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				Francesca and I have thoroughly enjoyed creating this eBook together. We focused on the frontal sinus, a challenging area in functional endoscopic sinus surgery due to its anatomical variability, intimidating concepts, and complex language. However, we found that much of this complexity can be reduced to a few consistent principles.This practical and theatre-facing eBook simplifies frontal recess anatomy and frontal sinus dissection, aiming to improve safe orientation and decision-making in the operating room.To enhance the learning experience, the book includes interactive in vivo endoscopic images labelled progressively, as if we were standing together at the screen, identifying landmarks and opening the frontal sinus step by step. A video accompanies the eBook, allowing seamless transitions between concepts, anatomy, and real surgical footage. We thank Jochen and Bosco for their outstanding work on the presentation and illustrations. Their visual clarity and attention to detail have been crucial in bringing the anatomy and dissection logic to life.

				Our special thanks to Medtronic for their support.

				Richard DouglasProfessor of SurgeryUniversity of Auckland, New Zealand 
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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 ENT surgeons 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. 

			

		

		
			
				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 authors’ 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.
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				The content in this eBook is based on the faculty’s clinical judgment. Medtronic does not take a position on matters of clinical practice, outside the scope of the safe and effective use of its products.

				This eBook is provided for general educational purposes only and should not be considered the exclusive source for this type of information. This eBook does not replace or supersede approved labeling. At all times, it is the professional responsibility of the practitioner to exercise independent clinical judgment in a particular situation.

				Important Reminder This information is intended only for users in markets where Medtronic products and therapies are approved or available for use as indicated within the respective product manuals. Content on specific Medtronic products and therapies is not intended for users in markets that do not have authorization for use.
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				Successful sinus surgery hinges on the complete clearance of diseased tissue and the re-establishment of drainage and ventilation pathways. 

				The key determinant of long-term success is achieving and maintaining patency of the sinus outflow tracts. Failure to do so is a common cause of persistent or recurrent disease, leading to the need for revision surgery. 

				Accordingly, precise anatomical dissection is required, which maximises the possibility of achieving control of the disease and minimises the chance of injury to adjacent structures. 

				The orbit, skull base, and anterior ethmoidal artery lie in close proximity and are vulnerable during endoscopic approaches to the frontal sinus.
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						CT sagittal pre-revision surgery

						The initial surgery did not achieve optimal drainage
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						Maximum drainage, Draf 3
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						Postoperative endoscopic view

						Maximum drainage, Draf 3
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						QUESTION

						Which of the following cells push the frontal sinus drainage pathway anteriorly?

						A. Agger nasi cell (ANC) and supra agger cell (SAC)

						B. Supra bulla frontal cell (SBFC) and supraorbital ethmoid cell (SOEC)

						C. Frontal septal cell (FSC) and supra agger frontal cell (SAFC)

						D. Agger nasi cell (ANC) and frontal septal cell (FSC)

						E. Supra agger cell (SAC) and supra bulla cell (SBC)

						ANSWER

						B

						The IFAC classification groups frontal recess cells by their effect on the frontal sinus drainage pathway:

						A is incorrect: The agger nasi cell and supra agger cell are anterior cells that push the drainage pathway medially, posteriorly, or posteromedially—not anteriorly.

						C is incorrect: The frontal septal cell is a medial cell that pushes the drainage pathway laterally (and often posteriorly). The supra agger frontal cell is an anterior cell pushing the pathway medially/posteriorly.

						D is incorrect: Both the ANC and FSC do not push the drainage anteriorly. The ANC pushes it posteromedially; the FSC pushes it laterally.

						E is incorrect: Both SAC and SBC are not posterior cells. The SAC is an anterior cell; the SBC sits above the bulla ethmoidalis but does not enter the frontal sinus and does not specifically push the pathway anteriorly.
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						QUESTION

						Regarding the anatomical boundaries of the frontal recess, which of the following statements is/are TRUE?

						A. The anterior boundary is formed by the basal lamella of the middle turbinate

						B. The lateral wall is formed by the lamina papyracea and lacrimal bone

						C. The medial wall is formed by the lateral lamella of the cribriform plate and the vertical 	lamella of the middle turbinate

						D. The posterior boundary is formed by the frontal beak (nasal process of the frontal bone)

						E. The frontal ostium is defined as the widest area of the transition zone from frontal sinus 	to frontal recess

						ANSWER

						B, C

						A is incorrect: The anterior boundary is formed by the frontal beak (nasal process of the frontal bone), not the basal lamella. The basal lamella of the middle turbinate forms the posterior boundary of the frontal recess.

