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				Lateral skull base procedures remain among the most complex and challenging surgery to master in the specialty of Otorhinolaryngology, Head and Neck Surgery. 

				The complex anatomy with a close relationship with vital structures and organs makes this an unforgiving surgical area. To be proficient in this field requires a thorough 3D surgical anatomy knowledge and tactile sensation that is best acquired through dissections and surgeries.   

				The learning curve can be steep that can take years to master. However, recent technology with IGS in lateral skull base can be beneficial in mastering this complex surgical anatomy, especially for those beginning in skull base surgeries and for experts in complex cases with distorted and challenging anatomy.

				This collection consists of 3 eBooks:  	1. Anatomy & Approaches: Introduction 	2. Conditions: Clinical cases with hearing preservation 	3. Conditions: Clinical cases with hearing destructionI would like to thank my colleagues in the Department of Otorhinolaryngology, University of Malaya, Malaysia, for their support.

				Narayanan Prepageran MBBS, FRCS, MSKuala Lumpur, Malaysia
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				This manual is part of a series focused on relevant surgical techniques of modern Otorhinolaryngology, Head & Neck surgery.

				The series will help Ear-Nose-Throat physicians explore increasing medical advances in this exciting area by presenting trending surgeries by experienced medical professionals from around the world. 

				The expressed opinions reflect each practitioner’s own ideas and expertise. 

				These books are meant to serve as a reference for the Ear-Nose-Throat and Skull base specialist looking for updates.

			

		

		
			
				The techniques described herein and the use of instructions for the related procedures are made available by Medtronic ENT to the healthcare professional to illustrate the author’s suggested treatment for the appropriate patient. 

				In the final analysis, the preferred treatment is that which, in the healthcare professional’s judgment, addresses the needs of the individual. 

				Each practitioner should practice within their own comfort zone.

				The expressed opinions are completely independent and do not necessarily reflect the opinions of Medtronic.
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				The operation theatre may be considered as the epicentre of the skull base programme. It is optimized to empower the surgical team to deal with all tools in the most efficient way and to fulfil the highest standards of patient safety.

				Patient

				The patient is placed in supine position with the head rotated to contralateral side approximately 45 degrees away from the surgeon. 

				Patient’s head should be positioned as close to the edge of the bed adjacent to the surgeon to provide a more ideal working space for the surgeon. 

				Patients can be secured to bed (wrists and thighs) so the bed position can be changed or rotated safely intraoperatively (optional – depends on centre). 

				Operative site is shaved accordingly. 

				Surgical site is cleaned with povidone and draped in layers using sterile adhesive drapes incorporating a clear window for operative site.

				AntibioticsAt least a second-generation cephalosporin prophylactic antibiotic is given prior to skin incision. 

				GraftAbdomen or lateral thigh is prepared and draped for fat or fascial graft (if needed).

			

		

		
			
				1.1. Operation Theatre Setup
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				OPERATIon SETUP

				Instruments for surgery Cutting and diamond burr, suction irrigation, bipolar coagulation, micro-instruments and preferably image guided navigation system are prepared prior to surgery.

				Operating microscope 

				Navigation systemRegistration for image-guided surgery (IGS). 

				Electrophysiological equipmentIntraoperative nerve monitoring of VII cranial nerve is installed by standard means described in the literature. Other cranial nerve monitoring including V, VI, VII, IX, XI and XII nerves are installed in more advanced lateral skull base surgeries1. 

				Operation TOOLS Positions

				MicroscopePositioned at the head of operating table. 

				Navigation systemOpposite to surgeon.

				Electrophysiological equipmentPlaced where it fits.  
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				TEAM POSITIONS

				SurgeonShould sit comfortably on a draped chair with backrest. Foot pedal for otological drill and diathermy can be directly controlled by surgeon himself or assistant. 

				Operation assistants 

				1st assistant stands on the left of surgeon.

				2nd assistant stands opposite to surgeon.

				RunnerTo provide additional material during the operation.

				Anaesthesiologist teamPositioned at the foot end of the operation table.

				Pre-operative Radiological Investigations

				High resolution CT scan Helps to identify aberrant anatomy, or congenital dehiscence of structures, and the extent of the pathology. An axial bone window allows a simple way to visualize the target and to select the right surgical corridor. 

				MRI For advanced lateral skull base pathologies 
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						What is the most important step in ensuring effectiveness, accuracy and safety of IGS? 

						ANSWER

						An accurate pre-operative registration with fiducial markers.1
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				1.2. Image-Guided Surgery (IGS)

			

		

		
			
				Image-guided surgery is widespread and accepted for many surgical procedures for decades. In the head and neck region, the rhinologist, and neurosurgeons used these devices much more routinely. The use of navigation systems does not diminish or replace the surgeon’s knowledge of the anatomy. Instead, it helps particularly young surgeons who are starting their career and experienced surgeons improving the outcome for extended approaches and complex cases. Image-guided surgery at the lateral skull base started more than a decade ago, and the advancement of technology has led to much higher accuracy, in recent years, which is necessary due to the close and more complex anatomy in lateral skull base, e.g. the bony canals of the cranial nerves, vital arteries, and veins2,3.
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				applicability in any subject. On the other hand, in lateral skull base surgeries, fiducial marker registration is the gold standard method8. Before image data acquisition, markers are attached to the patient’s body. The safest method for a reliable registration is placing fiducial markers in the patient’s mastoid bone region. Thus, displacement of the markers as in soft tissue-mounted fiducials can be avoided. Commonly, titanium screws drilled into the skull are used. After implantation, imaging such as ConeBeamCT or CT can be acquired and these images are used during surgery for registration and target finding9.

				For the clinical validation of navigation systems, accurate identification of the anatomic points as targets is performed repeatedly. Cadaveric studies have been performed to credit the system for clinical studies. The lowest limit of error is necessary to increase the safety and effectiveness for use10.

				For lateral skull-based surgery, a more accurate system is crucial because of the anatomical complexity in the temporal bone. An accuracy of less than 1 mm is reported to be acceptable while an accuracy of 0.5 mm or less is desirable11,12.

			

		

		
			
			

		

		
			
				In the area within the temporal bone, the position of the deep seated and fairly hidden labyrinthine organ and facial nerve has been challenging for the navigation system technology4. The structures are very small and are at risk while drilling the surrounding bone for approaching the lateral skull base. Therefore, navigation systems utilized in this field need to provide high accuracy. One demanding component of the accuracy of the IGS is the pre-operative registration process5.

				For the safety of intraoperative navigation, it is essential to have an accurate registration of the patient’s preoperatively obtained image data6. To date, the two different and commonly used registration strategies are surface marking and Fiducial Marking (FM)7. Surface registration for rhinology and anterior skull base surgery is widely used, because of acceptable accuracy for this type of surgery and easy 
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				Keypoints 

				Image guided systems or navigation systems are essentially like GPS (global positioning satellite) systems for the anatomy of lateral skull base. 

				For lateral skull-based surgery, a more accurate system is necessary because of the anatomical complexity in the temporal bone. 

				The usage of the navigation systems has tremendously improved the outcome and has decreased the complication rate. 

				However, IGS is not a substitute for sound surgical judgement and operative experience, and does not replace the surgeon’s knowledge of the anatomy.  

				Accurate registration is the key to ensure effectiveness and safety. 

				With PointMerge® registration (both storing and touching points), this technique places the center of the zone (centroid of the fiducials) in close proximity to the temporal bone.

