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Background

In the last decades, skull base surgery had passed through an impressive evolution. The role of neuroanatomic research has been uppermost, and it has played a central role in the development of novel techniques directed to the skull base. Indeed, the deep and comprehensive study of skull base anatomy has been one of the keys of success of the endoscopic endonasal approach to the skull base. In the same way, dedicated efforts expended in the anatomic lab has been a powerful force for the growth of the endoscopic transorbital approach to the lateral skull base.

Therefore, in this conceptual paper, the main steps for the anatomic description of the endoscopic transorbital approach to the skull base have been detailed.



Methods

The anatomic journey for the development of the endoscopic transorbital approach to the skull base has been analyzed, and four “conceptual” steps have been highlighted.



Results

As neurosurgeons, the eyeball has always represented a respectful area: to become familiar with this complex and delicate anatomy, we started by examining the orbital anatomy on a dry skull (step 1). Hence, step 1 is represented by a detailed bone study; step 2 is centered on cadaveric dissection; step 3 consists in 3D quantitative assessment of the novel endoscopic transorbital corridor; and finally, step 4 is the translation of the preclinical data in the real surgical scenario by means of dedicated surgical planning.



Conclusions

The conceptual analysis of the anatomic journey for the description of the endoscopic transorbital approach to the skull base resulted in four main methodological steps that should not be thought strictly consequential but rather interconnected. Indeed, such steps should evolve following the drives that can arise in each specific situation. In conclusion, the four-step anatomic rehearsal can be relevant for the description, diffusion, and development of a novel technique in order to facilitate the application of the endoscopic transorbital approach to the skull base in a real surgical scenario.
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Introduction

In the last decades, skull base surgery had passed through a remarkable evolution. Its development has been characterized by an evolving philosophy of minimally invasive attitude (1, 2). In the beginning, skull base surgery was performed through complex and extensive transcranial approaches, with a possibly high grade of complications and esthetic impairments (3–7). The advent of the endoscopic techniques has represented a revolution for the treatment of skull base lesions. First of all, the endoscopic endonasal route is nowadays a pillar of this kind of surgery and with its extended variants permits to access the entire skull base (8–12). In the last decades, to overcome the limits of the endonasal pathway to reach the lateral areas of the skull base, the transorbital route has recently been introduced with promising results (13–19). The role of neuroanatomic research has been uppermost, and it has played a central position during the expansion of these minimally invasive techniques directed to the skull base. Foremost, the deep and comprehensive study of skull base anatomy has been one of the keys of success of the endoscopic endonasal approach to the skull base (8, 10, 11, 20–22). Without this anatomical information that came from anatomical laboratory investigations, an efficient intraoperative orientation and a safe surgical limit would be hard to identify. As for the endonasal pathway, in the same way, dedicated efforts expended in the anatomic lab has been a powerful force for the growth of the endoscopic transorbital approach to the lateral skull base (23–29). Specifically, in our anatomic laboratory, our group has been focused, in the last decade, on the study of the application and technical variations necessary to develop the endoscopic transorbital route (25, 30–33). Thus, in this conceptual paper, we report the four main steps for the anatomic description of the endoscopic transorbital approach to the skull base which have been detailed and validated, according to our anatomic laboratory experience.



Methods

The anatomic journey for the development of the endoscopic transorbital approach to the skull base has been analyzed. When facing with a new technique, especially an interesting “unusual” anatomical area, we always think about the anatomic fundamentals. To keep confidence with the anatomical region, in this case we started in the Laboratory of Surgical Neuroanatomy (LSNA) of the Human Anatomy and Embryology Unit, University of Barcelona (Barcelona, Spain), and all our works have ethical approval from the IRB of our University.

First of all, we identified the principal bone landmarks on a human dry skull and performed a bone drilling of the structures interested by the transorbital approach (i.e., lateral orbital wall, lesser sphenoid wing). Second of all, we performed the approach on various cadaveric specimens whose arterial and venous systems have been injected with red and blue latexes, respectively.

All specimens underwent a multi-slice helical computed tomography (CT) scan (SIEMENS Somatom go.Top software version VA30A-SP03) with 0.5-mm thick axial spiral sections and a 0° gantry angle, before and after dissection. In addition, the samples were submitted to high-field MRI (1.5 Tesla), to increase the accuracy of neurovascular and soft tissue structure characterization and neuronavigation software to allow the precise reconstruction of 3D models.