						D is incorrect: This statement reverses the anatomy. The frontal beak forms the anterior edge of the frontal ostium, not the posterior boundary. The posterior boundary of the frontal recess is formed by the basal lamella of the middle turbinate, while the posterior edge of the frontal ostium itself is formed by the skull base.

						E is incorrect: The frontal ostium is defined as the narrowest area of the transition zone from the frontal sinus to the frontal recess—not the widest. It represents the narrowest part of the hour-glass configuration as the frontal sinus transitions into the frontal recess.E is incorrect: Both SAC and SBC are not posterior cells. The SAC is an anterior cell; the SBC sits above the bulla ethmoidalis but does not enter the frontal sinus and does not specifically push the pathway anteriorly.
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				The anatomy of the frontal sinus is highly variable, which makes its radiological interpretation challenging. 

				The frontal recess is a narrow, complex space in which developmental differences can result in significant variations of the sinus drainage pathway. 
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						Blocked left frontal sinus drainage pathway (Patient 1)
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						CT sagittal

						Agger nasi and ethmoidal cells (Patient 1)
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						Ethmoidal cells (Patient 2)
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						CT sagittal

						Complex anatomy of the frontal drainage pathway (Patient 2)
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						QUESTION

						Why is the frontal sinus often cited as the most challenging area to approach in endoscopic sinus surgery (ESS)?

						A. The frontal sinus has the thinnest bone of all paranasal sinuses, increasing the risk of orbital penetration

						B. The region is situated behind and above the frontal beak, requiring an angulated endoscopic approach

						C. The relatively small confines of the frontal recess are prone to postoperative cicatrization

						D. The frontal sinus lacks any consistent anatomical landmarks for surgical orientation

						E. The frontal sinus always contains multiple frontal septal cells that obstruct visualization

						ANSWER

						B, C

						A is incorrect: The article does not state that the frontal sinus has the thinnest bone of all paranasal sinuses. While the skull base and lamina papyracea in this region require careful attention, this is not cited as the primary reason for surgical difficulty. The paper orbit (lamina papyracea) is actually a concern throughout ethmoid surgery, not specifically unique to frontal sinus challenges.

						D is incorrect: The frontal recess actually has consistent anatomical landmarks that can be identified on CT imaging and during surgery, including the agger nasi cell, bulla ethmoidalis, middle turbinate attachments, and lamina papyracea. The IFAC classification was developed precisely because these landmarks allow systematic anatomical analysis.

						E is incorrect: Frontal septal cells are not universally present in all patients. The document describes FSCs as one of several cell types that may be present and affect the drainage pathway, but their presence is variable. The surgical challenge relates to anatomical complexity and location, not to any single cell type being consistently present.
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				The challenge is further compounded by pathological changes, such as mucosal thickening, polyps, or osteitic bone, which can obscure anatomical details within this confined area.
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						CT coronal

						Blocked frontal sinus drainage both sides (Patient 3)
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						CT sagittal

						Drainage blocked by complex anatomy and pathology (Patient 3)
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							Frontal sinus

						

					

				

				
					
						[image: ]
					

					
						
							Agger nasi cell
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						CT coronal

						Drainage blocked by complex anatomy and pathology (Patient 4)
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						CT sagittal

						Drainage blocked by complex anatomy and pathology (Patient 4)
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						QUESTION

						Which of the following statements regarding surgical planning and outcomes in frontal sinus surgery is/are TRUE?

						A. Incomplete clearance of cells from the frontal recess predisposes the patient to adhesions and ongoing frontal sinusitis

						B. CT scans with axial slices of 3-5 mm are sufficient for adequate preoperative assessment of frontal sinus anatomy

						C. A large supra agger frontal cell (SAFC) can always be completely cleared using standard endoscopic hand-held instruments without requiring extended approaches

						D. The anterior ethmoidal artery poses no significant risk during frontal recess surgery as it is always protected within the skull base

						E. The surgeon should be able to scroll through CT scans in all three planes (coronal, axial, and parasagittal) simultaneously for optimal surgical planning

						ANSWER

						A, E

						B is incorrect: The document specifically states that CT scans should have “axial slices less than 1 mm apart so that when the axial CTs are loaded onto a CT viewer the reconstructions do not have a stepped appearance.” Slices of 3-5 mm would be inadequate and result in poor quality reconstructions that cannot accurately depict the complex frontal recess anatomy. High-resolution imaging is essential for surgical planning.