				This maximizes the potential for the probe tip accuracy required for lateral skull base procedures, compared to when no fiducials are used.

			

		

		
			
				OPERATIVE SIDE

				1.5 to 2 cm above the tip of the mastoid bone1.5 to 2 cm above fiducial #1

				2 cm above apex of helix

				Temporal area where skin moves the least

				Zygoma (non-moving skin)

			

		

		
			
				ANTERIOR POINT

				Above the Nasion (between eyebrows)

				NON-OPERATIVE SIDE

					Contralateral side mastoidAs on fiducial #1, operative side, avoid tip of mastoid and insertion of SCM (sternocleidomastoid muscle).
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				Anatomy of the temporal bone

				Endoscopic view

				Lateral skull base anatomy
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				2.1. The Anatomy of the Temporal Bone13

			

		

		
			
				The temporal bone is made up of four fused segments: The tympanic, mastoid, petrous and squamous segments.

				External Auditory Canal

				The external auditory canal (EAC) can be split into two sections. The outer, lateral third is formed of cartilaginous tissue, and the medial two thirds are osseous. This osseous segment is composed of the mastoid, tympanic and squamous segments of the temporal bone and has two suture lines, the tympanosquamous and tympanomastoid suture lines. The mastoid air cells of the temporal bone are separated from the external canal by the posterosuperior wall of the osseous portion of the EAC.

				Middle ear

				The middle ear anatomy is complex and therefore can be divided into three main sub-categories: nerves, ossicles and, ligaments and mucosal folds.

				Nerves

				The tympanic segment of the facial nerve (VII) runs through the middle ear.
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					Facial nerve (CN VII)

					Horizontal part of the facial nerve (blue)

					Chorda tympani (red)
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					Incus with two joints 
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					Tensor tympani (blue) 

					Malleus (red)
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					M. Stapedius

					Stapedial tendon
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					Eustachian tube

					Access to the pharynx
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					Promontory

					Jacobson nerve (red)
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				The chorda tympani, which branches off from the mastoid segment of the facial nerve, runs through the middle ear. Jacobson’s nerve, the tympanic branch of the glossopharyngeal nerve (IX), also runs through the middle ear and over the promontory. 

				Ossicles

				Three bones of the middle ear form the ossicular chain that transmitting sound vibrations from the tympanic membrane to the cochlea, namely the malleus, incus and stapes. The malleus is the most lateral of the three and articulates with the incus at the incudomalleolar joint. The incus consists of 3 parts - the body, a short process and a long process, and articulates with the stapes at the incudostapedial joint. 

				Ligaments and mucosal folds

				The middle ear has multiple ligaments and mucosal folds, including the annulus which supports the tympanic membrane.

				Other structures

				The middle ear also contains structures, such as muscles with their tendon as well as attachments, blood vessels, sinuses, the oval and round windows. Additionally, the Eustachian tube opens into the middle ear. The muscles include the tensor tympani and stapedius, which are attached to the 

			

		

		
			
				ossicles by the tensor tympani tendon and the stapedial tendon respectively. The main blood supply to the middle ear is the external carotid artery, although in this diagram, (diagram/figure label), the internal carotid artery can be seen. The sinuses of the middle ear include the sinus tympani, lying posterior to the round window, and the subtympanic sinus. The middle ear also contains two windows: the oval window, which is responsible for transducing vibrations of the tympanic membrane to movement of fluid in the inner ear and the round window which moves to allow for movement of fluid within the inner ear. 

				Inner Ear

				The inner ear is contained within the petrous part of the temporal bone, and consists of an osseous labyrinth and a membranous labyrinth, which is a fluid filled sac housed within the bony cavity of the osseous labyrinth. The osseous labyrinth is comprised of the cochlear canal, the vestibule and the semicircular canals. The membranous labyrinth is comprised of the utricle and saccule, responsible for static equilibrium and balance; the semicircular canals, responsible for dynamic equilibrium and balance; and the cochlear duct, responsible for hearing.
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				Mastoid air cell system

				The largest air cell in the mastoid air cell system is the antrum. Posterior to the antrum lies the rest air cells, running in all directions and this mastoid air cell system may present with varying degrees of pneumatisation. The mastoid cavity is bound superiorly by the middle cranial fossa tegmen plate, which can have variable thickness, and inferiorly by the mastoid tip/digastric ridge. The posterior boundary is the sigmoid sinus and the bone that covers the posterior fossa dura plate. Anterior boundary is the posterior external canal and vertical segment of VII nerve.

				Medially, the Koerner septum is a flat shelf of bone, deep to the superficial mastoid cells, which marks the boundary between the petrous and squamous parts of the temporal bone. Further medially, the lateral semicircular canal, as well as the mastoid antrum, are reliable landmarks that can help surgeons assess the depth of dissection relative to the middle ear space.
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				Important bony landmarks for mastoid surgery

				The main bony surface landmarks for mastoid surgery are the temporal line, the Spine of Henle and the cribriform area. The suprameatal triangle, called the MacEwen triangle, is also an important landmark to identify the location of the antrum. This triangle covers the lateral wall of the mastoid air cell system and the antrum is located approximately 1.5 – 2cm deep to it. To identify the location of MacEwen triangle, the cymba choncae (soft tissue landmark) may be used, as the triangle lies deep to this.

				MacEwen triangle 

				MacEwen triangle can be defined by three imaginary lines. The superior line is the temporal line, the anterior line is drawn parallel to the Spine of Henle, and the final, posterior line is drawn tangentially between these 2 lines, along the posterior edge of the EAC.
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				2.2. Endoscopic View14

			

		

		
			
				Surgical operating microscope offers unprecedented visualisation of the surgical field whilst permitting both binocular vision and leaving both the surgeon’s hands free. However, the visualisation of cavities or middle ear space situated deep down the canal is constrained.  

				Endoscopic ear surgery (EES) is gaining increased attention in the field of otology operations. Being highly successful in the surgical management of middle ear pathologies through various techniques with otological outcomes comparable to traditional microscopic two-hand methods15.  

				Even lateral skull base approaches for the management of vestibular neuromas can be performed safely with EES.

			

		

		
			
				EES operative set up 

				Position: supine on a head ring with the head rotated away from the operative ear. The neck is also extended with a shoulder-roll.  

				Intraoperative VII nerve monitoring (at least 2 channels) 

				At least a second-generation cephalosporin prophylactic antibiotic is given prior to skin incision.

			

		

		
			
				Anaesthetic aspect: Total intravenous anaesthesia provides tighter control over patients’ haemodynamic variables, to help reduce excessive bleeding. 

				Surgeon: Sitting position, with the centre of the video screen at eye level.

			

		

		
			
				Photo: Medtronic
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						Microscopic vs. endoscopic view

						The microscope view limited by the narrowest segment of the ear canal. The endoscope provides a wider view to “look around corners,” even with the zero-degree scope. The limited view provided by the microscope has forced surgeons to perform postauricular mastoidectomy to access the attic, facial recess and posterior mesotympanum, when indicated.

