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Abstract

Prehospital advanced airway management is one of the most demanding procedures in the out-of-
hospital scene. Prehospital advanced airway management is indicated based on patient assessment
and suspected underlying illness or trauma. Prehospital emergency airway management can be
performed using various methods.

Endotracheal intubation (ETI) has been described as the ‘gold standard’ in emergency airway
management to ensure sufficient ventilation and oxygenation. In previous years, critical questions
have been raised regarding the use of ETI by providers not sufficiently experienced in performing
this procedure. In the Finnish emergency medical service (EMS) system, ETI is rare and therefore
often difficult for non-physician care providers. Previous studies have shown SADs to be easy to
insert and to provide effective ventilation in manikins, anaesthetized patients and OHCA cases.

The aim of this thesis was to study different airway devices used by non-physicians in
prehospital care. After manikin training, first responders inserted a disposable laryngeal tube (LT-
D) in OHCA patients with reasonable success and insertion time (I). A questionnaire completed
by EMS providers in Northern Finland revealed a low frequency of prehospital advanced airway
management procedures and the need for improvement in maintaining airway management skills
(II). A laryngeal mask airway (LMA) Supreme (LMA-S) was used by trained advanced life
support paramedics in unconscious patients with a high success rate, but ventilation-related
problems due to air leakage were noticed (III). ETI provided by an experienced and well-trained
small group of helicopter emergency medical service (HEMS) paramedics had a high success rate
after a second attempt (IV).

In conclusion, the devices studied were used in patients with OHCA or altered consciousness
with reasonable success. The best option for pre-hospital airway management may be an
individualized process where the intervention chosen depends on the EMS provider’s skills, the
patient and the environmental and organizational circumstances. SADs can also be used by non-
experienced providers and as bailout devices by more experienced providers.

Keywords: airway management, emergency medical service, endotracheal intubation,
prehospital care, supraglottic airway device
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Tiivistelmä

Ensihoidossa hengitysteiden hallinta on yksi vaativimmista toimenpiteistä. Hengitysteiden hal-
linnan indikaatiot rakentuvat tarkasta potilaan tutkimisesta, sekä kriittisen vamman tai sairauden
epäilystä ja siihen liittyvästä päätöksenteosta. Hengitysteiden hallinta ensihoidossa voidaan
toteuttaa käyttäen useita erilaisia välineitä tai tekniikoita.

Riittävän happeutumisen ja ventilaation mahdollistaa intubaatio, jota voidaan pitää standardi-
toimenpiteenä hengitysteiden hallinnassa. Viime vuosina on herännyt kriittisiä kysymyksiä intu-
baation suorittamisesta, kun toimenpiteen toteuttajana on vähäisen intubaatiokokemuksen omaa-
va ei-anestesiologi. Intubaatio suomalaisessa ensihoidossa on harvinainen toimenpide ja siksi
usein haasteellinen, jos toimenpiteen suorittajana on muu kuin ensihoitolääkäri. Supraglottiset
hengitystievälineet (SAD) ovat yleistyneet intubaation vaihtoehtona. Aikaisemmat tutkimukset
ovat todenneet supraglottiset hengitystievälineet helppokäyttöisiksi.

Tämän väitöskirjan tavoitteena oli tutkia erilaisia hengitysteiden hallintamenetelmiä, kun toi-
menpiteen suorittaja on ensihoitaja tai pelastaja. Lyhyen simulaatioharjoittelun jälkeen ensivas-
tehenkilöstö asetti kurkunpääputken (LT-D) sairaalan ulkopuolisille sydänpysähdyspotilaille
kohtuullisella onnistumisprosentilla ja asetusajalla (I). Kyselytutkimus pohjoisen Suomen ensi-
hoitajille paljasti matalan hengitysteiden hallinnan frekvenssin ja tarpeen kehittää tietoja ja taito-
ja liittyen hengitysteiden hallintaan (II). Koulutetut ensihoitajat asettivat LMA Supremen mata-
lan tajunnan potilaille korkealla onnistumisprosentilla, vaikkakin ongelmia ventilaatiossa vuoto-
jen vuoksi todettiin (III). Kokeneiden HEMS-ensihoitajien toimesta hengitysteiden hallinta intu-
baatiolla onnistui korkealla onnistumisprosentilla toisen intubaatioyrityksen jälkeen (IV).

Hengitysteiden hallintavälineet, joita tässä väitöskirjassa käytettiin sydänpysähdys- ja mata-
lan tajunnan omaaville potilaille, pystyttiin asettamaan kohtuullisella onnistumisprosentilla.
Intubaation tulisi toteuttaa riittävän kokenut henkilö, jolla arvioidaan olevan riittävä tietotaito ja
välineistö toimenpiteen turvalliseen suorittamiseen. Supraglottisia hengitystievälineitä voidaan
käyttää hengitysteiden turvaamiseksi kokemattomampien toimenpiteen suorittajien toimesta ja
vaihtoehtoisena menetelmänä kokeneempien toimenpiteen suorittajien toimesta.

Asiasanat: ensihoito, hengitysteiden hallinta, intubaatio, vaihtoehtoinen hengitystie
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1 Introduction 

Airway management is a cornerstone in the treatment of critically ill or injured 

patients. Oxygenation and ventilation can be performed without advanced 

techniques using a bag-valve-mask (BVM) ventilation device supported with an 

oropharyngeal (OPA) or nasopharyngeal (NPA) tube to maintain an open airway. 

BVM ventilation may be difficult to perform, even for a skilled anaesthesiologist. 

Effectively ventilating a patient sometimes requires two hands to secure the mask 

to the face and an assistant to perform the actual ventilation (Walsh, Cummins, 

Keogh, & Shorten, 2000). 

Patients with the need for airway management differ widely between patient 

groups and because of the underlying causes. For example, adequate airway 

management enables ‘fine tuning’ of oxygenation and ventilation and therefore 

plays a major role in neuroprotection in traumatic brain injuries (TBIs) and out-of-

hospital cardiac arrests (OHCAs). Other common indications for airway 

management are insufficient gas exchange and impaired spontaneous airway 

patency regardless of the underlying cause (Lecky, Bryden, Little, Tong, & 

Moulton, 2008; Fouche et al., 2017a). 

Endotracheal intubation (ETI), supraglottic airway devices (SADs) and 

surgical airway (SA) management are considered prehospital advanced airway 

management (PHAAM) techniques. ETI performed in hospitals differs from 

PHAAM. In hospitals, anaesthesiologists, intensive care physicians and emergency 

physicians are usually the healthcare providers who perform ETI, and the procedure 

is usually performed with rapid sequence induction (RSI) (Hale, Lynch, Ray, Reid, 

& EDIR Investigators, 2017). In the operating room (OR), elective patients have 

typically already been evaluated and have fasted before airway management. In 

critical emergency situations in hospital wards and non-critical care units, airways 

can initially be managed by nurses using BVM ventilation, and ETI is performed 

after a medical emergency team (MET) and a critical care physician arrive. In 

Finnish emergency medical service (EMS) prehospital care, a prehospital physician 

is rarely on scene first and sometimes cannot even reach the scene due to logistical 

reasons. Therefore, initial airway management poses a challenge to those on-scene. 

ETI, SAD and SA management are invasive procedures and typically cannot 

be performed without adequate sedation in patients not in cardiac arrest. The 

superiority of adequacy of ventilation compared to other adjuncts and prevention 

of aspiration makes ETI the gold standard in airway management. ETI and SA 
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require continuous training, PHAAM skills and frequent practice before they can 

be undertaken successfully. 

ETI is considered the standard of care in airway management, although there 

are risks to patient safety. In addition, the indications for performing it in 

prehospital care are challenging. Therefore, ETI performed by non-

anaesthesiologists is highly controversial and widely debated (Crewdson, Rehn, 

Lockey, 2018). The technique is associated with a low success rate when performed 

by non-anaesthesiologist emergency personnel (Cobas, De la Peña, Manning, 

Candiotti, & Varon, 2009; Prekker et al., 2014). When ETI is performed 

infrequently, up to 50% of ETIs will fail or will require repeated attempts (Bradley 

et al., 1998). The incidence of PHAAM in OHCA in Finland is low (Hiltunen et al., 

2016), so it may be difficult for a paramedic to gain enough PHAAM experience 

to become expert. Without continuous training, professional skills, frequent 

exposure, standard operating procedures (SOPs) and adequate medications to 

facilitate the procedure, ETI can jeopardize patient safety. Therefore, the use of 

SADs in prehospital care has been suggested as the primary method of airway 

management, at least for personnel with incomplete airway skills (Sunde et al., 

2012). A systematic review compared the use of ETI, BVM ventilation and SADs 

by paramedics but did not find any statistical difference in outcomes. The 

systematic review only included five studies, and the results were not pooled 

because of the heterogeneity of the studies, which can be seen as a weakness 

(Jensen, Cheung, Tallon, & Travers, 2010). However, it should be noted that in 

OHCA, ETI does not have the same kind of impact on the outcome as other 

procedures, such as early defibrillation or cardiopulmonary resuscitation (CPR) 

(Lecky et al., 2008). 

EMS systems are organized by hospital districts and are part of Finland’s 

specialized healthcare. There are 20 different hospital districts in Finland, and every 

area has its own EMS system (The Ministry of Social Affairs and Health, 2018). In 

Finland, there are five university hospital districts and they are responsible for 

organizing highly specialized care. Prehospital physicians are included as part of 

EMS systems. 

EMS in Finland consists of five different tiers. The first tier is a first responder 

(FR) unit. In rural areas, FRs are mainly volunteer firemen or paramedics and in 

some cases full-time firefighters. In most hospital districts, trained FR personnel 

can use an OPA adjunct, a BVM device and in some hospital districts SADs to 

secure the airway in OHCA cases. 
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The second tier consists of basic life support (BLS) paramedics with BLS 

skills. BLS paramedics can use OPA adjuncts, BVM devices and SADs in OHCA 

cases. They are not allowed to use any medications prior to airway management. 

The third tier comprises bachelor-level nurse-paramedics trained to provide 

advanced life support (ALS) in prehospital care. The basic training of these nurse-

paramedics normally consists of at least a 4.5-year training course at a university 

of applied sciences. Nurse-paramedics must train for 6–12 months in a BLS unit 

before they can participate in an ALS course at a university of applied sciences to 

graduate as registered nurse-paramedics. ALS-trained nurse-paramedics are trained 

to use SADs and ETI in OHCA cases, but the five university hospital districts 

together with district EMS medical directors can determine what airway 

management devices and sedation strategies are used regionally. 

The fourth tier consists of paramedic field commanders (PFCs). PFCs serve as 

operational leaders of EMS units. Depending on the healthcare district, they can 

also participate in missions as ALS-trained nurse-paramedics. This tier also 

includes a paramedic-staffed helicopter EMS (HEMS) unit stationed in Northern 

Finland. This unit consists of a small number of ALS-trained nurse-paramedics who 

in certain areas have permission to perform airway management without the help 

of neuromuscular blocking agents (NMBAs). Procedural sedation or RSI is 

normally needed to enable this procedure in unconscious non-OHCA patients, but 

because of Finnish legislation NMBAs can only be administered by a prehospital 

physician (Valvira, 2014). 

The fifth tier consists of a prehospital physician-staffed unit in a rapid response 

vehicle (RRV) and/or a HEMS. There are five physician-staffed HEMS units and 

five RRVs in Finland. 

In recent years, the Finnish EMS service has experienced a turning point. There 

have been ongoing developments in prehospital care in every hospital district. 

These developments relate to legislation and the education of nurse-paramedics. 

Physician-staffed RRVs and HEMS units have secured their position within the 

EMS system. All the different tiers in prehospital care constitute the chain of 

survival, and one critical aspect is PHAAM—when and how to perform it and who 

performs it. 

Because of the large rural areas and long distances in Finland, prehospital 

physicians are not able to respond to all cases where advanced airway interventions 

are required. In areas without an emergency physician, non-physicians are forced 

to treat critically ill patients by themselves, guided on-line by prehospital 

physicians on call. 
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The aim of this study was to evaluate the use of various airway management 

techniques in different tiers in Finnish prehospital emergency care and to evaluate 

the incidence, feasibility and results of ETI performed by non-physicians. 
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2  Review of the literature 

2.1 Airway management in prehospital care 

Prehospital emergency airway management is a critical procedure for patients and 

a demanding one for the healthcare providers on-scene. Optimally performed 

PHAAM such as ETI or the use of SADs may be a lifesaving intervention for 

patients requiring a secure airway. However, if not indicated or if performed poorly, 

it can have catastrophic results. Indications for prehospital emergency airway 

management vary, but it is mainly used for seriously ill or injured patients in 

situations where airway management is recommended (Nolan et al., 2005). The 

optimal method for airway management in prehospital emergency care depends on 

the resources and the training and clinical experience of the EMS providers on-

scene. ETI remains the gold standard for airway management, although providers 

should be experienced enough to maximize the first-pass success ratio. There is 

evidence that more than two intubation attempts will negatively impact a patient’s 

prognosis (Sollid, Heltne, Søreide, & Lossius, 2008). Highly experienced 

anaesthesiologists or prehospital physicians are the optimal providers of PHAAM 

because of their experience and acquired skills (Lockey et al., 2015). 