These data were collected and analyzed using Amira Visage Imaging (Amira Visage Imaging Inc., San Diego, California, USA), and a virtual 3D model of the dissected specimens was created; this quantitative analysis of the data permits us to estimate the necessary volume of bone removal to acquire satisfactory working angles during surgery. This analysis led to the study and evaluation of patients’ imaging with a huge amount of preclinical data, which helps in presurgical planning, to obtain a proper surgical corridor and a safer surgery.

Finally, we tried to identify the most important conceptual steps that characterized the entire process of the development and assimilation of the transorbital approach in our surgical routine, to share our experience and to make it reproducible.



Results

As a result, four principal steps were described, and detailed in the following (Figure 1).




Figure 1 | The four “conceptual” steps for the anatomic description of the endoscopic transorbital approach to the skull base. Step 1 is represented by a detailed bone study; step 2 is centered on the cadaveric dissection; step 3 consists in the 3D quantitative assessment of the novel endoscopic transorbital corridor; step 4 is the translation of the preclinical data in the real surgical scenario by means of dedicated surgical planning. Green arrows are shown in both directions to stress the concept that the anatomic rehearsal is not consequential (meaning from step 1 to step 4) but rather interconnected and bidirectional so that the steps should evolve not in chronological order, but following the drives that can arise in each specific situation.




Step 1

We started by examining the orbital anatomy on a dry skull: the lateral orbital rim, the superior and inferior orbital fissure, the greater sphenoid wing, and the middle fossa floor landmarks. First, in the orbit, the lateral orbital rim and the superior and inferior orbital fissure permit us to maintain orientation. The superior orbital fissure is delimited by the lesser and greater wings of the sphenoid. The inferior orbital fissure is bounded by the greater sphenoid wing and the maxilla and orbital process of the palatine bone.

Within the lesser wing, the optic canal is excavated. The drilling in the upper portion of the lesser sphenoid wing, in an upward direction from the orbit, permits to unlock the anterior cranial fossa and to reach and possibly remove the anterior clinoid process.

The removal of the greater sphenoid wing permits us to unlock the middle fossa floor. Here we can identify multiple important bone landmarks. Laterally we can visualize the midsubtemporal ridge, which is a bony prominence in form of a crest, systematically seen in the mid-lateral part of the floor and the foramen spinosum which contain the middle meningeal artery. Posteriorly the arcuate eminence protrudes from the petrous segment of the temporal bone. Here we can identify, as posterior limit of bone removal, the carotid canal containing the GSPN and the petrous segment of the ICA. More medially is the foramen ovale, for the mandibular branch and the foramen rotundum for the maxillary branch of the trigeminal nerve, the latter representing the medial limit of our approach. The foramen rotundum is opened by drilling of the middle fossa floor (Figure 2).




Figure 2 | Step 1 is always represented by a detailed bone study; in this case, we use the left orbit of a dry skull. After a first superficial drilling of the sphenoid bone, orbital bone landmarks could be identified (A, B). It is crucial to collocate lettering to identify clearly bone structures: optic canal, the superior (Sup. Orb. Fis.) and inferior orbital fissure (Inf. Orb. Fis.), the foramen rotundum (For. Rot.), the anterior clinoid process (Ant. Clin.), lesser (Less Sph. Wing) and greater sphenoid wing (Great. Sph. Wing), temporal fossa (Temp. Fossa), and the infratemporal fossa (Infratemp. Fossa). Afterward, we proceed to identify middle fossa bone landmarks (black dotted line). Medially the sagittal crest (Sag. Cre.) and on the floor foramen rotundum (For. Rot.) ovale (For. Ov.) y spinosum (For. Spin.), the middle subtemporal ridge (mid. Sub. Ridg.), posteriorly GSPN groove and the canal of petrous internal carotid artery, laterally the arcuate eminence (Arc. Em), and medially the trigeminal impression (Trig. Imp.) and the petrous apex (Petr. Apex) (C, D).



Going forward, the removal of the floor of the middle fossa opens access to the posterior aspect of the temporal bone and is possible to remove by drilling a portion of the petrous apex and work in the posterior cranial fossa. After bone analysis, a study is necessary to confirm the results with cadaveric dissection.