					

				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

	
		
			[image: ]
		

		
			
				19

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				
					 1 Attic space

				

			

		

		
			
				
					2 Head malleus

				

			

		

		
			
				
					 3 Body incus

				

			

		

		
			
				
					 4 Short process incus

				

			

		

		
			
				
					 5 Long process incus

				

			

		

		
			
				
					6 Stapes

				

			

		

		
			
				
					7 Stapes tendon

				

			

		

		
			
				
					8 Anterior malleolar folds

				

			

		

		
			
				
					9 Eustachian tube

				

			

		

		
			
				
					10 Promontory

				

			

		

		
			
				
					11 Chorda tympani

				

			

		

		
			
				
					 12 Subiculum

				

			

		

		
			
				
					 13 Finiculus

				

			

		

		
			
				
					 14 Facial nerve

				

			

		

		
			
				
					 15 Round window

				

			

		

		
			
				
					 16 Oval window

				

			

		

		
			
				
					 17 Jacobson’s nerve

				

			

		

		
			
				
					 18 Ponticulus

				

			

		

		
			
				
					 19 Processus 	cochleariformis

				

			

		

		
			
				Understanding the anatomy | Endoscopic view

			

		

		
			
				19

			

		

		
			
				
					10

				

			

		

		
			
				
					[image: ]
				

				
					
						Interactivity

						Hotspot ON to to reveal the labels

						Click the labels to reveal the locations

						Click the circled numbers to close them

						Hotspot OFF closes the labels
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				Basic endoscopic ear instruments

				Right endoscope – 0,30, and 45 degree; diameter of 2.7 or 4mm.  

				Light source (Light intensity to be below 70% to avoid thermal injury) 

				HD camera plus video screen 

				Advantages 

				Minimally invasive, may circumvent extensive soft tissue and bony dissection. 

				Clearer imaging of the surgical area via small entry point, hence, less post-operative discomfort. 

				Optimal visualisation with the presence of angled view scopes, permits perfect examination of hidden corners include epitympanic recess, facial recess, sinus tympani, and hypotympanum.  

				Relatively shorter operating time.

			

		

		
			
				Disadvantages

				Steep learning curve 

				Single hand surgery, especially when the surgical field becomes swamped with blood. 

				Possibility of thermal injury due to heat emitted from the tip of scope.

				Conclusion  

				Endoscopic ear surgery is a safe and feasible procedure. Data has shown that results attained with endoscopic methods are generally comparable to those attained with traditional otomicroscopic techniques16. However, there is potentially a long learning curve, and further adaptations in instruments and techniques are needed17, 18.
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				2.3. Lateral Skull Base Anatomy19-24

			

		

		
			
				Osseous anatomy

				The temporal bone consists of five parts, i.e. the squamous, mastoid, petrous, styloid and the tympanic. Important surface anatomy comprises the zygomatic process anteriorly, the temporal line posterosuperiorly, the digastric ridge and styloid process inferiorly, and the suprameatal triangle or Henle’s spine which is a landmark for the external auditory canal. 

				The temporal bone articulates with the occipital bone posteriorly through the occipitomastoid suture. Superiorly it articulates with the parietal bone through the squamosal suture. 

				Anteriorly the temporal bone articulates with the sphenoid bone through the sphenosquamosal suture and the zygomatic bone through the zygomaticotemporal suture. Finally, the temporal bone articulates with the 

			

		

		
			
				mandible through the glenoid fossa, which is formed by the anterior part of the bony external auditory canal and the zygomatic process.

				Important cranial nerves that passes through the bone of the lateral skull base are the trigeminal, abducens, facial, vestibulocochlear, glossopharyngeal, vagal, accessory and hypoglossal nerves. The trigeminal ganglion lies in the Meckel’s cave and is bounded by dura. Its three branches exit the skull base through the superior orbital fissure, foramen rotundum and foramen ovale. The abducens nerve first runs upwards between the pons and posterior clivus and then reflects anteriorly to pass through Dorello’s canal to the cavernous sinus. From here, the abducens nerve travels further anteriorly to enter the orbit through the superior orbital fissure. The facial nerve and vestibulocochlear nerves 
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				border of the tentorium cerebelli andterminate in the sigmoid sinus together with the superior petrosal sinuses. The sigmoid sinuses subsequently terminates in the jugular bulb, which exits the base of 

			

		

		
			
				the skull through the jugular foramen to become the internal jugular vein. The venous system can be considerably asymmetric with a dominant and non-dominant side usually. 

			

		

		
			
				enter the temporal bone posteromedially through the internal acoustic meatus and follow the internal auditory canal in an anterolateral direction. The vestibulocochlear nerve terminates at the labyrinth, but the facial nerve travels further through the temporal bone (see section middle ear anatomy) and finally exits the skull base through the stylomastoid foramen. The IXth to XIth cranial nerves exit the skull base through the jugular foramen together with the jugular bulb. Finally, the hypoglossal nerve passes through the hypoglossal canal, which lies between the occipital condyle and jugular tubercle of the occipital bone. 

				Relevant segments of the internal carotid artery are the petrous, lacerum and cavernous segments. The petrous segment, also known as the ascending portion, is followed by the genu and horizontal portion alongside the auditory tube. The subsequent lacerum segment starts cranially from the foramen lacerum and ends at the petrolingual ligament, where it enters the cavernous sinus and joins the cavernous segment of the internal carotid artery. After passing the cavernous sinus the internal carotid artery enters the dural space.

				Important venous structures are the transverse sinuses that runs in the lateral 
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				Middle cranial fossa

				Boundaries of the middle cranial fossa are the superior surface of petrous temporal bones and the dorsum sellae posteriorly; lesser wings and part of body of sphenoid, anterior clinoid processes and the anterior margin of the chiasmatic groove anteriorly; and the squamous temporal bone, the sphenoidal angles of the parietal bones and the greater wings of the sphenoid bone laterally. Temporal cerebrum and the pituitary gland lay in the middle cranial fossa in lateral and middle compartment respectively.

				The middle fossa approach provides access to the lateral surface of the middle cranial fossa which contains the internal auditory canal and labyrinthine segment of the facial nerve. Important anatomical landmarks include the external auditory canal, greater superficial petrosal nerve (GSPN), arcuate eminence, and the petrous ridge. The internal auditory canal (IAC) is located approximately in the extension of the external auditory canal medially. Moreover, the IAC is also indicated by the line bisecting the angle between the arcuate eminence and the GSPN. 

				The GSPN originates at the geniculate ganglion and runs anteriorly through a small hiatus to enter the middle cranial fossa. The GSPN can be dissected 

			

		

		
			
				proximally to reach the geniculate ganglion. GSPN serves a very important reminder to surgeons as the horizontal segment of the carotid artery is just located medially. In addition to that, the arcuate eminence is also a crucial landmark, which indicates the superior semicircular canal (SCC).   

				Lastly, understanding the complex anatomy of the petrous face, and also known as petrous pyramid, is crucial for diagnosing and treating lesions, commonly meningiomas in this region, and to minimize risk of injury to the neurovascular structures. The orientation of the petrous face is set at an angle of 45 degrees from the midsagittal plane. From an axial angle, the petrous apex can be separated into four main compartments from an axial angle, namely the mucosal, cutaneous, neural, and vascular component. This orientation should facilitate a more 
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				organized way of learning the complex anatomy in this region. The mucosal compartment consists of a linear alignment of the Eustachian tube anteriorly, the middle ear at the center, and the mastoid antrum posteriorly, all of which run parallel to the petrous ridge and GSPN. The cutaneous compartment is lateral and perpendicular to the mucosal compartment and consists of the external auditory canal (EAC). Its medial limit is the tympanic membrane in the middle ear. The neural compartment is medial to the mucosal compartment and facilitates communication between the middle ear and brainstem through the vestibulo-cochlear nerve (VIII), facial nerve (VII), cochlea, semicircular canals, and vestibule in the IAC. The vascular compartment is centered on the horizontal segment of the ICA, which runs anterior to the cochlea (neural component) and parallel and medial to the Eustachian tube (mucosal compartment) toward the foramen lacerum. 

