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Summary

Airway management is required during general anaesthesia and is essential for life-threatening conditions such as

cardiopulmonary resuscitation. Evidence from recent trials indicates a high incidence of critical events during airway

management, especially in neonates or infants. It is important to define the optimal techniques and strategies for airway

management in these groups. In this joint European Society of Anaesthesiology and Intensive Care (ESAIC) and British

Journal of Anaesthesia (BJA) guideline on airway management in neonates and infants, we present aggregated and

evidence-based recommendations to assist clinicians in providing safe and effective medical care. We identified seven

main areas of interest for airway management: i) preoperative assessment and preparation; ii) medications; iii) tech-

niques and algorithms; iv) identification and treatment of difficult airways; v) confirmation of tracheal intubation; vi)

tracheal extubation, and vii) human factors. Based on these areas, Population, Intervention, Comparison, Outcomes

(PICO) questions were derived that guided a structured literature search. GRADE (Grading of Recommendations,

Assessment, Development and Evaluation) methodology was used to formulate the recommendations based on those

studies included with consideration of their methodological quality (strong ‘1’ or weak ‘2’ recommendation with high ‘A’,

medium ‘B’ or low ‘C’ quality of evidence). In summary, we recommend: 1. Use medical history and physical examination

to predict difficult airway management (1C). 2. Ensure adequate level of sedation or general anaesthesia during airway

management (1B). 3. Administer neuromuscular blocker before tracheal intubation when spontaneous breathing is not

necessary (1C). 4. Use a videolaryngoscope with an age-adapted standard blade as first choice for tracheal intubation (1B).

5. Apply apnoeic oxygenation during tracheal intubation in neonates (1B). 6. Consider a supraglottic airway for rescue

oxygenation and ventilation when tracheal intubation fails (1B). 7. Limit the number of tracheal intubation attempts (1C).

8. Use a stylet to reinforce and preshape tracheal tubes when hyperangulated videolaryngoscope blades are used and

when the larynx is anatomically anterior (1C). 9. Verify intubation is successful with clinical assessment and end-tidal

CO2 waveform (1C). 10. Apply high-flow nasal oxygenation, continuous positive airway pressure or nasal intermittent

positive pressure ventilation for postextubation respiratory support, when appropriate (1B).

Keywords: airway management; difficult airway; neonate; paediatric anaesthesia; practice guidelines
Airway management is required for anaesthetised patients

undergoing surgical or diagnostic procedures and is essential

for life-threatening conditions such as cardiopulmonary

resuscitation and critical care. Several guidelines have been

published to standardise airway management and tracheal

intubation procedures for routine and emergency situati-

ons in patients with normal, known, or anticipated diffi-

cult airway.1e4 However, there are no specific guidelines for

neonates and infants.

Children have a unique anatomy and physiology that can

present clinicians with significant challenges.5 Younger chil-

dren, term neonates, and pre-term neonates are at the

highest risk for respiratory and traumatic complications from

airway management. Most devices available for airway

management are not specifically designed or tested for use in

children.3,6e8

This practice guideline aims to provide an evidence-based

approach to airway management in neonates and infants. It

was developed by a core group of experts in paediatric airway

management, with the intention to serve anaesthetists

working in a variety of paediatric settings, from highly speci-

alised to district centres. As expertise and resources differ

across centres, these practice guidelines are not a standard of

care, however, they should serve as a basis for developing local

institutionally approved operating procedures and best prac-

tice guidelines.

Methods

In 2021, 23 internationally recognised experts in airway man-

agement formed a task force aimed at writing updated prac-

tice guidelines for airway management in neonates and

infants. The proposal was submitted to the European Society
of Anaesthesiology and Intensive Care (ESAIC) and to the

Editorial Board of the British Journal of Anaesthesia (BJA) for lo-

gistic support and endorsement. A joint endeavour between

ESAIC and BJA was approved.

Clinical queries were developed in the form of seven Pop-

ulation, Intervention, Comparison, Outcome (PICO) groups

and further developed into five elements for the search strat-

egy. The complete list of PICO groups was then revised and

approved by the task force, and generated the following

research questions:

1. Is physical assessment the best way to predict difficult

airway management? Can physical assessment be

improved by further measurements? Which normal values

should be used?

2. What type of preparation and planning should be manda-

tory before starting airway management in neonates and

infants? Is neuromuscular block recommended for tracheal

intubation if maintaining spontaneous breathing is not

necessary?

3. Is direct laryngoscopy the first-choice technique for

tracheal intubation in neonates and infants? Should direct

laryngoscopy be replaced by other techniques? What is the

definition of a difficult intubation? Is a tracheal intubation

algorithm needed?

4. What should be the gold standard for anticipated difficult

airway management, and who should be involved? Where

should difficult airway management be performed?

5. Which technique should be used for detecting the correct

position of the tracheal tube in neonates and infants?

6. What is the best strategy for safe tracheal extubation in

neonates and infants after difficult intubation, either

anticipated or unanticipated? Should extubation or removal
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of an airway device be performed under deep anaesthesia

or when the patient is awake?

7. What is the impact of human factors and the need for

developing a specific paediatric airway curriculum?

Criteria for considering studies for data analysis

Types of studies: Data analysis was based on all randomised,

parallel, quasi-randomised studies (including crossover

design) and observational studies that addressed the above

queries. Systematic reviews and meta-analyses were consid-

ered on a case-by-case basis when meeting inclusion criteria.

Data from quasi-randomised, observational and large retro-

spective studies were included as very few, if any, randomised

controlled trials (RCTs) were anticipated.

Types of participants: The qualitative and quantitative anal-

ysis of the literature was confined to children up to 1 yr of age,

with orwithout specified comorbidities. Studies including amix

of paediatric and adult populations were reviewed only if they

includeda relevantnumberof infants. In case therewasa lackof

data for neonates and infants undergoing airway management

in the operating room, and if considered relevant, data were

extrapolated from non-operating room settings (i.e. neonatal

and paediatric intensive care unit and emergency department).

Types of interventions: We included the following in-

terventions: i) physical assessment for detecting or predicting

a potentially difficult airway; ii) child and staff preparation for

airway management, including pharmacological treatment;

iii) direct laryngoscopy for tracheal intubation; iv) specific

competency and techniques for expected difficult intubation;

v) chest auscultation confirmation of correct tracheal tube

position; vi) strategies for tracheal extubation in children in

whom tracheal intubation was difficult, including use of an

airway management debriefing; vii) influence of human fac-

tors and competencies on successful airway management.

Types of comparators: Any technique or strategy for prepa-

ration, or both, initial and intraoperative management, and

extubationdifferent fromtheabove-mentioned ‘interventions’

were considered as comparators, both in routine care and

difficult airway management, either expected or unexpected.

Types of outcomes: First-pass tracheal intubation success,

number of attempts until successful intubation was achieved,

and any complication during and after airway management

were considered as outcomes.

Search methods for identification of studies

An information specialist (AC) developed the literature search

strategy in close collaboration with ND and the ESAIC group

methodologists (AA, PK, and CSR). The literature search was

conducted in PubMed, EMBASE, Web of Science, and Cochrane

Central Register of Controlled Trials (CENTRAL). A similar

search strategy was used for all databases. The electronic

database search was run on November 17, 2021 by AC, and

included articles published since 2011 to increase clinical

relevance (Appendix 1). Panel members were also encouraged

to add any missing papers of interest that they were aware of,

and to conduct related searches themselves. The resulting ti-

tles were screened by two independent authors. A third author

was assigned to resolve conflicts for inclusion or exclusion.
Search results

After removing duplicates, the authors screened titles with

abstracts in a two-stage procedure. Relevant papers were
retrieved for full text assessment and data extraction by task

force subgroups who compiled and wrote the literature review

for their respective PICO groups. The methodologist was

responsible for choosing topics for possible meta-analyses

based on the quality of the available data, reliability of the

search (sensitivity), and the predefined inclusion and exclu-

sion criteria. For this guideline, we found no data suitable for

meta-analysis.

For simplicity of the search, screening, inclusion and

exclusion of studies, all retrieved titles and articles were

allocated into five folders: A) preparation of airway manage-

ment, B) tracheal intubation, C) difficult airway, D) tracheal

extubation, and E) human factors. The retrieved articles were:

A) From 972 publications on preparation, after removal of

duplicates and date restrictions, the remaining 466 titles

were screened, resulting in 60 abstracts. For the next step,

22 full articles were included.

