.
A lateral view of the specimen.

Figure 55.
A palatal view of the specimen.
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Figure 56.
Surgical defect with cheek flap.

Figure 57.
Surgical defect with retracted cheek flap.

Technique

Open method Healing by secondary intension

Split thickness skin graft

Dermis-fat graft

Closed method Locoregional flaps

Residual preserved lids
Cheek advancement flaps
Regional pedicle flaps
Temporalis muscle transfer
Frontalis rotational flap
Temporoparietal fascial flap

Distant flaps

Microvascular:
Radial forearm falp
Anterolateral thigh flap
Rectus abdominis flap

Table 4.
Reconstruction of the orbital cavity.
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intention, as the depth of the orbit is left open for granulation with regular
dressings [18]. This is time consuming process and this option is suboptimal if
the patient is to have postoperative radiation which in most cases needs to be
started within 4 weeks post-surgery [18]. Other option is to layer the orbital
cavity with a split thickness skin graft. It is usually harvested from the thigh with
a humby’s knife or a dermatome, placed directly on the bone and sutured to the
skin edges around the socket. It maintains a deeper socket in comparison to the
secondary healing as it reduces wound contracture. Due to donor site morbidity
and failure of graft uptake in particularly diabetic patients, split thickness grafts
are used in conjunction with other flaps like pericranial periosteal flaps from
forehead. Since pericranial are vascular, it enhances the uptake of split thickness
skin graft.

In Closed method of reconstruction, the orbital cavity is reconstructed either
with the residual preserved lid, cheek advancement, locoregional flaps or micro-
vascular free tissue transfer [19–30]. We prefer to close orbit directly in case of
adequate amount of lid tissue has been preserved or with cheek advancement. It is
the modification of the cervicofacial flap and offers a one-stage, reliable, and safe
method of reconstruction following orbital exenteration [19]. Subcutaneous cheek
dissection can be performed to various levels usually to a level just below the oral
commissure and 2–3 cm below the angle of the mandible avoiding injury to the
branches of facial nerve. It can also be used in conjunction with other methods of
reconstruction like peri-cranial flap. Other loco-regional options include: a cheek
fascio-cutaneous V-Y flap, galeal flap, pericranial flap, cutaneous flap from the
forehead and temporalis muscle flap [31–33]. Cutaneous forehead flap based on the
frontal branch of the temporal artery described by Rodrigues ML et al. can be used
effective to cover the orbital defect [20]. Apart from being a single stage procedure,
this flap can obliterate the orbital defect immediately and adequately [20]. This
method is easy, less time consuming and flap has a reliable blood supply and is
reproducible. In cases where lateral orbital wall has also been resected, temporalis
muscle flap can be used to reconstruct the orbital defect [21]. Menon NG et al.
illustrated the method where temporalis muscle can be used to reconstruct the
orbital defect with intact lateral wall of the orbit [30]. They transposed entire
temporalis muscle to orbit after creating a large window in the lateral orbit, without
resection of the lateral orbital rim [30]. Prefabricated myocutaneous - temporalis
muscle flap was describe by Altindas M et al. for the reconstruction of eyelids and
periorbital skin [22]. Scalp skin island is kept attached to the temporalis muscle for
the reconstruction of lid margins and eyelashes and the neighboring bare
temporoparietal fascia is used for the augmentation of the periorbital soft tissues
[22]. Microvascular free tissue transfer is the ideal reconstructive option for the
large and complex defects particularly resulting from extended orbital exentera-
tions. Various free flaps like anterolateral thigh, radial fore-arm, parascapular,
rectus abdominis muscle and gracilis muscle free flaps have been described for
orbital reconstruction [25–29]. The modified radial forearm flap described by
Purnell et al. provides abundant thin, pliable tissue, facilitating resurfacing of the
entire orbit [29].

All the reconstructive methods described till now provide a good cover only
and prosthetic reconstruction is needed to improve the appearance beyond that
of an eyepatch. Using only prothesis without osseointegration have drawback
like poor fit and discoloration over time [33, 34]. With introduction of the
osseo-integrated implants, there has been a significant improvement in
fixation of prosthetics, with associated improvements in quality of life and
compliance [35–40].
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14. Conclusions

Extended orbital exenteration although highly disfiguring procedure give excel-
lent chance of controlling the aggressive malignant process. A single procedure does
not fit all the clinical scenarios. We have to examine the tumor extension and plan
the procedure accordingly. There are many other clinical presentations like intra-
cranial extension etc. We have purposefully restricted our discussion to only cases
where dura was not infiltrated, for the readers to concentrate on the scenarios
described above. Our efforts will continue to publish more such research to benefit
our readers in understanding the surgical management of orbital tumors. Recon-
struction of complex defects following extended orbital exenteration remain a
challenge. Locoregional cutaneous and muscle flaps are useful, but free flaps like
radial forearm flaps not only prove a good reconstruction option but tolerate the
adjuvant treatment like radiation well. Last but not least, prosthesis helps in further
enhancing the appearance and rehabilitation.
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