						C is incorrect: The document specifically notes that large SAFCs “may require a different surgical approach rather than a standard endoscopic approach. If the full extent of the cell needs to be cleared surgically then an extended endoscopic procedure may be required or even a combined approach (external frontal sinus trephine with endoscopic approach).” Similarly, for frontal septal cells, the “bony septation separating the frontal drainage pathway from the cell can be quite thick in some patients and difficult to remove with conventional hand-held instruments.”

						E is incorrect: The anterior ethmoidal artery is explicitly identified as a structure at risk during surgery. The document states that “the anterior ethmoidal artery may be situated in the posterior region of the roof of the frontal recess and can be at risk if it runs in a mesentery off the skull base.” When the artery is suspended in a mesentery rather than protected within bone, it is vulnerable to injury during dissection.
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				Embryology

			

		

		
			
				Interpreting the anatomy of the frontal sinus becomes more intuitive when each structure within the frontal recess is traced back to its embryological origin. The embryologic development of the frontal recess follows a consistent and predictable pattern in every individual.

				By recognizing these patterns, surgeons can simplify the complex anatomy of the frontal recess and navigate it more confidently when interpreting the imaging and performing surgery.

				During the early weeks of gestation, several folds form along the lateral wall of the nasal cavity. These folds, known as ethmoturbinals, undergo a sequence of fusion and regression to give rise to the definitive structures of the adult lateral nasal wall.

				The first ethmoturbinal gives rise to the uncinate process

				The second ethmoturbinal develops into the bulla ethmoidalis

				The third ethmoturbinal forms the ground lamella and the middle turbinate
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						First weeks of gestation
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						Further development of the ethmoturbinals
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						Anatomical structures of the adult nose
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						Anatomical structures of the adult nose
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				Anatomy

			

		

		
			
				In this chapter, we examine the spatial relationships between the uncinate process, ethmoid bulla, ground lamella and anterior ethmoidal artery (AEA), as seen from a sagittal perspective.

				To aid comprehension, we will consistently use the following color coding to identify derivatives of each ethmoturbinal:

				First ethmoturbinal derivatives Agger nasi and associated cells in yellow 

				Second ethmoturbinal derivatives Bulla ethmoidalis and associated cells in blue

				Third ethmoturbinal derivatives Ground lamella and middle turbinate in green

				Anterior ethmoidal artery in red

			

		

		
			
				This visualization highlights the critical concept that the frontal sinus drainage pathway consistently develops between the derivatives of the first and second ethmoturbinals. In adult anatomy, this translates to the pathway being consistently located between the agger nasi and the bulla.

				Several classification systems have been proposed to describe the anatomy of the frontal sinus, the most comprehensive being the International Frontal Sinus Anatomy Classification (IFAC). 

				It is sometimes challenging to correctly identify the cells described in the classification system. An embryologically-based interpretation may reveal that seemingly distinct cells and septations are simply variations of the same fundamental anatomy.
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				First Ethmoturbinal Derivatives

				Agger nasi cell

				Supra agger cells

				Supra agger frontal cells

				Second Ethmoturbinal Derivatives

				Ethmoid bulla

				Supra bulla cells

				Supra bulla frontal cells

				Third Ethmoturbinal Derivatives

				Ground lamella

				Middle turbinate
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				Fig. 3
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				Fig. 1
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				Understanding of the frontal recess can be enhanced by viewing it in three planes.

				In the coronal plane (Fig. 1), it is possible to see clearly the derivatives of the first ethmoturbinal. In the simplest arrangement, the uncinate envelops the space of the agger nasi cell. A supra agger cell is formed by an additional septation of the uncinate process. 

				A supra agger frontal cell is formed when the uncinate process extends through the frontal ostium and attaches superior to the frontal beak (Fig. 2 - 3). It can be seen that even with this variation, the fundamental relationship between the agger and bulla remains the same.
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				Similarly, as seen in Fig. 4, supra bulla cells and supra bulla frontal cells are created by septations extending from the bulla. As seen with the first ethmoturbinal variants, this modification of the second ethmoturbinal does not affect the drainage pathway.
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				Fig. 4
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				The axial plane offers further confirmatory insight to the anatomical relationships. 

