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Systematics of visualization techniques and optical devices

Markus Weiss, Zurich, Switzerland
Visualization of the human airway by an optical device was first described 1854. A speculum modified with a mirror was used to visualize the vocal cords in singers (Speculum de Labordette). Interestingly, the Labordette mirror speculum, as a prototype laryngoscope for indirect laryngoscopy became the origin for the further development of instruments for direct laryngoscopy and not the other way around.
Systematics of classical optical intubation techniques and devices

In the past, several optical devices have been developed, proposed and tested for improved visualisation of the human airway during difficult tracheal intubation and for other purposes. 
Classical optical intubation devices can be classified as followed:
· Mirror Laryngoscopes (Siker)1
· Prism Laryngoscopes (Huffmann)2
· Optical Stylets (Katz & Berci)3
· Endoscopic Laryngoscopes (Bullard)4
· Fiberoptic Intubation Scopes / Bronchoscopes (Murphy / Talor)5,6
Although many of these devices may be very helpful during tracheal intubation, none of them is routinely used or became a widely accepted intubation tool, except the fibre-optic bronchoscopes which are strongly recommended as the first choice in patients with a known or expected difficult airway.

The main reason that most of these devices remained intubation toys for a small group of anaesthesiologists is, that, among others, these devices were not useful for routine tracheal intubation and differs much from conventional direct laryngoscopic intubation. 

Furthermore, looking through a prism, mirror, eye-piece of an intubation stylet or a laryngoscope blade is not very comfortable and ergonomic. Although endoscopic devices can be attached to video-monitor systems, this is not very attractive, since cables and cameras are heavy and upon this there is not enough room in the operating theatres for the usually oversized surgical video-endoscopy monitor systems.

Video-assisted conventional tracheal intubation 

In the past decade, several video-enhanced or equipped conventional intubation devices such as tracheal tubes, intubation stylets or laryngoscope blades were reported and manufactured. Integration of ultrathin fibre-optic endoscopes in conventional airway devices such as endotracheal tubes, intubation stylets or laryngoscope blades allow the transmission oft the view of their tip directly to a bedside monitor, without jeopardising the patient or the anaesthetist during direct laryngoscopy.  Looking at a video-display in critical circumstances is much more comfortable than looking into a viewfinder of  an endoscopic device, because the operator remains in the usual intubation position and can easily change the view from the oropharynx to the monitor and vice versa (swift conversion). Furthermore, the video display allows increased coordination of intubation manoeuvres (anterior laryngeal pressure, BURP or pharyngeal suctioning). 
Video-assisted conventional tracheal intubation can be classified as followed: 
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Video-Intuboscopy7
Video-intuboscopy provides a video view from the tip of the tracheal tube during conventional direct laryngoscopy using a video-intubation stylet (VIS) or a video-intubation tube (VIT).
Different malleable and directional "video-optical intubation stylets" have been designed for online transmission of the view from the stylet respectively ETT tip onto a bedside monitor screen.7, 8 These devices have integrated image and light fibres and optionally an oxygen channel for lens protection and apnoeic oxygenation during intubation. Inserted into an endotracheal tube, they all give a video-display from the ETT tip directly to the attached monitor system during tracheal intubation.

The "Visualized Endotracheal Tube" (VETT() is a standard endotracheal tube with integrated image and light transmission fibres placed in the tube wall. They transmit the tube's eye onto the connected video-monitor system.9
Video-Laryngoscopy10
Video-laryngoscopy provides a video-view from the tip of a laryngoscope blade during conventional direct laryngoscopy using video-laryngoscope (VL).

The "video-laryngoscope" is a conventional laryngoscope with an integrated endoscopic system, leading from the blade tip to the handle and leaving the laryngoscope handle as a small fibre-optic cable for connection to a bedside video-screen10, 11
Techniques 

A) Monitoring tracheal intubation11, 12
Direct conventional laryngoscopy is performed as usual and the trachea is intubated under direct vision. The video view of one of the above mentioned devices is used to monitor tracheal intubation and to confirm respectively to adjust endotracheal tube position above the tracheal carina (video-intuboscopy) or between the vocal cords (video-laryngoscopy). Subglottic anomalies may be detected during tracheal intubation by video-intuboscopy.
B) Guiding tracheal intubation13-15
Video-intuboscopy: If the view to the vocal cords cannot be obtained during direct laryngoscopy, the endotracheal tube is positioned under direct vision just behind the epiglottis and the video-view from the ETT tip is used to direct the ETT into the trachea. Correct endotrachel tube position is instantly verified.13
Video-laryngoscopy: Preliminary experiences have shown that the video-view around the curvature of a curved blade provides a better view visualisation of the cords than obtained by direct vision. The cords are visualized using the video-view from the distal blade tip with or without lifting up the epiglottis. Then the ETT is placed along the blade as far as possible under direct vision and in a last step inserted into the trachea under monitor guidance.14 

Video-intuboscopy trough the ILMA using a flexible endoscope provides a simple, rapid and safe technique for visualized endotracheal intubation through the intubating laryngeal mask airway (ILMA). The view from the ETT tip allows monitoring respectively to direct the ETT by manipulating the ILMA handle.15
C) Simulating difficult intubation16, 17 
As initially presented by Cormack and Lehane, after initial direct laryngoscopy, the laryngoscope blade is lowered so that direct view to the cords is obstructed. The trachea then is intubated using the monitor view from the ETT tip or from the blade tip. In this way, training in difficult intubation management can be done daily without jeopardizing patient safety and without loss of experience in direct laryngoscopy.

Indications & Applications
Monitoring tracheal intubation
Display of tracheal intubation procedure can be used for multiple viewers for teaching, demonstrating, supervising and video-taping for subsequent review or medico-legal documentation of the intubation procedure.

Guiding tracheal intubation

To date, fiberoptic bronchoscopic tracheal intubation is still the gold-standard for the known or anticipated difficult airway. 
Video-assisted conventional assisted intubation may be used as an alternative intubation technique in Plan A of the DAS algorithm for the management of the unanticipated difficult intubation.18 Further indications have been suggested such as facilitation of tracheal intubation in patients with a potentially instable cervical spine or in order to reduce stress response caused by direct laryngoscopy.19, 20
Future perspectives
Standardisation of video-assisted tracheal intubation techniques, their role and indications are required with increasing number of video-assisted conventional intubation devices.

Miniaturized and easy to care video-laryngoscopes, video-stylets and display-systems are now available on the market.21 However, their costs are still too high. Cost-effective systems and technologies have to be developed. Particularly, the integration of such technologies in anaesthesia workstations would be of great interest.
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