B) From 3991 publications on tracheal intubation, after

removal of duplicates and date restrictions, the remaining

2486 titles were screened, resulting in 532 abstracts. For the

next step, 94 full articles were included.

C) From 570 publications on difficult airway, after removal of

duplicates and date restrictions, the remaining 278 titles

were screened, resulting in 191 abstracts. For the next step,

86 full articles were included.

D) From 6507 titles on tracheal extubation, after removal of

duplicates and date restrictions, the remaining 4637 titles

were screened, resulting in 613 abstracts. For the next step,

180 full articles were included.

E) From the 994 titles on human factors, 992 were screened, 64

abstracts were selected, and 37 full articles were used for a

short scoping review.

A detailed description of the search strategy and PICO are

shown in Appendix 1.
Data collection and analysis

Selection of studies: all publications meeting inclusion criteria

were included. At least two authors in each PICO group

assessed the relevant full text articles independently by using

Covidence software. Disagreements were resolved by a

member not involved in the screening.

Data extraction and management: Each task force group

extracted data from relevant studies in a similar fashion with

guidance from the methodologist using similar spreadsheets,

including information on study design, population character-

istics, interventions, and outcomemeasures. Task force group

authors reached a consensus regarding extracted data through

discussion, initially within the group, and secondly within the

entire task force.

Assessment of risk of bias in included studies: Risk of bias was

assessed for each PICO group in accordance with the Cochrane

Handbook for Systematic Reviews of Interventions source for

RCTs,9 and was assessed for the following domains:

� Random sequence generation (selection bias)

� Allocation concealment (selection bias)

� Blinding of outcome assessors (performance and detection

bias)

� Incomplete outcome data, intention-to-treat (attrition bias)

� Selective reporting

Trials were assessed as having a low risk of bias if all of the

domainswere considered adequate,medium risk if one domain



Table 1 GRADE definitions. GRADE, Grading of Recommendations, Assessment, Development and Evaluation.

Grade of recommendation Clarity of risk/benefit Quality of supporting evidence

1A
Strong recommendation, high-

quality evidence

Benefits clearly outweigh risk and
burdens, or vice versa

Consistent evidence from well performed
randomised, controlled trials or overwhelming
evidence of some other form; further research is
unlikely to change our confidence in the estimate
of benefit and risk

1B
Strong recommendation,

moderate quality evidence

Benefits clearly outweigh risk and
burdens, or vice versa

Evidence from randomised, controlled trials with
important limitations (inconsistent results,
methodological flaws, indirect or imprecise), or
very strong evidence of some other research
design; further research (if performed) is likely to
have an impact on our confidence in the estimate
of benefit and risk and may change the estimate

1C
Strong recommendation, low-

quality evidence

Benefits appear to outweigh risk and
burdens, or vice versa

Evidence from observational studies, unsystematic
clinical experience, or from randomised,
controlled trials with serious flaws; any estimate
of effect is uncertain

2A
Weak

recommendation¼suggestion,
high-quality evidence

Benefits closely balanced with risks and
burdens

Consistent evidence from well-performed
randomised, controlled trials or overwhelming
evidence of some other form; further research is
unlikely to change our confidence in the estimate
of benefit and risk

2B
Weak

recommendation¼suggestion,
moderate-quality evidence

Benefits closely balanced with risks and
burdens, some uncertainty in the
estimates of benefits, risks, and burdens

Evidence from randomised, controlled trials with
important limitations (inconsistent results,
methodological flaws, indirect or imprecise), or
very strong evidence of some other research
design; further research (if performed) is likely to
have an impact on our confidence in the estimate
of benefit and risk and may change the estimate

2C
Weak

recommendation¼suggestion,
low-quality evidence

Uncertainty in the estimates of benefits,
risks, and burdens; benefits may be
closely balanced with risks and burdens

Evidence from observational studies, unsystematic
clinical experience, or from randomised,
controlled trials with serious flaws; any estimate
of effect is uncertain
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was inadequate, and high risk if more than one domain was

considered inadequate or unclear. Disagreement regarding

assessment of the risk of bias was settled in a discussion with

the methodologist (AA). For non-RCTs, checklists from SIGN

(Scottish Intercollegiate Guidelines Network; https://www.sign.ac.

uk/what-we-do/methodology/checklists/) were applied.

Assessment of the quality of the evidence: In accordance with

the ESAIC guidelines policy, the GRADE (Grading of Recom-

mendations, Assessment, Development, and Evaluation)

methodology was used to assess methodological quality and

to formulate recommendations.

Decisions to downgrade the level of evidence for a recom-

mendation were based on the quality and type of the included

literature, observed inconsistencies, indirectness or directness

of the evidence, overall impression, and the presence of publi-

cation bias as proposed by GRADE. Decisions to upgrade the

level of evidence for recommendations were based on study

quality and magnitude of the effect ratio, dose-response

gradient, and plausible confounding. The GRADE definitions

are summarised in Table 1. A more detailed account of GRADE

is available at https://www.uptodate.com/home/grading-guide.

Development of recommendations:After the above procedures,

each group developed recommendations relevant to their

PICO group and clinical questions. These were then discussed

and rediscussed, as required, with the entire expert panel in

light of the data synthesis (when available), the risk of bias,

and the quality of the evidence.

One general limitation across all PICO groups was heteroge-

neity of the casemix, such thatmany studies included children
>1yrold.Consequently, the task forceassessedexternal validity

and generalisability of the findings of the included studies for

each recommendation. When considered reasonable, evidence

from older patients was used for drafting recommendations,

suggestions, or clinical practice statements.

A two-step Delphi process using an online survey was used

to produce expert recommendations and degree of agreement.

A third Delphi round was performed by teleconference to

discuss methodological quality of the supporting literature

and when rephrasing recommendations was mandated. The

same voting and consensus processes were applied to each

recommendation, suggestion, or clinical practice statement.

Summary of recommendations, suggestions and clinical

practice statements.

PICO 1. Preoperative airway assessment to predict
difficulty

Is physical examination the best way to predict difficult
airway management? Can physical examination be
implemented by further measures? Which normal values
should be used?

Recommendation: We recommend use of medical history and

physical examination to predict difficult airway management

in neonates and infants (1C).

Evidence summary: No evidence is available supporting or

refuting the use of physical assessment to predict difficult

airway management in neonates and infants. However, clini-

cian experience supported by several retrospective studies

https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://www.uptodate.com/home/grading-guide
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identified some physical risk factors for a difficult airway in

neonates and infants: micro-, retro-, or prognathia, limited

mouth opening, facial asymmetry, fixed cervical spine, labio-

palatine cleft, and oral or neck mass.10e12 These physical

features commonly exist in neonates and infants with syn-

dromes associated with anticipated difficult airway manage-

ment such as the Pierre Robin, Crouzon, and Treacher-Collins

syndromes.11,13 However, there are no studies prospectively

evaluating the role of physical features in predicting difficult

airway management (mask ventilation or tracheal intubation)

in neonates and infants with an apparently normal airway.

While several adult based studies have suggested simple

summations or weighted risk scores for predicting ‘unantici-

pated’ difficult tracheal intubation based on physical mea-

sures (e.g. symptoms of a pathological airway; inter-incisor

gap; mandible luxation; thyromental distance; head and neck

movement; and Mallampati score), none of these have been

validated in children nor is it always possible to assess these

parameters.14e16 The Mallampati score is not feasible in neo-

nates and infants as it requires a cooperative patient who can

follow verbal commands. Other measures (e.g. measuring

thyromental distance) are not always possible and are subject

to dramatic changes as neonates and infants grow rapidly in

the first months of life. Therefore, no normal values are

available for neonates and infants.

A single centre case series of eight infants aged 3 weeks to 1

yr has shown the potential benefit of using volumetric com-

puter tomography (CT) imaging to delineate abnormalities of

the lower trachea and lungs (Supplementary Table S1).17

However, the case series did not provide data for upper

airway abnormalities that can be associated with difficult

airway management. No other measures were found to help

with prediction of difficult airway in neonates and infants.
PICO 2. Preparation for airway management and
pharmacological treatment (outside resuscitation)

What preparation and planning should be mandatory
before airway management in neonates and infants? Is
neuromuscular block mandatory if spontaneous breathing
is not necessary (pharmacology)?

Recommendation: We recommend use of an adequate level of

sedation or general anaesthesia in neonates and infants during

airway management to ensure patient comfort and safety (1B).

