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Picture 1. Ventilation bag with a reservoir attached. Below face mask from size 1 to 5 

 

The use of BVM ventilation can be done by one or two rescuers. Previous study reported 

that inexperienced care providers cannot simultaneously effectively seal face mask, 

maintain open airway and use bag to provide sufficient tidal volumes (Seidelin et al. 

1986). The two rescuer technique improves the efficacy of ventilation in anesthetized 

patients when one rescuer holds and seals the mask and the other compresses bag 

(Wheatley et al. 1997). Stomach inflation during BVM is a complex problem. It may lead to 

regurgitation and aspiration (Lawes and Baskett 1987). During BVM, gastric inflation 

seems to be related to high tidal volumes and peak airway pressures. The distribution of 

gas during BVM is dependant on lower oesophageal sphincter pressure (Bowman et al. 
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1995), respiratory system compliance (Davis et al. 1995) and  the technique of BVM. 

Current guidelines recommends to use smaller tidal volumes of 5-7 ml/kg or approximately 

500 ml in adults delivered over 1 to 1,5 seconds with an fraction of inspired oxygen( FiO2) 

0.4 during BVM (Wenzel et al. 2001, Handley et al 2005). This guideline refers to cardiac 

arrest situation, but can be extrapolated to other emergencies needing BVM. 

The effectiveness of BVM ventilation skills of prehospital care providers has been 

questioned. In a manikin study regarding EMTs ability to provide sufficient BVM less than 

half could provide sufficient BVM in terms of tidal volume and rate/minute (Elling and 

Politis 1983). In another manikin study with similar approach, 67 % of EMTs performed 

approvable ventilation skills (Cummins et al. 1986). In both studies, difficulties were 

noticed with mask sealing and two-rescue technique was suggested.  These findings are in 

concordance with a more recent study, comparing first responder’s abilities to ventilate 

anesthetized patients, either with BVM or small portable ventilator via face mask. In this 

study, BVM caused more gastric insufflation (Noordergraaf et al. 2004). 

 

2.4.2 Endotracheal intubation  
 

The realization that tracheotomy could be used to relieve obstruction of the upper airway 

was described in ancient times. Alexander the Great was reputed to have performed a 

tracheotomy using his sword upon a choking soldier. Interest in intubation rather than 

incising the airway grew with anecdotal reports in late 1700 and early 1800 century. Sir 

William MacEwen published in 1880 in British Medical Journal a report of 3 patients who 

were intubated for management of different conditions. This technique was soon adopted 

to anaesthesia and called as “inhalational endotracheal anaesthesia”. This technique 
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needed a device for glottic visualization and Chevalier Jackson described a device called 

laryngoscope for that purpose in 1913. Sir William MacIntosh invented a curved blade to 

laryngoscope (Croft 2002).  In 1930 Dr Magill introduced forceps to ease the endotracheal 

tube placement (Sternbach 1984) and in 1946 Mendelson described a case of massive 

aspiration during childbirth (Maltby 1990). After that Morton and Wylie described rapid 

sequence intubation and Dr Sellick described a method of cricoid pressure to prevent from 

aspiration in 1961. The original endotracheal tube was a rubber tube with one opening at 

the end without cuffs. In the late sixties a tube with multiple openings and a rubber cuff 

was introduced, later manufactured commercially from silicone and other synthetic 

materials (Stoller JK 1999). 

 

Picture 2. Endotracheal tubes from size 2 to 8 
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The modern technique for emergency endotracheal intubation is a direct visualization of 

glottic area and vocal cords with a laryngoscope equipped either with curved or straight 

blades. Passage of endotracheal tube should be preferably seen between vocal cords, cuff 

inflated and proper tube placement confirmed by symmetrical lung auscultation and end 

tidal CO2 monitoring. This method has variants depending on nature of airway needed, 

anatomical reasons or inability to visualize vocal cords. Endotracheal intubation has 

become “golden standard” of emergency airway management for various reasons. It 

allows effective and controlled positive pressure ventilation, use of positive end-expiratory 

pressure, ensures a delivery of high oxygen concentrations and protects the airway from 

gastric contents or blood and mucus from upper airways. It also allows suction of 

secretions from airways (Pepe et al. 1985). 