Step 2

Subsequently, step 2 consists in recognizing the main bone anatomic landmark in cadaveric dissection, and afterward labeling all the main neurovascular structures that can be encountered in the anterior middle and posterior fossa. Considering a lateral superior eyelid approach, constant bone anatomic landmarks have been described. After skin incision and muscle dissection, the superolateral orbital rim was seen down to the frontozygomatic suture. The periosteum was then dissected toward the orbit, and a surgical plane between the periosteum and the periorbita was created. At this point, the orbital orifices for zygomaticofacial and zygomaticotemporal branches are identified: these arteries are useful for proper identification of the inferior orbital fissure (IOF), which represents the most medial, inferior, and ventral landmarks of the approach to the middle fossa. Isolation of the superior orbital fissure (SOF), in the most posterior (that is, deep from a transorbital perspective) and lateral aspect of the surgical corridor, is essential for adequate orientation. To access the anterior cranial fossa, the lesser sphenoid wing should be removed; at this point, in an extradural fashion, it is possible to remove the anterior clinoid process. Removing the body of the zygoma is mandatory to obtain working space and bone removal by drilling the greater sphenoid wing to unlock the middle fossa dura. When elevating the dura of the temporal lobe, the foramen rotundum, the petrous internal carotid artery canal, the arcuate eminence, the foramen ovale, the foramen spinosum, the midsubtemporal ridge, and the sagittal crest of the sphenoid bone represent important anatomical landmarks of the middle fossa floor from a transorbital perspective (33). The three trigeminal branches and the gasserian ganglion are constant references in the middle cranial fossa anatomy (Figure 3). Finally, if the middle fossa floor is removed posteriorly, it is possible to access the petrous apex.




Figure 3 | Step 2 is centered on cadaveric dissection. For a superior eyelid transorbital approach, a curvilinear incision is made, and after muscle dissection, the lateral orbital rim (LOR) is identified (A). At this point, the periosteum is incised and a subperiosteal dissection is realized to mobilize the periorbita (PO) and ocular contents medially (B). At this point, the endoscope is inserted to drill out the greater sphenoid wing (GSW), to expose, laterally, the temporalis muscle fascia (TMF), and posteriorly the temporal dura. Our medial limits are represented by superior (SOF) and inferior orbital fissures (IOF) (C). Once having completed the drilling of the middle fossa floor (MFF), the temporal dura (TD) could be dissected and elevated (D): this is the typic transorbital view of the middle fossa anatomy with the three trigeminals branches (V1, V2, and V3), the trochlear nerve (IV), and the gasserian ganglion (GG).





Step 3

Successively, step 3 embodies the quantification of the main anatomic targets that can be reached via the endoscopic transorbital superior eyelid approach. These data are essential to compare results with other studies and with other existing and alternative surgical techniques and, moreover, to assess objectively the feasibility of the approach: the evaluation of adequate exposure and working angle obtained with a volume of safe bone removal is crucial when analyzing a novel technique.

For the quantitative analysis, a virtual 3D model of the dissections was created using Amira Visage Imaging (Amira Visage Imaging Inc., San Diego, California, USA). Bony and neurovascular structures were delimited in the MRI and in the CT scans, and these pertinent structures were then transferred to the Amira Workstation, which provided advanced instruments for measurement and quantification (Figure 4). Specifically, it permits us to calculate the volume of bone removal necessary to access the skull base, the working areas, and surgical freedom obtained with our approach.




Figure 4 | Step 3 consists of 3D quantitative and qualitative assessments of the post-dissection data. To perform this analysis, a virtual 3D model of the dissections is created using Amira Visage Imaging (Amira Visage Imaging Inc., San Diego, California, USA). This is an example of a 3D reconstruction model with bony and neurovascular structure reproduction. Specifically, in this case we calculated the volume of bone removal necessary to access the anterior (green in the left and rose in the right side), middle (light blue in the left and yellow in the right side), and posterior fossa (dark blue in the left and orange in the right side) from a transorbital endoscopic route: with an intraorbital perspective (A) and an intracranial perspective (B). With Amira software, it is possible to reconstruct the course of the left internal carotid artery (ICA) (C), to observe its position and location from a transorbital perspective (D); furthermore, if we remove the bone drilled out with the transorbital route, and with different angulations (E, F) we can observe and identify the petrous segment of the internal carotid artery (pICA). LSW, lesser sphenoid wing; GSW, greater sphenoid wing; IOF, inferior orbital fissure; SOF, superior orbital fissure; AC, anterior clinoid process; MFF, middle fossa floor; PA, petrous apex; FS, foramen spinosum; FR, foramen rotundum; FO, foramen ovale.