In 2016, the Scandinavian Society of Anaesthesiology and Intensive Care 

Medicine released guidelines for airway management in prehospital care. Providers 

are divided in two categories; intermediately trained providers are recommended 

to use only basic manoeuvres or SADs in OHCA cases and advanced providers to 

use primarily SADs in OHCA and other situations. ETI was recommended to be 

used only by advanced providers with enough expertise (Rehn et al., 2016). 

2.1.1 Out-of-hospital cardiac arrest 

In OHCA cases, patients lose consciousness, leading to an obstructed airway. 

Airway management, oxygenation and adequate ventilation lowers the probability 

of secondary hypoxic brain damage, and without sufficient oxygenation the return 

of spontaneous circulation (ROSC) is improbable (Soar et al., 2015). According to 

The European Resuscitation Council, in OHCA cases ETI is the most reliable 

airway technique but should be attempted only if the provider on-scene is properly 

trained and has regular experience and sufficient skill. ETI should not delay 

defibrillation or CPR. ETI should be performed quickly with short hands-off time 
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during CPR, or providers with advanced ETI skills should perform it without 

interrupting chest compressions (Monsieurs et al., 2015). The chance of gastric 

content aspiration is lowest after successful intubation, and intubation is the most 

reliable airway management method after ROSC in the post-resuscitation phase 

(Monsieurs et al., 2015). 

SADs play an important role in responding to cardiac arrests in prehospital 

care. In the absence of providers skilled enough to perform ETI, SADs are an 

acceptable alternative. With a SAD and ETI, chest compressions can be given 

continuously, uninterrupted by ventilation to minimize the hands-off time during 

CPR. In BLS CPR, chest compressions should be paused during ventilation through 

BVM to optimize the filling of the lungs (Monsieurs et al., 2015). 

At the present time, there are no randomized controlled trials (RCTs) that 

compare BVM ventilation with different types of SADs to indicate which airway 

technique is ideal in OHCA cases (Soar et al., 2019). A recent meta-analysis of 29 

studies to assess the difference in survival and neurological outcomes between ETI 

and SADs used during OCHA showed that the use of ETI resulted in an increase in 

ROSC and survival to admission. A multiple sensitivity analysis showed the 

benefits after ETI did not remain. In the presence of automated chest compressions, 

ETI will likely result in survival benefits. An important limitation to this review is 

the small number of RCTs. In observational studies, it is difficult to account for the 

influence of several confounders, such as the patient’s airway anatomy and the 

perceived difficulty of airway management and the airway skill of the EMS 

provider or their level of comfort with specific airway techniques. In addition, the 

five RCTs utilized different supraglottic airways, which may impact the overall 

outcome (White et al., 2018). In a recent systematic review of airway management 

in OHCA, Granfeldt et al., (2019) included 78 studies and 11 trials. Three of the 

trials were randomized clinical trials, and because of the differences between them 

no meta-analysis was made (Granfeldt et al., 2019). It is hard to find solid evidence 

regarding airway management in OHCA because of the many confounding clinical 

situations during treatment. 

A multicentre, cluster randomized trial (N = 9 296) found no difference in the 

primary outcome of favourable neurologic outcomes at 30 days between ETI and a 

SAD (I-Gel) inserted by paramedics during OHCA. There was a small but non-

significant difference between the groups in favour of ETI. The paramedics in this 

study seemed to favour ETI slightly more in the SAD group than in the ETI group. 

Because ETI is much more difficult than inserting a SAD, it might have had an 

effect on the result. Another confounding factor was that only some patients receive 
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PHAAM (18% and 22% in the supraglottic airway (SGA) and ETI groups, 

respectively). It seems that it is not important which device the provider is using 

but is mainly a question of the education, training and skills of the provider and the 

procedures followed in the EMS system (Benger et al., 2018). Another trial 

(N = 3 004) with a similar research design found that a strategy of initial laryngeal 

tube insertion was associated with a clinical and significantly greater increase in 

72-hour survival compared to a strategy of initial ETI (Wang et al., 2018). A 

previous randomized trial of 2 043 patients who experienced OHCA showed a 

higher rate of ROSC in the ETI group versus the BVM group but failed to establish 

the non-inferiority of BVM ventilation compared to ETI with respect to 28-day 

favourable neurologic outcomes. BVM ventilation was associated with a notable 

rate of complications (pulmonary aspiration) and airway failure. The MET included 

an experienced emergency physician who supervised the airway management and 

performed ETI. It is noteworthy that the patients randomized to the BVM group 

were intubated by an emergency physician in cases of ROSC (Jabre et al., 2018). 

In an Austrian study, 2 224 OCHA patients were prospectively enrolled to 

assess the impact of airway strategy on patient outcome. The use of laryngeal tubes 

(LTs) for airway management was associated with a poor 30-day survival rate and 

unfavourable neurologic outcomes. The authors recommend endotracheal tube 

(ET) ventilation in OHCA both as a primary ventilation strategy and as secondary 

airway management after initial LT ventilation (Sulzgruber et al., 2018). A post-

hoc analysis of retrospectively collected Japanese Utstein Registry data evaluated 

the effects of BVM and SGA ventilation on favourable neurological outcomes in 

patients with OCHA. Upon being evaluated one month after cardiac arrest, the 

patients in the BVM group (N = 48 847) had better neurological survival than the 

patients in the SGA group (N = 25 467). However, the results should be treated 

with caution due to several confounding factors, as detailed information pertaining 

to times of SGA insertion, the quality of chest compressions and hospital treatment 

were not available (Jinno et al., 2019). A recent retrospective study based on the 

Korean Cardiac Arrest Research Consortium database reported that prehospital use 

of SGA ventilation or the performance of ETI were not associated with improved 

neurologic outcomes in OCHA patients compared to BVM ventilation. Again, 

several confounding variables could have biased the results, such as the different 

competence levels of prehospital emergency medical technicians (EMTs) and 

differences in post cardiac arrest treatments and in-hospital CPR performance 

levels. In addition, the actual use of BVM ventilation could not be verified (Kim et 

al., 2020). The results reflect the multifactorial nature of both cardiac arrest 
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aetiology and management. OHCA resuscitation requires the careful coordination 

of multiple factors and interventions, including incidence of witnessed arrest, 

initiation of bystander chest compressions, the elapsed time from EMS arrival, 

maintenance of chest compressions, the timing of the airway intervention, 

controlled ventilation, shockable rhythms and defibrillation, vascular access and 

drug administration. The nationwide implementation of different resuscitation 

strategies has been proven to increase survival following OHCA. These strategies 

include programs that encourage bystander CPR, dispatcher-assisted CPR, first 

responder CPR and the use of public access defibrillators, high-quality CPR and 

post-resuscitation care by professionals on-scene (Böttiger et al., 2020). 

2.1.2 Traumatic brain injury 

TBI is one of the leading causes of death and permanent neurological deficit. After 

the primary injury to the head, many patients will suffer secondary brain injury 

because of non-optimal treatment related to oxygenation and ventilation (Chesnut 

et al., 1993). The management of severe TBI focuses on preventing secondary 

ischemic brain injury. Airway management to ensure optimal oxygenation and 

ventilation is one treatment modality to prevent this cascade. Airway management 

consists of preventing hypoxia with an advanced airway adjunct suitable for the 

providers on-scene, maintaining normoventilation and preventing aspiration. These 

are strongly associated with improved outcome (Davis, 2008; Wang, Peitzman, 

Cassidy, Adelson, & Yealy, 2004). The preferred method to secure the airway in 

these patients is ETI. To perform ETI on these patients with some degree of reflexes 

intact is more challenging than performing it on patients in cardiac arrest. Impaired 

neurology, a low Glasgow Coma Score with possible trismus and blunt head trauma 

with blood in the upper respiratory tract will complicate the airway management. 

These factors pose a risk for successful laryngoscopy and intubation (Carlson, 

Hostler, Guyette, Pinchalk, & Martin-Gill, 2017). When intracranial pressure (ICP) 

is elevated due to head injury, it is desirable to blunt the ICP response to 

laryngoscopy and intubation. Therefore, to perform ETI for this patient group, the 

provider should be properly trained and experienced in difficult airway 

management, familiar with the RSI technique and be able to lead the team for 

effective teamwork. Two retrospective observational studies reported an outcome 

benefit of having a prehospital physician on-scene to treat patients with an isolated 

TBI (Pakkanen et al., 2017; Pakkanen el al., 2019). A study that compared an EMS 

system with the possibility of having a prehospital physician on-scene to an EMS 
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system without that possibility showed no significant difference between secondary 

brain damage and vital signs during EMS missions. However, in the EMS system 

without a physician, the patients were mostly hypoxic and unintubated upon arrival 

at the hospital (Pakkanen et al., 2016). 

It seems that experienced paramedics are able to achieve as good first-pass 

success with ETI as prehospital physicians (Rubenson Wahlin et al., 2018). A 

Swedish retrospective study analysed the characteristics of TBI patients who 

underwent prehospital intubation. Prehospital hypotension, pupil 

unresponsiveness, high-energy trauma, longer distance to hospital and helicopter 

transportation were independently associated with an increased intubation 

frequency. There was no difference in intubation success rates between nurses and 

EMS physicians. In 85% of the cases, only one intubation attempt was necessary 

(Rubenson Wahlin et al., 2018). If airway management with ETI is performed by 

an experienced provider in combination with RSI, it seems that the outcome is 

favourable in severe TBI (Gamberini, Baldazzi, Coniglio, Gordini, & Bardi, 2019). 

ETI is probably performed more often when the patient has more co-morbidities. 

In addition, there is probably a bias in studies that compare ETI to other airway 

adjuncts. It also seems that when distance from the scene to the hospital is greater, 

the probability of ETI increases (Rubenson Wahlin et al., 2018). 

It is important to note that providing ETI in prehospital care can be harmful 

(Davis et al., 2003; Davis et al., 2005: Davis et al., 2011). Prolonged insertion time 

and multiple attempts might negatively affect the outcome. These factors are 

associated with the expertise of the provider. Possible adverse events during ETI 

are hypoxia, hypotension and bradycardia/tachycardia during or after laryngoscopy 

and ETI dislodgement and misplacement (Wang, Lave, Sirio, & Yealy, 2006). Other 

prehospital emergency care treatments to improve the outcome of severe head 

trauma patients besides airway management include aggressive prevention of 

hypotension (Manley et al., 2001), stabilization in cases of spinal injury 

(Sundstrøm, Asbjørnsen, Habiba, Sunde, & Wester, 2014) and the treatment of 

other surgical trauma. A recent retrospective analysis of emergency airway 

interventions following trauma (11 010 patients) suggests there is an unmet demand 

for prehospital advanced airway management and tracheal intubation and that these 

should be delivered at the earliest opportunity if indicated and possible (Crewdson 

et al., 2018). Treating TBI patients is particularly complex, and prehospital 

environments involve more variables than intrahospital ones. It is difficult to draw 

definite conclusions regarding PHAAM from the literature. ETI is probably 
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performed more often in patients with worse conditions, and this may have 

confounded the results in studies comparing ETI to other airway adjuncts. 

2.1.3 Respiratory failure 

Acute respiratory failure (ARF) as three different causes that might lead to an 

impaired airway or the need for airway management. These are hypoxia, an 

increased need for ventilation and the exhale of CO2 (EtCO2) and hypercapnia 

(Greene & Peters, 1994). 

The underlying causes of hypoxia are usually congestive heart failure, acute 

asthma, exacerbations of chronic obstructive pulmonary disease (COPD) or 

pulmonary infections. The most common disorder related to hypercapnia and 

hypoxia is acute exacerbation of COPD (Chapman, 1984). Non-invasive 

ventilation (NIV) is commonly used to treat respiratory failure caused by impaired 

oxygenation and ventilation in COPD patients and to prevent the need for ETI. NIV 

might reduce the need for airway management in prehospital care (Bakke, Botker, 

Riddervold, Kirkegaard, & Christensen, 2014). Infection leading to septic shock 

can result in hypercarbia, which increases the need for ventilation. In these patients, 

this might worsen respiratory failure and hypoxia, and the need for airway 

management and assisted ventilation might become urgent. In intubated non-

OHCA patients, respiratory failure was the most common reason for airway 

management in prehospital care (Wang, Kupas, Paris, Bates, & Yealy, 2003). 