				In Fig. 5, it becomes clear that the first ethmoturbinal derivatives (agger nasi, supra agger, supra frontal cells) are located anterior to the second ethmoturbinal derivatives (bulla, supra bulla, supra bulla frontal cells), which in turn are anterior to the third ethmoturbinal derivatives (ground lamella and its septations).

				The key feature that can be recognized from this view is that the frontal sinus drainage pathway is consistently found posteromedial to the agger nasi (first ethmoturbinal derivative) and anteromedial to the anterior face of the bulla (second ethmoturbinal derivative).

				Conclusion

				By reconstructing the adult anatomy of the frontal recess according to its embryological derivations, we gain a predictable framework for under-standing and classifying the region. This approach not only simplifies CT interpretation but also provides a safe and logical basis for surgical planning.
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				3.1.	Case 1 - Step by step

				3.2.	Case 2 - Anatomy to start with

				3.3.	Case 3 - Making progress
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				In this chapter, we will illustrate how embryological principles can be used to guide surgical dissection during endoscopic frontal sinus surgery. 

				The cases will be presented a step-by-step manner, and in each case the radiological anatomy will be correlated with the intraoperative endoscopic view. Throughout, we will maintain the same color-coding scheme used in previous chapters.

				Pre-operative CT anatomy

				The sagittal CT scan illustrates the frontal sinus drainage pathway. As anticipated, the pathway lies between the agger nasi (and its associated cells) in yellow, and the bulla (and supra bulla cells) in blue. Recognizing these relationships preoperatively is key for planning a safe and complete dissection.
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				Case 1 | Step-by-step dissection guide
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				STEP 1 Uncinectomy

				The procedure begins with the removal of the uncinate process. In this case, a sickle knife is used, although a backbiter is also commonly employed to divide the uncinate. A ball probe is used to fracture the vertical portion of the uncinate anteriorly, which is subsequently removed using a microdebrider. Angled through-cutting forceps can also be used to remove the uncinate instead of a microdebrider. A first ethmoturbinal derivative (the agger nasi) is clearly visible and highlighted in yellow.
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				Case 1 | Step-by-step dissection guide
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				STEP 2Identifying the frontal sinus pathway

				A frontal sinus seeker is gently passed into the drainage pathway between the superior remnant of the agger nasi (yellow) and the anterior face of the bulla (blue).

				This maneuver confirms the route of the frontal pathway into the frontal sinus.
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				STEP 3 Resection of the 1st ethmoturbinal remnants (agger and supra agger cells)

				The frontal sinus seeker can be used to fracture the 1st ethmoturbinal septations by gently moving it in an anterolateral direction. Using a 55° curette and a 45° upturned Blakesley forcep, the superior portions of the agger nasi and supra agger cells (if present) are removed.

				The endoscope is changed from 0° to 70° to enhance visualization of the frontal sinus ostium (45° endoscopes also greatly enhance the surgeon’s view of the frontal ostium). The frontal beak lies anteriorly, while the bulla/supra bulla cells lie posteriorly, defining the ostium boundaries.
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				STEP 4 Resection of the 2nd ethmoturbinal septations (bulla and supra bulla cells)

				The bulla ethmoidalis is dissected using the 55° curette. The curette is introduced inferomedially, just posterior to the free medial margin of the bulla, and it is then advanced superiorly towards the skull base.

				Important safety noteMaintaining the instrument in close contact with the posterior aspect of the front face of the bulla while approaching the skull base, ensures that the curette will remain anterior to the anterior ethmoidal artery, and this reduces the risk of arterial injury. This method facilitates complete resection of the superior part of the bulla, so that the frontal ostium is fully opened.
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				Case 1 | Step-by-step dissection guide
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				STEP 5Complete frontal ostium exposure

				The frontal sinus ostium is exposed and maximally opened. The remaining small septations are completely removed. The final view reveals the anterior ethmoidal artery in its usual location, in association with the ground lamella where it inserts into the skull base.

				Conclusion

				This surgical case demonstrates the use of embryologic principles as a framework for both radiologic interpretation and stepwise endoscopic dissection. By recognizing that each anatomical structure is a predictable derivative of a specific ethmoturbinal, the surgeon can confidently navigate the frontal recess and identify key landmarks. Accordingly, the surgery can be performed more safely and effectively.
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				Case 2 | Example of simple anatomy
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				Access to the frontal sinus is not always challenging. For young surgeons, this case is a good example for one to start with before subsequently advancing to cases with more complex anatomy and pathology. 