Safe and effective placement of an endotracheal tube requires considerable skills and 

experience. Unless initial training is sufficient and ongoing practice and experience are 

adequate, patient may be viable to several potentially harmful or even lethal 

complications. Trauma to the oropharynx, ventilation withheld for unacceptably long 

periods, delayed or interrupted chest compressions in cardiac arrest patients, oesophageal 

or bronchial intubation, bronchial trauma, failure to secure the tube and failure to 

recognize misplacement of the tube are all reported complications, when intubation is 

performed by inadequately trained and inexperienced care provider (Bradley et al. 1998, 

Dunford et al. 2003, Mort 2004, Spaite and Criss 2003, Valenzuela et al. 2005). 

Firstly endotracheal intubation was restricted to hands of physicians involved to either 

inhospital or prehospital emergency care. One of the first pioneers to teach a non-

physician prehospital personnel these skills was Dr Nagel from Miami, Florida (Nagel 
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Picture 3. Oropharyngeal airways from size 000 to size 6 

 

Oropharyngeal airway has proven efficacy over the mask-ventilation without Guedel type 

airway. In a Japanese study tidal volumes were significantly better with an oropharyngeal 

airway placed than without (Koga et al. 2001). 

Oropharyngeal airway is available with different sizes from infant to adults. Although its 

placement seems to be easy after training, incorrect direct insertion can displace the 

tongue into the hypopharynx and result in airway obstruction (Marsh et al. 1991). In semi-

conscious patients it can provoke retching, vomiting or laryngospasm by activation of the 

gag-reflex. During ventilation or insertion aspiration of gastric contents can occur in 

emergency situations and also anecdotally, aspiration of the oropharyngeal device itself or 

its part has been reported (Lee et al. 2001, Nandalan and Hiremath 2004). 
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In the hands of inexperienced and infrequent users, oropharyngeal airway still cannot 

perform very well compared to more recent pharyngeal airways. In ten volunteers, with no 

previous experience of resuscitation, LMA produced superior insertion and ventilation 

values over Guedel airway and mask ventilation (Alexander et al. 1993). 

 

2.4.4 Cuffed oropharyngeal airway 

  
The cuffed oropharyngeal airway (COPA) was first described by Greenberg and Toung as a 

potential airway for spontaneous ventilation anaesthesia (Greenberg RS and Toung T 

1992). It is a modified Guedel airway with an inflatable distal cuff and a standard (15 mm) 

proximal connector for attachment to ventilation system. Cuff is designed so that when 

inflated it should displace patient’s tongue, form a airtight seal with the pharynx and 

elevate the epiglottis from the posterior pharyngeal wall, providing a clear airway. Cuff is 

inflated via its own line with a possibility to measure cuff pressure. COPA is available in 

four sizes from 8 to 11 referring to the distance between flange and distal end 

(Brimacombe and Berry 1998). 
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Picture 4. Cuffed oropharyngeal airway 

 

It seems to provide simple method to ventilate patients “hands free” in the hands of 

experienced anaesthesiologist (Brimacombe and Berry 1998, Fanelli et al. 2000). However, 

a need for some degree of head positioning was observed to provide optimum ventilation 

and sealing (Brimacombe and Berry 1998, Greenberg et al. 1998). 

The insertion and ventilation has been studied when used by non-anaesthesia staff to 

anesthetised patients. In two separate studies with similar design COPA was found 

superior to basic BVM in terms of insertion and ventilation (Clayton et al. 2001) and the 

other suggested that COPA secured adequate ventilation in terms of measured tidal 

volume (Rees and Gabbott 1999). 
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In a manikin model of cardiopulmonary resuscitation (CPR) with both experienced and 

inexperienced users, COPA was slower to insert compared to Laryngeal Mask Airway 

(LMA) and more manipulation was required for adequate ventilation (Garcia-Guasch et al. 