Recommendation: We recommend use of neuromuscular

block before tracheal intubation when maintaining sponta-

neous breathing is not necessary (1C). The risks and benefits of

neuromuscular blocking agent administration should be

balanced for the individual patient and team skills.

Evidence summary: Except in cases of resuscitation (e.g. in

the delivery room), tracheal intubation in neonates and in-

fants with minimal or no anaesthesia is a largely abandoned

clinical practice. The reasons for promoting awake intubation

in the past were varied, including fear of adverse effects such

as pulmonary aspiration, poor tolerance of infants to hypo-

xaemia, lack of knowledge of pharmacology in the youngest

children, and the significant medicolegal implications of

dealing with this population.

Seven RCTs,18e24 13 (five retrospective, eight prospective)

observational studies,25e37 and one systematic review38 were

identified that examined different sedation or anaesthesia

regimens (Supplementary Tables S2 and S3). The age of patients

included in the RCTs ranged from26weeks to 3 yr, and included
a total of 486 patients. The age of patients in the observational

studieswas from24weeks to 7 yr, and studied 10 759 intubation

attempts. One observational study was interrupted prema-

turely,28 thus five retrospective studies27,31,35e37 and seven

observational studies25,26,29,30,32e34 remained for analysis. Very

heterogenous drug regimens were used in neonates and in-

fants. Some studies assessed the effects of opioids during

intubation, the differences between inhalation and i.v. anaes-

thesia,24,33,37 the optimal dose for propofol,29,38 the use of

neuromuscular blocking agents,21e23,31,34e36 and a variety of

drugs used for premedication.25e27,30,32 All studies assessed

orotracheal intubation except one RCT and two observational

studies that recruited patients for nasotracheal intubation.26,36

Data on emergent intubation were only available in two

observational studies.25,26 Finally, only one observational study

compared orotracheal intubation in a group that maintained

spontaneous ventilation and in a group with controlled venti-

lation.31 To determine the best preparation for neonates and

infants for undergoing orotracheal intubation, we extracted

data on first attempt success, number of attempts, and adverse

events reported in each group. Many studies did not report

adverse events (e.g. hypotension, hypertension, hypercapnia,

hypoxaemia, upper airway trauma, myoclonus, hypothermia,

or laryngospasm), nor the occurrence of severe adverse events

(e.g. death, tonic-clonic seizures, pneumothorax, sepsis, diges-

tive tract perforation, pulmonary haemorrhage, cardiac arrest,

supraventricular tachycardia, pulmonary hypertension, aspi-

ration syndrome, or hyponatraemia). We did not find evidence

of an increase in the total number of adverse events related to

use of sedative or general anaesthetic drugs.

Several studies compared a group without sedation or

anaesthesia with an anaesthetised group. Compared with no

sedation or anaesthesia, anaesthesia increased the success

rate of intubation on the first attempt, and reduced the num-

ber of attempts and incidence of complications. Some studies

compared several anaesthesia regimens, in some cases up to

13 different regimens of sedative drugs30 or the combination of

more than two drugs in the same group. Anticholinergic drugs

were used in the majority of studies before induction of

anaesthesia, with atropine the most frequently used agent.

Use of an anticholinergic drug was not associated with a lower

incidence of bradycardia. Based on the available evidence,

neonates and infants receiving opioids will have lower noci-

ception as measured with the premature infant pain profile

than those who did not receive opioids.20 Use of a neuro-

muscular blocking agent was found to improve the quality of

intubation conditions and to decrease the median number of

orotracheal intubation attempts. Two RCTs that used rocuro-

nium reported a higher rate of successful first attempt tracheal

intubation, even at doses as low as 0.2 mg kg�1 in one RCT.22,23

Atracurium was used in one underpowered RCT that failed to

detect a clinically relevant difference.21 Suxamethonium was

addressed in two observational studies.27,32 In summary, use

of a neuromuscular blocking agent increases the success of

tracheal intubation and reduces the incidence of complica-

tions such as laryngospasm.

PICO 3. Tracheal intubation

Is direct laryngoscopy or videolaryngoscopy the first-choice
technique for tracheal intubation in neonates and infants?

Recommendation: We recommend the use of a video-

laryngoscope with an age-adapted standard blade (Macintosh

orMiller) as first choice for tracheal intubation of neonates and
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infants (1B), including for tracheal intubation in the lateral

position (1C).

Clinical practice statement: a videolaryngoscope should

also be used for teaching purposes using a dual approach:

direct laryngoscopy for the trainee and videolaryngoscopy for

the tutor. The screen can serve as guide for feedback during

the intubation manoeuvre performed by the trainee.

Clinical practice statement: Training is a mandatory and

essential prerequisite for correct use of a videolaryngos-

cope. The use of a videolaryngoscope is warranted in anaes-

thesia suites, intensive care units, and emergency departm-

ents.

Evidence summary: Five RCTs comparing videolaryngo-

scopy (VL) with direct laryngoscopy (DL) were assessed

(Supplementary Table S4).8,39e41 The first is an RCT that

enrolled 564 infants and has indicated that videolaryngoscopy

with a standard Miller blade was superior to direct laryngos-

copy. Infants <6.5 kg in weight had greater first-attempt suc-

cess rate for orotracheal intubation when videolaryngoscopy

was used compared with direct laryngoscopy (92% vs. 81%).39

Another RCT among neonatology residents compared video-

laryngoscopy with direct laryngoscopy for intubation of pre-

mature neonates.40 Overall intubation success ratewas greater

in the videolaryngoscopy group (57% vs. 33%). First-year resi-

dents and all residents intubating their first patient had higher

intubation success rates with videolaryngoscopy than with

direct laryngoscopy (58% vs. 23% and 50% vs. 17%, respectively).

Among residents with <6 months’ tertiary neonatal experi-

ence, when the instructor was able to view the video-

laryngoscope screen success ratewas 66% (69 of 104) compared

with 41% (42 of 102) when the screen was covered (odds ratio

[OR] 2.81, 95% confidence interval [CI] 1.54e5.17).41 When pre-

medication was used, the success rate in the intervention

group (videolaryngoscopy) was 72% (56 of 78) compared with

44% (35 of 79) in the control group (direct laryngoscopy) (OR

3.2, 95% CI 1.6e6.6). A multicentre RCT compared video-

laryngoscopywith direct laryngoscopy in neonates and infants

with apnoeic oxygenation added in both groups. First attempt

tracheal intubation success rate with no desaturation was

greater with videolaryngoscopy (89% [108 of 121]; 95% CI

83.7e94.8%) compared with direct laryngoscopy (79% [97 of

123]; 95% CI 71.6e86.1%), with an adjusted absolute risk dif-

ference of 9.5% (CI 0.8e18.1%).6

Two RCTs compared videolaryngoscopy with direct laryn-

goscopy for tracheal intubation with the patient in the lateral

position.42,43 The videolaryngoscopy group had a higher first-

attempt success rate and provided a more favourable glottic

view compared with conventional direct laryngoscopy with a

Miller blade. These studies used the C-MAC (Karl Storz, Tut-

tlingen, Germany) videolaryngoscope in comparison to direct

laryngoscope for tracheal intubation. One single-centre RCT

(Supplementary Table S5) enrolled 120 children, 1e24 months

of age, undergoing elective surgery, and showed that therewas

no difference between direct laryngoscopy with a Miller or

Macintosh blade for laryngoscopic views and intubation

conditions.44
Should apnoeic oxygenation become standard of care
during tracheal intubation?

Recommendation: We recommend the use of apnoeic

oxygenation during tracheal intubation in neonates (1B).

Clinical practice statement: In infants, the of apnoeic

oxygenation (low or high flow) during tracheal intubation
should be based on the risk of hypoxaemia in the patient and

the experience of the provider.

Evidence summary: Five RCTs have shown that supple-

mental oxygen increases the safe apnoea time in neonates and

infants and reduces the incidence of hypoxaemia during

tracheal intubation (Supplementary Table S6).45e49 Supple-

mental oxygen can be delivered directly via the airway

instrumentation device AirTraq (Prodol Meditec S.A., Vizcaya,

Spain), Truview (Truphatek International Ltd, Netanya, Israel),

Oxiport (Truphatek International®, Israel), nasopharyngeal

airway or via nasal cannula.