				Posterior cranial fossa

				This area is bounded anteromedially by dorsum sella of the sphenoid, anterolaterally by superior surface of petrous bone, and posteriorly by the squamous surface of the occipital bone. It houses the brainstem and cerebellum. Transverse venous sinus, sinodural angle constitute the important anatomical land-marks for posterior fossa surgery.

			

		

		
			
				The transverse sinus follows the confluence of superior sagittal sinus and runs laterally in a groove along the inferior surface of the occipital bone. It terminates in the sigmoid sinus which travels inferiorly towards the jugular bulb. Retrosigmoid approach involves the exploration of the region posteroinferior to both mentioned sinuses. 

				The sinodural angle is formed by the middle fossa dura superiorly and the 

			

		

		
			
				confluence of the transverse sinus and superior petrosal sinus into the sigmoid sinus inferiorly. The endolymphatic sac is found in the dura of the posterior fossa with the endolymphatic duct or vestibular aqueduct travelling anteriorly is located inferior to the Donaldson’s line (an imaginary line running parallel to the horizontal semicircular canal bisecting the posterior semicircular canal). Skeletonization of this angle is a prerequisite for a transtentorial approach.
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				Internal auditory canal

				The IAC runs in an anterolateral direction from the opening of the porus acusticus and narrows laterally to the fundus. The length of IAC ranges from 11.8mm to 14.9mm in temporal bone studies. It contains the superior and inferior vestibular nerves as well as the cochlear and facial nerves. The vestibular nerves are separated by the transverse crest and are located posteriorly in the IAC, whereas the facial nerve and cochlear nerve are located anteriorly in the IAC. The superior vestibular nerve and facial nerve are separated by Bill bar and are situated superiorly in the IAC. The facial nerve exits the IAC through the meatal foramen, which is the narrowest portion of the facial canal, and thereafter it continues in the labyrinthine portion. Along the nerves, the labyrinthine artery also runs through the IAC. The labyrinthine artery supplies blood to the inner ear and is a branch of the anterior inferior cerebellar artery (most frequently) or basilar artery. Finally, in approximately 25% of normal subjects a vascular loop of the anterior inferior cerebellar artery in the IAC is present. 
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				There are various modifications of soft tissue incisions to obtain adequate exposure and to minimize risk and morbidity for the patients. The selection of appropriate incision is based on an assessment of the extent of the disease, and the location of the tumours for lateral skull base lesions. The commonest soft tissue incision for access to the lateral cranial base is an extended post-auricular or a big “C’ incision. The incision may be extended superiorly for combined transmastoid/ transtemporal approach; or inferiorly into the neck for exposure of great vessels and to facilitate resection of advanced glomus tumours and infratemporal surgery. 

				PositionThe head is placed in the contralateral position, with neck extension.

			

		

		
			
				3.1. How to start

			

		

		
			
				
					
						What is the main goal in selecting types of soft tissue incision? 

						ANSWER

						To obtain adequate surgical exposure, and to minimize morbidities. 
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				2.	IncisionA C-shaped scalp incision is started above the pinna of the ear, it curves posteriorly and inferiorly behind the body of the mastoid and ends below the mastoid tip. The distance is about 4 cm from the postauricular sulcus. This is most widely used for temporal bone surgery25. The incision can be extended superiorly for a combined transmastoid/middle cranial fossa approach as well. Variations of types of incision will be demonstrated by using the i-buttons below. The incision is carried directly down or deepened to the plane of temporalis fascia and the periosteum of the mastoid bone.  

			

		

		
			
				Lateral skull base incision

			

		

		
			
				Mastoidectomy incision

			

		

		
			
				Middle cranial fossa incision

			

		

		
			
				Cochlea implant incision
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				3.	PreparationThe subcutaneous tissue is elevated exposing posterior bony external canal. Soft tissue elevated to expose zygomatic arch anteriorly, sigmoid sinus and sinodural angle posteriorly, mastoid tip inferiorly. 

			

		

		
			[image: ]
		

	
		
			
				30

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Soft tissue approach | How to start
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				4.	Second layer A second layer, which is the periosteal flap is raised in a similar fashion towards the posterior canal wall with a periosteal elevator. The elevation of flap could be done with electrocautery or sharp knife. The limits of the exposure are the mastoid tip inferiorly, 1–2 cm behind the sigmoid sinus posteriorly and the spine of Henle anteriorly.  

				Image-guided surgery (IGS)The flap is retracted using stay sutures instead of metal mastoid retractor to avoid interference of the navigationsystem.

				Watch the dissection as a short video below.
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						In IGS-guided lateral skull base surgeries, metal retractors for skin flaps are preferred at the end of soft tissue exposure. True or False? 

						ANSWER

						False. Metal retractors might interfere with the IGS application. 
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				Cortical mastoidectomy

				Retrosigmoidal approach

				Retrosigmoid, presigmoid, retrolabyrinthine approach

				Middle cranial fossa approach

				Transtentorial approach

			

		

		
			
				Approaches with Hearing Preservation
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				4.1. Cortical Mastoidectomy26

			

		

		
			
				Mastoidectomy is a well-known procedure for every ENT-surgeon as a surgical treatment for otological diseases. Besides that, the procedure itself forms an excellent gateway to the anatomical structures and pathologies beyond the mastoid.

				The pneumatization of the mastoid is variable. Thus the position of the tegmen may be lower and the sigmoid sinus may be located more anteriorly. The most consistent anatomical structures are the facial nerve and the semicircular canals.

				The CT scan on the right demonstrates the portion of the temporal bone removed during a cortical mastoidectomy. 

			

		

		
			
				Surgical steps

				Soft tissue approachThe operation starts with the earlier described soft tissue approach. 

				MacEwen triangleAfter exposure of the mastoid cortex, landmarks will be clearly visible.MacEwen triangle shows the typical borders.
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							Sir William MacEwen, CB, FRS, FRCS (1848 – 1924) Scottish surgeon

							He was a pioneer in modern brain surgery, considered the father of neurosurgery and contributed to the development of bone graft surgery, the surgical treatment of hernia and of pneumonectomy.
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						MacEwen demonstrates his triangle to Lane, Hirschfelder, Barkan and Stillman.

						Source: Public domain
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				Intermezzo

				THE BASICS OF DRILLING

				Hold the drill like a pencil.

				Place your little finger downwards for stability.

				Use of the cutting drill.

				Cut in one direction.

				Polish in the other direction. 

				Two methods of drilling.

				Drill in one direction only (cutting direction)

				Paint brush technique: drill in both directions, cut in one direction and polish in another (Author’s preference).

				Use of the diamond drill.

				Cut with the side.

				Avoid using the top of the diamond drill. 

