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Abstract
Tracheal intubation may be defined as an artificial airway established in order to provide mechanical ventilation of the 
lungs during surgical procedures under general anaesthesia, treatment in an intensive care unit, as well as in emergency 
situations. Difficulties encountered during intubation may cause hypoxia, hypoxic brain injury and, in extreme situations, 
may result in the patient’s death. There may be unanticipated and anticipated difficult airway. Children form a specific group 
of patients as there are significant differences in both anatomy and physiology. There are some limitations in equipment 
used for the airway management in children. There are only few paediatric difficult airway guidelines available, some of 
which have significant limitations. The presented algorithm was created by a group of specialists who represent the Polish 
Society of Anaesthesiology and Intensive Therapy, as well as the Polish Neonatology Society. This algorithm is intended 
for the unanticipated difficult airway in children and can be used in all age groups. It covers both elective intubation, as 
well as rescue techniques. A guide forms an integral part of the algorithm. It describes in detail all stages of the algorithm 
considering some modifications in a specific age group, e.g. neonates. The main aim of Stage I is to optimise conditions 
for face mask ventilation, laryngoscopy and intubation. Stage IIA focuses on maximising the chances of successful intuba-
tion when face mask ventilation is possible. Stage IIB outlines actions aimed at improving face mask ventilation. Stage IIIA 
describes the use of a SAD (Supraglottic Airway Device) during effective face mask ventilation or in a CICV (Cannot Intubate, 
Cannot Ventilate) situation. Stage IIIB outlines intubation through a SAD. Stage IV describes rescue techniques and outlines 
possible options of either proceeding with surgery or postponing it, depending on clinical situation. 
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Intubation of the trachea remains one of the most frequ-
ently performed procedures performed in anaesthesiology 
and intensive care. The purpose of intubation is to create 
an open passage through the upper airway to provide me-
chanical ventilation of the lungs of anaesthetized patients 
or those treated in intensive care and during an emergency. 
The frequency of intubations diminishes as non-invasive 
methods of ventilation are introduced into clinical practice. 
This trend is present in anaesthesia where laryngeal masks 
are used more frequently, and in intensive care, where non-
-invasive ventilation methods are being widely adopted 
[1–4]. The reduction of intubation frequency is also seen 
among neonatal patients, where many forms of non-inva-
sive respiratory support have become a standard [5, 6]. As 
a  result, physicians’ experience in performing intubation 
may be reduced, especially among those working outside 
operating theatres. Despite progress in non-invasive me-
thods, tracheal intubation remains a method of choice in 
respiratory therapy of a  large group of anesthetized pa-
tients, or those requiring intensive care, and is life-saving 
in many emergency situations. Properly performed intu-
bation is a prerequisite for invasive mechanical ventilation 
and protects one against pulmonary aspiration. Difficulties 
encountered during the intubation procedure may cause 
hypoxia, central nervous system damage and, in extreme 
situations, loss of life. The problems arising from difficult 
airways may be anticipated upon or may be unexpected. In 
only some situations intubation can be postponed, while in 
other cases this is not feasible. When general anaesthesia 
with intubation is planned, a careful history should be taken 
and a thorough examination performed with special empha-
sis on anticipated risks and difficulties connected with the 
intubation attempt. Such assessment can predict problems 
associated with difficult airways and plan intubation with 
increased risk beforehand. If after all precautions, intubation 
fails, surgery can often be postponed and the patient awa-
kened. In emergency situations (life-threatening trauma, 
severe respiratory failure, urgent, life-saving operations), it 
is usually not possible to assess the risk of difficult airway 
beforehand. In such situations, immediate establishment of 
a patent artificial airway is a priority. 

The importance of problems associated with difficult 
intubation was recognized by establishing a Difficult Airway 
Society (DAS) in Great Britain and Northern Ireland, a Task For-
ce on Management of the Difficult Airways of the American 
Society of Anesthesiologists (ASA), and Section of Instru-
mental Airway Management (SPUDO) of the Polish Society 
of Anaesthesiology and Intensive Therapy. The algorithms 
and protocols for such situations have been developed, some 
of them being recommended by scientific societies [7–12].

The differences in paediatric population in relation to 
difficult intubation are due to the specificity of this group 

of patients with natural anatomical conditions, congenital 
abnormalities (e.g., Pierre Robin sequence), other patholo-
gies (e.g., mucopolysaccharidosis) and a limited availability 
of airway devices resulting from the small size of paediatric 
patients. These should be taken into account when prepa-
ring for intubation. Among children, newborns and infants 
are a group of patients at risk of difficult airway problems. 
Natural anatomical differences in these age groups, which 
may result in difficult airways, are primarily a large head with 
protruding occiput, a short and slender neck, small mouth, 
a broad and short tongue, the larynx being more superior, 
a sharp angle between the base of the tongue and glottis, 
a long and narrow epiglottis and physiological narrowing 
below the vocal cords. Although problems with intubation 
in children are not frequent, they are a significant problem 
due to the potential risks. Children, when compared to 
adults, are characterised by higher oxygen consumption 
and less oxygen reserve. This results in a worse tolerance 
of respiratory interruptions and leads to faster desatura-
tion and subsequent bradycardia [13, 14]. The problem of 
difficult airways in children is more frequent in emergen-
cy setting and intensive care units than in the operating 
theatre. Ventilation problems account for the majority of 
childhood anaesthesia, while 80% of them involve children 
with low risk (ASA I and II) and children under one year of 
age. These problems are the second leading cause of cardiac 
arrest during the perioperative period in children [17, 18]. 
Children are a heterogeneous group, both in terms of the 
incidence of difficult intubation, as well as the resulting risks. 
Difficult face mask ventilation is very rare in children when 
performed by an experienced physician, while intubation 
is a more frequent problem [19, 20]. Difficult laryngoscopy 
is more common in children than in adults. It is also more 
common during the first year of life. The risk factors of 
difficult laryngoscopy in children include: ASA III and IV 
physical status, Mallampati III and IV, low BMI, children 
intubated for cardiac surgery and maxillofacial surgery. In 
children undergoing cardiac surgery, difficult laryngoscopy 
is twice as frequent as when compared to the average for 
all children [21, 22]. The incidence of major intra-operative 
hypoxaemic events is inversely proportional to the age 
of the child and is reported in about 25% of newborns, 
10–15% of children under the age of 5 years and about 
5% of older children [23]. Of note is fact that the actual 
occurrence of problems arising from difficult airways may 
be greater than it is reported in the official reports [24]. The 
risks related to difficult airways may be minimised by the 
use of the approriate equipment and training that includes 
simulation techniques [25–27]. 

There are only few paediatric difficult airway algorithms 
available in the literature [28–30]. According to a  survey 
conducted for the purpose of this study among doctors 
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in Poland, internal protocols for difficult intubation are 
used in five (33%) out of fifteen departments of paediatric 
anaesthesiology and intensive care surveyed, and three 
(9%) of the 33 surveyed neonatal departments (2nd and 3rd 
reference level). Physicians of all paediatric anaesthesio-
logy and intensive care departments and 31 (94%) of the 
neonatal departments taking part in the survey considered 
the creation of a single protocol for difficult intubation both 
important and necessary. 

The presented algorithm is a result of the work of a gro-
up of specialists whose activities were endorsed by the 
Section of Anaesthesiology and Paediatric Intensive Care 
and the Section of Difficult Airways of the Polish Society 
of Anaesthesiology and Intensive Therapy and the Polish 
Society of Neonatology.

AbbreviAtions
DA — difficult airway — a situation when experienced
doctor encounters difficulties in face mask ventilation, 

intubation or both.
DMV — difficult mask ventilation — there is no effective
facial mask ventilation due to an ineffective seal around 

the face mask and/or difficulty in air insufflation.

DL — difficult laryngoscopy — it is impossible to vi-
sualise any parts of the vocal cords with a conventional 
laryngoscope.

DI — difficult intubation — a situation where an expe-
rienced doctor needs at least three attempts to intubate the 
trachea with a conventional laryngoscope or when intuba-
tion lasts more than 10 minutes.

CICV — cannot intubate and cannot ventilate — a situ-
ation in which the patient cannot be intubated and effective 
facial ventilation cannot be performed.