2001). 

Although COPA does not protect from aspiration of gastric contents, insertion of COPA is 

possible when cricoid pressure is applied; this may hypothetically be an advantage when 

trying to prevent aspiration (Dravid et al. 2000). In addition, the insertion of COPA is 

associated with smaller cardiovascular changes during insertion than LMA (Casati et al. 

1999). 

COPA has not gained success in prehospital emergency care. Protection of airway is 

comparable to that with oropharyngeal airway and in emergency airway management this 

seems to have affected to the use of COPA. 

 

2.4.5 CombitubeTM 

 
 

The oesophageal-tracheal CombitubeTM (ETC) was developed at late 1980`s for non-

medical inexperienced users as an alternative for ETI for needs of simple airway in case of 

CPR. It has been widely accepted among anaesthesiologists to be used in cases of difficult 

airway and also among prehospital personnel dealing especially with cardiac arrest cases 

(Agro et al. 2002). 

ETC is a double lumen airway allowing ventilation in either the oesophageal or tracheal 

position, with one lumen resembling an endotracheal airway with a distal open end and a 

second lumen resembling an oesophageal obturator type airway with distally blocked end 

and perforations for air passage at pharyngeal level. The lumens are separated by a 
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partition wall. At the proximal end of the fused tube, two small tubes connect to the 

pharyngeal and the tracheoesophageal lumens. ETC has two cuffs.  After inflation, 

proximal cuff presses against the base of the tongue in a ventrocaudal direction and 

closes the soft palate in a dorsocranial direction. The distal cuff is located at the distal end 

of the fused double–lumen tube and serves to seal either the oesophagus or trachea after 

insertion. Two printed marks at the proximal end of the tube indicate proper depth of 

insertion. 

 

Picture 5. Esophago-tracheal-Combitube 

 

ETC was originally designed to be inserted blindly and patients head in neutral position but 

it can be inserted with assistance of a laryngoscope. ETC is inserted blindly along the 

surface of the tongue with a gentle downward curved dorsocaudal movement until the 
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printed marks lie between teeth. After insertion proximal cuff is inflated with 85 to 100 ml 

of air depending of the size of ETC and distal cuff is inflated with 10 ml of air. With blind 

insertion, ETC is placed in the oesophagus in more than 95 % of cases (Frass et al. 1987). 

Therefore. the first attempt to ventilation is via to the pharyngeal lumen. Confirmation of 

the placement is done by chest movement, lung auscultation or monitoring etCO2. If 

ventilation is negative through pharyngeal lumen, ventilation is attempted via tracheal 

lumen and confirmed as previously described. If ventilation is difficult with both lumens, 

ETC is probably inserted too deep and should be withdrawn 2-3 cm after cuff deflation 

(Agro et al. 2002). 

Although ETC was invented primarily to be used in CRP especially for inexperienced care 

providers, it is studied also in management of airway during elective surgery. In a study of 

200 patients anesthetized for elective surgery six insertion failures were reported and 97% 

patients were ventilated successfully. In 27% of patients a notable upper airway trauma 

was recognized (Gaitini et al. 2001). Comparable ventilation and oxygenation with similar 

airway pressures was found with ETI in a study comparing ETI, ETC and BVM in 

anesthetized patients when airway management was performed by anaesthesiologist 

(Frass et al. 1989).  

After preliminary data, ETC has been studied widely also when used by inexperienced 

prehospital care providers. Several studies have focused on cardiac arrest. When 

successfully placed, ventilation and oxygenation via ETC is found comparable to those with 

ETI in a study with in-hospital cardiac arrest patients (Frass et al. 1988). A study from 

British Columbia, compared pharyngotracheal lumen airway (PTLA), LMA, Guedel airway 

and ETC in 470 cardiac arrest patients when inserted by EMTs. ETC was superior in terms 

of adequacy of airway patency and ventilation (Rumball and MacDonald 1997). In another 
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cuff is inflated and it seals the larynx, leaving the distal opening of the tube just above the 

glottis, providing a clear and secure airway. 