				Pre-operative CT anatomyThe scan demonstrates a clearly visible drainage pathway in the sagittal view. 
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				Example of simple anatomy 
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				STEP 1 Uncinectomy & Frontal recess exploration

				After the uncinectomy is done, the frontal sinus pathway lies between the first and second ethmoturbinals derivatives. 

				It can be accessed by introducing a frontal sinus seeker posteromedially to the agger and anteromedially to the bulla. 

				The seeker tip is directed superiorly and laterally within the pathway, and then advanced anterolaterally to fracture the upper part of the agger. 

				Once the pathway has been widened by this manoeuvre, a 55º curette can be used to fracture the bone of the agger and the bony fragments can be removed with an upturned Blakesley.
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				Case 2 | Example of simple anatomy
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				STEP 2Finishing the 1st ethmoidturbinal cells

				In this case, the frontal sinus recess anatomy is relatively simple, allowing visualization of the frontal sinus opening. In this view, the bulla (second ethmoturbinal) remains intact. 
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				STEP 3 Resection of the 2nd ethmoturbinal septations (bulla and supra bulla cells)

				At this stage, the lower portion of the bulla is dissected. The anterior ethmoidal artery (AEA) is visible just posterior to the bulla, as it crosses the skull base at the point where the ground lamella (derived from the third ethmoturbinal) attaches to the skull base. 

				Because the AEA is associated with the ground lamella and not the bulla, if the cup of the curette used to dissect the bulla is always kept applied to its posterior surface, the instrument will always remain anterior to the artery. Knowledge and understanding of this anatomical relationship facilitates removal of the bulla in its entirety, without undue concern about injury to the AEA. 

			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			[image: ]
		

		
			
				Case 2 | Example of simple anatomy
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				STEP 4 Complete frontal ostium exposure

				The most superior portions of the second ethmoturbinal derivatives (upper part of bulla and supra bulla) are fractured anteriorly and removed.
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				Case 2 | Example of simple anatomy

			

		

		
			
				[image: ]
			

		

		
			
				5

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				7

			

		

		
			[image: ]
		

		
			
				29

			

		

		
			
				Conclusion

				This approach enables safe and complete opening of the frontal sinus recess. 

				The septations originating from the first and second ethmoturbinals are removed, enabling a clear view of the frontal ostium and anterior skull base.
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				Case 2 | Example of simple anatomy

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					
						First ethmoturbinal

					

				

				
					
						Second ethmoturbinal

					

				

				
					
						Third ethmoturbinal

					

				

			

		

		
			[image: ]
		

		
			
				30

			

		

		
			
				Case 3 | Making Progress
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				In this case, the frontal recess anatomy may appear more complex, but the same principles enable a safe, complete dissection while minimizing risk to the skull base and the anterior ethmoidal artery

				Pre-operative CT anatomyThe CT-scan demonstrates two challenges:

				The anterior ethmoidal artery runs freely under the skull base. 

				The most cranial agger nasi cell may obstruct the frontal sinus and must be removed completely.
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				STEP 1 Uncinectomy & Frontal recess exploration

				After the uncinectomy (Figs. 1–4), the convoluted contour of the second ethmoturbinal becomes apparent. The frontal sinus drainage pathway may not be immediately visible or reachable with a seeker, yet the strategy is unchanged. 
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				Case 3 | Making Progress
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				STEP 2Finishing the 1st ethmoidturbinal cells

				Keeping the position of the first ethmoturbinal derivatives in mind, we can create space by partially removing the anterior face of the bulla (blue shaded area)—always keeping the curette behind its front wall (Figs. 5–7) to avoid the AEA.

				In Fig. 8, the gap between the first and second ethmoturbinal septations is clearly seen. However, the most anterior opening can be misleading and should not be assumed to be the frontal ostium. A frontal seeker or curette can be passed between the first and second ethmoturbinals (black arrow) to define the recess pathway and fracture the intervening septations, thereby accessing the frontal ostium.
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				STEP 3 Resection of the 2nd ethmoturbinal septations (bulla and supra bulla cells)

				In Fig. 9 the frontal sinus appears open, but it is not, in fact a superior derivative of the first ethmoturbinal extends into the sinus and has yet to be removed. 