CICO — cannot intubate and cannot oxygenate — a 
situation in which the patient cannot be intubated and 
efficient oxygenation cannot be achieved.

A guide to the Algorithm
This algorithm describes the management of unan-

ticipated difficult airway in children. It can be used in 
both routine induction of anaesthetic for elective cases, 
as well as in emergency situations such as acute respira-
tory failure. The below-presented algorithm can be used 
in all age groups. All major differences in the manage-
ment in a specific age group were also described. These 
modifications were introduced as there are significant 
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changes in both the anatomy, as well as the physiolo-
gy of the respiratory system. This is particularly true in 
neonates and infants. This algorithm may be modified 
in different clinical situations. These modifications may 
include a rapid move towards Stage IV (by-passing other 
stages) or waking the patient up, if clinical situation 
allows one to do so. 

stAge i: stAndArd intubAtion
The main aim of this stage is to achieve optimal condi-

tions for face mask ventilation, laryngoscopy and tracheal 
intubation. They are:
1) appropriate head and neck position 
2) choice of an appropriate size and shape of a face mask
3) choice of both an appropriate laryngoscopy technique 

and size and shape of the laryngoscope blade 
4) choice of an appropriate tracheal tube
5) effective pre-oxygenation
6) removal of upper airway secretions
7) effective anaesthetic and paralysis
8) use of external manoeuvres facilitating intubation e.g. 

BURP
9) use of standard malleable airway stylet
Re: 1.  Neutral position is recommended in neonates, infant 

and children up to 2 years of age. Such an approach 
may require the use of a  shoulder roll and avoids 
excessive head extension. The sniffing position is re-
commended in the remaining age group i.e. > 2 years 
old. Both the chin lift, as well as jaw thrust manoeuvres 
were found to be helpful/useful [28, 31, 32]. 

Re: 2.  The choice of appropriate size and shape of a face 
mask is related to an individual patient’s characte-
ristics and should be made on a patient-to-patient 
basis. Fitting the mask to the patient’s  face before 
induction is a recognised practice. 

Re: 3.  The choice of the laryngoscopy technique should be 
individual and rely on personal preference. The two 
most common options exist include the use of a stra-
ight blade and lifting the epiglottis in order to obtain 
the laryngeal inlet view. This technique is often used 
in neonates and infants. In older children, a curved 
blade is frequently used and placed in the vallecula 
in order to indirectly lift the epiglottis [32, 33]. 

Re: 4.  Uncuffed tracheal tubes are used in neonates and 
infants. In the remaining age groups, cuffed tubes 
may be used and a low-pressure cuff is recommended 
[34, 35]. Table 1 shows recommended sizes of trache-
al tubes for neonates and depth of their insertion 
[36]. Size 4–4.5 tracheal tube (TT) is usually used in 
infants and children up to 2 years of age [37] while 
the appropriate size of the TT in older children can 
be calculated with one of the following formulae: 

 — for uncuffed tubes (modified Cole’s rule): tube size = age 
(years) / 4 + 4 [38], 

 — for cuffed tubes (Khine’s rule): tube size = age (years) 
/4 + 3.0 or (Deakers’ rule): tube size = age (years) / 4 + 
3.5 [39, 40].
The use of a neck ultrasound has been recently intro-

duced for appropriate tracheal tube sizing although this 
technique is not routinely used [41]. 
Re: 5.  Effective pre-oxygenation lasting 3–5 minutes 

extends the safe apnoea time (i.e. SpO2 drop below 
90%) to approximately 1.5 minutes in neonates and 
infants, 2 minutes in children aged 2–5 years, 3 minu-
tes in children aged 5–7 years and 5 minutes in older 
children and adults [42]. Pre-oxygenation lasting 60 
seconds through a face mask with an oxygen flow of 
6 L min-1 is recommended in children aged 5 years 
and above [33, 43]. Optimal oxygenation with a tight-
-fitting face mask may be difficult in younger children 
due to anxiety and a lack of collaboration. This pro-
blem may be overcome with oxygen being delivered 
via nasal cannulae. Neonates require special atten-
tion, and premature babies in particular, as they are 
sensitive to excessive oxygen therapy/delivery while, 
on the other hand, being prone to hypoxia related to 
hypoventilation [13, 44]. Cautious pre-oxygenation 
is recommended in this group of patients, although 
there are no clear guidelines regarding either the 
technique or its the length [33, 36]. 

Re: 6.  Routine suction of secretions from the upper airways 
is not recommended although it should be perfor-
med when there are symptoms suggestive of secre-
tion accumulation. Intravenous administration of an 
anticholinergic agent (atropine) decreases mucous 
secretion in the airways and attenuates vagal reflexes. 
However, the benefits of such practices in children 
are vague. Secretions from the upper airways should 
be removed under direct vision (laryngoscopy). 

Re: 7. Both induction of the anaesthetic, as well as the use of 
neuromuscular blocking agents (NMBAs) should fol-
low the latest anaesthetic guidelines [36, 45]. Adequ-
ate anaesthesia is an important element of successful 
and atraumatic intubation. Opioid administration 
enables one to provide effective analgesia for the 
pain associated with laryngoscopy. Most of authors 
have noted the benefits of paralysis in children as it 
improves the conditions for intubations [46, 47]. Ho-
wever, a neuromuscular blockade may be dangerous 
when face mask ventilation is ineffective [36, 48], 
although some authors have challenged this appro-
ach. The authors of these guidelines recommend the 
administration of NMBAs once the difficulties with 
face mask ventilation have been excluded. The use 
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of NMBAs is not usually required in neonates, and in 
preterm babies in particular, providing that there is 
adequate anaesthesia [33, 36]. 

Re: 8.  External manoeuvres facilitating intubation are per-
formed by a trained assistant. The BURP (Backward, 
Upward, Rightward Pressure) manoeuvre improves 
the laryngoscopic view by application of external 
pressure on the thyroid cartilage backwards, upwards 
and rightwards [49, 50]. In neonates and infants the 
BURP may be performed by the intubator with the 
fifth finger of the hand holding the laryngoscope [32]. 

Re: 9.  Intubation with a  malleable airway stylet is routi-
nely used in RSI (Rapid Sequence Induction) e.g. in 
patients with a full stomach. This technique is also 
used for intubation with a reinforced tracheal tube 
or whenever there are difficulties in insertion of the 
TT into the trachea. The TT should be shaped/formed 
around/over the airway stylet while the distal end of 
the stylet should not extend beyond the distal tip of 
the TT (risk of airway injury). 

At this stage there may be two outcomes:
1) Success — effective/successful face mask ventilation, 

laryngoscopy and tracheal tube insertion. 
The correct placement of the TT (a), as well as the depth 

of insertion (b), should be confirmed. 
Re: (a). As there is no one single best method of confirmation 

the tracheal tube placement, the routine approach 
should initially begin with a direct vision affirmation 
during laryngoscopy and intubation. Then ventilation 
should commence and adequate oxygenation should 
be confirmed. Other methods include the following: 
symmetrical chest movements during ventilation; 
symmetrical breath sounds; condensation of water 
vapour on the internal wall of the tube during expi-
ration; a lack of auscultation sounds that are typical 
for oesophageal intubation; and a lack of abdominal 
distention suggestive of air accumulation in the sto-
mach [31]. Low pressure/volume should be used for 
first breaths as such an approach prevents one from 
suffering excessive insufflation of the stomach when 
there is an unrecognised oesophageal intubation. 
Palpation of the suprasternal notch with simulta-
neous gentle movements of the tracheal tube may 
also be used for confirmation of the correct TT place-

ment. In the operating theatre, ETCO2 (capnography) 
is used while a CO2 detector device may be used as 
an alternative in out-of-theatre settings [50–52]. The 
correct placement of the TT may be confirmed with 
ultrasound and a fibre-optic scope [53–56]. 

Re: (b). Some tracheal tubes have a marker that should reach 
the level of the vocal cords in order to confirm the 
right depth of TT insertion. 