 

Picture 6. Laryngeal mask airway. From left Classic laryngeal mask (cLMA), Intubating laryngeal mask 
(ILMA) and ProSeal laryngeal mask (PLMA) 
 

After initial success Dr Brain further improved and invented three major models from the 

original LMA, Classic laryngeal mask (cLMA), ProSeal laryngeal mask (PLMA) and 

Intubating laryngeal mask (ILMA). These models have different features.  

  

2.4.6.1 Classic laryngeal mask 
 
The original LMA is now called as the classic LMA (cLMA), which was easy to use also by 

inexperienced staff; its insertion was rapid when done by an anaesthesiologist, it improved 
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haemodynamic stability during induction of anaesthesia, reduced anaesthetic requirements 

for airway tolerance, lowered frequency of coughing during emergency, improved oxygen 

saturation during emergency and lowered incidence of sore throats in adults (Brimacombe 

1995, Brimacombe 1996, Verghese and Brimacombe 1996). In anaesthesia further studies 

involved the use in ambulatory surgery units where it has gained popularity with general 

anaesthesia delivered without muscle relaxant (Keller et al. 1998, Wat et al. 1998). cLMA 

was found to perform well in terms of safety and efficacy in paediatric and infant 

anaesthesia (Lopez-Gil et al. 1996a). Among anaesthesia residents, the learning curve of 

cLMA was found to be steep (Lopez-Gil et al. 1996b). In a meta-analysis, risk of aspiration 

during anaesthesia is low and comparable to that for outpatient anaesthesia with face 

mask (Brimacombe and Berry 1995). At the first two decades of its use, cLMA has been 

used in anaesthesia of approximately 100 million patients worldwide. In UK, at least 30 % 

of anesthetised patients are managed using laryngeal mask (Verghese and Brimacombe 

1996). 

Among inexperienced users, such as nurses, respiratory therapists and EMS care providers 

successful insertion rates during cardiac arrest has been found to range from 64 % to 

100% (Kokkinis 1994, Leach et al. 1993, Samarkandi et al. 1994, Tanigawa and 

Shigematsu 1998). It seems that training to use of a cLMA is simpler than the ETI because 

laryngoscopy and visualization is unnecessary (Davies et al. 1990, Pennant and Walker 

1992, Reinhart and Simmons 1994). It seems also that it provides more secure and 

reliable ventilation than a face mask alone in cardiac arrest situations, performed by 

inexperienced care providers (Alexander et al. 1993, Martin et al. 1993). Although cLMA 

does not offer 100% protection over aspiration of gastric contents it seems that during 

CPR the incidence of regurgitation can be reduced using cLMA (Stone et al. 1998). Use of 
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shaped to fit into the patient’s oropharynx. Both cuffs are low-pressure cuffs and inflated 

via same pilot balloon- valve system. Between cuffs, there are two ventilation outlets and 

the distal opening is large enough to allow suction of airways and also passage of 

bronchofiberoscope. In the proximal part of LT is a standard 15 mm connector for 

ventilation device. Original LT comes with a size range from 0 to 5, designed to fit from 

newborns to large adults. The size is also indicated with a different connector colour. The 

package includes also includes a inflation syringe colour coded for optimal cuff volume in 

each LT size. In the proximal part of LT is also a mark, which at correct depth comes 

between the patient’s teeth. 

  

 

Picture 7. From left: LTD (Single use laryngeal tube), LTS (Laryngeal tube with suction channel) , LT (Multi-
use classic laryngeal tube) and inflation syringe  
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LT is inserted with patients head in neutral position. The tube is inserted via hard palate 

with somewhat curved motion downwards to the marked recommended depth, until a 

distinct resistance is felt. After that, cuffs are inflated with incoming syringe to 

recommended volume. The purpose of distal cuff is to fit and seal the upper oesophageal 

opening and the second cuff to seal the anterior base of tongue and posterior the 

oropharynx. Ventilation via distal openings should be free, with a detection of lung 

sounds, chest rise movement and end tidal CO2 outflow. 