				Frontal-angled instruments and a 70° endoscope can be used to remove these final portions (Figs. 10–14; yellow shaded area). 
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				STEP 4 Complete frontal ostium exposureThe last picture shows the complete the opening of the frontal sinus (Fig.15).

				 ConclusionThe last case demonstrates clearly that the patterns of the embryology-based anatomy also help simplify the interpretation of more complex anatomical variations.

				We hope it proves to be a helpful learning approach to help achieve better outcomes in frontal sinus surgery. 

			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

		

		
			
				[image: ]
			

		
		
			
				Case 3 | Making Progress

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			
				7.1.	Suggested reading

				7.2.	Acknowledgements

				7.3.	Acronyms

				7.4. Colophon 

			

		

		
			
				Addendum

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
	
		
			
				[image: ]
			

		
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				36

			

		

		
			
				Addendum | Resources

			

		

		
			[image: ]
		

		
			
				Suggested reading

			

		

		
			
				Wormald PJ, Hoseman W, Callejas C, Weber RK, Kennedy DW, Citardi MJ, Senior BA, Smith TL, Hwang PH, Orlandi RR, Kaschke O, Siow JK, Szczygielski K, Goessler U, Khan M, Bernal-Sprekelsen M, Kuehnel T, Psaltis A. The International Frontal Sinus Anatomy Classification (IFAC) and Classification of the Extent of Endoscopic Frontal Sinus Surgery (EFSS). Int Forum Allergy Rhinol. 2016 Jul;6(7):677-96.

			

		

		
			
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				
					[image: ]
				

				
					
						Buttons are interactive and are linked to literature source.

					

				

				
					[image: ]
				

			

		

		
			
				
					[image: ]
				

				
					
						Article

					

				

				
					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

				

			

		
		
			
				[image: ]
			

		
	
		
			
				[image: ]
			

		
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				37

			

		

		
			[image: ]
		

		
			
				Frontal Sinus Video

				Complete version

			

		

		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
		
			
				Addendum | Resources

			

		

		
			
				[image: ]
			

		
	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				38

			

		

		
			[image: ]
		

		
			
				Acknowledgements

			

		

		
			
				EDITORS

				Francesca Pirola MD1Jochen H. Bretschneider MD, PhD2,3

				OPerations & Dissections

				Richard Douglas MD, FRACS1

			

		

		
			
				illustrations

				Francesca Pirola MD1Bosco Yue BMedSc (Hons)4

			

		

		
			
				Affiliations

				1	Dept. of Otorhinolaryngology, Head and Neck Surgery, 	Waipapa Taumata Rau University of Auckland Hospital Auckland, New Zealand

				2	Dept. of Otorhinolaryngology, Head and Neck Surgery,	Amsterdam Universities Medical Centers, The Netherlands

				3	MLX, Amsterdam, The Netherlands4	School of Medicine, University of Auckland, New Zealand

					

			

		

		
			
				EducationAL concept & Design

				Jochen H. Bretschneider MD, PhD2,3Hugh Schermuly3, schermulydesign.co.uk

			

		

		
			
				[image: ]
			

		
		
			
				Addendum | Acknowledgements

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				39

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Acronyms

			

		

		
			
				AEA	Anterior ethmoidal artery

				AX	Axial

				IFAC	International Frontal Sinus 	Anatomy Classification

				CN	Cranial nerve

				CT	Computer tomography

				COR		Coronal

				SAG	Sagittal

			

		

		
			
			

		

		
			
			

		

		
			
				[image: ]
			

		
		
			
				Addendum | Acronyms

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				40

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Colophon

			

		

		
			
				PRODUCED BY

				MLX BVOudegracht 258B, 3511 NV Utrecht The Netherlandsinfo@mlx.amsterdam

				Copyright

				All rights reserved. No part of this publication may be reproduced, distributed, or transmitted in any form or by any means, including photocopying, recording, or other electronic or mechanical methods, without the prior written permission.

			

		

		
			
				DISCLAIMER

				This material should not be considered the exclusive source of information, it does not replace or supersede information contained in the device manual(s).

				Please note that the intended use of a product may vary depending on geographical approvals.

				See the device manual(s) for detailed information regarding the intended use, the (implant) procedure, indications, contraindications, warnings, precautions, and potential adverse events.

				For a MRI compatible device(s), consult the MRI information in the device manual(s) before performing a MRI.