In children aged 1 year and above, the correct depth of 
TT insertion may be calculated using one of the following 
formulae:

 — based on the child’s age:
•	 the distance between the distal end of the TT 

and the gum (alveolar) ridge for oral intubation 
= age (years) / 2 + 13 cm 

•	 the distance from the nares (for nasal intubation) 
= age (years) / 2 + 15 cm [57]

 — based on the tube size:
•	 the distance between the distal end of the TT 

and the gum (alveolar) ridge for oral intubation 
= 3 x ID (Internal Diameter) cm

•	 the distance from the nares (for nasal intubation) 
= 3 × ID + 2 cm [58].

Recommended depth of tracheal tube insertion (oral 
intubation) in neonates is presented in Table 2. Symmetrical 
chest movements and symmetrical breath sounds suggest 
that the tracheal tube is not placed too deep. The correct 
depth of TT insertion may sometimes require radiological 
confirmation (CXR) [31]. The tracheal tube placement can 
also be confirmed with an ultrasound [53–56, 59]. A fibre-
-optic scope may be used for TT placement confirmation in 
some clinical situations. 
2) Failure — may result from a difficult laryngoscopy i.e. 

poor glottic visualisation or (rarely) from difficulty in 
insertion of the TT into the trachea despite a good la-
ryngoscopic view. 
A second experienced (consultant) anaesthetist should 

be called when a failed intubation is declared. Ventilation 
should be continued with 100% oxygen (FiO2 1.0). It is of the 
greatest importance to gain intravenous (IV) access, if this 
has not been done earlier [28–30, 47]. The main priorities for 
further stages of this algorithm are maintenance of oxygena-
tion and prevention of airway trauma. The ability to ventilate 
through the face mask will determine further action. 
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Table 2. Recommended depth of tracheal tube insertion (oral intubation) 
in relation to the postmenstrual age

Postmenstrual age (weeks) Depth (cm)

23–24 5.5

25–26 6.0

27–29 6.5

30–32 7.0

33–34 7.5

35–37 8.0

38–40 8.5

41–43 9.0

Table 1. Recommended tracheal tube size and depth of tracheal tube insertion for oral and nasal intubation in relation to the body weight of a neonate 
and an infant

Body weight
(g)

Internal diameter (mm) Depth of tracheal tube insertion
(oral intubation) (cm)

Depth of tracheal tube insertion 
(nasal intubation) (cm)

< 750 2.5 5.5–6 6.5–7

750–1,000 3 6–7 7–8

1,001–2,000 3 7–8 9

2,001–3,000 3.5 8–9 10

3,000–3,500 3.5 9–10 11

> 3,500 4.0 b.w. (kg) + 6 b.w. (kg) + 7

stAge ii A: mAximising the chAnces of 
successful intubAtion And further 
intubAtion Attempts (mAx. 3 Attempts  
in mAx. 10 minutes)

Successful face mask ventilation results in satisfactory 
chest movements and good oxygenation of the patient 
(SpO2 > 90%). Difficult intubation may not be an immediate 
life-threatening situation, providing that there is effective 
face mask ventilation. However, as there is always a possi-
bility of difficult mask ventilation, the patient should be 
ventilated with 100% oxygen [28–30, 47]. The main aim of 
this stage is to implement all actions that would maximise 
the chances of successful intubation (a maximum of 3 oral 
intubation attempts allowed). The risk of desaturation may 
be minimized by insufflation of 100% oxygen during the 
laryngoscopy [60, 61]. Some laryngoscopes are equipped 
with a  dedicated channel through which oxygen can be 
delivered. Alternatively, a thin drain may be attached to the 
laryngoscope blade. All 3 intubation attempts must not last 
longer than 10 minutes. Oral intubation is recommended at 
this and the following stages of the algorithm. The causes of 
failure fall into two main groups: difficult laryngoscopy i.e. 
visualisation of the laryngeal inlet, or difficulty in tracheal 
tube insertion into the trachea despite a good laryngosco-
pic view. 

 — Difficult laryngoscopy

The main aim is to improve the laryngeal inlet view. The 
relevant actions include:
1) improved head and neck position
2) removal of any secretions from the upper airways
3) effective anaesthesia and paralysis (may be deepened, 

if required) 
4) optimal use of external manoeuvres facilitating intu-

bation e.g. BURP
5) different intubation technique, different size and type 

of laryngoscope blade 
6) use of a different laryngoscope facilitating glottic visu-

alisation e.g. video laryngoscope
7) use of stylets and introducers
8) use of a fibre-optic scope (if readily available)
9) use of ultrasound
Re: 1.  Both excessive extension, as well as flexion of the 

head may be one of the causes of a poor laryngo-
scopic view [32, 62]. 

Re: 2.  Removing/suction of the secretions from the pharynx 
and oral cavity (laryngoscopy). 

Re: 3. Adequate muscle paralysis facilitates laryngoscopy 
while NMBA administration is considered safe and 
beneficial whenever face mask ventilation is effective 
[30, 46, 47]. Given the potential risk associated with 
face mask ventilation, an optimal NMBA would be 
rocuronium or vecuronium as both of these drugs 
have a specific reversal agent i.e. sugammadex (off-
-label use in children under the age of 2 years) [63]. 
It is possible to use suxamethonium after contra-
-indications have been excluded. Suxamethonium 
should be administered with atropine (if it has not 
been given previously). 

Re: 4.  The glottic visualisation may be improved by external 
manoeuvres on the larynx e.g. BURP [49, 50]. 

Re: 5.  A change of the laryngoscope blade, as well as in-
tubation technique, may be useful in neonates and 
infants. Another option may be the insertion of the 
laryngoscope blade lateral to the tongue. 

Re: 6.  There are various laryngoscopes available which use 
facilitates visualisation of the laryngeal inlet. The cho-
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ice depends on the size of the patient, equipment 
used in the particular centre and the personal pre-
ference of the anaesthetist. Although laryngoscopes 
with curved blades or with a movable tip and various 
optical laryngoscopes may also be used in the paedia-
tric population (this includes neonates), the data on 
their use and clinical usefulness are equivocal [19, 
37, 64–67]. Video laryngoscopes are becoming more 
popular and are also recommended in the youngest 
patients [68–72]. 

Re: 7.  Although the use of standard/classic introducers and 
stylets does not improve laryngoscopic view per se, 
both of these adjuncts may be useful during tracheal 
tube insertion into the trachea when the laryngeal 
inlet is only partially visible. Of note is the fact that 
in such situations there is a risk of airway (laryngeal) 
injury. That is why such an intubation should be per-
formed by an experienced anaesthetist. Both optical 
stylets and lightwands may be used for paediatric 
intubation although their usefulness has not been 
thoroughly assessed [73–76]. 

Re: 8.  The use of fibre-optic scope is recommended in an-
ticipated difficult airway. They may be used in emer-
gency situations only when readily available and 
when there is an experienced operator [30, 77–79]. 

Re: 9.  In the current literature there are studies evaluating 
ultrasound-guided intubation. Such an approach 
may be considered during difficult intubation when 
the ultrasound machine/imaging is immediately 
available and there is a trained operator. Currently, 
there is a lack of high quality evidence to routinely 
recommend this method [80].

 — Difficult insertion of the tracheal tube despite a good 
laryngoscopic view
This may arise from the tip of the tracheal tube get-

ting stuck in the anterior commisure of the vocal cords. 
A 90˚ anticlockwise rotation may solve the problem [62]. 
Insufficient opening of the laryngeal inlet may also cause 
problems. It is often due to inadequate anaesthesia and/ 
/or paralysis, laryngospasm or anatomical anomalies (both 
congenital and acquired, such as tumours). At this stage, 
airway assessment with an ultrasound may be useful when 
the machine and experienced operator are immediately 
available.

The following actions may facilitate tracheal tube in-
sertion:
1) deepening anaesthesia, effective paralysis 
2) use of smaller tracheal tubes 
3) use of introducers and stylets 
Re: 1.  Deepening anaesthesia and effective paralysis fa-

cilitate intubation when there is insufficient glottic 
opening or there is laryngospasm [30, 45, 47]. Given 

the potential risk associated with face mask venti-
lation, an optimal NMBA would be rocuronium or 
vecuronium as both of these drugs have a specific 
reversal agent i.e. sugammadex (off-label use in 
children under the age of 2 years) [63]. It is possi-
ble to use suxamethonium after contra-indications 
have been excluded. Suxamethonium should be 
administered with atropine (if it has not been given 
previously). 