Later developments modified original LT with two distinctive models. Laryngeal Tube-S 

(LTS) has the same features as LT, but consists also of a side lumen which opens in the 

distal part to the tip of LTS allowing suction of gastric contents. LTS comes with sizes 3 to 

4. Latest model is a disposable LT (LTD), developed on the basis of LT consisting same 

features, but with slightly different materials to make it single use and cheap. 

In the first studies of LT it was used during routine anaesthesia. Insertion was successful 

to all anesthetised patients (n=30) with a fast and easy insertion (median of 21 s) similar 

to these with cLMA. Sufficient oxygenation and ventilation with no gastric distension was 

noted. Mean airway leak pressures ranged from 24 to 40 cmH2O at cuff pressures of 60 to 

90 mmHg (Dorges et al. 2000a). These findings were duplicated in another study from 

Japan with a similar leak pressure (Asai et al. 2000).  

When comparing LT and cLMA in randomized crossover study with patients under general 

anaesthesia (n=22) similar insertion features were found, but LT proved to provide better 

leak pressure than cLMA (26 vs. 19 cmH2O). In cLMA group gastric insufflation was noted 

in three patients compared to none in LT group (Asai et al. 2002b). In another study 

(n=50) with similar comparison of LT and cLMA these findings were duplicated also with a 

finding of better leak pressure related to use of LT (Ocker et al. 2002). In third study with 
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include the use of cuff inflator with a pressure gauge and instructions not to exceed 

intracuff pressure of 60 mmHg. 

The second concern of LT is that the blind ending that seals the oesophageal opening may 

provoke oesophageal rupture in case of extensive vomiting. Further development leads to 

engineering a LTS with an added suction channel, similar that to PLMA. Early findings 

indicated that the insertion, ventilation, oxygenation and sealing were similar that to LT in 

anesthetised patients (Dorges et al. 2003). LTS has also been compared to PLMA 

undergoing general anaesthesia. Both devices performed in very similar features in this 

study, and compared to previously reported performances (Gaitini et al. 2004). 

Recent reports indicate that insertion of LT during manual in-line stabilization mimicking 

the case of cervical spine injury is more difficult that allowing neck movement. In the first 

study with anesthetized patients (n=21) the insertion of LT were found either difficult 

(n=2) or impossible (n=19) during manual in-line stabilization (Asai et al. 2004). In 

another study comparing ILMA and LT in similar study design (n=51) insertion was found 

to be more difficult in terms of first attempt success in LT (n=16/51) than with ILMA 

(n=42/51) (Komatsu et al. 2005). 

 

2.4.8 Cobra Perilaryngeal Airway  
 
 

CobraPLA was invented by Dr Alfery and it was introduced in 2003. It is a supraglottic 

airway device with same features as cLMA and COPA. It consists of a breathing tube with 

a wide distal end and cuff attached just proximal to the wide part which also has 

ventilation outlets with grilles. In the proximal part is a standard 15 mm connector for 
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ventilation device. The cuff is inflated via pilot balloon-valve system attached to the 

breathing tube. 

CobraPLA is inserted along the surface of tongue downwards with a patients head in 

sniffing position. When resistance is felt, the distal end lies in the hypopharynx and the 

cuff just proximal to it. Manufacturer recommends a slight withdrawal from this position. 

When properly inserted the wide end holds both soft tissues and the epiglottis away from 

the distal portion of CobraPLA. It is made of transparent polyvinyl chloride and is single 

use. Manufacturer has eight sizes, which are based on patient’s weight. Different sizes 

have different recommended cuff volumes. 

 

Picture 8. Cobra perilaryngeal airway 

 






































































