One RCT which studied use of high-flow nasal oxygenation

(HFNO) before orotracheal intubation in 251 patients (median

age 28 weeks)46 showed a success rate for orotracheal intu-

bation on the first attempt of 50% (62 of 124 patients) when

HFNO was used and 32% (40 of 127 patients) when standard

care (morphine and midazolam, without HFNO) was used. An

observational study found that the incidence of desaturation

during attempts at tracheal intubation in paediatric patients

was significantly lower when 5 L min�1 oxygen was provided

via a nasal cannula.50 One RCT comparing the efficacy of vid-

eolaryngoscopy and direct laryngoscopy in neonates and in-

fants showed that the incidence of desaturation during

intubation was low in both groups.6 Even though the study

was designed to compare direct laryngoscopy vs. video-

laryngoscopy, the authors stated that the low incidence of

adverse events could be partially attributed to supplementary

oxygen administration prolonging the safe apnoea time.6,50

The optimal oxygen flow remains to be determined; it should

be reported in L kg�1 min�1 to assess the effectiveness and

permit comparisons.6,50

There are sparse data for anticipated difficult airways. We

found only a single case report in a preterm neonate with

multiple airway abnormalities and repeated attempts at

tracheal intubation.51

Cuffed or uncuffed tracheal tube as standard of care?

Recommendation: Cuffed and uncuffed tubes can both be

safely used (cuffed tubes in children >3 kg) (1C).

Clinical practice statement: For the safe use of cuffed tubes,

we recommend adherence to the manufacturer’s instructions,

including size and cuff inflation pressure (minimal cuff pres-

sure to avoid air leak, not exceeding 20e30 cm H2O), to reduce

the risk of postextubation stridor. Anatomical variation, clin-

ical conditions, and degree of prematurity might warrant the

use of an uncuffed tube.

Evidence summary: Cuffed tracheal tubes are increasingly

used in neonates, infants, and preschool children, with RCTs

showing fewer tube exchanges for selecting the best size

without affecting postextubation complications

(SupplementaryTable S7).52e54 Theeffect of cuffed tubes on the

incidence of postintubation stridor or complications in neo-

nates remains unclear because of a lack of sufficient data.54e56

Retrospective studies and case series indicate the need to

be vigilant regarding cuff inflation pressure limits.57e59 There

are insufficient data to support the routine use of a cuffed

tracheal tube in children <3 kg with external tube diameter

being the limiting factor.58
What is unanticipated difficult intubation in neonates and
infants?

Suggestion: We suggest defining unanticipated difficult intu-

bation as: ‘two failed tracheal intubation attempts’ to facilitate
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(i) comparison between studies and (ii) assessment of the

effectiveness of interventions (2C).

Evidence summary: A standardised definition of difficult

intubation in neonates and infants is required, especially

when difficult intubation is unanticipated by medical history

and physical assessment. Four large prospective observational

databases were considered, all of which define difficult

tracheal intubation as a minimum of two failed attempts

(Supplementary Table S8).3,4,60,61 This definition will allow

standardised reporting of future studies.
Nasal or oral route for tracheal intubation in neonates and
infants?

Clinical practice statement: the nasal route is often preferred

for success rate in neonates, and the oral route for infants, but

limited data are available to recommend the nasal or oral

route. When the nasal route is chosen, the risk of bleeding and

nose preparation with topical vasoconstrictors should be

considered.

Evidence summary: Limited data are available to recom-

mend the preferred intubation route (Supplementary

Table S9). Nasal intubation is preferred in some institutions

for ease in securing the tracheal tube, especially when pro-

longed intubation is expected.62
Can a supraglottic airway device be an alternative to a
tracheal tube in difficult airway or emergency situations?

Recommendation: We recommend use of a supraglottic

airway device for rescue oxygenation and ventilation when

tracheal intubation has failed or if face mask ventilation is

inadequate (1B).

Evidence summary: All studies are single-centre RCTs

(Supplementary Table S10).63e66 A supraglottic airway device

permits oxygenation and ventilation in neonates and infants

either during elective surgery or resuscitation, and can be used

as an alternative to either a tracheal tube or face mask venti-

lation. The incidence of major adverse respiratory events

during elective surgery was significantly higher for use of a

tracheal tube than for use of a supraglottic airway device, with

a risk ratio of 5.3 (95% CI 1.6e17.4).63 Two RCTs in neonates

aged �34 weeks reported that supraglottic airway devices

were more effective than face mask for oxygenation during

cardiopulmonary resuscitation, potentially avoiding the need

for tracheal intubation.64,65 One multicentre RCT reported

fewer attempts and faster placement of a supraglottic airway

device compared with tracheal intubation (32 vs. 66 s).66
Is a neonatal and infant tracheal intubation algorithm
(cognitive aid) necessary?

Recommendation: We recommend development of a multi-

disciplinary consensus based tracheal intubation cognitive aid

for neonates and infants to harmonise clinical practices and

potentially reduce tracheal intubation related morbidity and

mortality and to enable assessment of long term outcomes

(1C).

Evidence summary: Two prospective observational multi-

centre studies (NECTARINE and NEAR4NEOS) reported a high

incidence of difficult tracheal intubation and adverse tracheal

intubation-associated events in neonates and infants

(Supplementary Table S11).3,67 The high variability of clinical
approaches could have contributed to the high incidence of

adverse events. The NECTARINE trial reported frequent use of

neuromuscular blocking agents (72.6%) and limited use of

videolaryngoscopy.3 Practices independently associated with

reduced adverse events in the NEAR4NEOS registry included

videolaryngoscopy (OR 0.46, 95% CI 0.28e0.73) and neuro-

muscular block (OR 0.38, 95% CI 0.25e0.57).67 A prospective

multicentre trial to investigate the benefits of neuromuscular

blocking agents was abandoned early because of a lack of

funding causing it to be underpowered.21
PICO 4. Difficult airway management

What should be the gold standard for anticipated difficult
airway management and who should be involved?

Clinical practice statement: For anticipated difficult airway

management, at least one type of videolaryngoscope, flexible

intubating scope, or rigid or semirigid scope should be avail-

able, including appropriate sizes for the patient’s age, in

addition to routinely used equipment such as supraglottic

airway devices and face masks.

Evidence summary: There is no ‘one solution fits all’ for

difficult airway management for neonates and infants. In any

medical care area where infants might need respiratory sup-

port, established equipment for bag-mask ventilation, for

opening of the upper airway (such as oral or nasal airways),

supraglottic airway devices, suction tubes, laryngoscopes, and

tracheal tubes in appropriate sizes should be readily available.

Every instrument for instrumentation of the difficult airway

has limitations in certain situations. As the source of airway

difficulties varies individually, individuals’ airway restrictions

inevitably demand one of the various types of airway devices.

Recommendation: We recommend limiting the number of

tracheal intubation attempts by reassessing the clinical con-

dition and by considering a change to a different technique,

different provider, or both after each attempt (1C).

Clinical practice statement: after four attempts, clinicians

should consider aborting intubation attempts and waking the

patient if feasible.

Evidence summary: Multiple attempts at tracheal intuba-

tion with the same technique result in a higher probability of

complications and can cause airway oedema or bleeding. This

reduces the chance of success of subsequent attempts with

the same or other techniques (Supplementary Table S12). A

single centre retrospective analysis of 1341 intubations in

healthy infants for routine operative procedures found an

increased risk for hypoxaemia (OR 1.78, 95% CI 1.30e2.43)

when multiple intubation attempts occurred.68 In a prospec-

tive observational single centre trial including 171 intubations

on neonatal intensive care wards, occurrence of more than

two intubations was identified as the only independent risk

factor (OR 6.7, 95% CI 1.3e33.6) for adverse outcomes (brady-

cardia, hypotension, or hypertension).69 Comparable results

have been reported in a retrospective analysis of an interna-

tional multicentre database for neonatal intubations because

of respiratory failure.70 Two attempts had an OR of 1.6 and

three or more attempts an OR of 1.8 for severe adverse events.

Thus, after an initial failed attempt, assistance by additional

personnel with special airway expertise and supportive de-

vices must be consulted immediately.

Clinical practice statement: There is insufficient evidence

to recommend which patients should be intubated with

hyperangulated blades. However, in cases where standard
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blades fail and the airway is difficult (anterior larynx, sus-

pected cervical spine injury, or limited movement), the next

step should be an alternative advanced technique including

use of hyperangulated blades with a stylet, flexible or rigid

bronchoscopy alone or in combination with video-

laryngoscopy, or flexible bronchoscopy via a supraglottic

airway device.