Re: 2.  The use of smaller size (ID) tracheal tubes may be of 
benefit when there are anatomical obstacles [28]. 

Re: 3.  An introducer or airway stylet may be useful when 
there is difficulty with tracheal tube insertion be-
low the level of the vocal cords. The prevention of 
laryngeal/airway injury is of utmost importance. In-
tubation with a standard malleable airway stylet is 
useful when reinforced tubes are used as the TT may 
be formed around the stylet. A gum-elastic bougie 
(straight or curved) is useful when there is difficult in-
tubation despite a good laryngoscopic view. Initially, 
the introducer (bougie) is inserted into the trachea 
and then the tracheal tube is railroaded over it. This 
often requires some help from a  trained assistant. 
Other airway adjuncts may also be useful e.g. optical 
stylets or lightwand which are available in sizes for 
older children [19, 73, 74]. At this stage there may be 
two outcomes:

1) Success — successful tracheal intubation. Correct tra-
cheal tube placement should be confirmed. 

2) Failure — inability to intubate the patient despite taking 
all actions/measures aimed at maximising the chances 
of successful intubation. 
Inability to intubate the patient in 3 consecutive at-

tempts, despite all actions taken to maximise the chances 
of successful intubation, constitutes a difficult intubation 
(DI). DI is an indication to move to Stage III. 

stAge ii b: improving conditions for fAce 
mAsk ventilAtion

Difficult Mask Ventilation (DMV) indicates unsatisfactory 
chest movements and inability to oxygenate the patient 
— SpO2 < 90% with FiO2 = 1,0. In contrary to adults, it is 
rather rare in children [19, 81]. This is a genuine emergency 
and a life-threatening situation and further action should 
be initiated promptly. Face mask ventilation attempts sho-
uld be continued with 100% oxygen even if there is initial 
DMV. Oxygen delivery/insufflation during laryngoscopy is 
recommended. Difficult mask ventilation may occur after 
induction but before intubation attempts. A rapid attempt 
to intubate the patient should be made only if the patient 
is well-oxygenated (effective pre-oxygenation, SpO2 > 90%). 
The other causes of DMV include technical problems (gas/
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air leak around the face mask) and increased upper or lo-
wer (rarely) airway resistance due to functional or anato-
mical changes. The functional/reversible causes of DMV 
are: laryngospasm, chest stiffness associated with opioid 
administration, excessive gastric insufflation with air and 
bronchospasm [28, 30, 82–84].

The following actions should be taken in order to faci-
litate face mask ventilation:
1) solving of all equipment problems (air/gas leak)
2) removal of secretions from the upper airways 
3) improved head and neck position, application of chin 

lift and jaw thrust 
4) improved seal around the face mask 
5) drainage of/emptying the stomach (removal of exces-

sive air/gas) 
6) effective anaesthesia and paralysis (may be deepened, 

if required)
7) use of oropharyngeal airway (OPA) or nasopharyngeal 

airway (NPA)
8) cautious increase of pressure/volume of inspired air/gas 

during face mask ventilation 
9) administration of a bronchodilator in bronchospasm
Re: 1.  All causes of air leak around the face mask and in the 

ventilator tubing should be eliminated. Checking 
the equipment before the start of anaesthesia is an 
important element of anaesthetic practice [85]. 

Re: 2.  Secretions in the nostrils, oral cavity and pharynx 
make face mask ventilation difficult and should be 
ideally removed under direct vision (laryngoscopy). 

Re: 3.  Both excessive extension, as well as flexion of the 
head, may be one of the causes of difficult mask 
ventilation. Other causes include: insufficient chin 
lift and insufficient jaw thrust [28, 31, 32, 62, 86]. 

Re: 4.  Changing the shape or size of the face mask may solve 
the problem. Gaining experience and adequate tra-
ining is of utmost importance in order to maintain skills 
[87]. There may be situations in which two hands will be 
required to achieve an adequate seal around the face 
mask. In such situations, the two-person technique is 
recommended, one person holding the face mask and 
the other ventilating the patient [28, 30, 32, 86, 88]. 

Re: 5.  Difficult mask ventilation is often associated with 
excessive gastric insufflation which in turn may fur-
ther compromise ventilation. A nasogastric (NG) tube 
may be used to empty the stomach and drain the 
accumulated air/gas [28, 86]. 

Re: 6.  Deepening anaesthesia is often beneficial as it im-
proves ventilation especially when laryngospasm is 
present [28, 30]. The use of NMBAs is controversial. 
On one hand, it improves conditions for intubation 
and facilitates ventilation while, on the other hand, 
it may be dangerous in a situation when fitting face 

mask is difficult [36, 48]. Some authors conclude that 
the benefits of adequate paralysis outweigh the poten-
tial risks [30, 45, 86]. Given the potential risk associated 
with face mask ventilation, an optimal NMBA would be 
rocuronium or vecuronium as both of these drugs have 
a specific reversal agent i.e. sugammadex (off-label use 
in children under the age of 2 years) [63]. It is possible to 
use suxamethonium after contra-indications have been 
excluded. Suxamethonium should be administered 
with atropine (if it has not been given previously). 

Re: 7.  Oropharyngeal airway facilitates face mask ventila-
tion only when it is correctly inserted and when the 
right size of the OPA is used. There are various sizes 
available for children with the body weight of 1 kg 
and above. In neonates, infants and small children 
the OPA is inserted with the concavity facing the 
floor of the mouth. The correct size can be selected 
by measuring the distance between the child’s ear-
lobe and the corner of the mouth [32]. Although the 
nasopharyngeal airway is used less frequently, it is 
effective in difficult face mask ventilation [89-91]. NPA 
is available in different sizes for neonates, infants and 
older children. The diameter of the NPA should be the 
same or somewhat larger than the corresponding 
tracheal tube. Its length should equal the distance 
between the tip of the nose and the tragus [37]. 

Re: 8.  One of the causes of difficult face mask ventilation 
is low inspiratory pressure or low pressure settings 
of the ‘resuscitator’ (in neonates). Cautious increase 
of inspiratory pressures/volumes with simultaneous 
changes in the head and neck positions may improve 
face mask ventilation. 

Re: 9.  The use of adrenaline/epinephrine is justified when bron-
chospasm is the cause of difficult mask ventilation [86].

At this stage there may be two outcomes:
1) Success — successful face mask ventilation is achieve 

(symmetrical chest movements, SpO2 > 90%) 
When the above is achieved there is no immediate 

threat to life. This warrants the move to Stage IIA: Further 
intubation attempts are allowed once all actions/measures 
aimed at maximising the chances of successful intubation 
have been taken 
2) Failure — is considered to be no improvement in face 

mask ventilation (no chest movements, SpO2 < 90% with 
FiO2 1.0) despite taking all actions/measures aimed at 
maximising the chances of successful face mask ven-
tilation. 
In this case, the inability to intubate and ventilate the 

patient should be declared (CICV, cannot intubate and can-
not ventilate). It is a life-threatening situation and warrants 
a  prompt move to Stage III A. Attempts to ventilate the 
patient with 100% oxygen should continue. 
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stAge iii A: use of A sAd (lmA) — A mAximum  
of 3 Attempts Allowed

Failure to intubate when face mask ventilation is possible 
does not constitute a life-threatening situation. In contrary to 
this, failure to intubate and the inability to ventilate the patient 
through a face mask is an immediate threat to life (CICV). In 
this case, prompt actions should be initiated and attempts to 
ventilate the patient with 100% oxygen should be continu-
ed. A SAD (supraglottic airway device) is a device designed to 
facilitate the upper airway management and is blindly inserted 
into the supraglottic area. The most popular SADs are the laryn-
geal mask airways (LMA) and its various modifications, e.g. 
ILMA — Intubating Laryngeal Mask Airway. The most useful 
SADs are those which can be used not only for ventilation, 
but also for intubation when routine intubation is difficult. 
Although most SADs have an inflatable cuff, some designs 
incorporate a gel-like cuff instead. There are also double-lu-
men SADs, e.g. LMA Supreme and LMA ProSeal which have 
a special channel used for NG tube insertion. Other special 
designs include the iLTS-D (intubating laryngeal tube suc-
tion-disposable) and the Cobra PLA (peri-laryngeal airway). 
In the neonatal group, SADs are recommended in patients 
with a  corrected gestational age of 34 weeks and above 
and with body weight over 2000g [32, 92–94]. While Table 3  
shows the recommended sizes of LMAs for children, the re-
commended sizing varies among different devices [95]. The 
choice of a specific SAD depends on the equipment used in the 
particular centre and the personal preference and experience 
of the anaesthetist. Laryngeal tubes are currently available in 
sizes for use in both infants and older children. The Combitube 
device may be used in children that are taller than 120 cm 
i.e. school-aged children. These devices enable mechanical 
ventilation while some of them, e.g. the iLTS-D are designed 
to facilitate fibre-optic-assisted tracheal intubation. They are 
rather used in emergency medicine and rarely used for the 
ventilation of patients requiring general anaesthesia in theatres. 