Patients with ARF often need ventilatory support, either non-invasive or invasive. 

In a Finnish cohort study, 39% of 2 473 patients admitted to the Intensive Care Unit 

(ICU) with ARF needed ventilatory support for at least 6 hours (Linko et al., 2009). 

2.2 Role of airway management in prehospital care 

Airway management in prehospital care is a priority and at the same time is often 

the most challenging procedure to be performed on critically ill patients. Although 

the incidence of PHAAM is low (Hiltunen et al., 2016; Wilbers et al., 2011), every 

healthcare provider working in prehospital emergency care should have the 

training, skills and tools for airway management that are appropriate for their level 

of training. According to the Scandinavian PHAAM guidelines, the level of 

provider competence can be divided into three levels—intermediate, advanced and 

expert (Rehn et al., 2016). 
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2.2.1 Success rates in prehospital advanced airway management 

BVM ventilation can be difficult even if the provider is an experienced 

anaesthesiologist (Walsh et al., 2000; Mort, 2004). Previous studies suggest that 

when using a SAD in OHCA, the success rate can be high (Sunde et al., 2012; 

Wiese et al., 2009). It is much more difficult to perform ETI, and accordingly there 

are reports of low success rates and complications when performing this technique 

in prehospital care (Cobas et al., 2009). Previous studies suggest that repeated 

laryngoscopy attempts may affect the survival of patients due to the increased 

incidence of complications (Mort, 2004). When the provider is an experienced 

prehospital physician, however, good success rates can be achieved (Rognås, 

Hansen, Kirkegaard, & Tønnesen, 2013). Some studies have also found good 

success rates when the provider is an experienced paramedic (Fullerton, Roberts, 

& Wyse, 2009; Prekker et al., 2014). In paediatric patients, depending on the age 

of the patient, the rate of complications is higher and the first-pass success rate is 

significantly lower, even when the provider is a prehospital physician. However, 

the overall success rates are high (Eich et al., 2009). 

2.2.2 Impact on outcome 

The evidence of the impact of PHAAM on outcomes in different patient 

populations is quite limited. The overall care of critically ill patients includes many 

different therapies, and airway management is just one. This is why it is very 

difficult to find agreement regarding outcomes and airway management. 

PHAAM, assured oxygenation and controlled ventilation are hypothesized to 

influence patients’ survivability and neurological outcomes. Two recent studies 

examined the association of advanced airway devices on neurological outcome in 

OHCA patients; one compared the use of SADs and ETI in cardiac arrest patients 

and in the post-ROSC transfer phase (Edwards, Williams, & Cottee, 2019) and the 

other compared BVM ventilation and PHAAM in EMS-witnessed cardiac arrests 

(Park et al., 2019). The studies found no benefit of ETI compared to SADs and no 

benefit of PHAAM compared to BVM ventilation in terms of neurological 

outcome. The results should be treated with caution due to several confounding 

factors. It may be even possible that during OHCA, ventilation of the patient is 

futile (Bobrow et al., 2009; Bobrow et al., 2010; Henlin, Michalek, Tyll, Hinds, & 

Dobias, 2014). This passive insufflation of oxygen has been the subject of clinical 

studies, and the procedure is also mentioned in European Resuscitation Council 
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(ERC) and American Heart Association (AHA) guidelines (Monsieurs et al., 2015); 

however, it is not recommended because of the lack of solid data (Henlin et al., 

2014). It is well known that after achieving ROSC airways should be managed and 

controlled ventilation started. 

Comorbidities affect survival after OHCA. The most severe negative impact 

on survival is associated with renal diseases, diabetes, metastatic carcinomas and 

congestive heart failure. The association remained after adjusting for resuscitation-

associated factors, such as shockable initial rhythm (ventricular tachycardia (VT) / 

ventricular fibrillation (VF)) and bystander cardiopulmonary resuscitation 

(Hirlekar et al., 2018). 

The procedural experience of healthcare providers is associated with improved 

patient survival after ETI in cases of OHCA and non-traumatic peri-arrests but not 

after the ETI of trauma patients (Wang, Balasubramani, Cook, Lave, & Yealy, 

2010). Some evidence also suggests that performing ETI successfully in 

prehospital care does not affect the primary survival rate of the patients (Wang et 

al., 2003). A similar association has also been suggested in another study (Dyson et 

al., 2017a). These studies, however, may be subject to confounding factors and bias. 

When RSI post OHCA is performed by paramedics, the use of NMBAs in the ETI 

procedure might positively affect the outcome (Kwok, Prekker, Grabinsky, 

Carlbom, & Rea, 2013). 

In a study of patients with severe TBI, Bernard et al. (2010) reported an 

improved neurologic outcome at 6 months in patients randomized to paramedic RSI 

at the scene of the injury compared to patients transported to hospital without 

intubation (Bernard et al., 2010). A systematic review of more than 15 000 TBI 

patients concluded that due to the low strength of evidence no benefit or harm of 

pre-hospital intubation could be shown (von Elm, Schoettker, Henzi, Osterwalder, 

& Walder, 2009). Negative and positive outcomes in TBI most likely depend on the 

overall circumstances, which include how well the EMS has been organized, the 

previous experience of the paramedics on-scene, the expected transport times and 

the anticipated risk of procedure failure (von Elm et al., 2009). Prehospital ETI 

could be beneficial and have a positive impact on outcomes because it facilitates 

optimization of oxygenation and reliable mechanical ventilation and protects 

against the aspiration of gastric contents. In addition, the patient may be stabilized 

at the scene and transported safety to a trauma centre (Gerritse, Draaisma, 

Schalkwijk, van Grunsven, & Scheffer, 2008). 



 

29 

2.2.3 Factors surrounding prehospital advanced airway management 

Other factors surrounding PHAAM might have an impact on the success rates of 

airway management. Predisposing factors include anatomical and physiological 

differences (short neck, obesity, face and neck injuries and anatomical restrictions) 

and limited space at the scene (Breckwoldt et al., 2011). Other factors are an 

obstructed airway due to a clinical situation (blood and gastric secretion in the 

upper respiratory tract, unconsciousness, facial trauma) and entrapment of the 

patient. 

The training and experience of the providers also greatly affect the success rate 

of ETI. To ensure a high success rate, providers should have significant exposure 

to airway management, extensive clinical experience and comprehensive training 

with robust SOPs for airway management (Prekker et al., 2014; McQueen et al., 

2015). These boundaries confine the provider group to a small number of ALS 

paramedics working in units capable of attending critically ill patients. 

In prehospital care, the out-of-hospital scene differs vastly compared to clinical 

surroundings inside hospitals. In addition, the background and comorbidity of 

patients are often unknown. PHAAM is performed on-scene or in an ambulance 

with suboptimal conditions. The position of the patient is quite often suboptimal, 

as is the lighting, the space around the patient, the temperature and the clinical 

situation of the patient. Proper assessment and clinical judgement constitute the 

backbone of decision making. In clinical situations, providers must weigh the risks 

and benefits of airway management. The clinical situation of the patient usually 

carries a higher risk for complications in PHAAM, and this should be noted by the 

provider (Caruana, Duchateau, Cornaglia, Devaud, & Pirracchio, 2015). 

These variables make airway management on-scene more challenging and 

carry a high risk factor compared to when airway management is performed in a 

hospital (Wetsch et al., 2015). Patient-related problems are also more common on-

scene than in the OR because most patients on-scene have not fasted prior to the 

airway management (Pepe, Roppolo, & Fowler, 2015). Patients requiring PHAAM 

might have unstable hemodynamics. PHAAM usually requires a combination of 

medicines that have a negative impact on patients’ hemodynamics. 

Human factors have an impact on every critical procedure in hospital and 

prehospital care (Crowe, Wagoner, Rodriguez, Bentley, & Page, 2017). Human 

factors include factors relating to providers, healthcare teams, the surroundings and 

organizational aspects. Non-technical skills have a role in airway management and 

also affect the success rates. Individual factors include situational awareness, 
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decision making and communication. Team-related factors usually relate to the 

quality of the teamwork. Airway management is seldom done by only one provider. 

In the hospital, an airway management team usually consists of an anaesthesiologist 

and an anaesthetic nurse at the minimum (Schnittker, Marshall, Horberry, & Young, 

2018). In prehospital care, the team usually consists of at least one pair of providers. 

In prehospital pit crew models for OHCA care, every team member has a designated 

place and task to fulfil. Recognizing the presence and effect of human factors may 

influence OHCA survival and neurological outcomes (Hopkins et al., 2016). A 

recent retrospective study reported that the use of a checklist in PHAAM by 

experienced anaesthesiologists was associated with fewer intubation attempts. 

However, there was no association between checklist use and success rate or 

incidence of serious adverse events (Klingberg et al., 2020). 

2.2.4 Airway management skills 

Specially trained and experienced paramedics can obtain high first-pass success 

rates with the help of SOPs (McQueen et al., 2015; Fullerton et al., 2009), while 

ETI performed by inexperienced paramedics is associated with low success rates 

(Ruetzler et al., 2011). When the prehospital care provider is an experienced 

anaesthesiologist, the ETI success rate can be high (Rognås et al., 2013; Fouche, 

Stein, Simpson, Carlson, & Doi, 2017b). A retrospective cohort study evaluating 

the overall ETI success rate in a resident-staffed and specialist physician-

supervised emergency prehospital system reported similar ETI success rates for 

residents and specialists of 96.6% and 98.3%, respectively (Chan, Fehlmann, 

Pasquier, Suppan, & Savoldelli, 2020). Previous experience and intensive airway 

management training is associated with a high ETI success rate. Because of the low 

incidence of prehospital ETI, the amount of manikin training and simulations 

should be sufficient to ensure accurate airway skills. OHCA is also a rare 

circumstance in prehospital care, and PHAAM is part of the resuscitation protocol 

(Dyson et al., 2017a). A cross-sectional survey found that OHCA training was quite 

rare. Paramedics had only four hours of OHCA training annually. However, the 

number of paramedics who responded to this survey was small. Exposure to 

advanced airway training might have been even lower than that (Dyson et al., 

2017b). 

Because prehospital ETI is rare, it is important to gain enough experience via 

training in simulations and in the OR. The confidence of the provider performing 

ETI seems to have an important role in successful performance. Confidence in 
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performing ETI may be associated with the number of live procedures performed 

in the OR and the amount of hands-on training in simulations (Ono et al., 2018). 

Only a few studies have reported on the learning curve of paramedics in 

performing ETI, and the results are conflicting. Toda (2013) and colleagues 

concluded that 30 live ETIs in an operating theatre are required to obtain a success 

rate of 90% among paramedics after theoretical training and practicing on manikins 

(Toda, Toda, & Arakawa, 2013). According to another manikin study, after 20 

minutes of theoretical training paramedics with 1–10 years of working experience 

achieved a 100% ETI success rate with no more than three attempts, with a mean 

insertion time of 27 seconds for the third attempt (Wahlen, Roewer, Lange, & 

Kranke, 2009). The learning curve for prehospital ETI is heavily bound to the 

number of procedures performed on real patients. The number needed to achieve a 

reasonable success rate differed from 1–74 procedures annually when the provider 

was a paramedic student (Wang, Seitz, Hostler, & Yealy, 2005a). However, it is 

difficult to formally define competence and expertise in ETI performance. Most 

guidelines do not indicate how many ETI procedures per year an EMS provider 

should achieve to maintain their skill. 

The learning curve for the insertion of SADs seems to be steeper than that for 

ETI. After a short video demonstration, unexperienced providers achieved good 

skill levels after 10 successful insertions of a disposable LT (LT-D) in manikins 

(Jokela, Nurmi, Genzwuerker, & Castrén, 2009). To obtain sufficient skill to 

successfully perform SAD insertion seems to require fewer attempts and less live 

experience training than ETI. Schalk et al. (2010) found that when either a non-

physician or an emergency physician used a SAD and when most of the providers 

had less than five previous attempts at using a SAD, the first-pass success rate 

remained relatively high at 80.9% (Schalk et al., 2010). 