				If you move slow – you cut, if you move fast – you polish.
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						Holding the burr
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						Following structures are the surgical landmarks for cortical mastoidectomy, except:Facial nerve

						Lateral semi-circular canal

						Transverse sinus

						Sigmoid sinus

						ANSWER

						Transverse sinus
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						MR8 - Focus on comfort, efficiency and responsiveness
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				1.	Alternative 1The drilling starts in the cribriform area in the middle of the MacEwen triangle. The cortical bone is thinned with the cutting burr. In a well-pneumatized mastoid the first air cells are soon encountered. The deepest excavation in this phase should be kept anterosuperiorly in the direction of the epitympanum to avoid damage to the facial nerve.Alternative 2Another method to identify the mastoid antrum is to follow the “cribiform area” (in a well-pneumatized bone). Drilling this site will lead to the mastoid antrum.

				2.	The mastoid antrumIt is important to identify the tegmen cranially and the Koerner’s septum medially, as the mastoid antrum lies beyond.

			

		

		
			
				
					Cribriform area

					The cribriform area in MacEwen triangle is perforated by numerous small holes that serve as a passage for the vessels of the mucosa of the antrum. 
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				Hearing Preservation | Cortical Mastoidectomy

			

		

		
			
				35

			

		

		
			
				3.	Vestibulum and incusFurther exposure of the antrum will expose the lateral semicircular canal. Proceeding in the direction of the epitympanum will identify the short process of the incus.

				4.	Facial nerveDrilling the air cells posteriorly will delineate the sigmoid sinus. The drilling is extended caudally to expose the digastric ridge. The facial nerve, which is located at the anterior border of the mastoid cavity is identified prior to any further procedures.
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					External canal wall

				

			

		

		
			
				
					Antrum tympani

					Aditus connect middle ear to mastoid

				

			

		

		
			
				
					Tegmen antri

					Access to the middle cranial fossa

				

			

		

		
			
				
					Facial nerve (CN VII)

					Vertical direction

				

			

		

		
			
				
					Jugular bulb

					Mastoidal part
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				It is a work-horse approach to expose ‘the’ CPA - Cerebellopontine angle as it provides vast exposure from the foramen magnum to the tentorium. The general indications for this approach are resection of CPA lesions such as meningiomas, vestibular neuromas or epidermoid tumours, treatment of vascular lesions of vertebrobasilar system and decompression or neurectomies of lower cranial nerves (V, VII, IX, X).  

				This approach is advantageous as it provides a panoramic view of the posterior fossa, is suitable for large tumour resection and also preserves hearing.   

				The limitations of this approach include cerebellar retraction, risk of CSF leak and its association with a significant postoperative headache.  

			

		

		
			
				4.2. RetrosigmoidalApproach27

			

		

		
			
				The retrosigmoid approach is a technical modification which carries the craniotomy more anterolaterally, lying just posterior to the sigmoid sinus. This approach provides access to the cerebellopontine angle without sacrificing the labyrinth.  
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	Extended cortical mastoidectomy 

				A diamond burr can be used to remove the remainder of bone off the sigmoid sinus and 1–2 cm of the posterior fossa dura. 

				The sigmoid sinus is followed inferiorly to the jugular bulb. Variations in this anatomy may limit exposure in the setting of a high-riding jugular bulb, which can be directly inferior to the internal auditory canal (IAC).  

				The middle fossa dura is exposed by removing the tegmen and the presigmoid dura is also exposed.  

				Further drilling is continued to identify the vertical segment of the facial nerve in the proximal mastoid following the nerve toward the stylomastoid foramen leaving a thin shell of bone over the nerve in the Fallopian canal. 

			

		

		
			
				
					Tegmen antri

				

			

		

		
			
				
					Middle cranial fossa area

				

			

		

		
			
				
					Retrosigmoidal area

				

			

		

		
			
				
					Facial nerve
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				3.	Sigmoid sinus exposure28, 29 

					There are several methods to 	skeletonize and expose the sigmoid 	sinus, including the eggshell 	method, creation of Bill’s island of 	bone, and total bone removal.

				Eggshell method is to make the sigmoid sinus wall compressible without removing all bone. A large diamond drill is used to continuously drill the overlying bone followed by successive pressing of the bone with a dissector. The bony sinus wall becomes compressible because of the many microfractures in the eggshell bone. The preserved periosteum  helps avoid laceration of the sinus. 

				The second method, as recommended by Hitselberger and House29, is to leave a small island of bone (Bill’s island) over the sigmoid sinus to protect the surface from the trauma of retraction. With a diamond drill, the bone around the outlined island is removed, leaving part of the sinus wall with an oval piece of bone. The sinus wall and the bony island can then be depressed, and the sinus wall that corresponds to the bony 

			

		

		
			
				island is protected. This is not recommended for beginners as the sharp edges of the bone may risk injuring the sinus. 

				The last method is the total bone removal. This method is initiated by carefully drilling away all bone covering a small part of the sinus. 

			

		

		
			
				Through this hole, the adjacent sinus wall can be depressed with a Freer elevator, and the edge of the bone can safely be removed with Kerrison bone punch without damaging the sinus wall. This method ensures an easily compressible sinus wall.

			

		

		
			
				
					Sinus-dural angle
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				4.	Transverse sinus exposure 

				Next is the identification of the transverse sinus. The course of the transverse sinus can be identified by external landmarks with a line drawn from the superior edge of the zygoma to the inion.

			

		

		
			
				Alternatively, it is more accurate with IGS identification prior to bony work.  

				Diamond burr is used when the bone starts to thin out. 

			

		

		
			
				The removal of the thin overlying bone concept is similar to the ‘sigmoid sinus exposure’ section.   
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				5.	Retrosigmoid dura exposure. 

				The bone overlying the posterior dura, the region posteroinferior to sigmoid and transverse sinus is skeletonized till the dura. A change to a more high-pitch sound indicates that the dura is near. 

				Bleeding from emissary veins can be secured with bone wax throughout the process. Copious irrigation is an important element throughout the drilling process.  

				The bony edges overlying the dura can be removed with Kerrison punch forceps or a ronguer. The final view post bony removal is shown.  

				Alternatively, a 5 x 5 cm craniotomy can be carried out and bone separated with a septal elevator for closure of the scalp bone later. 

			

		

		
			
				
					
						What are the problems when dealing with a poorly pneumatized mastoid?

						ANSWER

						Unexpectedly low tegmen, and anteriorly placed sigmoid sinus, which place them at higher risk of inadvertent injury.
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				PearlsThe above demonstration shows the retrosigmoid approach after an extended mastoidectomy. A purely retrosigmoid exposure does not necessarily involve a mastoidectomy as its initial gate.
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				4.3. Retrosigmoid, Presigmoid, Retrolabyrinthine Approach

			

		

		
			
				This surgical corridor extends between sigmoid sinus and the labyrinth. The sigmoid sinus is usually depressed after being uncovered. It allows access to adjacent portion of posterior cerebellopontine angle.  

				This posterolateral approach allows exposure to vertebrobasilar system for aneurysmal repair as well. It can be combined with subtemporal and transtentorial approach for wider exposure.  
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	Extended cortical mastoidectomy 

				3.	Sigmoid sinus exposure 

				4.	Identification of semicircular canals (SSC)

				Each semi-circular canals are identified with diamond burr. The bone of the canal is always solid and yellowish in colour.  

				Routinely, the lateral SCC is identified first, followed by posterior and superior SCC.  

				It is not a must to identify the superior SCC in a purely presigmoid exposure.