There may be two outcomes at this stage:
1) Success — successful ventilation with a SAD. 

When the above is achieved, there is no immediate thre-
at to life. Furthermore, successful ventilation when a SAD 

Table 3. Recommended laryngeal mask airway (LMA) sizing

Patient size LMA size

Neonate, infant < 5 kg 1

Infant 5–10 kg 1.5

Infant, child 10–20 kg 2

Child 20–30 kg 2.5

Child 30–50 kg 3

Child/Adult 50–70 kg 4.0

Child/Adult 70–100 kg 5

is used enables/allows tracheal intubation through it. This 
warrants the move to Stage III B. 
2) Failure — inability to ventilate through a SAD

Inability to ventilate through a  SAD (no chest mo-
vements, inability to maintain adequate oxygenation 
— SpO2<90% with FiO2 = 1.0) together with inability to 
intubate and ventilate the patient (CICV) indicates a  life-
-threatening situation and warrants a prompt move to Stage 
IV. Attempts to ventilate the patient with 100% oxygen 
should continue. 

The inability to ventilate through a SAD is not an im-
mediate threat to life when face mask ventilation is po-
ssible. In this situation, face mask ventilation should be 
continued while further actions depend on the clinical 
circumstances: 

 — A prompt move to Stage IV in all situations requiring ar-
tificial airway for the patient’s management, e.g. severe 
respiratory failure. 

 — There are two options available when there is a failed 
intubation during a standard/routine induction: 

•	 Move to Stage IV — front of neck access when 
there is an emergency surgery/procedure re-
quired, 

•	 Waking the patient up and postponement of 
the surgical procedure (only when those which 
are elective). 

stAge iii b: intubAtion through A sAd (lmA) 
When it is possible to ventilate the patient through 

a SAD, an attempt should be made to intubate the patient 
through it. The classic LMA is mainly used for mechanical 
ventilation although it is possible to intubate the patient 
through it. The ILMA is especially designed to facilitate in-
tubation. This device, however, it only available for older 
children due to its limited size range [96–98]. The tracheal 
tube is inserted into the trachea through the lumen of the 
intubating SAD. The use of a  fibre-optic scope is recom-
mended for both intubation through the SAD, as well as 
the tracheal tube placement confirmation [96–102]. Blind 
intubation through intubating a supraglottic airway device 
with a gum-elastic bougie may only be justified when a fi-
bre-optic scope is not readily/immediately available [103]. 
Intubating a  SAD also enables blind tracheal intubation 
without a gum-elastic bougie providing that the TT is of 
an adequate length [104]. The choice of a specific intuba-
ting SAD depends on the equipment used in the particular 
centre and the personal preference and experience of the 
anaesthetist. 

There may be two outcomes at this stage:
1) Success — successful intubation through a SAD.

The correct placement of the tracheal tube should be 
confirmed. 
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2) Failure — failed intubation through a SAD. 
In this situation ventilation through a SAD should be 

continued while further actions depend on the clinical cir-
cumstances:

 — A prompt move to Stage IV in all situations requiring 
artificial airway for the patient’s

 —  management e.g. severe respiratory failure. 
 — There are three options available (depending on the 

assessment of risks versus benefits)
 —  when there is a failed intubation during standard/ro-

utine induction: 
•	 Move to Stage IV for all urgent/emergency pro-

cedures that cannot be done under general ana-
esthetic with ventilation through a SAD. 

•	 Surgery continued under general anaesthesia 
with ventilation through a SAD — for shorter 
procedures and with the patient in the supine 
position.

•	 Waking the patient up and postponement of the 
surgical procedure — for all elective procedures 
that cannot be done under general anaesthesia 
with ventilation through a SAD. 

stAge iv: front-of-neck Access
The front-of-neck approach comprises the following 

methods:
1) needle cricothyroidotomy
2) surgical cricothyroidotomy
3) retrograde intubation 
4) tracheotomy

The front-of-neck access is rarely used in children; the 
knowledge about its use is based on few reports only. In ol-
der children dedicated sets are used, while in an emergency 
substitute instruments, such as intravenous cannulae, may 
be utilized [105–107]. In life-threatening situations when 
bag-mask ventilation and ventilation through Laryngeal 
Mask Airway (LMA) is not possible, the option to achieve 
the quickest possible oxygenation of the patient should be 
chosen, according to the available equipment and the phy-
sician’s experience. It has to be taken into account, however, 
that cricoid puncture and cricothyroidotomy is associated 
with high risk in children – the smaller the patient, the higher 
the risk [28, 108–110]. Although a tracheotomy is relatively 
safe when performed by an experienced surgeon (general 
or ENT surgeon), it is more time consuming [28, 30]. 
Re 1.  Needle cricothyroidotomy is the fastest anterior neck 

access. It is performed by means of puncturing of cri-
cothyroid membrane and inserting a cannula below 
the glottis. Although it enables the insufflation of oxy-
gen, because of the thin cannula diameter, ventila-
tion is very limited. This procedure is associated with 
high complication rates in children. If this method 

of ventilation is chosen, high respiratory resistance 
should be anticipated, especially during expiration, 
which should be given enough time [28, 111–113].  
“Jet ventilation” (high pressure, low volume) by means 
of the Manujet III device has been proposed [28, 114]. 
Its use is possible when at least minimal leak upwards 
from cannula insertion is present. Otherwise it is en-
dangered with barotrauma. There are special sets for 
cricothyroidotomy (e.g. MiniTrach, QuickTrach), availa-
ble in sizes for children older than 2 years, although 
its possible to perform this procedure by means of 
relatively large bore intravenous cannula [106, 107].

Re 2.  Surgical cricothyroidotomy is a procedure that consi-
sts of a horizontal cut of the cricothyroid membrane 
with a scalpel and insertion of a tracheal or trache-
ostomy tube through the created opening. Altho-
ugh it requires more time to perform than a needle 
cricothyroidotomy, it enables efficient ventilation of 
the patient [106].

Re 3.  Retrograde intubation is rarely performed and requ-
ires piercing the cricothyroid membrane (or cricotra-
cheal, or between the tracheal cartilages) cephalad 
with a needle and threading a guidewire upwards 
toward patient’s mouth and railroading the endotra-
cheal tube over the guidewire into the trachea. The 
retrograde intubation sets are available in different 
sizes (e.g. Cook® Retrograde Intubation Set). Similar 
equipment can be created by means of Tuohy epi-
dural needle and a guidewire from a central venous 
cannulation set, using a  the Seldinger technique. 
Retrograde intubation can be combined with fibero-
scopy, and with ventilation through an LMA to avoid 
pauses in the patient’s ventilation [115–119]. 

Re 4.  Tracheotomy consists of making an incision on the 
anterior aspect of the neck, visualizing the tracheal 
wall and putting a tracheostomy tube inside the tra-
chea through a created opening — usually at the level 
between the third and fourth tracheal cartilage. While 
it can be performed at any age, there are very limited 
indications for it in neonates [28, 30]. It is an effective 
way of leading to proper ventilation of a patient and, 
in experienced hands, is a safest approach through 
the anterior neck [28, 30]. Although this procedure is 
recommended as elective, it is too time consuming 
for emergency situations. It can be performed either 
as a surgical or percutaneous technique. 

 — Surgical tracheotomy should be performed by an expe-
rienced surgeon (preferably an ENT or general surgeon) 
— ideally in an operating theatre. The tracheostomy 
tube can be with or without a cuff [28, 30, 120].