2.2.5 Rapid sequence intubation and procedural sedation 

RSI and procedural sedation for airway management are pre-treatments to 

eliminate unwanted oropharyngeal tone and airway reflexes and to sedate the 

patient for the upcoming procedure. The purpose of these procedures is to make 

ETI easier and safer in non-arrest patients. RSI improves visualization of the 

larynx, diminishes laryngeal reflexes, permits pharmacologic control of the 

physiologic response to laryngoscopy and intubation and facilitates airway 

management (Bozeman, Kleiner, & Huggett, 2006). Due to the risk of losing the 

airway and its catastrophic consequences and the effect on hemodynamics, RSI is 
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a risky procedure where the provider should be appropriately trained and have 

sufficient experience with the procedure and the medications used. RSI includes 

the use of NMBAs, such as propofol, midazolam, S-ketamine and short-acting 

opioids. The use of NMBAs counters airway reflexes and lowers muscle tone and 

the difficulty of ETI (Kwok et al., 2013). 

Procedural sedation refers to pre-medication without NMBAs. Usually, 

medications included in sedation are short-acting opioids and/or anaesthetic. For 

ETI, commonly used sedatives include benzodiazepines, propofol, s-ketamine and 

etomidate (Bruder, Ball, Ridi, Pickett, & Hohl, 2015). The absence of NMBAs may 

negatively affect the ETI success rate and patient outcome, but there are many 

confounding factors that can affect the results (Kwok et al., 2013). A cohort study 

by Cudnik, Newgard, Daya and Jui (2010) described some of these confounding 

factors and found that prehospital RSI had no impact on patient survival. The 

biggest difference between RSI and non-RSI groups were selection bias; the RSI 

group had more less seriously injured patients (Cudnik et al., 2010). 

The most common complication of RSI and procedural sedation is hypoxia. 

Other related complications are hypoventilation and hypotension, bradycardia and 

cardiac arrest (Walker et al., 2018; Burns, Habig, Eason, & Ware, 2016). Post-RSI 

hypotension is a common problem, and in a patient with TBI it may have a 

detrimental effect on the neurological outcome. Post-RSI hypotension is seen in 

almost half of patients with TBI (Rognås, Hansen, Kirkegaard, & Tønnesen, 2014). 

RSI is usually done with a mixture of medications, and all medications in this 

mixture can have a negative effect on a patient’s vital functions. The most common 

combination of medications in RSI is fentanyl, ketamine and rocuronium 

(Hayward, Regan, Glasheen, & Burns, 2016; Ballow, Kaups, Anderson, & Chang, 

2012). These medications might produce side-effects that influence regional blood 

flow and metabolism in the brain (Långsjö et al., 2005). To minimize the probability 

of these side-effects, the provider must be highly experienced in using these 

medications and must be able to manage these challenges. 

2.2.6 Airway management devices 

Oropharyngeal and nasopharyngeal airway adjuncts 

OPA and NPA airway adjuncts are basic tools for airway management. They 

prevent the collapse of the upper airway tract and allow spontaneous breathing in a 
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patient with impaired consciousness. When used with BVM ventilation, they 

improve the likelihood of adequate ventilation. NPA adjuncts seem to be better 

tolerated than OPA adjuncts (Maconochie IK et al 2015). OPA and NPA adjuncts 

are used in all levels of Finnish prehospital care. 

Bag-valve-mask ventilation 

BVM ventilation remains the standard initial approach to the oxygenation and 

ventilation of patients in prehospital care. It is the basic method of ventilation 

before the use of SADs or ETI. It is also a rescue technique should ETI prove to be 

difficult or impossible (Monsieurs et al., 2015). With an oxygen reservoir and 

supplemental oxygen, it is possible to obtain appropriate levels of oxygenation and 

ventilation in patients. BVM ventilation is included in basic training for all EMS 

personnel, yet it can occasionally be difficult to perform. A study of EMTs reported 

successful BVM ventilation in 30% of OHCA patients (Roth et al., 2015). Even for 

an experienced anaesthesiologist, it may be difficult to provide adequate BVM 

ventilation (Walsh et al., 2000). Risk factors for difficult BVM ventilation are 

reported to include older age, obesity, having a beard, lack of teeth and a higher 

Mallampati score (Yildiz, Solak, & Toker, 2005). BVM ventilation is the first 

airway adjunct to be used in critically ill patients before moving to advanced airway 

methods. 

Supraglottic airway device 

SADs are alternative methods in difficult airway management situations. These 

devices have proven to be effective and easy to use in prehospital care. SADs are 

commonly used as primary airway management methods in Finland by first 

responders and paramedics, mostly in cardiac arrest cases. SADs are easy to use 

and do not require extensive continuous training (Gahan, Studnek, & Vandeventer 

2011; Barnes et al., 2001; Wiese et al., 2009). A SAD is inserted blindly into the 

upper larynx without using a laryngoscope. SADs can be used during mechanical 

ventilation, with a maximum airway pressure up to 40 mmHg (Dörges, Ocker, 

Wenzel, & Schmucker, 2000). 

There are many different SADs on the market. First-generation SADs used in 

prehospital care were the classic LMA, the flexible LMA, Combitube, LT-D and 

the cobra peri laryngeal airway. Second-generation SADs used in prehospital care 

are the LMA Supreme, the Proseal LMA, laryngeal tube suction (LTS-D) and the 
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I-Gel. Second-generation devices have a design that might reduce the risk of 

aspiration, such as a drain tube for gastric insufflation. 

In Finnish prehospital care, there are mainly two different kinds of SADs in 

use. LT-D is still commonly used in Finnish prehospital care, and the newest airway 

device, the I-Gel (which differs somewhat from previous devices), is also 

commonly used. The I-Gel has a moulded non-inflatable cuff, and with LT-D and 

LMA Supreme the cuffs are inflatable. 

There is contradictory evidence regarding the safety of LTs. The prehospital 

use of LTs might lead to severe and fatal complications, such as the aspiration of 

gastric contents (Schalk et al., 2014). The evidence is similar for Classic LMA 

(Keller, Brimacombe, Bittersohl, Lirk, & von Goedecke, 2004). A manikin study 

found that insertion time was shorter with LT-D compared to ETI when done by 

inexperienced fire-fighters (Kurola et al., 2004), but there is also evidence of equal 

insertion times in the field when the provider is a paramedic (Frascone et al., 2011). 

Endotracheal intubation 

ETI is the cornerstone of oxygenation and ventilation of critically ill patients; it is 

the gold standard of airway management (Cone 2012; Wang, 2012). Performing 

ETI requires continuous training and advanced skill (Ochs et al., 2002; Wang et al., 

2005a; Wang et al., 2010). Unfortunately, the technique has been reported to be 

associated with low success rates when performed by non-anaesthesiologist 

emergency personnel (Dunford, Davis, Ochs, Doney, & Hoyt, 2003; Lockey et al., 

2015). When ETI is performed rarely, up to 50% of ETIs will fail or will require 

repeated attempts (Bradley et al., 1998). ETI without continuous training, 

professional skill, SOPs and adequate medication is often challenging. However, 

specially trained and experienced paramedics have been reported to obtain high 

first-pass success rates with RSI intubation using SOPs (McQueen et al., 2015). 

There are also reports of high first-pass success rates in ETI if performed by a 

physician-staffed unit (Rognås et al., 2013; Lockey et al., 2015; Sunde et al., 2015). 

Surgical airway management 

SA is mainly undertaken if regular ventilation techniques cannot be performed. 

This is a difficult procedure and is usually highly invasive, but good success rates 

have been reported when it is undertaken by prehospital physicians (Thoeni et al., 

2015). In Denmark, for anaesthetized patients the need for SA management arose 
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in 0.06 events per thousand patients (Rosenstock, Nørskov, Wetterslev, Lundstrøm, 

& Danish Anaesthesia Database 2016). The study suggests that the incidence in 

prehospital care might be even lower. SA management is very rare, and achieving 

adequate skills to perform it in prehospital care is probably impossible. One cannot 

train properly in SA management in prehospital care, and manikins designed for 

this purpose often do not give the full experience to the provider or correct reality 

setting. SA management can be done using either the needle or scalpel technique. 

There are many different kits on the market, and it seems that familiarity is the best 

marker for success. There does not seem to be any difference in outcomes 

(Langvad, Hyldmo, Nakstad, Vist, & Sandberg, 2013). 

Other airway adjuncts 

The use of videolaryngoscopes with fibreoptic light and a camera is gaining 

popularity, particularly in difficult airway management, and might replace 

conventional laryngoscopy (Kreutziger et al., 2019). A videolaryngoscope might 

have a positive effect in performing ETI (Wayne & McDonnell, 2010), but recent 

results are controversial (Khandelwal, Galgon, Ali, & Joffe, 2014). In a multicentre 

RCT, direct laryngoscopy and the use of a videolaryngoscope were found to be 

equally successful for ETI in prehospital emergency patients (Kreutziger et al., 

2019), while a retrospective study reported that video laryngoscopy showed a 

higher first-pass success rate over direct laryngoscopy in a prehospital setting 

(Eberlein, Luther, Carpenter, & Ramirez, 2019). 

Introducers are used in ETI to stiffen the intubation tube. Longer introducers, 

such as gum elastic bougies (GEBs), are placed in the trachea during laryngoscopy, 

and the intubation tube is then slid through the GEB to the trachea. A GEB is a 

semi-rigid instrument that helps to identify the trachea during laryngoscopy 

(Nocera, 1996). It may be that the use of a GEB decreases the risk of post-RSI 

hypertension because there is less tracheal manipulation, although hypotension is a 

much more common side-effect of RSI (Perkins, Gunning, Crilly, Lockey, & 

O'Brien, 2013; Rognås et al., 2014). The use of a GEB might also positively affect 

the first attempt success rate of ETI in emergency department patients with difficult 

airways (Driver et al., 2018), and GEBs might be useful with videolaryngoscopes 

to enhance the first-pass ratio of prehospital physician-provided ETI (Ångerman, 

Kirves, & Nurmi, 2018). 
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Complications of airway devices 

The risk of aspiration is one of the most feared complications associated with 

SADs. ETI prevents aspiration after the intubation tube cuff is sealed, but because 

SADs are inserted into the larynx, there is still a possibility of aspiration even 

though the cuffs are sealed correctly. The incidence of pulmonary aspiration during 

the use of SADs has been widely studied. Each device has a different risk of 

aspiration. Overall, the incidence of aspiration is calculated to be 0.02% in 

perioperative use (Michalek, Donaldson, Vobrubova, & Hakl, 2015), but it is 

significantly higher in prehospital care (Benger et al., 2018). Other SAD-related 

complications are tongue swelling, distension of the stomach, malposition of the 

SAD in the piriform sinus and significant bleeding due to soft tissue trauma (Schalk 

et al., 2014). 

Complications of ETI can be divided into two types, laryngoscopy-related and 

intubation-related. The most common complication is pulmonary aspiration, and 

the risk is highest during laryngoscopy. Other laryngoscopy-related complications 

are soft tissue trauma to the pharynx and traumatic tooth injury. In prehospital care, 

the experience of the provider influences the probability of the risk being realized. 

In OHCA, one usual complication is the interruption of chest compressions during 

laryngoscopy. Airway management should not increase the hands-off time during 

chest compressions by more than five seconds (Monsieurs et al., 2015), which 

makes the intubation procedure more challenging than in non-arrest situations (Kim 

et al., 2018). Unintentional ETI misplacement or dislodgement (Carlson et al., 

2017) and repeated laryngoscopy attempts (Mort, 2004) are also common 

complications of prehospital ETI that may affect patient outcome. 

Variables used in reporting the quality of prehospital advanced airway 

management 

Variables used in reporting the quality of airway management procedures includes 

the outcome of the patient, the first-pass and overall success rates associated with 

the insertion of an airway device and complications during and after insertion, 

including misplacement and dislodging of the airway device. The first-pass and 

overall success rates may be considered markers of patient safety and speak to 

procedural safety, as repeated attempts have been associated with higher 

complication rates. The best way to report quality-associated variables is to use an 

Utstein template and Utstein airway core variables (Sollid, Lockey, Lossius, & Pre-
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hospital advanced airway management expert group 2009). It seems that these 

variables are frequently not recorded or published; therefore, there is a need to 

standardize data gathering and reporting (Lossius, Sollid, Rehn, & Lockey, 2011). 