				5.	After identification of posterior SCC, the retrolabyrinthine air cells are removed with a diamond or cutting burr.
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					Lateral semicircular canal
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					Posterior semicircular canal
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					Superior semicircular canal
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					Retrolabyrinthineaircells
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					Endolymphatic duct and sac
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				6.	Identification of Trautmann’s triangle This is the area of dural opening bounded by the superior petrosal sinus, the sigmoid sinus and the bone labyrinth.

				7.	Exposure of presigmoid dura 

				By decompressing the sigmoid sinus posteriorly, the bony ledges are removed with a diamond or cutting burr. 

				The surgeon should encounter the endolymphatic sac and duct where it is cut for the dura exposure. (Donaldson’s line)

				8.	Retrosigmoid exposure See 4.2. 

				9.	Combination of retrosigmoid and presigmoid dural incision provides a wide exposure to the posterior cranial fossa.
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					Lateral semicircular canal
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					Endolymphatic sac
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					Donaldson line
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				4.4. Middle Cranial Fossa Approach30

			

		

		
			
				The aim of middle cranial fossa approach is extradural exposure of the IAC and adjacent structures “from above,” with preservation of hearing and middle ear function.It is an extradural, subtemporal approach to the internal auditory canal (IAC) and meatus and the immediately adjacent lateral cerebellopontine cistern.  

				This approach is essentially indicated only for intracanalicular vestibular neuroma. 

			

		

		
			
				This is usually a multi-disciplinary surgery between neurosurgeons and ENT surgeons. 

				There have been various modification of these approaches and conventionally a 5 x 5 cm temporal craniotomy is needed for exposure. Its main advantage is the superior identification and opening of IAC at the fundus and early identification of the nerves, besides preserving the hearing. 

			

		

		
			
				
					Resected bone

				

			

		

		
			
				
					Uplifted brain
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	A cortical mastoidectomy is performed (as described in 4.1.), followed by an extended cortical mastoidectomy (as described in 4.2.). 

				3.	Exposure of middle cranial fossa dura 

				A traditional 5 x 5 cm bony removal of the squamous temporal bone is initiated by a cutting burr.  

				Again, changes to high pitch sound indicate that the dura is nearby, and the bur is changed to a diamond bit.  

				When the dura is encountered, it is pushed medially to facilitate the removal of other body ledges to widen the exposure (see picture).

			

		

		
			
				
					Dura

				

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

	
		
			
				47

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Hearing Preservation | Middle cranial fossa

			

		

		
			
				47

			

		

		
			
				4.	Exposure of the lateral temporal bone skull base ‘from above’ 

				The elevation of dura from the floor of middle cranial fossa is done with a blunt elevator. 

				The direction of elevation starts from lateral to medial till the petrous ridge and the greater (superficial) petrosal nerve (GSPN).

				It is also important to elevate the dura from posterior to anterior so as not to injure the GSPN.  

				During elevation, an arcuate eminence formed by the superior SCC is encountered.

				5.	Identification of landmarks of IAC ‘from above’ 

				IAC (porus acousticus) is always found along the line that bisects the angle formed by the position of the arcuate eminence and the GSPN.
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					Greater petrosal nerve 

				

			

		

		
			
				
					Petrous ridge

				

			

		

		
			
				
					Internal acoustic meatus

				

			

		

		
			
				
					Arcuate eminence

				

			

		

		
			
				
					
						What are the surgical safety measures used during dissection of major structures such as venous sinuses or dura? 

						ANSWER

						Copious irrigation, use of diamond burr, extra attention on the change of drill sound, and use of blunt tip instruments
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				4.5. Transtentorial Approach31

			

		

		
			
				This is the extension of surgical approach from the previously described hearing preservation surgeries. 

				This approach provides more access for intracranial corridors  involving the splenium, pineal gland, collicular plate, cerebellomesencephalic fissure, and anterosuperior part of the cerebellum.

				Assistance with an angled endoscope can aid in exposing the superior medullary velum and superior cerebellar peduncles as well.  

			

		

		
			
				
					
						Which structures are divided in a transtentorial approach?

						1. Mid cranial dura2. Post cranial dura3. Superior petrosal 	sinus4. Inferior petrosal sinus 5. Tentorium 

						ANSWER

						All, except 4.
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.).  

				2.	A cortical mastoidectomy is performed (as described in 4.1.), followed by an extended cortical mastoidectomy (as described in 4.2.).

			

		

		
			
				
					Middle cranial fossa approach
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					Presigmoidal approach

				

			

		

		
			
				
					Retrosigmoidal approach
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				3.	Ligation or cutting of superior petrosal sinus 

				The superior petrosal sinus is identified, and cauterized with bipolar diathermy. 

				It is then cut with sharp blade or scissor. 

			

		

		
			
				
					
						
							Tentorium incised
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						Yellow asterix indicates vessel
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				4.	Incision of the tentorium
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						The following surgical approaches are hearing preservation methods except: 

						1. Cortical mastoidectomy2. Transotic approach3. Presigmoid approach4. Retrosigmoid approach

						ANSWER

						Transotic approach
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				Translabyrinthine approach

				Jugular bulb and internal carotid artery (ICA) dissection

				Transotic, transcochlear approach

			

		

		
			
				Approaches with Hearing Destruction
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				5.1. Translabyrinthine Approach32

			

		

		
			
				Translabyrinthine surgical approach begins with the standard mastoidectomy, with skeletonization of the tegmen, the sigmoid sinus and the posterior border of the external auditory canal. 

				This approach exposes IAC and CPA region.
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	A cortical mastoidectomy is performed (as described in 4.1.), followed by an extended cortical mastoidectomy (as described in 4.2.).

				3.	Labyrinthectomy  

				Each semicircular canal is identified with the diamond bur. The bone of the canal is always solid and yellowish in colour.  

				Routinely, the lateral SCC is identified first, followed by posterior and superior SCC. Surgeons must take note that the anterior wall of the lateral SCC and ampulla of the superior SCC are found immediately adjacent to the tympanic and labyrinthine segments of the facial nerve. 

				Identification of the superior SCC may be difficult for beginners as it arches deep medially towards the lateral SCC. Sometimes, middle cranial fossa may need to be decompressed to allow adequate visualisation of the structure.  

				Each semicircular canal is unroofed and exenterated separately and the drilling is parallel to each of the canal.
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					Facial nerve
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				4.	Identification of IAC 

				Sequential drilling of the semicircular canals will eventually open into the vestibule. Medial aspect of the vestibule defines the lateral end of the IAC.  

				Ampulla of posterior SCC and superior SCC are drilled open and followed to the common crus.  

				The vestibule is then exposed, and the lateral SCC is removed. The subarcuate artery will often be encountered at this point in the subarcuate fossa.  

				Troughs are drilled superior and inferior to the IAC with the goal being to expose the IAC 270 degrees around its circumference.  

				The bony IAC is exposed and decompressed 270 degrees leaving only the anterior wall intact. The jugular bulb marks the inferior limit of the IAC, the ampulla of the superior semicircular canal marks the superior limit, and the posterior fossa dura near the porus acousticus marks the posterior limit.  

			

		

		
			
				PEARLSAfter adequate skeletonization of the IAC, there are few bony landmarks which should be identified. 

				The transverse crest separates the 

			

		

		
			
				superior and inferior vestibular nerves. Bill bar32 separates the facial nerve from the superior vestibular nerve. This can be achieved by removing the remains of the ampulla of the superior SCC.