			

		

		
			
				 

				If a device is eligible for eIFU usage, instructions for use can be found at Medtronic’s website manuals.medtronic.com.

				Manuals can be viewed using a current version of any major internet browser. For best results, use Adobe Acrobat®️ Reader with the browser.

				Medtronic products placed on European markets comply with EU and UK legislation (if applicable) on medical devices.

				For any further information, contact your local Medtronic representative and/or consult Medtronic’s websites.

			

		

		
			
				[image: ]
			

		
		
			
				Addendum | Colophon

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				41

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Photos and videos owned by R. Douglas, used by permission.

				Idea, Design and Functionality by MLX

				©2026 Medtronic. Medtronic, All rights reserved. Medtronic logo, and Engineering the extraordinary are trademarks of Medtronic. All other brands are trademarks of a Medtronic company.2026-frontal-sinus-surgery-ebook-en-gb-emea-18627776

			

		

		
			
				Europe

				Medtronic International Trading SàrlRoute du Molliau 31Case postale

				CH-1131 Tolochenaz

				www.medtronic.euTel: +41 (0)21 802 70 00Fax: +41 (0)21 802 79 00

			

		

		
			
				[image: ]
			

		
		
			
				Addendum | Colophon

			

		

	OEBPS/image/249.png





OEBPS/image/435.png





OEBPS/image/arrow.png





OEBPS/image/CT_sag_patho_21.png





OEBPS/image/Illustration_5_round1.png





OEBPS/image/CT-sin_preOP_sag.png





OEBPS/image/184.png





OEBPS/image/2-2_Anatomy_diagrams_PNG.007.png
derivatives of the
2nd ethmoturbinal