List of Utstein airway core variables: 

– Highest level of EMS provider on scene 

– Drugs for airway management available on scene 

– Main type of transportation 

– Response time 

– Co-morbidity 

– Age 

– Gender 

– Patient category 

– Indication for airway management 

– RR (Respiratory rate) initial 

– SBP (Systolic blood pressure) initial 

– HR (Heart rate) initial 

– GCS (Glasgow coma scale) initial 

– SpO2 initial 

– Post-intervention ventilation 

– Post-intervention SpO2 

– Post-intervention SBP 

– Post-intervention EtCO2 (End-tidal CO2) 

– Post-intervention SBP on arrival 

– Post-intervention SpO2 on arrival 

– Post-intervention EtCO2 on arrival 

– Survival status 

– Attempts at airway intervention 

– Intubation success 

– Devices used in successful airway management 
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3 Aims of the study 

The purpose of this study was to identify the feasibility and success rates of airway 

devices used by non-physician providers in the Finnish EMS system. The specific 

aims were: 

1. To study the feasibility, insertion success rate and insertion time of LT-Ds in 

OHCA for FRs. (I) 

2. To study the skill maintenance and frequency of PHAAM by paramedics in the 

Northern Finland EMS. (II) 

3. To study the feasibility, insertion success rate and insertion time of disposable 

LMA-Ss in unconscious patients for ALS paramedics. (III) 

4. To study the first-pass success rate, overall success rate and intubation-related 

complications of ETI in Lapland by HEMS nurse-paramedics. (IV) 

The hypotheses of the present work are: 

1. LT-Ds are easy for FRs to use, and their use could lead to a better quality of 

ventilation than the use of conventional BVM ventilation. (I) 

2. The incidence of PHAAM by paramedics in the Northern Finland EMS system 

is low. (II) 

3. The LMA-S is easy for paramedics to use in unconscious patients after a short 

training session. (III) 

4. The ETI success rate is high when the procedure is performed by a small group 

of trained nurse-paramedics. (IV) 
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4 Material and methods 

4.1 Definitions 

4.1.1 Feasibility of airway management 

The Utstein-style modified airway template was used in these studies. The 

feasibility of the airway device was evaluated by providers in terms of being easy 

or hard to use. 

4.1.2 The success rate and time of airway management 

The “success time” was the time between the opening of the mouth (insertion) to 

the first functional ventilation. The success rate (%) was calculated based on the 

number of insertion attempts. 

4.2 Study area 

The personnel involved in this study were volunteer firefighters from the South 

Karelia, Central Finland and South Ostrobothnia Rescue Departments. The studies 

included the population of the hospital districts of South Ostrobothnia, Central 

Finland and North Karelia (I), Northern Finland (defined as Lapland, Northern 

Ostrobothnia and Kainuu) (II), Southern Savonia, North Karelia and South 

Ostrobothnia (III) and Lapland (IV) (Figure 1). Most of these areas are semi-urban 

and rural municipalities with a few larger cities. The combined population was 

1 517 162 in 2009. 

4.3 Study permissions (I–IV) 

Permission for these studies was obtained from the Regional Ethics Committee at 

Kuopio University Hospital and Oulu University Hospital. 
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Fig. 1. Map of Finland. 

Table 1. Aims, inclusion criteria and data source 

Study Aim Inclusion criteria Data source 

I To study the feasibility, insertion success rate and time of 

disposal laryngeal tube insertion in OHCA1 

Adult OHCA Utstein 

template 

II To study the skill maintenance and frequency in prehospital 

airway management in Northern Finland EMS2  

Template fullfilled 

and returned 

Utstein 

template 

III To study the feasibility, insertion success rate and time of 

disposable LMA3 Supreme in unconscious patients  

Adult, unconscious 

GCS5 3–5 

Utstein 

template 

IV To study the first pass success rate, overall success rate and 

intubation-related complications of ETI4 in Lapland  

Attempted ETI, all 

patients 

Utstein 

template 

1 Out-of-hospital cardiac arrest, 2 Emergency medical system, 3 Laryngeal mask airway, 4 Endotracheal 

intubation, 5 Glasgow coma score 
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4.4 Study I methods and outcome measures 

Study I was a prospective and observational study. Three hundred voluntary FRs 

from the South Karelia, Central Finland and South Ostrobothnia Rescue 

Departments were recruited for the study. The providers had a 30-minute lecture on 

basic airway management with an LT-D. The lecture included a theoretical part and 

a 15-minute DVD, with an introduction to using an LT-D and insertion and 

ventilation procedures combined with ERC BLS guidelines from 2005. Each 

provider also participated in hands-on manikin training. Emergency physicians and 

paramedics on-scene evaluated the insertion, and two acceptable performances 

were required. LT-D sizes 3–5 were used in this study. 

An LT-D was used as a primary airway device for OHCA initiated by FRs 

during the study period. The resuscitation protocols used in this study were based 

on the 2005 ERC BLS guidelines for resuscitation (ILCOR, 2005). The FRs first 

confirmed cardiac arrest and then attached the AED. After an initial rhythm check 

and defibrillation if needed, they started continuous CPR. The FRs inserted the LT-

D and ventilated the patient using a reservoir bag with supplementary oxygen. 

Insertion of the LT-D was done during uninterrupted chest compressions. The 

location of the LT-D and adequate ventilation was verified by checking breathing 

sounds and chest movement. If there were no signs of complications, use of the LT-

D was continued. CPR was then delivered at a rate of about 100–120 compressions 

per minute with a ratio of 30 compressions and two ventilations until paramedics 

arrived on the scene. 

Data were recorded using a standardized clinical report form based on the 

Utstein template, which was filled in by the FRs with a paramedic after the 

resuscitation. The questionnaire was anonymous in terms of the patients’ personal 

data. The primary outcome measure was the feasibility of LT-D assessed by 

attending FRs. The secondary outcome measure was the success rate, and tertiary 

outcome measure was insertion time. 

4.5 Study II methods and outcome measures 

This was a cross-sectional survey. A structured questionnaire was delivered to EMS 

providers in Northern Finland. The questions were designed as a Utstein-type 

template for reporting PHAAM and included 30 variables from a previously 

published study on airway management (Sollid et al., 2009). 
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The primary aim of the study was to study the practice of PHAAM in Northern 

Finland, including frequency, airway devices, SOPs and the amount of training in 

airway management. The secondary aim was to evaluate the current status in the 

area of PHAAM and compliance with SSAI guidelines (Rehn et al., 2016). 

4.6 Study III methods and outcome measures 

This study was a prospective and observational study. Forty paramedics from the 

South Ostrobothnia and Southern Savonia hospital districts were recruited for this 

study. 

The paramedics received a one-hour lecture and hands-on manikin training 

session prior to the study. A prehospital physician evaluated the performance during 

a training session in which the paramedics inserted an LMA-S in a manikin. Every 

provider had to perform one correct placement of the LMA-S and a gastric tube. 

Adult unconscious patients with a Glasgow Coma Score (GCS) score of 3–5 

and impaired airways (hypoxia, hypercapnia or the need for neuroprotection) were 

included in the study. Paramedics assessed the patients’ GCSs after arriving at the 

scene and contacted the prehospital physician. The decision to include a patient in 

the study was made according to the study protocol by a consulting physician 

located in-hospital. Exclusion criteria were OHCA, severe facial trauma, being a 

paediatric patient and the presence of a prehospital physician on-scene. 

Before the LMA-S insertion, the patients were preoxygenated for 2 minutes 

with an oxygen mask or BVM. Procedural sedation consisting of pre-calculated 

doses of alfentanil and diazepam or midazolam was administered intravenously. 

During the procedure, the patients’ vital signs were measured continuously. After 

insertion, normoventilation was obtained and supplemental oxygen was given, a 

capnography device was attached and the ease of insertion and adequacy of 

ventilation were evaluated. 

After the LMA-S was inserted, a gastric tube was inserted and tested. The 

primary aim of this study was 1) to study the subjective feasibility of the insertion 

of LMA-S, 2) to measure the success rate of insertion, and 3) to measure the 

insertion time. Additional information included the complication rate and type. 

4.7 Study IV methods and outcome measures 

This study was a retrospective registry study. Patient data was obtained from the 

national FinnHEMS database of patient records, from local prehospital patient care 
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record sheets and from Lapland’s Central Hospital and Oulu University Hospital 

patient registers. The FinnHEMS database includes patient ID, mission location, 

time intervals from the mission and patient characteristics. 

The paramedics who participated in this study had 4.5 years of training at a 

university of applied sciences and had been broadly trained during their work in 

prehospital care. Every paramedic had been working in EMS or HEMS for at least 

10 years. 

The inclusion criterion for the study was attempted ETI with the need for 

airway management based on regional guidelines and SOPs. Indications for 

PHAAM was a GCS less than 8, airway obstruction, SpO2 less than 90% or OHCA, 

according to regional guidelines. The decision to perform ETI was made by a 

consulting prehospital physician. The exclusion criterion was having a prehospital 

physician on-scene. Paramedics were allowed to try ETI after on-line consent from 

the prehospital physician a maximum of three times and after that they were 

instructed to use a bailout device, typically a SAD. Procedural sedation was used 

to facilitate the airway management if needed. Local guidelines stated that in the 

case of using propofol, a norepinephrine infusion must be initiated before the 

intubation attempt. Norepinephrine was used at a concentration of 0.04 mg/ml and 

initiated with a bolus dose of 1 ml after propofol administration. Norepinephrine in 

boluses and infusions were the primary vasoactives used in hypotensive patients; 

epinephrine boluses were used only in cardiac arrest cases. Paramedics were not 

allowed to use NMBAs. BVM ventilation was attempted in all patients. A bag-mask 

device equipped with an over-pressure valve and supplied with a 15 litre/minute 

oxygen flow were used. An OPA adjunct was placed as needed to maintain a patent 

airway. In cases of cardiac arrest, the paramedics were permitted to intubate the 

patient before consultation. Endotracheal tube placement was confirmed with 

waveform end-tidal carbon dioxide (EtCO2) monitoring and bilateral breathing 

sounds upon auscultation of the lungs. 

The data was recovered retrospectively and included operational times, the ETI 

success rate, vital signs, medications used and the indications for airway 

management. The data was documented and reported using an Utstein-style 

template including 23 core variables (Sollid et al., 2009). 

The primary aim of the study was to measure the first-pass success rate and the 

overall success rate for ETI. The secondary aim was to measure median on-scene 

time, and the tertiary aim was to measure signs of aspiration of gastric contents 

during or after ETI. 
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4.8 Statistical analysis (I–IV) 

The data was collected on a Microsoft Excel data sheet by researchers, and all data 

was analysed with Microsoft Excel and presented as medians (range) with 

interquartile range (IQR). 
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5 Results 

The main results of the studies are shown in table 2. 

Table 2. Main results of the study. 

Study Subjects included in the analysis Main results 

I All 64 OHCAs1 were included in the 

analysis. 

LT-D2 was easy and quick to insert by FRs3. 

II 226/383 templates were returned. 

224 were included in the analysis. 

Airway management was a rare operation in prehospital 

care. The rate of complications was high. 

III All 21 subjects who met the inclusion 

criteria were included in the analysis. 

LMA-S4 was easy and quick to insert by ALS5 paramedics.  

IV 51 out of 53 were included in the 

analysis. 

First and overall success rates were high. The median on-

scene time was long. There were no signs of aspiration 

during or after intubation. 

1 Out-of-hospital cardiac arrest, 2 Disposable laryngeal tube, 3 First responder, 4 Laryngeal mask airway 

Supreme, 5 Advanced life support 

5.1 Success rate for insertion of laryngeal tube (I) 

Sixty-four OHCA patients were included. The first-pass success rate was 71.9%, 

and the overall success rate was 100% within four attempts. Of the insertions, nine 

(14%) were scored as difficult, and the most common complications were air 

leakage from an incomplete seal in the upper respiratory tract, a broken LT-D cuff 

seal or incorrect size. 

The paramedics on-scene evaluated 48 cases, and the LT-d was correctly 

inserted in 97.9% of the cases. The success rate was evaluated by the provider and 

the paramedic on-scene. Paramedics used auscultation and a capnometer to verify 

the correct function of the LT-D. The capnometer was used in 22 cases. The 

paramedics replaced the LT-D in five cases. 

5.2 Insertion time, feasibility of insertion of laryngeal tube and 

adequacy of ventilation by first responders (I) 

FRs evaluated the time of insertion from opening the mouth to first ventilation. The 

median time of insertion was 23.1 seconds. The FRs evaluated the insertion as easy 

in 85.9% of the cases. The second-pass success rate was 92.2%. The FRs assessed 

the correct insertion with auscultation and visible chest movement in 93.7% of the 
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cases. Signs of the aspiration of gastric contents were visible in 27.9% of the cases 

before the insertion of SAD and after first FR evaluation of the airways, which was 

higher than after EMS evaluation. Ventilation was reported as easy in 97.9% of the 

cases, and the median capnometer value was 3.7 kPa. 