			

		

		
			
				[image: ]
			

		
		
			
				[image: ]
			

		

		
			
				
					Facial nerve
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				5.2. Jugular Bulb and Internal Carotid Artery (ICA) Dissection33-37

			

		

		
			
				The jugular bulb is situated between the horizontal course of the sigmoid sinus and the upper end of the internal jugular vein (IJV). It is also known as the superior bulb of IJV. Normally, the jugular bulb lies below the floor of the middle ear, and the superior aspect or dome of the jugular bulb is covered by layer of bone. Its anatomy can be extremely variable. Surgeons must always be aware of this to avoid catastrophic complications such as laceration of the veins, and air embolism, thrombosis and otitic hydrocephalus. It may be dehiscent or aberrant. One study series showed an incidence of dehiscent jugular bulb is approximately 2 % in their large number of temporal bone dissection36. A high riding jugular bulb interferes with the surgical exposure of IAC (translabyrinthine), presigmoid and transotic/transcochlear surgical exposure, and endolympathic sac surgery.   

			

		

		
			
				The internal carotid artery (ICA) and jugular bulb (JB) are the two largest blood vessels neighboring the middle ear cavity. As the ICA traverses through the petrous bone, it first passes the middle ear cavity and cochlea anteriorly and then bends to run medially to the eustachian tube. 

				The incidence of carotid canal dehiscence found at micro-dissections of the temporal bone ranges from 15% to 40%37. An aberrant ICA in the tympanic cavity may result from congenital anomaly, dilation of the ICA in the petrous part of the temporal bone due to an aneurysm, or herniation of the ICA through a defect in the medial wall of the middle ear. Usually, separation of the ICA from the tympanic cavity is by a thin bony plate of 0.5mm thickness. Data has shown that the commonest dehiscense site of carotid canal is near opening of eustachian tube.  Hence, surgeons should be very cautious when 

			

		

		
			
				performing any surgical procedures around the opening of the eustachian tube.
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	A cortical mastoidectomy is performed (as described in 4.1.), followed by an extended cortical mastoidectomy (as described in 4.2.).

				3.	Sigmoid sinus exposure (See 4.2.) 

			

		

		
			
				4.	Exposure of jugular bulb (mastoid tip)

				Prior to any mastoid surgery, careful study of microanatomy of the lateral skull base is mandatory.

				Surgery of the temporal bone requires magnification with the operating microscope, the use of a high speed drill, and constant irrigation.

				The surgical principle of exposure of the jugular bulb is the same as the sigmoid sinus dissection.

				The jugular bulb dissection was followed from the sigmoid sinus exposure.

				Once the sigmoid and jugular bulb areas have been approached with the cutting bur, this should be changed to a diamond bur which greatly increases the safety factor, and drilling may be accomplished even on the wall of the vessel without causing disruption of the wall.

				There is a thin bony partition between the sigmoid sinus and jugular bulb, which needs to be removed to fully expose the junction.

				Retrolabyrinthine air cells are removed to expose the dome of jugular bulb, particularly in thehigh-riding variant.

			

		

		
			
				
					Eustachian tube
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				5.	Exposure of jugular bulb (Hypotympanum) 

				Further removal of tympanic plate of the temporal bone reveals the anterior portion of the jugular bulb.  

				To ease the full exposure, the facial nerve can be skeletonized and transposed as well.  

				6.	ICA exposure 

				Firstly, the ossicles are disarticulated and removed.

				The tympanic plate is removed till full exposure of hypotympanum.

				A diamond drill is used to drill off the overlying bone of the carotid canal, which lies medial to the eustachian tube orifice.

				The ICA is just situated anterior to the otic capsule, but it is not necessary to remove the otic capsule first to expose the whole length of petrous ICA.

				Overlying thin bone of carotid canal can be skeletonised 180 degree.
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				5.3. Transotic, Transcochlear Approach38

			

		

		
			
				The transotic transcochlear approach encompasses the translabyrinthine drillout with additional removal of the external auditory canal (EAC), middle ear contents, the cochlea and permits access to the petrous apex anterior to the internal auditory canal (IAC). 

				This approach was described for the removal of large cerebellopontine schwannomas, clival lesions particularly those with a significant component anterior and medial to the IAC, in the setting of unfavorable temporal bone anatomy such as poor pneumatization and a high jugular bulb.   
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				Surgical steps

				1.	Soft tissue dissection (as described in 3.1.). 

				2.	A cortical mastoidectomy is performed (as described in 4.1.), followed by an extended cortical mastoidectomy (as described in 4.2.).

				3.	Canal wall down mastoidectomy   

				The posterior canal wall is brought down to the level of the Fallopion canal or the facial nerve. 

				The drilling is done with copious irrigation to avoid and reduce the risk of thermal injury to VII nerve.
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				4.	Labyrinthectomy (see 5.1.)

				5.	Exposure of Internal carotid artery (IAC) (see 5.1.)

				6.	Removal of ossicles(see 5.2.) 

				7.	Full exposure and skeletonization of the facial nerve 

				Posterior transposition of the facial nerve for the transcochlear approach begins after the facial nerve is skeletonized 360 degrees from the IAC to the stylomastoid foramen. This method allows wider surgical view for cochlea drill out next. 
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				8.	Cochlea drillout 

				Using a diamond bur, the cochlea is removed and the carotid artery is skeletonized anteriorly.  

				The entire petrous apex is removed with diamond burs following the course of the petrous portion of the internal carotid artery from its genu near the Eustachian tube to its exit from the upper portion of the foramen lacerum. 

				The cochlea is drilled from basal turn towards the apex of cochlea exposing it. 

				With posterior transposition of the facial nerve, further bone can be removed lateral to the petrous internal carotid artery, thus allowing exposure of the clivus and prepontine cistern.

				Bone removal is carried forward.

			

		

		
			
				around the internal carotid artery, and inferiorly, the bone removal extends to the inferior petrosal sinus and jugular bulb. Superiorly, the superior petrosal sinus is followed to Meckel’s cave. Medially, bone removal extends to the petrous tip and clivus. At this stage, a large triangular area, covered by dura, has been created into the midline of the cranial base. Its boundaries are: superiorly, the superior petrosal sinus; inferiorly, below and medial to the inferior petrosal sinus into the clivus; anteriorly, the region of the internal carotid artery; and medially, the lateral clivus. The apex of the triangle is just beneath Meckel’s cave.
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						The following surgical approaches are hearing destruction approaches, except: 

						1. Transtentorial

						2. Transotic

						3. Translabyrinthine

						4. Transcochlear

						ANSWER

						Transtentorial
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				Overview of all Approaches
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				6.1. Overview of the Dissected Lateral Skull Base

			

		

		
			