Step 4

Finally, in step 4, all these preclinical data can be transferred to preoperative surgical planning to develop an endoscopic transorbital approach in a safe and effective manner. Step 4 is the last and relevant gait before entering in the operating room. In this case, we usually create a 3D model of a patient’s MRI, using the Brainlab (Brainlab Curve, Feldkirchen, Germany) navigation system to evaluate the presurgical planning (Figure 5). Using the quantitative data acquired from our anatomical study is possible to assess the feasibility of the transorbital approach for each patient.




Figure 5 | In Step 4, all preclinical data can be transferred to preoperative surgical planning to develop endoscopic transorbital approach. This is an example of a 3D model of a patient’s MRI with a cavernous sinus hemangioma, using the Brainlab (Brainlab Curve, Feldkirchen, Germany) navigation system to evaluate the presurgical planning. The system could highlight all the relevant neurovascular structures in the preoperative image in the axial (A) and coronal planes (B): for example, the temporal lobes (TL), the tumor (black asterisk), and the internal carotid artery (ICA). From the MRI, it is possible to create a 3D model of the patient, to determine, basing on our anatomical data and studies, the feasibility and potential efficacy of the endoscopic transorbital approach in this case (C, D). The location of the tumor (black asterisk) and other neurovascular, from a transorbital perspective, could be clearly seen: the three trigeminal branches (V1, V2, V3), the temporal lobe (TL), the internal carotid artery (ICA), the optic chiasm (Ch), and the pituitary gland (PG).






Discussion

At the beginning, the transorbital approach was reserved to intraocular pathologies and suffered an underestimation (34). Nevertheless, in the last years it has gone through a huge development, which made it popular in the skull base surgery community. Firstly, it was widely studied in anatomical settings (35–38) and preliminary surgical cases have been published (39–41). Our group has been deeply involved in this evolution process, becoming one of the reference centers in the use of the endoscopic transorbital approach in our country (25). Considering our positive experience, we decided to share the process that made this possible, from the initial ideas to the first surgical cases.

For neurosurgeons, the eyeball has always represented a respectful area: to become familiar with this complex and delicate anatomy, we started by examining the orbital anatomy on a dry skull, step 1. This initial step is crucial to identifying anatomical bone landmarks and how they are encountered from an endoscopic transorbital perspective (33, 37). As previously said, the identification of SOF and IOF is crucial for surgical orientation in the orbital phase. The optic canal remains medially outside the transorbital approach view. With the removal of the greater sphenoid bone, the middle fossa floor is visualized.

After bone characterization, we skip to the cadaveric dissection, step 2. Here is when the surgeon first intends to perform the procedure and is faced with technical nuances and challenges. A debated question is the management of the lateral orbital rim: many authors prefer to realize a lateral orbitotomy (42, 43). In our group, instead of performing a craniectomy, we realize a drilling of the inner part of the zygoma; due to our bone and anatomical studies, the space achieved with this maneuver is sufficient to permit a favorable working angle. Another important obstacle encountered to proceed in the transorbital approach and to access the posterior cranial fossa is the middle fossa floor. Due to its conformation, this bony structure limits the maneuverability when working posteromedially to the gasserian ganglion, trying to reach the petrous apex. With our dissections, we established a safe volume of bone removal (6.49 ± 0.80 cm3) that could be safely drilled without neurovascular damages and that are sufficient to access the posterior cranial fossa.

With the post-dissection data, we move to step 3, the quantitative analysis. At this moment, with the help of imaging software, we can create 3D models of our dissection. Volumes and areas could be calculated and compared. The angle of attack could be estimated and evaluated. At this point, the efficacy and feasibility of the technique are evaluated.

Finally, in step 4 all our preclinical data and knowledge are transferred to the presurgical planning in clinical practice. This allows us to estimate the role of the endoscopic transorbital approach in each patient: we can predict which percentage of a lesion could be removed through a transorbital route—if the transorbital path alone would be sufficient or is better to consider the additional approach (“multiportal” fashion) (30, 35). We strongly believe that our four-step process would be extremely useful for transorbital technique diffusion and reproduction, leading to an improvement of patients’ care.



Conclusions

The conceptual analysis of the anatomic journey for the description of the endoscopic transorbital approach to the skull base resulted in four main methodological steps that should not be thought strictly consequential but rather interconnected so that the steps should evolve following the drives that can arise in each specific situation. Hence, the four-step anatomic rehearsal can be relevant for the description, diffusion, and development of a novel technique in order to facilitate the application of the endoscopic transorbital approach to the skull base in a real surgical scenario.
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