Evidence summary: When conventional direct laryngos-

copy fails to provide a sufficient view of the glottis for tracheal

intubation, videolaryngoscopy is commonly used as the first

advanced technique.

Hyperangulated (non-standard) videolaryngoscopes are

often superior in visualising the glottis when conventionally

shaped (standard) blades fail.71e73

There is a difference in intubation success rate in infants

and neonates when different types of videolaryngoscopes are

used. The success rate for intubation using hyperangulated

videolaryngoscopes is lower than with Miller blade video-

laryngoscopes. In conventional direct laryngoscopy, a good

view of the glottis is usually associated with easy intubation.

This might not be the case when performing indirect video-

laryngoscopy, particularly when using a hyperangulated

blade.74e77 Because videolaryngoscopy provides a full view of

the glottis without aligning the oral and the tracheal axis,

passage of a tracheal tube can be more difficult. This is

particularly true if a hyperangulated blade is used, resulting in

greater misalignment of the oral and tracheal axes and a

longer and more angulated route for the tracheal tube to pass

into the trachea. This makes use of a stylet mandatory when a

hyperangulated videolaryngoscope is used. This can result in

more time needed for tracheal intubation and lower overall

success rates, especially in small children.71,72,78e84 Modifica-

tion of the shape of a stylet by adding an angle of 15 degrees

has been described when using a hyperangulated blade.85,86

Based on this evidence, other alternative techniques that

have been studied in this population for tracheal intubation

when direct laryngoscopy is difficult include flexible bron-

choscopy, intubation through a supraglottic airway device, or

combined use of videolaryngoscopy with flexible bronchos-

copy. Data from the Pediatric Difficult Intubation Registry

suggest that these advanced techniques have similar success

rates, and it is not possible to recommend any single tech-

nique. The choice of intubation technique will depend on the

equipment available, the experience of the clinician managing

the patient, and the airway anatomy of the patient. It is

important that practitioners not persist with failing tech-

niques, and that an alternative be used early in the process, as

severe complications associated with airway management

occur with repeated attempts at laryngoscopy and intubation.

Recommendation: We recommend use of a stylet to rein-

force and preshape tracheal tubes when a hyperangulated

laryngoscope blade is used or when the larynx is anatomically

anterior (1C).

Clinical practice statement: Routine use of a stylet to

improve the success rate of tracheal intubation by novice

practitioners and trainees cannot be recommended when

performing laryngoscopy with standard blades. Bougies of

appropriate size can be used to facilitate a difficult intubation

or to guide tube insertion.

Evidence summary: Using a stylet during laryngoscopy

with standard blades to reinforce or preshape the tracheal

tube does not appear to increase the success rates of tracheal

intubation in neonates and infants and might be traumatic to

neonatal and infant airways (Supplementary Table S13). A
retrospective analysis of >5000 neonatal intubations, one RCT,

and two meta-analyses (with low quality of evidence) did not

identify benefits for first time success rate or complications if a

stylet was used or not.55,58,87,88 Nevertheless, a stylet or bougie

might be essential if reinforcement or stronger angulation of

the tracheal tube is needed or when the larynx is anatomically

anterior and angulation of the tracheal tube is essential to

facilitate intubation.85,89

Recommendation: We recommend flexible bronchoscopy

by the nasal route in case of restricted mouth opening (1C).

Clinical practice statement: Flexible fibreoptic tracheal

intubation can be performed through a supraglottic airway

device, a specially designed face mask or via one nostril while

a nasopharyngeal tube is in place in the other nostril for

oxygenation. Intubation through a special face mask can be

easier, especially for trainees or novices, and when performed

via the nasal route. Another provider can assist with mask

ventilation during the intubation. If not using a supraglottic

airway device, trainees and novices might choose the nasal

route for fibreoptic intubation, unless contraindicated, under

supervision of an expert physician.

Evidence summary: In most situations of difficult airway

management, use of a flexible bronchoscope is a suitable so-

lution for tracheal intubation (Supplementary Table S14).

There are no alternatives if a fully visualised transnasal

tracheal intubation is required or if mouth opening is severely

restricted. The nasal passage is easier for less experienced

trainees because of more straightforward guidance of the

scope compared with the oral route.90

Suggestion: We suggest use of a rigid bronchoscope as an

advanced technique when the laryngeal inlet is obstructed by

swelling and in cases of upper airway stenosis or compression

or in congenital or postsurgical tracheal constriction or tor-

tuosity (2C). If necessary, a multidisciplinary team (including

an otolaryngologist) should be involved.

Evidence summary: Flexible intubating fibreoptic scopes

are not the single best solution for all problems with the pae-

diatric airway because of its fundamental limitations: a

limited field of view, interference from bleeding and secre-

tions, and flexibility of the device as only the tip of the bron-

choscope can be steered. If it is necessary to advance a

bronchoscope through a narrow space, such as laryngeal ste-

nosis or tracheal obstruction, use of a rigid endoscope can be

advantageous. If preloaded with a tracheal tube, the rigid

scope can be used to guide the tracheal tube beyond the ste-

nosis. In cases of long tracheal stenosis (for example extra-

luminal compression by a mediastinal mass), placement of a

rigid bronchoscopemight be required. This enables navigation

through the narrow region while splinting the airway open,

and at the same time allowing ventilation via a side

port.78,91e95 The main limitation of rigid and semirigid scopes

is possible difficulty in aligning the oral and tracheal axes, for

example in cases of severely restricted mouth opening or

severely restricted retroflexion of the head.96e98 A trial

including 26 children (12 of them infants) with difficult airway

reported quicker intubation with a semirigid scope thanwith a

fibreoptic scope (52 vs. 83 s) (Supplementary Table S15).97

Clinical practice statement: After induction of general

anaesthesia, when tracheal intubation fails, oxygenation

and ventilation via a supraglottic airway device or face mask

are severely impaired or impossible, and spontaneous

breathing cannot be restored, a surgical tracheotomy should

be performed. Of several techniques described, evidence is

lacking for superiority of one technique over another.
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Surgical cricothyroidotomy and percutaneous needle crico-

thyroidotomy are not suitable options in neonates and in-

fants; for the former because the small size of the

cricothyroid membrane will likely render insertion of a

tracheal tube impossible, and for the latter because of the

unfavourable anatomy.

Clinical practice statement: When the expertise and

equipment are available, extracorporeal membrane oxygena-

tion (ECMO) can be considered as a rescue intervention for a

difficult airway when waking the patient is not an option.

However, there is lack of evidence supporting such a recom-

mendation, and the decision and timing to proceedwith ECMO

is left to local guidelines.

Evidence summary: Current literature does not provide

clear guidance on how and when to perform emergency front-

of-neck access to the trachea as a life saving intervention in

neonates and small children. The small size of the cricothy-

roid membrane is not compatible with surgical or percuta-

neous cricothyrotomy in neonates and infants and the

compressibility of the trachea makes a percutaneous

approach relatively impractical. Therefore, a tracheostomy is

preferable.99 Even with maximal extension of the head and

neck, the combination of the high location of the larynx in the

neck and the relationship between the mandible and the tra-

chea forces percutaneous access to the airway to be

approached at a very steep angle, resulting in tracheal

compression and the risk of posterior wall perforation with

subsequent problems leading to overall failure. A single pae-

diatric case report described the need to rescue the airway

with surgical access after unsuccessful percutaneous crico-

thyroidotomy.100 Based on little evidence, we propose that a

surgical tracheostomy represents the preferred emergency

access to the trachea in neonates and infants.101,102 Access to

the trachea is providedwith a tracheostomy tube or a standard

cuffed tracheal tube of appropriate size for age. This procedure

should be carried out by the most competent physician

available. A coordinated multidisciplinary team approach

should be considered. Local airway leaders should prepare a

standard operating procedure based on their specific expertise

and availability of other involved disciplines in their

institutions.

Clinical practice statement: No evidence is available sup-

porting or refuting management of difficult airways in a

particular location (operating room or intensive care unit) if

adequate expertise, equipment, and medications for man-

aging anticipated and unanticipated difficult airways are

available.

Evidence summary: We found no evidence to support a

particular location for difficult airway management, either

during tracheal intubation or extubation. However, as exper-

tise, equipment, and medications are all mandatory to ensure

safe management, the operating room has all of these

immediately available.
PICO 5. Confirmation of tracheal intubation

Which technique should be used for confirmation of
successful tracheal intubation and correct positioning of
the tube in neonates and infants?