				The last video gives a complete overview over the dissected area.  
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}
function onPageTouchEndForAnimations(element, event) {
var oFrame = document.getElementsByClassName("_idGenAnimation");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnPageClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
event.target.__id_touched = true;
}
}
event.stopPropagation();
}
function onPageMouseUpForAnimations(element, event) {
if (event.target && event.target.__id_touched) {event.target.__id_touched=false; return;}
var oFrame = document.getElementsByClassName("_idGenAnimation");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnPageClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
}
function onTouchEndForAnimations(element, event) {
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
event.target.__id_touched = true;
}
}
event.stopPropagation();
event.preventDefault();
}
function onMouseUpForAnimations(element, event) {
if (event.target && event.target.__id_touched) {event.target.__id_touched=false; return;}
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOverForAnimations(element, event) {
var animationClassName = element.getAttribute("data-idGenAnimationClass");
var cn = element.className;
if (cn.indexOf(animationClassName) != -1 ) {
return;
}
var classID = element.getAttribute("data-animationObjectType");
var oFrame = document.getElementsByClassName(classID);
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-animationOnSelfRolloverActions");
if(actions) {
var selfContainerID = oFrame[i].id;
eval(actions);
}
}
event.stopPropagation();
event.preventDefault();
}
function RegisterButtonEventHandlers() {
var oFrame = document.getElementsByClassName("_idGenButton");
for (var i = 0; i < oFrame.length; i++) {
oFrame[i].addEventListener("touchstart", function(event) { onTouchStart(this, event) }, false);
oFrame[i].addEventListener("touchend", function(event) { onTouchEnd(this, event) }, false);
oFrame[i].addEventListener("mousedown", function(event) { onMouseDown(this, event) }, false);
oFrame[i].addEventListener("mouseup", function(event) { onMouseUp(this, event) }, false);
oFrame[i].addEventListener("mouseover", function(event) { onMouseOver(this, event) }, false);
oFrame[i].addEventListener("mouseout", function(event) { onMouseOut(this, event) }, false);
}
}
function hasAppearance(element, appearance) {
var childArray = element.children;
for(var i=0; i< childArray.length; i++) {
var cn = childArray[i].className;
if(cn.indexOf(appearance) != -1) {
return true;
}
}
return false;
}
function isDescendantOf(child, parent) {
var current = child;
while(current) {
if(current == parent)
return true;
current = current.parentNode;
}
return false;
}
function addClass(element,classname) { 
var cn = element.className;
if (cn.indexOf(classname) != -1 ) {
return;
}
if (cn != '') {
classname = ' ' + classname;
}
element.className = cn + classname;
}
function removeClass(element, classname) {
var cn = element.className;
var rxp = new RegExp("\\s?\\b" + classname + "\\b", "g");
cn = cn.replace(rxp, '');
element.className = cn;
}
function onMouseDown(element, event) {
if (event.target && event.target.__id_touched) {event.target.__id_touched=false; return;}
if (hasAppearance(element, '_idGen-Appearance-Click')) {
addClass(element, '_idGenStateClick');
}
var actions = element.getAttribute("data-clickactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseUp(element, event) {
if (event.target && event.target.__id_touched) {event.target.__id_touched=false; return;}
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-releaseactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOver(element, event) {
if (event.relatedTarget) {
if(isDescendantOf(event.relatedTarget, element)) return;
}
if (hasAppearance(element, '_idGen-Appearance-Rollover')) {
addClass(element, '_idGenStateHover');
}
var actions = element.getAttribute("data-rolloveractions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onMouseOut(element, event) {
if (event.relatedTarget) {
if(isDescendantOf(event.relatedTarget, element)) return;
}
removeClass(element, '_idGenStateHover');
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-rolloffactions");
if(actions) {
eval(actions);
}
event.stopPropagation();
event.preventDefault();
}
function onTouchStart(element, event) {
if (hasAppearance(element, '_idGen-Appearance-Click')) {
addClass(element, '_idGenStateClick');
}
var actions = element.getAttribute("data-clickactions");
if(actions) {
eval(actions);
event.target.__id_touched = true;
}
event.stopPropagation();
event.preventDefault();
}
function onTouchEnd(element, event) {
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-releaseactions");
if(actions) {
eval(actions);
event.target.__id_touched = true;
}
event.stopPropagation();
event.preventDefault();
}
function onHide(id) {
var element=document.getElementById(id);
if(element) {
handleMSOStateParentOfObject(element);
addClass(element, '_idGenStateHide');
}
}
function onShow(id) {
var element=document.getElementById(id);
if(element) {
handleMSOStateParentOfObject(element);
removeClass(element, '_idGenStateHide');
}
}
function handleMSOStateParentOfObject(element) {
var prev = element;
var parent = prev.parentNode;
var found;
while(parent && !found) {
var cn = parent.className;
if(cn && cn.indexOf('_idGenMSO') != -1)
found = true;
else
prev = parent;
parent = prev.parentNode;
}
if(found) {
var nextState = prev;
var mso_states = parent.children;
for (var i = 0, state; state = mso_states[i]; i++) {
var cn = state.className;
if (cn.indexOf('_idGenCurrentState') != -1 ) {
handleMediaInMSOState(state);
removeClass(state, '_idGenCurrentState');
addClass(state, '_idGenStateHide');
removeClass(nextState, '_idGenStateHide');
addClass(nextState, '_idGenCurrentState');
return;
}
}
}
}
async function goToDestination(ref) {
window.location.href = ref;
}
function handleMediaInMSOState(element) {
/*This function is used to stop playing media present in current state when we move from current state to another state.*/
var descendants = element.getElementsByTagName('*');
for(var i = 0; i < descendants.length; i++) {
var e = descendants[i];
var tagName = e.tagName.toLowerCase();
if(tagName == 'video' || tagName == 'audio') {
if(!(e.paused)) {
e.currentTime = 0;
e.pause();
}
}
}
}
function playAnimatedElement(animated_element, className, hideAfterAnimating) {
removeClass(animated_element, '_idGenStateHide');
removeClass(animated_element, '_idGenPauseAnimation');
var cn = animated_element.className;
var previousAnimationClass = animated_element.getAttribute("data-idGenAnimationClass");
if ((cn.indexOf(className) == -1) && (cn.indexOf(previousAnimationClass) == -1)) {
addClass(animated_element, className);
animated_element.setAttribute("data-idGenAnimationClass", className);
}
else {
removeClass(animated_element, className);
removeClass(animated_element, previousAnimationClass);
animated_element.removeEventListener("webkitAnimationEnd", function(evt) { onPlayAnimationEnd(this, hideAfterAnimating, evt) });
animated_element.removeEventListener("animationend", function(evt) { onPlayAnimationEnd(this, hideAfterAnimating, evt) });
setTimeout(function() {addClass(animated_element, className)}, 10);
animated_element.setAttribute("data-idGenAnimationClass", className);
}
animated_element.addEventListener("webkitAnimationEnd", function(evt) { onPlayAnimationEnd(this, hideAfterAnimating, evt) });
animated_element.addEventListener("animationend", function(evt) { onPlayAnimationEnd(this, hideAfterAnimating, evt) });
}
function playAnimation(animation_id, className, startDelay, hideAfterAnimating) {
var animated_element = document.getElementById(animation_id);
if(animated_element) {
handleMSOStateParentOfObject(animated_element);
var startClassName = animated_element.getAttribute("data-idGenAnimationStartState");
var endClassName = animated_element.getAttribute("data-idGenAnimationEndState");
removeClass(animated_element, endClassName);
addClass(animated_element, startClassName);
setTimeout(function(){playAnimatedElement(animated_element, className, hideAfterAnimating)}, startDelay*1000);
}
}
function onPlayAnimationEnd(element, hideAfterAnimating, evt) {
var className = element.getAttribute("data-idGenAnimationClass");
var startClassName = element.getAttribute("data-idGenAnimationStartState");
var endClassName = element.getAttribute("data-idGenAnimationEndState");
removeClass(element, className);
removeClass(element, startClassName);
addClass(element, endClassName);
if(hideAfterAnimating)
addClass(element, '_idGenStateHide');
evt.stopPropagation();
}
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