Table 3. Main results in study I 

Group  N Percentage 

Patients included 64/64 
 

Success rate 
  

1. pass 46/64 71.9% 

2. pass 13/64 20.3% 

3. pass 4/64 6.3% 

4. pass or more 1/64 1.6% 

BVM1 needed 15/64 23.4% 

Feasibility of insertion 
  

- easy 55/64 85.9% 

- difficult 9/64 14.1% 

Time of insertion 
  

- median time  23.1 s 
 

- range  3–240 s 
 

FR2 evaluation 
  

Chest movement 63/64 98.4% 

- visible 59/63 93.7% 

- not visible 4/63 6.3% 

Breathing sounds 52/64 81.3% 

- audible 43/52 82.7% 

- not audible 9/52 17.3% 

Regurgitation evaluated 61/64 95.3% 

- present 17/61 27.9% 

EMS3 evaluation   

Placement   

- evaluated 48/64 75.0% 

- succeeded 47/48 97.9% 

Chest movement 46/64 71.9% 

- visible 44/46 95.7% 

- not visible 2/46 4.3% 

Breathing sounds 43/64 67.2% 

- audible 39/43 90.7% 

- not audible 4/43 9.3% 

Regurgitation evaluated 43/64 67.2% 

- present 8/43 18.6% 
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Group  N Percentage 

Capnometer used 22/64 34.4% 

- no readings 9/22 40.9% 

- readings 13/22 59.1% 

- median value  3.7 kPa  

- range 2.9–6.8 kPa  

LT-D4 replaced  5/64 7.8% 

- with ETI5  4/5 80.0% 

- with BVM  1/5 20.0% 

Complete template 39/64 60.9% 

LT-D in correct place at the end of resuscitation 34/39 87.9% 

1 Bag-valve-mask, 2 First responder, 3 Emergency medical system, 4 Disposable laryngeal tube, 
5 Endotracheal intubation 

5.3 Frequency of airway management and equipment and 

insertion-related problems in airway management by non-

physicians in survey (II) 

The incidence of prehospital ETI was two in a year per provider with a range from 

0–16 per year in the Northern Finland EMS system. Thirty-eight percent of the 

EMS paramedics had not performed ETI during the study period, and ETI was 

provided more than five times a year by only 13% of the paramedics. 

Most of the units were equipped with SADs. Of alternative intubating devices, 

SA management adjuncts were available in one-third of the units. Ninety percent 

of the respondents stated they had a capnometer available on site. 

The complication rate for ETI was high among the paramedics. Sixty-six 

percent reported failure, and 81% experienced difficultly. In 52% of the cases, there 

a complication in the form of oesophageal intubation. 

5.4 Training and skills in airway management (II) 

Irregular airway management training with manikins was reported by 81.3% of the 

paramedics, and 25.9% trained with an anaesthesiologist within 12 months. The 

training consisted of either laryngoscopy and ETI on manikins or hands-on training 

with SADs; 64.1% of the paramedics participated in airway training with manikins. 
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Table 4. Main results in study II 

Airway skills during 12-month period Percentage 

Participated in manikin training 81.3% 

Participated in anaesthesiologist-guided training in an OR1 25.9% 

Performed anaesthesiologist-guided ETI2 in an OR 22.7% 

Performed anaesthesiologist-guided use of a SAD3 in an OR 10.6% 

Performed BVM4 ventilation in an OR 25.1% 

Participated in airway management simulation training 64.1% 

Participated in airway management of a paediatric patient 38.1% 

1 Operation room, 2 Endotracheal intubation, 3 Supraglottic airway device, 4 Bag-valve-mask  

5.5 Success rate for insertion, insertion time, feasibility of 

insertion and problems with ventilation after insertion of LMA 

Supreme (III) 

There were 21 patients who met the inclusion criteria. Based on provider 

observation, the LMA-S was correctly inserted on the first attempt for all patients. 

There were no insertion failures, but there were problems with the ventilation. In 

five (24%) patients, LMA-S had to be switched for another device due to problems 

with the ventilation. 

The time from opening of the mouth to the first ventilation after procedural 

sedation was 9.8 seconds (3–20 seconds). There were no reported problems related 

to the insertion, but there were problems related to adequate ventilation in five 

patients. 

Paramedics reported the insertion to be easy in 90.5% of the patients. There 

were no problems with insertion, but because of the later ventilation problems the 

paramedics were forced to switch the LMA-S for another device in five patients. 

The aspiration of gastric contents was visible in 9.5% of the patients, which is the 

same percentage the paramedics assessed as having a difficult intubation. 

The most common problem affecting the ventilation was aspiration of the 

gastric contents. Most incidents occurred before LMA-S insertion, but in two 

patients regurgitation occurred after insertion and during ventilation. The median 

EtCO2 was 5.0 (1.1–8.9) kPa in 19 patients after insertion 
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5.6 ETI success rate by HEMS nurse-paramedics (IV) 

Fifty-one patients were intubated by six nurse-paramedics in one year in this 

retrospective registry study. The first-pass success rate for prehospital ETI was 

72.5% in this mixed patient cohort, and within two attempts the HEMS nurse-

paramedics were able to perform ETI in 94.1% of the patients. In one patient, a 

bailout device (a SAD) was required because of cannot intubate – cannot ventilate 

situation. After the insertion of a SAD, there were still problems with the 

ventilation; ETI was successful upon the fourth attempt. The demographics of the 

patients are presented in Table 5. 

Table 5. Demographics of subjects in study IV 

Variable n 

(Study group n = 51) 

Percentage 

Sex 
  

Females 14 0.3% 

Males 37 0.7% 

Age 
  

< 18 years 3 0.1% 

> 18 years 48 0.9% 

Race/ethnicity 
  

Caucasian 50 1.0% 

Other 1 0.0% 

Cause for airway management 
  

OHCA1 18 0.4% 

Unconscious NAS2 15 0.3% 

Trauma-related 7 0.1% 

Intoxication 5 0.1% 

Seizures 4 0.1% 

Chest pain 2 0.0% 

Severe dyspnea 1 0.0% 

Pre-oxygenation 41 0.8% 

BVM3 ventilation 41 0.8% 

Prosedural sedation 38 0.8% 

Opioids 35 0.7% 

Propofol 25 0.5% 

S-ketamine 9 0.2% 

Benzodiazepines 8 0.2% 



 

52 

Variable n 

(Study group n = 51) 

Percentage 

Other medications 
  

Norepinephrine 40 78.4% 

Epinephrine 20 39.2% 

Atropine 10 19.6% 

Ephedrine 3 5.9% 

Fluid resuscitation 48 94.1% 

Primary laryngoscopy device 
 

0.0% 

Laryngoscope 50 98.0% 

Videolaryngoscope 1 2.0% 

Primary bailout device 
 

0.0% 

McCoy 2 3.9% 

Video laryngoscope 1 2.0% 

SAD4 1 2.0% 

Intubation 
 

0.0% 

First attempt 37 72.5% 

Second attempt 11 21.6% 

Third attempt 2 3.9% 

Fourth attempt 1 2.0% 

Overall success rate 51 100.0% 

End-tidal CO2 51 100.0% 

Nasogastric tube 11 21.6% 

Controlled ventilation 37 72.5% 

Aspiration 
  

Before intubation 12 23.5% 

During intubation 0 0.0% 

After intubation 0 0.0% 

Timestamps 
  

Alert - on-scene5     

> 60 min arrival time 12 23.5% 

< 60 min arrival time 39 76.5% 

On-scene6     

> 60 min on-scene time 28 54.9% 

< 60 min on-scene time 23 45.1% 

Transportation7     

Hospital 
  

Level one 9 17.6% 

Level two 36 70.6% 

Primary mortality 6 11.8% 

1 Out-of-hospital cardiac arrest, 2 Non aliter spesificatus, 3 Bag-valve-mask, 4 Supraglottic airway device, 
5 median = 40 min, range = 4–161 min, 6 median = 54 min, range = 10–95 min, 7 median = 54 min, 

range = 5–178 min 
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5.7 Median time on-scene and aspiration during or after intubation 

(IV) 

The median on-scene time was 54 minutes with a range of 10–95 minutes. The on-

scene time included treatment of the patient and pre-flight preparations. 

Among 51 patients, there was no visible regurgitation or aspiration of gastric 

contents during or after intubation. For 12 patients, aspiration occurred before the 

HEMS unit was on the scene. After patients were transported to the hospital, a 

thoracic x-ray was taken. The x-rays showed signs of aspiration in one patient. 
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6 Discussion 

6.1 Main findings (I–IV) 

The main findings of this study show that 1) providers in FR units with a low level 

of experience in airway management were able to insert a laryngeal tube in cases 

of OHCA (I) with reasonable success; 2) nurse-paramedics with advanced 

experience were able to insert an LMA Supreme in non-OHCA patients (III) with 

a high success rate; 3) the insertion of a SAD proved to be easy for both provider 

groups (I, III) and in the Northern Finland EMS system airway management using 

ETI was performed only two times a year per paramedic (II); and 4) experienced 

nurse-paramedics working in HEMS units were able to perform ETI with a 

reasonable first-pass success rate, even without a strict SOP for airway management 

and NMBAs (IV). 

6.2 Success rate for insertion (I, III, IV) 

The insertion success rate for SADs was reasonably high in OHCA cases for FRs 

after a short training session (I) and with other indications by ALS paramedics (III). 

This is in agreement with previous studies on the insertion success rates of SADs 

inserted by paramedics in OHCA cases (Sunde et al., 2012; Wiese et al., 2009). 

Based on these studies, it seems that inexperienced providers are able to insert 

SADs with a good success rate in OHCA cases and other medical situations without 

extensive PHAAM experience. A manikin study by Hensel, Schmidbauer, Benker, 

Schmieder and Kerner (2017) with LMA-S and LT-D administered by volunteer 

laymen showed it might be possible to train laymen without a medical background 

to insert SADs correctly with a high success rate (Hensel et al., 2017). The 

educational methods used were the same as those we used (lectures, videos and 

practical training). Previous similar studies have reported that inexperienced airway 

providers were able to insert LTs successfully and provide significantly higher 

minute ventilation with LTs compared to BVM ventilation in a simulation model 

(Kurola et al., 2004; Hart, Driver, Kartha, Reardon, & Miner, 2020) and to insert 

LTs (Kurola et al., 2005) and intubating laryngeal mask airway (ILMA) devices 

(Kurola et al., 2006) in anaesthetized patients. In the present study, ventilation 

volumes and peak pressures were not measured, but ventilation with LTs was 

adequate according to clinical evaluations. 
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Adult learning is an active process that involves processing knowledge through the 

interplay between existing skills and new information. Previous experience is 

astudy rich source for learning. Adult learners are motivated when learning is 

integrated with the demands of their everyday work (Kaufman, 2003). The 

emergency providers in the present study were all experienced. Nurse-paramedics 

working in HEMS units have over 10 years of experience in prehospital care (IV). 

Securing the airway of critically ill patients is a real problem in prehospital care, 

and it can be argued that the emergency providers were motivated to learn new 

skills in a clinical environment. Clinical performance was assessed in hands-on 

manikin training sessions where two successful performances were required. 

In a prospective multicentre observational cohort study, Roth et al. (2015) 

investigated the safety and feasibility of the use of LTs by EMTs compared to BVM 

ventilation during OHCA after 2 hours of LT training. Placement of the LT was 

successful upon the first attempt in 300 cases (76%) and upon the second attempt 

in 91 cases (23%) (Roth et al., 2015). Our observations are consistent with these 

results. The incidence of regurgitation was three times more frequent in our study, 

which could be the result of having a smaller number of patients. These 

observations show that high success rates among non-medically trained personnel 

in placing SADs can be achieved in manikin and real-world settings. After 

theoretical and practical training lasting 2 hours, FRs were reported to successfully 

insert an I-GelTM in 98% of patients with no more than two attempts in OHCA cases 

(Häske, Gaier, Heinemann, Schempf, Renz, 2018). These observations are in line 

with our results and suggest that high success rates among providers with minimal 

medical training in securing airways with SADs can be achieved in real emergency 

situations. 

The success rates for LT-D might be a little bit lower than for other SADs with 

a single inflatable cuff or a moulded non-inflatable cuff. The reason for this might 

be the anatomy and the two-cuff system of the LT-D. A systematic review and meta-

analysis including 13 studies of prehospital care found that LT-D insertion by 

physicians, paramedics, FRs and emergency nurses failed on the first attempt in 

one out of five patients, with overall failure in one out of 14 patients (Bernhard, 

Gries, Ramshorn-Zimmer, Wenzel, & Hossfeld, 2016). A recent systematic review 

comparing LT and LMA devices for supraglottic airway management in out-of-

hospital emergency care found that tubes seem to offer poorer visibility of the 

glottis based on evaluation with fibreoptic scopes (Mártin-Pereira J et al. 2019). In 

a recent multicentre cluster-crossover randomized trial, the success rate of LT-D 

insertion by paramedics was assessed and compared to ETI performed on OHCA 
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patients by paramedics. The initial success rate of LT-D was 90.3%, which is 

comparable to our results. In that study, the providers were paramedics, who have 

more medical training than the FRs in the present study (Wang et al., 2018). 