 — A percutaneous tracheotomy is usually perfromed by 
experienced anaesthetists. This technique consists of 
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Table 4. Difficult airway kit

Stage II A: Maximising the chances of successful intubation
Stage II B: Improving conditions for face mask ventilation

1 Specialist/alternative laryngoscopes e.g. McCoy, Bullard, optical laryngoscope, video laryngoscope and/or optical stylet

2 Full set of malleable airway stylets and introducers e.g. gum elastic bougie

3 Full set of oropharyngeal airways (in various sizes), additionally recommended full set of nasopharyngeal airways (in various sizes)

4 Tables containing recommended sizes of tracheal tubes and recommended depth of their insertion (age-related)

5 Drugs: rocuronium, suxamethonium, atropine, sugammadex

Stage III A: Use of SAD (LMA)
Stage III B: Intubation through SAD (LMA)

6 Full set of laryngeal mask airway (LMA, ILMA) in various sizes, additionally recommended full set of laryngeal tubes and/or 
oesophageal tracheal airways (Combitube) in various sizes

7 Table containing recommended sizes of LMA

Stage IV: Front-of-neck access

8 Original cricothyroidotomy kit e.g. Quicktrach, Mini-Trach in various sizes, additionally 16G intravenous cannula for alternative needle 
cricothyroidotomy

9 Original retrograde intubation set e.g. Cook® Retrograde Intubation Set in various sizes or Tuohy needle and cannulation set (Selinger 
technique) for alternative retrograde intubation 

10 Full set of tracheostomy tubes in various sizes

11 Additional equipment: scalpel, sterile gauze/swab, skin disinfectant, sterile gloves 
 in various sizes

Additionally recommended

12 Manujet III device

13 Fibre-optic scope with complete kit of different sizes (essential for the management of anticipated difficult airway)

SAD — supraglottic airway device; LMA — laryngeal mask airway; ILMA — intubating LMA

puncturing the anterior tracheal wall with a  needle, 
introducing a guidewire to its lumen and railroading the 
tube over the guidewire after widening the opening in 
the trachea with forceps or special dilator — according 
to the chosen technique and set. Most techniques requ-
ire a fibre-optic control to confirm the proper position 
of the tracheostomy tube. Special percutaneous tra-
cheotomy sets are available in sizes for adults; therefore 
this method has a limited application in children [106].
In an immediately life-threatening situation with CICV/ 

/CICO and a lack of appropriate equipment, it is advisable to 
pierce the cricothyroid ligament or cricotracheal ligament 
or between tracheal cartilages) with any available type of 
cannula. Once this is performed, oxygen should be imme-
diately administered through it. 

difficult AirwAy kit
Table 4 contains the proposed difficult airway kit. It 

corresponds to all the stages of the algorithm. 

Acknowledgements
1. Source of funding: none.
2. Conflict of interest: none.

references:
1. Morley SL. Non-invasive ventilation in paediatric critical care. Paediatr 

Respir Rev. 2016; 20: 24–31, doi: 10.1016/j.prrv.2016.03.001, indexed 
in Pubmed: 27118355.

2. Goldmann K. Clinical basics of supraglottic airway management in 
paediatric anaesthesia. Anasthesiol Intensivmed Notfallmed Schmerz-
ther. 2013; 48: 252–257.

3. Karišik M K. Simple, timely, safely? Laryngeal mask and pediatric airway. 
Acta Clin Croat. 2016; 55(Suppl): 55–61.

4. Hoşten T, Gürkan Y, Kuş A, et al. Comparison of ProSeal LMA with Supre-
me LMA in paediatric patients. Acta Anaesthesiol Scand. 2013; 57(8): 
996–1001, doi: 10.1111/aas.12149, indexed in Pubmed: 23809021.

5. Afjeh SA, Sabzehei MK, Khoshnood Shariati M, et al. Evaluation of initial 
respiratory support strategies in VLBW neonates with RDS. Arch Iran 
Med . 2017; 20: 158–164.

6. Roberts CT, Owen LS, Manley BJ, et al. HIPSTER Trial Investigators. Nasal 
High-Flow Therapy for Primary Respiratory Support in Preterm Infants. 
N Engl J Med. 2016; 375(12): 1142–1151, doi: 10.1056/NEJMoa1603694, 
indexed in Pubmed: 27653564.

7. Frerk C, Mitchell VS, McNarry AF, et al. Difficult Airway Society intubation 
guidelines working group. Difficult Airway Society 2015 guidelines 
for management of unanticipated difficult intubation in adults. Br J 
Anaesth. 2015; 115(6): 827–848, doi: 10.1093/bja/aev371, indexed in 
Pubmed: 26556848.

8. Myatra SN, Shah A, Kundra P, et al. All India Difficult Airway Association 
2016 guidelines for the management of unanticipated difficult tracheal 
intubation in adults. Indian J Anaesth. 2016; 60(12): 885–898, doi: 
10.4103/0019-5049.195481, indexed in Pubmed: 28003690.

9. Apfelbaum JL, Hagberg CA, Caplan RA, et al. American Society of 
Anesthesiologists Task Force on Management of the Difficult Airway. 
Practice guidelines for management of the difficult airway: an updated 
report by the American Society of Anesthesiologists Task Force on 
Management of the Difficult Airway. Anesthesiology. 2013; 118(2): 

http://dx.doi.org/10.1016/j.prrv.2016.03.001
https://www.ncbi.nlm.nih.gov/pubmed/27118355
http://dx.doi.org/10.1111/aas.12149
https://www.ncbi.nlm.nih.gov/pubmed/23809021
http://dx.doi.org/10.1056/NEJMoa1603694
https://www.ncbi.nlm.nih.gov/pubmed/27653564
http://dx.doi.org/10.1093/bja/aev371
https://www.ncbi.nlm.nih.gov/pubmed/26556848
http://dx.doi.org/10.4103/0019-5049.195481
https://www.ncbi.nlm.nih.gov/pubmed/28003690


347

Wojciech Walas et al., Difficult airway in children

https://journals.viamedica.pl/anaesthesiology_intensivetherapy

251–270, doi: 10.1097/ALN.0b013e31827773b2, indexed in Pubmed: 
23364566.

10. Law JA, Broemling N, Cooper RM, et al. Canadian Airway Focus Group. 
The difficult airway with recommendations for management--part 
1--difficult tracheal intubation encountered in an unconscious/induced 
patient. Can J Anaesth. 2013; 60(11): 1089–1118, doi: 10.1007/s12630-
013-0019-3, indexed in Pubmed: 24132407.

11. Law JA, Broemling N, Cooper RM, et al. Canadian Airway Focus Group. 
The difficult airway with recommendations for management--part 
2--the anticipated difficult airway. Can J Anaesth. 2013; 60(11): 
1119–1138, doi: 10.1007/s12630-013-0020-x, indexed in Pubmed: 
24132408.

12. Chrimes N. The Vortex: a universal ‚high-acuity implementation tool’ 
for emergency airway management. Br J Anaesth. 2016; 117 Suppl 
1: i20–i27, doi: 10.1093/bja/aew175, indexed in Pubmed: 27440673.

13. Sands SA, Edwards BA, Kelly VJ, et al. A model investigation of the im-
pact of ventilation-perfusion mismatch on oxygenation during apnea 
in preterm infants. J Theor Biol. 2010; 264(3): 657–662, doi: 10.1016/j.
jtbi.2010.03.041, indexed in Pubmed: 20362590.

14. Hardman JG, Wills JS. The development of hypoxaemia during apnoea 
in children: a  computational modelling investigation. Br J Anaesth. 
2006; 97(4): 564–570, doi: 10.1093/bja/ael178, indexed in Pubmed: 
16873387.

15. Woodall NM, Cook TM. National census of airway management 
techniques used for anaesthesia in the UK: first phase of the Fourth 
National Audit Project at the Royal College of Anaesthetists. Br J 
Anaesth. 2011; 106(2): 266–271, doi: 10.1093/bja/aeq339, indexed in 
Pubmed: 21131655.