Recommendation: We recommend immediate verification of

successful intubation with both clinical assessment (bilateral

and symmetrical breath sounds) and end-tidal carbon dioxide

(EtCO2) with sustained EtCO2 waveforms. In cases of difficult
intubation or complex patients, use of videolaryngoscopy for a

second look, in combination with EtCO2 waveforms and ul-

trasonography, should be considered to confirm successful

tracheal intubation (1C).

Evidence summary: A large, multicentre, retrospective,

observational study that included all paediatric ages (<18 yr)

compared the efficacy of waveform capnography (quantitative

EtCO2 measurement with a waveform) and colorimetric CO2

detection in confirming tracheal intubation, but did not

separate infants for analysis.103 This study reported no sig-

nificant difference between the two techniques for the pri-

mary endpoints of oesophageal intubation with delayed

recognition, cardiac arrest, or oxygen desaturation, but was

considered underpowered.

Two observational studies analysed ultrasonography in

children including infants.104,105 Both studies used ultrasound

for rapid confirmation and assessed the anterior neck at the

level of the cricothyroid membrane to detect either tracheal

intubation or inadvertent oesophageal intubation. One study

added an additional two points of assessment on the anterior

chest wall at the level of each nipple along the midclavicular

line to check for lung sliding.104 The reference comparator was

capnography for successful intubation and chest radiography

for correct tracheal tube placement. Both the three-point and

single-point ultrasonography assessments had 100% sensitivity

and specificity for successful intubation. In a study using a

single-point assessment, capnography failed to detect proper

placement in two patients (a 17-yr-old and a 3-month-old) and

oesophageal intubation (a 2-month-old), but these were

correctly detected by ultrasonography.105 The three point study

also assessed endobronchial intubation vs. tracheal intubation,

with sensitivity and specificity for ultrasonography of 86% (95%

CI 56.7e96.0%) and 98% (95% CI 94.8e99.5%), respectively.104

Interobserver agreement with ultrasonography for the three

point study was high. Median ultrasonography operation time

was 11 s (inter-quartile range: 10e17 s) vs. 12min (inter-quartile

range: 9e16min) for chest radiography in the three-point study,

and was 17 s (95% CI: 12.9e21.2 s) and 14 min (95% CI 12.3e15.8

min) in the single point study.

One RCT and one observational study in neonates

compared use of a respiratory function monitor to measure

gas flows (i.e. flow waves) vs. waveform capnography and

colorimetric EtCO2 detection, respectively.106,107 Both studies

showed that flow waves were accurate and faster in assessing

correct tracheal tube placement, whereas EtCO2 failed to

detect CO2 in 16e31% of successful intubations resulting in

unnecessary reintubations. Flow waves require attachment to

a modern ventilator and expertise to analyse appropriately.

Failures of EtCO2 can be exacerbated in micro-premature ne-

onates because of the low volume of CO2 expired and diluted

in the gas flow of the CO2 sampling line.

Finally, guidelines on unrecognised oesophageal intubation

suggest the routine use of videolaryngoscopy to allow team

communication and verbalisation of correct tube positioning.

Even though these guidelines are for intubation of adults, to

some extent they can be applied to neonates and infants,

where correct tracheal intubation should be confirmed quickly

to avoid hypoxaemia.108 The articles included are summarised

in Supplementary Table S16.

Suggestion: We suggest verifying optimal tracheal tube

position in the tracheobronchial tree in case of complex pa-

tients or those with continued clinical instability with chest

radiography, visualisation of the carina with a flexible fibre-

scope, chest ultrasonography, or all (2C).
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Evidence summary: Malposition of the tracheal tube in infants

can lead to life-threatening complications including hypo-

xaemia, pneumothorax, and unintentional extubation.109,110 A

method for estimating appropriate insertion depth of a tracheal

tube in neonates has been extensively studied (Supplementary

Table S17). Despite antero-posterior chest radiography consid-

ered as the gold standard for determining correct tracheal tube

tip position,106,111,112 there are limitations to this method,

including lack of immediacy, no definite interpretation guide-

lines, and radiation exposure. The commonly used ‘7-8-9 rule’

(7 cm at the lips for 1 kg, 8 cm for 2 kg, 9 cm for 3 kg), also known

as the ‘weightþ6’ rule in term infants,113 can overestimate

tracheal tube insertion depth in preterm infants.111,114 Gesta-

tional age and nasotragal length formulas have been proposed

to estimate tracheal tube tip depth in infants, particularly pre-

mature and low birth weight neonates, with mixed

results.115e120 As ultrasonography has become more popular, it

has been studied to determine its predictive value compared

with chest radiography.112 Two observational studies in neo-

nateswhich assessed the feasibility of using ultrasonography to

confirm location of the tracheal tube in the tracheobronchial

tree used chest radiography performed before ultrasonography

as the comparator.111,112 Although both studies had low

numbers, they determined that ultrasonographywas feasible to

assess tracheal tube position in neonates without anatomical

pathology of the neck or chest. Although chest radiography

does not provide immediate confirmation, it remains the cur-

rent gold standard.

PICO 6. Strategies for tracheal extubation

What is the best strategy for safe extubation in neonates
and infants after difficult intubation, either anticipated or
unanticipated?

Suggestion: We suggest assessing clinical signs like conjugate

gaze, facial grimace, eye-opening and purposeful movements

to predict successful awake extubation. If measurable, a tidal

volume >5 ml kg�1 can support readiness to extubate (2C).

Clinical practice statement: Equipment for reintubation

should be immediately available at every tracheal extubation,

especially in cases of difficult tracheal intubation or previous

failed extubation. The specific airway pathology, anatomical

reason for difficult intubation (i.e. airway swelling), and

number of intubation attempts should be considered.

Evidence summary: Whereas the literature is scarce

regarding tracheal extubation in infants with difficult airway,

studies have identified predictors for successful extubation in

infants without difficult airways after general anaesthesia.

One prospective cohort study highlighted a multifactorial

approach including factors such as conjugate gaze, facial

grimace, eye-opening, purposeful movements, and tidal vol-

ume >5 ml kg�1 to predict successful tracheal extubation in

paediatric surgical patients with no airway abnormality and

after volatile anaesthesia (Supplementary Table S18).121

Insufficient evidence exists to recommend using tube ex-

changers in neonates and infants (during extubation) when a

clinician or physician expects a difficult reintubation.

Suggestion: We suggest use of intraoperative corticoste-

roids, nebulised epinephrine, or both to prevent and treat

postextubation stridor when significant airway manipulation

has occurred (1C).

Evidence summary: One RCT that examined prevention

and treatment of postextubation airway obstruction in chil-

dren122 showed a beneficial role for nebulised L-epinephrine,
with no dose-response effect evident.122 A systematic review

and meta-analysis that analysed the effectiveness of cortico-

steroids in preventing postextubation stridor and extubation

failure supported corticosteroid use intraoperatively

(Supplementary Table S19).123

Recommendation: We recommend use of HFNO, contin-

uous positive airway pressure (CPAP), or nasal intermittent

positive pressure ventilation (NIPPV) for postextubation res-

piratory support when clinically appropriate (1B).

Evidence summary: After tracheal extubation, there is

strong evidence for application of NIPPV to reduce the inci-

dence of extubation failure and reintubation within 48

h.124e127 HFNO has gained popularity as postextubation res-

piratory support for premature neonates. Whereas some

studies failed to show benefit over NIPPV to prevent reintu-

bation, there is increasing evidence for comparable beneficial

effects of HFNO and nasal CPAP as postextubation respiratory

support with less risk of nasal trauma.128e133 A summary of

the articles included is in Supplementary Table S20.
Should tracheal extubation or removal of the airway device
be performed under deep anaesthesia or when the patient
is awake?