ETI, however, seems to be a more difficult procedure and performing it with a 

good success rate requires extensive training and previous experience (McQueen 

et al., 2015). Our study suggests that when the providers are experienced nurse-

paramedics they can obtain reasonable high success rates within two attempts. 

Similar results have been published previously, where the provider of ETI was 

either an anaesthesia registrar, an emergency medicine registrar or a critical care 

paramedic. In the previous study, the critical care paramedics, who were highly 

trained, were able to perform ETI using an RSI protocol in the first attempt in 

94.34% of the cases. The EMS system that participated in the study had strict SOPs, 

intensive training and tight legislation and leadership (McQueen et al., 2015). A 

meta-analysis reported a success rate of 94.6% for drug-facilitated intubation by 

non-physician clinicians in an air medical setting (Hubble et al., 2010). 

Paramedic-provided ETI is a highly discussed topic. Although some results 

suggest that the first-pass success rate can be high, there are also contrary results. 

Prekker et al. (2014) used a prospective registry of 3 491 paramedic endotracheal 

intubations without an RSI approach and found that the first-pass intubation 

success rate was 73% and the second-pass intubation success rate was 94%, with 

an ultimate success rate of 100% (Prekker et al., 2014). This is in line with our 

observations. In a population-based cohort study of airway management in OHCA, 

ETI success rates with or without RSI were evaluated. The first-pass success rates 

in both groups were found to be quite low. The first-pass success rate without RSI 

was 72%, whereas the success rate was only 64% with RSI, with an overall 

intubation rate of nearly 100% (Kwok et al., 2013). These results are clearly lower 

than those in our study. A subgroup analysis revealed that in the RSI group there 

were more patients with witnessed initial cardiac arrest and shockable rhythms. 

These patients were more likely to have intact airway reflexes and increased muscle 

tone following cardiac arrest, which could contribute to intubation difficulty. 

Within this study, the paramedics were trained in laryngoscopy and RSI in an OR 

and in the field. On average, the paramedics performed 15 ETIs in the field 

annually (Kwok et al., 2013), which is almost as many as nurse-paramedics in our 

study performed annually. 

To maximize the success rate of an airway device, the provider should be 

experienced and well trained (Buis, Maissan, Hoeks, Klimek, & Stolker, 2016). To 

become skilled in airway management, training and education should be mandatory 
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and continuous. SADs seem to be easier to learn and use than ETI. One reason is 

the learning curve associated with ETI. Buis et al. (2016) conducted a systematic 

review of the literature on learning curves for ETI. They concluded that a novice 

provider needs to perform at least 50 ETIs with no more than two attempts to reach 

a success rate of at least 90%. However, the evidence was found to be heterogenous, 

and one study with a low risk of bias suggested that 32 ETIs are required to reach 

a success rate of 90% (Buis et al., 2016). In our study IV, the annual number of 

intubations per paramedic was 20–30. Nevertheless, in OHCA cases providers 

seem to need much more experience to be pronounced skilled. It seems that in 

OHCA cases, the procedure might be more challenging than in non-arrest situations 

(Kim et al., 2018), although different results have also been found. The prospective 

study by Wang, which also included prehospital physicians, found that the first-

pass success rate in non-OHCA cases was lower (57.6%) than in OHCA cases 

(69.9%). In addition, after procedural sedation the first-pass success rate was lower 

(44.4%) than with RSI (56.3%). In all these groups, the first-pass success rate was 

clearly lower (Wang & Yealy, 2006b) than in our present study. 

The learning curve for the insertion of SADs seems to be steeper than that for 

ETI. After a short video demonstration, inexperienced providers achieved good 

skill levels after 10 successful insertions in manikins (Jokela et al., 2009). However, 

it seems that in OHCA cases the success rates for correct insertion might be better 

for ETI than for SAD insertion (Hiltunen et al., 2016). 

6.3 Insertion time and on-scene time (I, III, IV) 

Insertion times were an outcome in two studies (I, III), and on-scene time was an 

outcome in one study (IV). The insertion of LT-D and LMA-S devices was fast, 

although insertion time is a difficult variable to compare. Some studies do not 

define insertion time well, and others do not define it at all. We used the opening 

of the mouth as a starting point and the first monitored correct ventilation via 

capnometer or visual signs of the chest rising and the tube misting as the end point. 

In our study, the median insertion time from mouth opening to first successful 

ventilation was 23.1 seconds with the LT-D (I). When the provider is a paramedic, 

LT-D insertion can also be fast (Sunde et al., 2012), in most of the cases less than 

30 seconds. Because of the differences in the timestamps, times were not exactly 

comparable. The major difference to our study was the background of the providers. 

FRs in our study were mainly volunteer firefighters without extensive knowledge 

of PHAAM. Another study showed that in anaesthetized patients, firefighter 
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students were able to correctly insert the LT-D on the first attempt within 48.2 

seconds, with a range of 33.5–62.9 seconds (Kurola et al., 2005) and when the 

providers were inexperienced anaesthesia house officers, they inserted the LT-D in 

a median time of 19 seconds (Dörges et al., 2001). These studies respectively point 

out that LT-Ds are fast and reliable to insert, even by inexperienced providers. 

The study with LMA-S showed a high success rate in unconscious patients 

with a GCS of 3–5. The insertion time was shorter with LMA-S in unconscious 

patients for paramedics than in our other study of LT-D insertion by FRs in OHCA 

patients, with the LMA-S median insertion time being 10 seconds compared to the 

median time of 23.1 seconds for inserting LT-Ds. The insertion time in this study 

was also calculated from the opening of the mouth to the first ventilation, so the 

pre-treatments of the device and patients and medications given to the patients did 

not influence the insertion time (III). The greater experience of ALS paramedics 

might also explain the difference in insertion times. In addition, the LMA-S might 

also be an easier device to insert due to its different structure. When the LMA-S 

was used in anaesthetized patients by anaesthesiologists, the median insertion time 

was 23 seconds (Eschertzhuber, Brimacombe, Hohlrieder, & Keller, 2009). These 

times were not exactly comparable because the insertion time was defined 

differently than in our study, that is, from picking up the prepared LMA-S to the 

first successful ventilation. The other difference compared to our study was the 

background of the providers, who treated anaesthetized and paralyzed perioperative 

patients in the OR (Eschertzhuber et al., 2009). 

Study IV retrospectively assessed ETI in prehospital care. The time of insertion 

was not included in the patient charts. The time on-scene was rather long in cases 

where the patient was intubated, with a median of 54 minutes (IV). This time period 

includes all the pre-treatments and post-treatments of the patient and also the time 

needed to prepare the patient for helicopter transport. A study of airway 

management in non-traumatic coma patients by ground intensive care paramedics 

found shorter on-scene times (38.9–42 minutes) than in our study (Bernard et al., 

2015). The difference between these on-scene times might be explained by the 

longer preparation and loading time because of the planned helicopter transport. 

The intensive care paramedics were using an RSI SOP, which also included 

NMBA. The shorter on-scene times might also be due to easier laryngoscopy and 

ETI (Bernard et al., 2015). It seems that ETI as a procedure increases the on-scene 

time, as does helicopter transportation. The ETI increased the on-scene time by 

almost 10 minutes, and helicopter transport increased it by nearly 4 minutes 

(Østerås, Heltne, Vikenes, Assmus, & Brattebø, 2017). Time intervals in the present 
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study were collected using an Utstein-style template (Sollid et al., 2009). Regarding 

OHCA, one study showed that when on-scene time was between 41 and 50 minutes, 

the highest ROSC rate was achieved (Goodwin et al., 2018). 

6.4 Feasibility of insertion and success rate (I, III) 

The insertion of LT-Ds was reported to be easy in 85.9% of the cases (I) after a 

short training session. Previously, superior success rates and times have been 

reported for inexperienced providers in studies with manikins or anaesthetized 

patients. A group of firefighter students participated in a manikin study and 

achieved a 100% success rate (Kurola et al., 2004). After a six-month period, the 

firefighter students participated in another study with anaesthetized patients and, 

with minimal training, achieved a first-pass success rate of 73% and an overall 

success rate of 100% (Kurola et al., 2005). These studies confirm our results that 

the use of LT-Ds is feasible when the provider is inexperienced; however, these 

studies were conducted either with manikins or in a controlled environment with 

peri-operative patients. Therefore, generalizability to real-life patients in 

prehospital care is low. One short paper reported that FRs succeeded in placing an 

I-Gel™ easily or with slight difficulty in 88% of OHCA patients (Häske et al., 

2018). The use of ILMA is feasible in OHCA cases after a short training period 

when the provider is a nurse. In a study of 1 450 patients, the overall pass rate of 

ILMA was 85.38% (Lemaitre, Tritsch, Noll, Diemunsch, & Meyer, 2019). The use 

of LT-Ds by paramedics has also been studied in prehospital care with OHCA 

patients, and the results are in concordance with our results. Gahan et al. (2011) 

compared the use of LT-Ds to ETI, and with LT-Ds the paramedics achieved a first-

pass success rate of 87.8%, while Wiese et al. (2009) observed the first-pass success 

rate of LT-Ds to be 92.4% (Gahan et al., 2011; Wiese et al., 2009). 

The insertion of LMA-S in patients with non-traumatic coma was reported to 

be easy in 90.5% of cases (III). Our observations confirm the previous results. 

Paramedic students were able to insert ILMAs in anaesthetized patients with a first-

pass success rate of 75% and an overall success rate of 100% within two attempts 

(Kurola et al., 2006). In addition, inexperienced providers were able to insert an 

LMA-S in manikins and perioperative patients with good success rates. In a two-

phase study, providers first inserted an LMA-S in a manikin and then in an 

anaesthetized patient. In the manikin phase, all providers managed to insert the 

LMA-S successfully (96% success rate for the first attempt). In the second phase 

with peri-operative patients, providers achieved a first-pass success rate of 86% 
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and an overall success rate of 100% (Howes, Wharton, Gibbison, & Cook, 2010). 

The evidence suggests that the use of a laryngeal mask in prehospital care can be 

safe and effective (Bosch et al., 2014), which is in line with our findings. These 

findings correspond closely to the view that skill management is highly important 

in PHAAM, and providers should be skilled enough to perform the procedure with 

a high success rate. 

6.5 Incidence of airway management by non-physicians in 

Northern Finland (II) 

In this study, the incidence of airway management was low, even when the use of 

SADs and ETI was included. Paramedics did not obtain enough annual PHAAM 

training. PHAAM is also a rare procedure in previous studies (Wang et al., 2005b; 

Deakin, King, & Thompson, 2009). 

Poor skill management, which includes theoretical knowledge, continuous 

hands-on training with manikins or real-life patients in the OR, and inadequate 

annual follow-up of skill development were found in the study. Nevertheless, ETI 

was the most common airway procedure. This result is problematic because there 

is only one physician-staffed unit in the study area of Northern Finland, which is 

approximately half the size of the entire country, and at least the most experienced 

paramedics should be able to perform ETIs to provide a secure airway and good 

oxygenation for the selected patient groups. Airway management is needed at least 

in non-arrest trauma patients in prehospital care, and the paramedics working in 

ground ambulances have a low incidence of PHAAM. This prospective 

observational study tried to identify trauma patients requiring airway management 

on-scene. The primary conclusion was that a significant proportion of severely 

injured patients needed airway intervention. The secondary conclusion was that 

paramedics working in ambulances could effectively treat only a small proportion 

of the patients. Complications of airway management was found in both groups, 

physicians and paramedics, but especially in the paramedic group. The incidence 

of paramedic-provided ETI was low with a relatively low success rate. The 

evidence shows that performing ETI correctly requires a highly skilled provider, 

but either way there is still the possibility of complications that might prove fatal 

(Lockey et al., 2015). These results are in concordance with our study, where 

ground ambulance paramedics working in the Northern Finland EMS system had 

a frequency of using SADs of one time per year per provider and a frequency of 

preforming ETI two times per year per provider. This is a low annual incidence. 



 

62 

Paramedics in ground ambulances do not perform enough procedures to obtain a 

high level of airway management skill. When paramedics performed ETI, we found 

that the incidence of complications was high. Nevertheless, most of the paramedics 

used ETI as a primary airway method, even though ETI is recommended to be 

performed only by very experienced paramedics and prehospital physicians (Sollid 

et al., 2008; McQueen et al., 2015). 