16. Cook TM, Woodall N, Harper J, et al. Fourth National Audit Project. 
Major complications of airway management in the UK: results of the 
Fourth National Audit Project of the Royal College of Anaesthetists 
and the Difficult Airway Society. Part 2: intensive care and emergency 
departments. Br J Anaesth. 2011; 106(5): 632–642, doi: 10.1093/bja/
aer059, indexed in Pubmed: 21447489.

17. Tay C, Tan GM, Ng S. Critical incidents in paediatric anaesthesia: an audit 
of 10 000 anaesthetics in Singapore. Pediatric Anesthesia. 2001; 11(6): 
711–718, doi: 10.1046/j.1460-9592.2001.00767.x.

18. Bhananker SM, Ramamoorthy C, Geiduschek JM, et al. Anesthe-
sia-related cardiac arrest in children: update from the Pediatric 
Perioperative Cardiac Arrest Registry. Anesth Analg. 2007; 105(2): 
344–350, doi: 10.1213/01.ane.0000268712.00756.dd, indexed in 
Pubmed: 17646488.

19. Sunder RA, Haile DT, Farrell PT, et al. Pediatric airway management: 
current practices and future directions. Paediatr Anaesth. 2012; 22(10): 
1008–1015, doi: 10.1111/pan.12013, indexed in Pubmed: 22967160.

20. Kopp V, Rosenfeld M, Turvey T. Nasotracheal intubation in the presence 
of a pharyngeal flap in children and adults. Anesthesiology. 1995; 82(4): 
1063–1064, doi: 10.1097/00000542-199504000-00029.

21. Heinrich S, Birkholz T, Ihmsen H, et al. Incidence and predictors of diffi-
cult laryngoscopy in 11,219 pediatric anesthesia procedures. Paediatr 
Anaesth. 2012; 22(8): 729–736, doi: 10.1111/j.1460-9592.2012.03813.x, 
indexed in Pubmed: 22340664.

22. Heinrich S, Birkholz T, Ihmsen H, et al. Incidence and predictors of poor 
laryngoscopic view in children undergoing pediatric cardiac surgery. 
J Cardiothorac Vasc Anesth. 2013; 27(3): 516–521, doi: 10.1053/j.
jvca.2012.08.019, indexed in Pubmed: 23083795.

23. de Graaff JC, Bijker JB, Kappen TH, et al. Incidence of intraoperative 
hypoxemia in children in relation to age. Anesth Analg. 2013; 117(1): 
169–175, doi: 10.1213/ANE.0b013e31829332b5, indexed in Pubmed: 
23687233.

24. Kerrey BT, Rinderknecht AS, Geis GL, et al. Rapid sequence intubation 
for pediatric emergency patients: higher frequency of failed attempts 
and adverse effects found by video review. Ann Emerg Med. 2012; 
60(3): 251–259, doi: 10.1016/j.annemergmed.2012.02.013, indexed in 
Pubmed: 22424653.

25. Heard AMB, Green RJ, Eakins P. The formulation and introduction of 
a ‚can’t intubate, can’t ventilate’ algorithm into clinical practice. Ana-
esthesia. 2009; 64(6): 601–608, doi: 10.1111/j.1365-2044.2009.05888.x, 
indexed in Pubmed: 19453312.

26. Sabato SC, Long E. An institutional approach to the management of 
the ‚Can’t Intubate, Can’t Oxygenate’ emergency in children. Paediatr 
Anaesth. 2016; 26(8): 784–793, doi: 10.1111/pan.12926, indexed in 
Pubmed: 27277897.

27. Brisard L, Péan D, Bourgain JL, et al. Training experts in difficult airway 
management: Evaluation of a continuous professional development 

program. Anaesth Crit Care Pain Med. 2016; 35(2): 115–121, doi: 
10.1016/j.accpm.2015.09.005, indexed in Pubmed: 26711018.

28. Black AE, Flynn PER, Smith HL, et al. Association of Pediatric Anaesthe-
tists of Great Britain and Ireland. Development of a guideline for the 
management of the unanticipated difficult airway in pediatric practice. 
Paediatr Anaesth. 2015; 25(4): 346–362, doi: 10.1111/pan.12615, inde-
xed in Pubmed: 25684039.

29. Pawar DK, Doctor JR, Raveendra US, et al. All India Difficult Airway 
Association 2016 guidelines for the management of unanticipated 
difficult tracheal intubation in paediatrics. Indian J Anaesth. 2016; 
60(12): 906–914, doi: 10.4103/0019-5049.195483, indexed in Pubmed: 
28003692.

30. Weiss M, Engelhardt T. Proposal for the management of the unexpected 
difficult pediatric airway. Paediatr Anaesth. 2010; 20(5): 454–464, doi: 
10.1111/j.1460-9592.2010.03284.x, indexed in Pubmed: 20337959.

31. Marraro G. Airway management. In: Bissonnette B. ed. Pediatric ane-
sthesia. Shelton, Connecticut 2011: 1167–1185.

32. Airway management and ventilation. ERC Guidelines 2015 Edition. In: 
Wyllie J. ed. Newborn life support. European Resuscitation Council, 
2015 : 43–62.

33. Lonnqvist PA. Management of the neonate: anesthetic considerations. 
In: Bissonnette B. ed. Pediatric anesthesia. Shelton, Connecticut 2011: 
1437–1475.

34. Litman RS, Maxwell LG. Cuffed versus uncuffed endotracheal tubes in 
pediatric anesthesia: the debate should finally end. Anesthesiology. 
2013; 118(3): 500–501, doi: 10.1097/ALN.0b013e318282cc8f, indexed 
in Pubmed: 23314108.

35. Shi F, Xiao Y, Xiong W, et al. Cuffed versus uncuffed endotracheal tubes 
in children: a meta-analysis. J Anesth. 2016; 30(1): 3–11, doi: 10.1007/
s00540-015-2062-4, indexed in Pubmed: 26296534.

36. Manowska M, Bartkowska-Śniatkowska A, Zielińska M, et al. The 
consensus statement of the Paediatric Section of the Polish Society 
of Anaesthesiology and Intensive Therapy on general anaesthesia in 
children under 3 years of age. Anaesthesiol Intensive Ther. 2013; 45(3): 
119–133, doi: 10.5603/ait.2013.0027.

37. Veyckemans F. Enesthesia equipment. In: Bissonnette B. ed. Pediatric 
anesthesia. Shelton, Connecticut 2011: 594–668.

38. Moloney G. Wich endotracheal tube in neonates, infants, and small 
children. In: Bissonnette B. ed. Pediatric anesthesia. Shelton, Connec-
ticut 2011: 745–752.

39. Khine H, Corddry D, Kettrick R, et al. Comparison of cuffed and uncuffed 
endotracheal tubes in young children during general anesthesia. Ane-
sthesiology. 1997; 86(3): 627–631, doi: 10.1097/00000542-199703000-
00015.

40. Deakers T, Reynolds G, Stretton M, et al. Cuffed endotracheal tubes in 
pediatric intensive care. The Journal of Pediatrics. 1994; 125(1): 57–62, 
doi: 10.1016/s0022-3476(94)70121-0.

41. Shibasaki M, Nakajima Y, Ishii S, et al. Prediction of pediatric endotrache-
al tube size by ultrasonography. Anesthesiology. 2010; 113(4): 819–824, 
doi: 10.1097/ALN.0b013e3181ef6757, indexed in Pubmed: 20808208.

42. Patel R, Lenczyk M, Hannallah RS, et al. Age and the onset of desatu-
ration in apnoeic children. Can J Anaesth. 1994; 41(9): 771–774, doi: 
10.1007/BF03011582, indexed in Pubmed: 7954992.

43. Morrison J, Collier E, Friesen R, et al. Preoxygenation before laryngo-
scopy in children: how long is enough? Pediatric Anesthesia. 2008; 8(4): 
293–298, doi: 10.1046/j.1460-9592.1998.00241.x.

44. Perrone S, Bracciali C, Di Virgilio N, et al. Oxygen Use in neonatal 
care: a  two-edged sword. Front Pediatr. 2016; 4: 143, doi: 10.3389/
fped.2016.00143, indexed in Pubmed: 28119904.

45. Karsli C, Issac LA. Induction of anesthesia. In: Bissonnette B. ed. Pediatric 
anesthesia. Shelton, Connecticut 2011: 669–689.