Clinical practice statement: The decision to remove a supra-

glottic airway device or tracheal tube under deep anaesthesia

in neonates and infants to minimise overall airway compli-

cations should depend on the following factors:

a) experience of the anaesthesiologist,

b) airway complications (e.g. bronchospasm or laryngospasm)

at induction of anaesthesia or difficult or traumatic intu-

bation or mask ventilation,

c) overall risk of airway complications and reactivity (e.g.

presence of upper or lower airway infection, asthma, airway

anomalies, masses, reduced pulmonary oxygen reserve,

thoracoabdominal asynchrony, ventilatory frequency,

conjugate gaze, pharyngeal tone, highoxygen requirement),

d) other comorbidities and risk factors (e.g. cardiac, metabolic,

sepsis, actual or former prematurity),

e) type of surgery (e.g. maxillofacial or craniofacial, ear-

enoseethroat, neurosurgery or plastic surgery) and type of

anaesthesia (total i.v. or inhalation anaesthesia),134

f) high risk of pulmonary aspiration of gastric content

(emergency surgery),

g) availability of resources and backup for ensuring overall

safety of the child,

h) complete recovery from sedatives and neuromuscular

blocking agents.

Evidence summary: Early removal of supraglottic airway

devices in children under general anaesthesia is often advo-

cated to reduce the risk of laryngospasm, coughing, airway

obstruction/activation, desaturation, or haemodynamic

instability, and to increase operating room turnover and effi-

ciency. However, the literature often fails to distinguish be-

tween deep and awake extubation (Supplementary Table S21).

A Cochrane systematic review assessed 15 RCTs of which 10

were exclusively in children and one included adults and

children.135 All trials had a mixed population of children

ranging from infants to 18 yr old and used the LMAClassic® for

elective general anaesthesia. There was insufficient evidence

in favour of or against early or late removal of a supraglottic

airway device to reduce the risk of laryngospasm and desa-

turation. However, early removal was associated with a higher
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risk of airway obstruction (Relative Risk [RR] 2.82, 95% CI

1.28e6.22). Subgroup analyses based on age remained under-

powered despite the larger proportion of paediatric trials. A

small RCT failed to detect a difference between awake and

deep supraglottic airway device removal in children (average

age 33 months), but was underpowered.136

In a systematic review, the feasibility of awake tracheal

extubation or with deep anaesthesia was assessed in 1881

children across 17 RCTs, with six trials assessing tracheal

extubation and 11 RCTs assessing removal of supraglottic

airway devices.137 Most of the studies had a mixed-age popu-

lation and only one included infants. There was reduced risk

of overall airway complications (OR 0.56, 95% CI 0.33e0.96),

cough (OR 0.30, 95% CI 0.12e0.72), and desaturation (OR 0.49,

95% CI 0.25e0.95) with deep extubation. There was increased

risk of airway obstruction in children with deep extubation

(OR 3.38, 95% CI 1.69e6.73), but no significant difference for

laryngospasm, desaturation, or breath-holding regardless of

the airway device, while deep extubation appeared to reduce

the risk of coughing with a tracheal tube but not for a supra-

glottic airway device.

Wake Up Safe, a multi-institutional paediatric anaesthesia

patient safety organisation and quality improvement registry,

published the largest series of adverse events related to

removal of airway devices under deep anaesthesia for children

aged 7 weeks to 19 yr.138 Of 3652 events, 66 met inclusion

criteria with the most prevalent being laryngospasm (55%),

airway obstruction (11%), emesis (8%), apnoea (6%), and

bronchospasm (6%). There were two events that led to cardiac

arrest, one of which led to death. Overall 19 respiratory cases

resulted in cardiac arrest, 15 of which were considered pre-

ventable. Table 2 summarises the situations and actions to

consider if a difficult extubation is expected.
Human factors and paediatric airway competencies

What is the impact of human factors?

Clinical practice statement: Addressing human factors-related

errors and improving communication and teamwork might

reduce patient harm.

Similar to other complex systems with frequent humane

human and humanemachine interactions, adverse events in

anaesthesia usually occur as a result of unpredictable combi-

nations of human and organisational failures.139 Several hu-

man factor components are critical for anaesthesia safety

including teamwork, communication, situational awareness,

human error, cultural factors, and hierarchy.140e143 Cognitive

processes in decision making and cognitive factors such as

overconfidence, fixation errors, and loss aversion play a crucial

role in decision-making in the fast-moving and complex

anaesthesia environment.144 For example, fixation errors such

as focussing on tracheal intubation rather than oxygenation

can contribute to anaesthesia-related morbidity and mortal-

ity.145 Clinicians may fear a loss of reputation and perseverate

on a failing technique instead of calling for help (loss aversion).

Human factors played a role in every incident reported to the

4th National Audit Project (NAP4) of the Royal College of

Anaesthetists and Difficult Airway Society.146

No studies have specifically examined the impact of human

factors on airway management in neonates and infants.

Nevertheless, a retrospective review found that human factors

played a role in 42.5% of operating theatre incidents in pae-

diatric anaesthesia, of which 52.2% were airway or respiratory
incidents.147 The most common were errors in judgement

(43%), failure to check (17.8%), technical failures of skill (9.2%),

inexperience (7.7%), inattention or distraction (5.6%), and

communication issues (5.6%).147 Rule-based mistakes (28.0%)

and latent (system) errors (24.9%) were the most common

mechanisms involved.147 Other studies found similar

numbers, with human factors contributing to more than half

of all critical incidents in paediatric anaesthesia (58.5%) and

more than half of the critical incidents were respiratory or

airway events.148 One prospective observational study found

that human factors such as communication and coordination

failures played a role in many (non-airway-related) adverse

events in paediatric cardiac anaesthesia, although cognitive

compensation processes mitigated many errors.149 In the

neonatal intensive care setting, team stress was associated

with adverse events during tracheal intubation,150 and an

increased number of observers increased trainee stress during

simulated neonatal intubation.151 In general, issues at an

organisational or system level might be easier to target than

failures or unsafe acts of individuals.139 For clinical teams,

simulation based team training has been shown to improve

emergency team performance in paediatric emergencies.152

Assessment tools for team technical and behavioural skills

have been developed, however it remains unclear whether

they can help improve outcomes. Knowledge of human factors

errors does not reduce their incidence, and systems changes

remain the best way tomitigate the vast majority of individual

mistakes.
What is the need for developing a specific paediatric
airway curriculum?

Clinical practice statement: paediatric airway management

requires a specific set of skills and structured training.

Implementing and maintaining skills using neonatal intuba-

tion simulation training is advised when exposure during

neonatal practice is not frequent enough.

Compared with adults, children have increased periopera-

tive risk with a higher incidence of adverse events associated

with airway management in neonates and infants.3,67,153 The

APRICOT study, a prospective, observational multicentre

cohort study with a total of 30 874 children, including 361

(1.2%) neonates and 2912 (9.4%) infants, found an incidence of

severe perioperative critical events in 5.2% of children, with

higher incidence in younger children and with a beneficial

effect of the experience and seniority of the team.153 Of these

critical events, a high percentage were respiratory critical

events and five of nine children who suffered a cardiac arrest

<1 yr old.153 An inverse relationship between the incidence of

complications and the number of paediatric anaesthesia cases

per year performed by the anaesthetist has also been

reported.154

With regards to airway management analysis of the

NEAR4NEOS registry, an association between training level

and outcomes of neonatal intubation with first-attempt suc-

cess rate of 23% for residents, 53% for fellows, and 60% for

consultants was found.155 Similar data with higher success

rates and fewer adverse events with higher training levels

were reported for paediatric intensive care units. Data from

the NEAR4KIDS registry also indicated a significant improve-

ment in first-attempt tracheal intubation success rates for ICU

fellows during their fellowship along with a reduction of

tracheal intubation-related adverse events. Interestingly,



Table 2 Situations and actions to be undertaken in case of anticipated difficult extubation. Extubation is always an elective
manoeuvre, and the plan should be developed and discussed beforehand. Based on the extubation strategy published by Weatherall
and colleagues (Pediatr Anesth 2022; 32: 592e9). CPAP, continuous positive airway pressure; eFONA, emergency front of neck access;
ENT, ear nose and throat; FiO2, fraction of inspired oxygen.
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there was no significant difference in tracheal intubation-

related adverse events in the first quarter compared with the

rest of the academic year.156 Finally, specific techniques have

been investigated: oral fibrescope intubation in children <2 yr

of age was significantly faster when performed by experts

compared with residents.90 It is well known that complica-

tions increase with increasing airway manipulations and

intubation attempts.153 These data show improved outcomes

with higher levels of physician training.
No studies have directly assessed whether airway man-

agement skills are transferable from adult patients to older

children or infants and neonates. However, a manikin study

comparing intubation performance by 52 paediatricians and

52 anaesthetists indicated better neonatal and paediatric

intubation skills for anaesthetists,157 suggesting a degree of

transferability of intubation skills. This is highlighted by

studies involving paediatricians who report their last intuba-

tion occurring more than 1 year ago.158 Simulation-based
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training for neonatal tracheal intubation is not comparable to

adult simulation training. Neonatal mannequins have low fi-

delity and often do not adequately replicate the neonatal and

infant airway. Because of often limited reproduction of

anatomical conditions, differences in consistency of artificial

tissues, and lack of natural secretions and slipperiness,

training with neonatal mannequins does not fully prepare

trainees for neonatal intubation. This expert opinion was

supported by a questionnaire by participants of mannequin

based neonatal tracheal intubation training.159 At least fa-

miliarity with the devices and algorithms and team perfor-

mance can be improved by simulation training.