According to the study by Gellerfors et al. (2018), when providers are either 

anaesthetists or nurse-anaesthetists, the success rates for intubation are equally 

good in both provider groups (Gellerfors et al., 2018). This large, prospective, 

multicentre, observational study of 2 028 ETIs performed in the Nordic countries 

demonstrated that the incidence of ETI was 6.3%. All the patients enrolled in the 

study were assessed as possibly critical by the dispatch centre. If we observe all 

cases of EMS patients, the incidence of prehospital ETI is much lower than in this 

study with a low incidence of complications. In this study, both provider groups 

were experienced enough to perform airway management rapidly with a high 

success rate (99% for physicians versus 97.6% for paramedics) with continuous 

experience also from in-hospital (Gellerfors et al., 2018). This evidence suggests 

that the incidence of paramedic-provided ETI is low in the Nordic countries, similar 

to our observations, but it is possible to gain enough expertise to perform ETI 

successfully in prehospital care. Still, skill management is important for these EMS 

providers. 

The use of SADs has been proven feasible in previous studies with manikins 

and anaesthetized patients (Kurola et al., 2005). Despite this, in Finnish prehospital 

care the frequency of ETI is higher than that of SADs (Hiltunen et al., 2016). In the 

study, the Helsinki area (where ETI is the primary airway management method) 

was overrepresented because of the high population density, and therefore the 

number of ETIs was shown to be higher than the number of SADs (Hiltunen et al., 

2016). 

6.6 First-pass intubation success rate (IV) 

Repeated intubation attempts are associated with soft tissue swelling, bleeding, 

regurgitation and hypoxaemia. These may make further intubation attempts 

increasingly difficult. Therefore, based on the skill and experience of the provider, 

every effort should be made to secure the airway on the first intubation attempt 

(Bernhard, Becker, Gries, Knapp, & Wenzel, 2015). 
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Airway management with ETI is challenging, and the incidence of 

complications is high (Martin et al., 2011). The provider should be experienced 

enough to overcome the following obstacles associated with prehospital ETI: lack 

of resources, incomplete knowledge, lack of NMBAs and environmental factors. 

The success rate of ETI seems to be low when the provider is inexperienced 

(Ruetzler et al., 2011). There is also evidence that specially trained and experienced 

paramedics can obtain high first-pass success rates (McQueen et al., 2015; 

Fullerton et al., 2009). Intensive training for airway management and previous 

experience have an effect on success rates (Dyson et al., 2017a). In the present 

study, the nurse-paramedics were highly trained and possessed significant clinical 

experience. Nurse-paramedics received ETI training annually in the OR and with 

manikins and had to have performed 20 intubations per year in the OR to be 

permitted to perform prehospital ETI. The first-pass success rate was reasonably 

high, and the overall success rate was 100%. There were also complications and 

difficult intubations, but the providers succeeded in ETI within four attempts. 

In our present study, the paramedics used only procedural sedation without 

NMBAs with a reasonable first-pass success rate and an overall success rate of 

100%. When paramedics performed ETI facilitated only by sedation medications 

(Wang et al., 2006a), the first-pass success rate was significantly lower than in our 

present study. It seems that the difference compared to our study is the education 

and background of the providers. A high first-pass success rate can be found for 

highly skilled paramedics. A study by Gellerfors et al. (2018) found that the overall 

success rate of ETI was 98.7% when the provider was either an anaesthetist or a 

nurse-anaesthetist (Gellerfors et al., 2018). In that study, most of the ETIs were 

managed by providers who had performed over 2 500 ETIs throughout their 

careers. The ETI success rate was higher than in the present study, but the difference 

compared to our results may be because the providers were able to use NMBAs 

and had extensive PHAAM experience. The definition of a high success rate is 

uncertain. ILCOR defines a low ETI success rate to be between 51.6% and 69.8% 

and a high ETI success rate to be at least 97.9% (ILCOR 2019). In our study IV, 

the first-pass success rate can be called low, but the success rate after second 

attempts is high. 

Airway management skills are important, and providers should be high on the 

learning curve with expert-level skills. Regarding the evidence, it seems that the 

best people to provide ETI are experienced prehospital physicians (Rognås et al., 

2013), but an experienced paramedic could be a provider of choice (McQueen et 

al., 2015). This finding is highly important in situations where there is no 
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prehospital physician or in missions where a prehospital physician is not able to 

attend the scene, for example, due to another mission. Most of the providers are 

paramedics without expert-level ETI skills. However, in airway management the 

definition of expert provider is unclear. Providers who perform PHAAM should be 

skilled enough to perform ETI and should retrain annually. For ETI, hands-on 

training in a simulation is not realistic enough to become a skilled provider. Real-

life patient contact in prehospital care or in the OR is needed. Previous experience 

and intensive training in airway management is associated with high ETI success 

rates (Dyson et al., 2017a). Making mistakes and complications are also a part of 

the learning curve. Complications might happen also to an experienced provider, 

and it is very important to recognize these possible complications and to know how 

to do an intervention to treat them. This will enhance learning and will eventually 

lead to better airway management. 

Regarding the evidence of several studies, the lack of NMBAs might have an 

effect on the first-pass success rate. In a retrospective study by Prekker et al. (2014), 

the authors divided the patients who needed airway management into two different 

groups, ETI with RSI and ETI without RSI. The results correspond closely to our 

present results. It seems that RSI can positively affect the ETI process. The RSI 

group had a higher first-pass success rate (83%) than the non-RSI group (73%) 

(Prekker et al., 2014). Hubble et al. (2010) performed a systematic literature search 

and found that when the provider of ETI is a non-physician, the use of procedural 

sedation or RSI might have a positive effect on the overall success rate. The lowest 

overall success rates were in OHCA patients, and the highest were achieved with 

RSI (Hubble et al., 2010). It seems that specially trained paramedics using RSI can 

provide ETI with high success and low complication rates (Bendinelli et al., 2018; 

Delorenzo, St Clair, Andrew, Bernard, & Smith, (2018); Fullerton et al., 2009; 

Dyson et al., 2017a). 

Experienced prehospital physicians can use ETI with an extremely high first-

pass success rate using a videolaryngoscope, bougies and SOPs (Angerman et al 

2018). With these adjuncts, the first-pass success rate was higher than in the control 

group. Using these adjuncts in ETI provided by experienced paramedics might 

positively affect the first-pass success rate, even without the use of paralytic 

medications. 

The effects on the outcome of airway management performed in prehospital 

environment are often difficult to demonstrate in clinical studies. Confounding 

factors include the patient case mix and the heterogeneity of the providers and 
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patient groups. Most patients receive more than one type of intervention, and drugs 

to facilitate ETI may or may not be used. 

6.7 Aspiration (IV) 

Perioperative patients have usually fasted before airway management. This is not 

the case in prehospital emergency care, and it increases the risk factor of the 

procedure. The aspiration of stomach contents negatively affects the oxygenation 

and ventilation of the patient and thus the outcome. Regurgitation has been found 

to occur in about one-third of OHCA patients, with two-thirds of these cases 

occurring prior to EMS arrival (Simons, Rea, Becker, & Eisenberg, 2007). Another 

study reported that the incidence of regurgitation was 20% (Virkkunen et al., 2007). 

These results are in line with our observation of visible signs of regurgitation in 

23.5% of the patients before the laryngoscopy attempt. Virkkunen et al. (2007) 

reported that in 46% of patients with clinical signs of regurgitation on- scene, chest 

X-rays revealed aspiration. However, 19% of the patients without signs of 

regurgitation on-scene also had radiological evidence of aspiration (Virkkunen et 

al., 2007). Only one patient in our study had radiological signs of aspiration. When 

performing ETI in non-arrest situations, there is always a chance of regurgitation 

when airways are managed without previous fasting. Correctly placed ETI prevents 

aspiration, but there is a significant risk of aspiration during laryngoscopy. There is 

an elevated risk of aspiration with SADs during insertion and also after correct 

placement because of the positioning outside the trachea. A retrospective quality 

assurance analysis found equal rates of aspiration between SGA and ETI placed by 

paramedics in prehospital settings (8% and 12%, respectively). Seventy-five of the 

cases were related to trauma (Steuerwald, Braude, Petersen, Peterson, & Torres, 

2018). A study on trauma patients reported an aspiration rate of 32% (Radu et al., 

2018). In these studies, computed tomography scans were performed for all trauma 

patients. In our study, the incidence of trauma patients was 12%, and only one 

patient (2%) had radiological signs of aspiration. Chest radiography was used in 

our study, and the technique may have missed some cases of aspiration. 

6.8 Manikin versus patients in airway management training 

Airway management is something that requires continuous training. A simulation 

manikin has been included in the training of paramedics to optimize airway 

management skills before and during clinical use. Paramedics do not have 
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sufficient patient contact and procedures to become experienced providers of 

airway management in the field. For ethical reasons, training and skills should be 

acquired in simulations with manikins so as not to unnecessarily expose patients to 

training. 

Manikin simulation has also problems. Even the most advanced simulation 

manikins don not have real, warm tissue, and there are differences in the anatomy 

of the larynx and mouth compared to humans. Therefore, the laryngoscopy view, 

BVM ventilation and the placement of SADs are not realistic enough. These 

problems with the manikins are challenges in airway management training and 

affect the real-life learning curve. Is it possible to obtain expert-level skills in 

airway management only in a simulation theatre? There is a chance that hands-on 

training with simulators does not give enough experience of real-life patients on 

the scene. These questions have been raised in different studies, at least when new 

devices are evaluated and introduced to the market (Rai & Popat, 2011). It remains 

unclear how to determine when the providers (anaesthesiologists and non-

anaesthesiologists) are good enough to manage airways by themselves without the 

help of a more experienced supervisor. In the EMS systems where there are not 

enough live experience procedures to achieve sufficient experience, hands-on 

training with manikins is a recommended way to improve skills. In addition to 

knowledge and technical skills, non-technical skills play an important role in 

emergency situations and can be practised in a simulated environment. All the 

studies were conducted in real-life situations, and manikins were used only in 

training. HEMS nurse-paramedics trained continuously with perioperative patients, 

and to obtain permission to perform ETI they had to perform at least 20 ETIs 

annually. 

6.9 Strengths of the thesis and generalizability of the results 

Two of the studies (I and III) were prospective in nature, which can be seen as a 

strength. The frequency of airway management in Northern Finland has not 

previously been studied, and there are no similar studies from other parts of 

Finland. All studies involved real-life situations, and the results are generalizable 

across the same patient groups. The results of these studies are also generalizable 

to the similar areas in prehospital care thorough world, where there are no 

prehospital physician units. However, the legal, environmental and organizational 

aspects may limit broader generalizability. None of these studies involved the use 

of manikins. Manikins were only used in a simulation training prior to the use of 
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the device on the scene. This can be seen as a strength in this thesis because the use 

of manikins makes the results difficult to generalize to humans because of the 

differences in patients, providers and scenes (Rai & Popat, 2011). All the data were 

gathered using a modified Utstein-style template, which can be seen as a strength. 

The educational and professional backgrounds of all the providers were disclosed 

in the studies. 

6.10 Limitations of the thesis 

The retrospective nature study II and study IV and the limited number of patients 

in studies I–IV can be seen as limitations. The providers reported the findings 

themselves, and there was no outside referee to verify the findings. Self-reporting 

can result in potential bias and underestimation of the rate of adverse events. We 

did not measure patient outcomes after hospitalization. In all the studies, providers 

used only one airway device, and we did not have randomization and did not 

compare that device to other devices. None of the studies were double-blinded. 

6.11 Further studies 

Airway management by paramedics in Finland should be evaluated in more detail. 

The frequency of airway management by paramedics should be assessed. It would 

be interesting to know the ETI success rate for experienced paramedics working in 

HEMS or PFC units and to compare it with the success rate for prehospital 

physicians. There is not enough evidence to show whether ETI success rates and 

the incidence of complications are in agreement with patient outcomes. 
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7 Conclusion 

The evidence of these studies suggests that: 

1. FRs with basic airway management skills are able to insert LT-D with 

reasonable success rates. The use of SADs by this provider group can be 

considered feasible (I). 

2. PHAAM is a rare procedure in Northern Finland’s EMS system (II). 

3. LMA supreme is a feasible option for airway management by ALS paramedics 

without extensive previous experience in airway management (III). 

4. Experienced HEMS nurse-paramedics can intubate patients with a reasonable 

first-pass success rate and a good second-pass success rate. The 

implementation of strict SOPs for airway management should be considered 

(IV). 
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