derivatives of the
1st ethmoturbinal

supra-agger frontal

ground lamella

agger





OEBPS/image/Sketch_1.png





OEBPS/image/Illu_5_rounded_Case_2.png





OEBPS/image/Surgery_4.3.png





OEBPS/image/Endo_1a.png





OEBPS/image/Surgery_2.8a.png





OEBPS/image/Medtronic_icon_computer-mouse_rgb_w.png
&
O





OEBPS/image/Sketch_11.png





OEBPS/image/Medtronic_icon_play_rgb_w4.png





OEBPS/image/Surgery_3.png





OEBPS/image/Illustration_4.png





OEBPS/image/Surgery_2.2.png





OEBPS/image/105.png





OEBPS/image/Surgery_1.5.png





OEBPS/image/202.png





OEBPS/image/281.png





OEBPS/image/2-2_Anatomy_diagrams_PNG.015.png
FS ostium

orbit

e ethmoturbinal

supra agger

agger nasi
uncinate
ground lamella





OEBPS/image/Illustration_42.png





OEBPS/image/Illustration_11.png





OEBPS/image/CT_cor_patho_1.png





OEBPS/image/Illu_2_rounded_Case_2.png





OEBPS/image/199.png





OEBPS/image/121.png





OEBPS/image/Endo_5a.png





OEBPS/image/4.png





OEBPS/image/Button_Electric_x_+1.png





OEBPS/image/587.png





OEBPS/image/Illustration_5_round.png





OEBPS/image/Videocover_Anatomy.jpg
Ethmotu

2nd Ethmoturbinal
3rd Ethmoturbinal






OEBPS/image/Illustration_4.1.png





OEBPS/image/Endo_9.png





OEBPS/image/128.png





OEBPS/image/636.png





OEBPS/image/Endo_2.png





OEBPS/image/145.png





OEBPS/image/77.png





OEBPS/image/130.png





OEBPS/image/Illustration_2_+_Seeker.png





OEBPS/image/Medtronic_icon_list_rgb_w1.png





OEBPS/image/192.png





OEBPS/image/Endo_15.png





OEBPS/image/Medtronic_icon_computer-mouse_rgb_w7.png





OEBPS/image/572.png





OEBPS/image/Sketch_2.png





OEBPS/image/46.png





OEBPS/image/282.png





OEBPS/image/CT_sag_patho_12.png





OEBPS/image/Illustration_2.1.png





OEBPS/image/Surgery_4.2.png





OEBPS/image/159.png





OEBPS/image/CT_sag_patho_22.png





OEBPS/image/256.png





OEBPS/image/434.png





OEBPS/image/2-2_Anatomy_diagrams_PNG.016.png





OEBPS/image/Endo_13a.png





OEBPS/image/Surgery_2.png





OEBPS/image/Medtronic_icon_play_rgb_w5.png





OEBPS/image/Illustration_4.2.png





OEBPS/image/Surgery_2.1.png





OEBPS/image/Illustration_1.2.png





OEBPS/image/Illustration_41.png





OEBPS/image/Endo_9a.png





OEBPS/image/Sketch_42.png





OEBPS/image/Illustration_5.png





OEBPS/image/CT_sag_11.png





OEBPS/image/Surgery_1.6.png





OEBPS/image/112.png





OEBPS/image/588.png





OEBPS/image/Endo_8.png





OEBPS/image/Illustration_5.2_round.png





OEBPS/image/Medtronic_icon_computer-mouse_rgb_w8.png
)
LGJ





OEBPS/image/499.png





OEBPS/image/Endo_4a.png





OEBPS/image/67.png





OEBPS/image/Surgery_3a.png





OEBPS/image/3-3_Case_3_diagrams_and_figures_keynote.002.png





OEBPS/image/2-2_Anatomy_diagrams_PNG.006.png





OEBPS/image/Illustration_1.2_round.png





OEBPS/image/Medtronic_icon_question-mark_rgb_w1.png





OEBPS/image/212.png





OEBPS/image/127.png





OEBPS/image/Illustration_1_round.png





OEBPS/image/Endo_3.png





OEBPS/image/2-2_Anatomy_diagrams_PNG.017.png
FS ostium

orbit

G ethmoturbinal

supra agger frontal

agger nasi
uncinate
ground lamella





OEBPS/image/Illustration_2_round1.png





OEBPS/image/98.png





OEBPS/image/Medtronic_icon_play_rgb_w2.png





OEBPS/image/Illustration_6.png





OEBPS/image/Surgery_1.3.png





OEBPS/image/204.png





OEBPS/image/194.png





OEBPS/image/239.png





OEBPS/image/art-logo-rgb-w.png
R

N
\\/

/f
L





OEBPS/image/Surgery_4.5.png





OEBPS/image/607.png





OEBPS/image/247.png





OEBPS/image/Illustration_1.1.png





OEBPS/image/Sketch_41.png





OEBPS/image/119.png





OEBPS/script/idGeneratedScript.js
function RegisterInteractiveHandlers() {
RegisterButtonEventHandlers();
ProcessAnimations();
ProcessMedia();
}
function ProcessMedia() {
var oFrame = document.getElementsByClassName("_idGenMedia");
for (var i = 0; i < oFrame.length; i++) {
var actions = oFrame[i].getAttribute("data-mediaOnPageLoadActions");
if(actions) {
var descendants = oFrame[i].getElementsByTagName('*');
for(var j = 0; j < descendants.length; j++) {
var e = descendants[j];
var tagName = e.tagName.toLowerCase();
if(tagName == 'video' || tagName == 'audio') {
if(e.paused) {
var selfContainerID = e.id;
eval(actions);
}
}
}
}
}
}
function ProcessAnimations() {
	var oFrame = document.getElementsByClassName("_idGenAnimation");
	for (var i = 0; i < oFrame.length; i++) {
		var actions = oFrame[i].getAttribute("data-animationOnPageLoadActions");
		if(actions) {
			var selfContainerID = oFrame[i].id
			eval(actions);
		}
		var cn = oFrame[i].className;
		if(cn.indexOf("_idGenCurrentState") != -1) {
			var actions = oFrame[i].getAttribute("data-animationOnStateLoadActions");
			if(actions) {
				var selfContainerID = oFrame[i].id
				eval(actions);
			}
		}
		actions = oFrame[i].getAttribute("data-animationOnSelfClickActions");
		if(actions) {
			oFrame[i].addEventListener("touchend", function(event) { onTouchEndForAnimations(this, event) }, false);
			oFrame[i].addEventListener("mouseup", function(event) { onMouseUpForAnimations(this, event) }, false);
		}
		actions = oFrame[i].getAttribute("data-animationOnSelfRolloverActions");
		if(actions) {
			oFrame[i].addEventListener("mouseover", function(event) { onMouseOverForAnimations(this, event) }, false);
		}
	}
	document.body.addEventListener("touchend", function(event) { onPageTouchEndForAnimations(this, event) }, false);
	document.body.addEventListener("mouseup", function(event) { onPageMouseUpForAnimations(this, event) }, false);
}
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();
}
}
}
}
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