For training of neonatal and infant intubation in the real

world, videolaryngoscopes with standard blades (Macintosh or

Miller) should be used to provide a team view of the procedure

and enable continuous supervision and teaching.160e162 The

equipment necessary for safe airway management should be

used regularly by those who manage difficult neonatal

airways.
Final remarks and discussion

These practice guidelines were developed by an international

task force on behalf of the ESAIC and BJA with the aim of

providing evidence-based recommendations. The task force

decided to limit the guidelines to the neonatal and infant

population (up to 1 yr of age) because these patients have been

identified as the most vulnerable during airway management.

They experience a higher risk of complications such as

hypoxaemia, cardiac arrest, airway trauma, and neurologic

injury during airway management than older children.

The task force recommends a careful physical examination

to identify patients at risk of difficult airway management.

Medical history and physical assessment represent the best

ways to predict a difficult airway and plan airway manage-

ment. Use of videolaryngoscopy in this patient population is

strongly recommended. Most recent evidence on neonatal and

infant airway management demonstrates the benefit of vid-

eolaryngoscopy in reducing the number of attempts at tracheal

intubation and increasing first-pass tracheal intubation suc-

cess compared with direct laryngoscopy. However, direct

laryngoscopy and videolaryngoscopy are not mutually exclu-

sive techniques. With standard blade videolaryngoscopes, it is

possible to perform both direct laryngoscopy and indirect

videolaryngoscopy simultaneously. One of the difficulties in

interpreting the evidence before the task force was the lack of

clarity over the role of indirect laryngoscopy (where only the

video screen is used) and video-assisted direct laryngoscopy

where a video-enabled laryngoscope is used to perform direct

laryngoscopy. The use of indirect videolaryngoscopy and

video-assisted direct laryngoscopy facilitates teaching, im-

proves team communication, and ensures that personnel are

involved in all steps of airway management, including appro-

priate placement of the tracheal tube. However, the task force

emphasises the importance of teaching the correct use and

potential pitfalls of videolaryngoscopy in order to minimise

harm to children with the transition to use of video-

laryngoscopy, which will probably replace traditional direct

laryngoscopes in the near future. Although the role of video-

assisted direct laryngoscopy remains unclear, it is a tech-

nique that nicely straddles the two techniques and should be

an important focus during paediatric airway training.

The guidelines highlight the importance of oxygenation

during the tracheal intubation process. Oxygen administration
during airway instrumentation can increase the safe apnoea

time and improve the chance of successful tracheal intuba-

tion. The task force is not able to recommend one technique of

oxygenation over another. Regardless of the technique used to

provide supplementary oxygen, care must be taken to ensure

that oxygen administration is limited by a pressure-limiting

valve and continued provision of anaesthesia to avoid acci-

dental awareness.163 The guidelines emphasise the impor-

tance of limiting the number of attempts at tracheal

intubation as they are associated with increased incidence of

adverse events. The task force agreed to limit the number of

tracheal intubation attempts to four (one by a physician in

training and three by a senior anaesthesiologist) and to

consider waking the patient if the airway cannot be secured.

The task force recommends an adequate depth of anaesthesia

and the use of neuromuscular blocking agents before tracheal

intubation attempts. The practice of awake neonatal intuba-

tion should be limited to specific clinical conditions. Neuro-

muscular blocking agents facilitate tracheal intubation and

should be considered before laryngoscopy and tracheal

intubation.

Although airwaymanagement guidelines traditionally focus

on tracheal intubation, the task force recognises that tracheal

extubation in children <1 yr of age can be as critical as tracheal

intubation, and therefore recommends careful planning for

tracheal extubation.164 Clinicians should plan safe tracheal

extubation and, if necessary, be prepared to secure the airway

again after extubation in the most appropriate location with

sufficient staff and equipment readily available. Use of tube

exchangers introduced and left in the tracheal tube before

extubation when intubation was difficult or the patient had

complex airway management is anecdotal and cannot be rec-

ommended, but the task force emphasises that a reintubation

plan should always be considered in these situations.165,166

Although there is little published evidence on the impact of

human factors on airway management in this population, the

task force recognises its importance in airway management

outcomes, and recommends optimising communication,

debriefing, and education about the pitfalls of innate human

behaviour in patient safety.

Implementation of neonatal and infant airway manage-

ment guidelines into daily clinical practice is critical to

improving patient care and outcomes. Considering the

different settings across the globe, it is important that the

guidelines are critically interpreted and adapted and approved

for local practice. For this reason, the task force recommends

the following: (1) the full text be sent by ESAIC to national and

international anaesthesiology societies for endorsement; (2)

implementation by local institutions; (3) creation of E-learning

tools to interpret and adapt the guidelines to clinical practice;

and (4) creation of a certification process for successful skill

acquisition by clinicians.
Limitations and further research

These guidelines have certain limitations that should be taken

into consideration for future improvements.

(1) These guidelines are largely based on studies from anaes-

thesia practice that are aimed at addressing practice in the

operating room. The guidelines need to be carefully applied

to other contexts such as intensive care units, delivery

suites, emergency departments, and out-of-hospital

settings.
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Fig 1. Difficult airway algorithm for neonates and infants. The algorithm is divided into three sections: preparations, intubation attempts,

and emergency pathway. During preparation the local situation and the expertise should be evaluated and the plan discussed with the

team. Once intubation attempts are started, the clinical conditions of the patient should be evaluated after every attempt. The emergency

pathway should be entered in case of an unstable patient. Every difficult case should be reviewed and discussed to learn from errors.

ECMO, extracorporeal membrane oxygenation; eFONA, emergency front of neck access; NMBA, neuromuscular blocking agents.
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Fig 2. Difficult airway cognitive aid for neonates and infants. Start with a time-out to identify and discuss the airway management plan

with the team. During intubation attempts, the clinical condition of the patient, evaluated at every attempt, should guide the decision

process. The colours represent the ability to oxygenate, from green (adequate oxygenation) to yellow (marginal oxygenation) to red

(inadequate oxygenation). Limit the number of attempts to four (one initial attempt, plus three). Ensure adequate sedation or anaesthesia

and administer oxygen at all times. Consider human factors (task fixation, loss of aversion). Debrief at the end of the case to learn from

errors. Based on Figure 4 from Apfelbaum and colleagues1 (Anesthesiology 2022; 136: 31e81). ECMO, extracorporeal membrane oxygenation.
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(2) The task force of paediatric anaesthesia experts recom-

mends development of a universal algorithm that can be

applied to non-anaesthesiologists as well. It would be

beneficial for patients if experts from different paediatric

specialties collaborate on a universal algorithm.

(3) The number of studies supporting these guidelines are few

and of varying quality with few RCTs in this population.

Areas in need of further study include, but are not limited

to oxygen flow rates and optimal techniques for oxygena-

tion during intubation, outcomes when using video-

laryngoscopy with hyperangulated blades for difficult

airway management, and deep or awake extubation of the

trachea.

(4) Airway management of infants is a large topic and the task

force had to make hard decisions on which PICOs and

clinical questions to select. This might result in disagree-

ments with other opinion makers and colleagues. For

example, regarding a topic such as the use of surfactant in

neonates, we acknowledge the importance of this inter-

vention, but believe it is beyond the scope of these guide-

lines, and it is extensively covered by two recent

systematic reviews and new guidelines on management of

respiratory distress in infants and neonates.167,168

In conclusion, an international task force reviewed the

literature and reached consensus on practice guidelines for

airway management in children <1 yr of age. Algorithms and

cognitive aids for neonatal and infant difficult airway man-

agement are reproduced in Figures 1 and 2. These guidelines

represent a summation of the literature and expert consensus,

and identify gaps in the literature that warrant future

research.
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