46. Ikeda A, Isono S, Sato Y, et al. Effects of muscle relaxants on mask 
ventilation in anesthetized persons with normal upper airway 
anatomy. Anesthesiology. 2012; 117(3): 487–493, doi: 10.1097/
ALN.0b013e3182668670, indexed in Pubmed: 22846679.

47. Weiss M, Engelhardt T. Cannot ventilate--paralyze! Paediatr Anaesth. 2012; 
22(12): 1147–1149, doi: 10.1111/pan.12054, indexed in Pubmed: 23134160.

48. Walker RWM, Ellwood J. The management of difficult intubation in 
children. Paediatr Anaesth. 2009; 19 Suppl 1: 77–87, doi: 10.1111/j.1460-
-9592.2009.03014.x, indexed in Pubmed: 19572847.

49. Knill RL. Difficult laryngoscopy made easy with a „BURP”. Can J Anaesth. 1993; 
40(3): 279–282, doi: 10.1007/BF03037041, indexed in Pubmed: 8467551.

50. Lerman J, Creighton RE. Two hands, three sites: show me the 
vocal cords. Paediatr Anaesth. 2006; 16(1): 96, doi: 10.1111/j.1460-
-9592.2005.01759.x, indexed in Pubmed: 16409543.

http://dx.doi.org/10.1097/ALN.0b013e31827773b2
https://www.ncbi.nlm.nih.gov/pubmed/23364566
http://dx.doi.org/10.1007/s12630-013-0019-3
http://dx.doi.org/10.1007/s12630-013-0019-3
https://www.ncbi.nlm.nih.gov/pubmed/24132407
http://dx.doi.org/10.1007/s12630-013-0020-x
https://www.ncbi.nlm.nih.gov/pubmed/24132408
http://dx.doi.org/10.1093/bja/aew175
https://www.ncbi.nlm.nih.gov/pubmed/27440673
http://dx.doi.org/10.1016/j.jtbi.2010.03.041
http://dx.doi.org/10.1016/j.jtbi.2010.03.041
https://www.ncbi.nlm.nih.gov/pubmed/20362590
http://dx.doi.org/10.1093/bja/ael178
https://www.ncbi.nlm.nih.gov/pubmed/16873387
http://dx.doi.org/10.1093/bja/aeq339
https://www.ncbi.nlm.nih.gov/pubmed/21131655
http://dx.doi.org/10.1093/bja/aer059
http://dx.doi.org/10.1093/bja/aer059
https://www.ncbi.nlm.nih.gov/pubmed/21447489
http://dx.doi.org/10.1046/j.1460-9592.2001.00767.x
http://dx.doi.org/10.1213/01.ane.0000268712.00756.dd
https://www.ncbi.nlm.nih.gov/pubmed/17646488
http://dx.doi.org/10.1111/pan.12013
https://www.ncbi.nlm.nih.gov/pubmed/22967160
http://dx.doi.org/10.1097/00000542-199504000-00029
http://dx.doi.org/10.1111/j.1460-9592.2012.03813.x
https://www.ncbi.nlm.nih.gov/pubmed/22340664
http://dx.doi.org/10.1053/j.jvca.2012.08.019
http://dx.doi.org/10.1053/j.jvca.2012.08.019
https://www.ncbi.nlm.nih.gov/pubmed/23083795
http://dx.doi.org/10.1213/ANE.0b013e31829332b5
https://www.ncbi.nlm.nih.gov/pubmed/23687233
http://dx.doi.org/10.1016/j.annemergmed.2012.02.013
https://www.ncbi.nlm.nih.gov/pubmed/22424653
http://dx.doi.org/10.1111/j.1365-2044.2009.05888.x
https://www.ncbi.nlm.nih.gov/pubmed/19453312
http://dx.doi.org/10.1111/pan.12926
https://www.ncbi.nlm.nih.gov/pubmed/27277897
http://dx.doi.org/10.1016/j.accpm.2015.09.005
https://www.ncbi.nlm.nih.gov/pubmed/26711018
http://dx.doi.org/10.1111/pan.12615
https://www.ncbi.nlm.nih.gov/pubmed/25684039
http://dx.doi.org/10.4103/0019-5049.195483
https://www.ncbi.nlm.nih.gov/pubmed/28003692
http://dx.doi.org/10.1111/j.1460-9592.2010.03284.x
https://www.ncbi.nlm.nih.gov/pubmed/20337959
http://dx.doi.org/10.1097/ALN.0b013e318282cc8f
https://www.ncbi.nlm.nih.gov/pubmed/23314108
http://dx.doi.org/10.1007/s00540-015-2062-4
http://dx.doi.org/10.1007/s00540-015-2062-4
https://www.ncbi.nlm.nih.gov/pubmed/26296534
http://dx.doi.org/10.5603/ait.2013.0027
http://dx.doi.org/10.1097/00000542-199703000-00015
http://dx.doi.org/10.1097/00000542-199703000-00015
http://dx.doi.org/10.1016/s0022-3476%2894%2970121-0
http://dx.doi.org/10.1097/ALN.0b013e3181ef6757
https://www.ncbi.nlm.nih.gov/pubmed/20808208
http://dx.doi.org/10.1007/BF03011582
https://www.ncbi.nlm.nih.gov/pubmed/7954992
http://dx.doi.org/10.1046/j.1460-9592.1998.00241.x
http://dx.doi.org/10.3389/fped.2016.00143
http://dx.doi.org/10.3389/fped.2016.00143
https://www.ncbi.nlm.nih.gov/pubmed/28119904
http://dx.doi.org/10.1097/ALN.0b013e3182668670
http://dx.doi.org/10.1097/ALN.0b013e3182668670
https://www.ncbi.nlm.nih.gov/pubmed/22846679
http://dx.doi.org/10.1111/pan.12054
https://www.ncbi.nlm.nih.gov/pubmed/23134160
http://dx.doi.org/10.1111/j.1460-9592.2009.03014.x
http://dx.doi.org/10.1111/j.1460-9592.2009.03014.x
https://www.ncbi.nlm.nih.gov/pubmed/19572847
http://dx.doi.org/10.1007/BF03037041
https://www.ncbi.nlm.nih.gov/pubmed/8467551
http://dx.doi.org/10.1111/j.1460-9592.2005.01759.x
http://dx.doi.org/10.1111/j.1460-9592.2005.01759.x
https://www.ncbi.nlm.nih.gov/pubmed/16409543


348

Anaesthesiol Intensive Ther 2017, vol. 49, no 5, 336–349

https://journals.viamedica.pl/anaesthesiology_intensivetherapy

51. Rudraraju P, Eisen LA. Confirmation of endotracheal tube position: 
a  narrative review. J Intensive Care Med. 2009; 24(5): 283–292, doi: 
10.1177/0885066609340501, indexed in Pubmed: 19654121.

52. Bhende M, Thompson A, Cook D, et al. Validity of a disposable end-tidal 
CO2 detector in verifying endotracheal tube placement in infants and 
children. Annals of Emergency Medicine. 1992; 21(2): 142–145, doi: 
10.1016/s0196-0644(05)80148-9.

53. Chun R, Kirkpatrick A, Sirois M, et al. Where’s the Tube? Evaluation of 
hand-held ultrasound in confirming endotracheal tube placement. 
Prehospital and Disaster Medicine. 2012; 19(04): 366–369, doi: 10.1017/
s1049023x00002004.

54. Dennington D, Vali P, Finer NN, et al. Ultrasound confirmation of endo-
tracheal tube position in neonates. Neonatology. 2012; 102(3): 185–189, 
doi: 10.1159/000338585, indexed in Pubmed: 22777009.

55. Sethi A, Nimbalkar A, Patel D, et al. Point of care ultrasonography for 
position of tip of endotracheal tube in neonates. Indian Pediatrics. 2014; 
51(2): 119–121, doi: 10.1007/s13312-014-0353-8.

56. Jaeel P, Sheth M, Nguyen J. Ultrasonography for endotracheal tube 
position in infants and children. Eur J Pediatr. 2017; 176(3): 293–300, 
doi: 10.1007/s00431-017-2848-5, indexed in Pubmed: 28091777.

57. Lau N, Playfor SD, Rashid A, et al. New formulae for predicting tra-
cheal tube length. Paediatr Anaesth. 2006; 16(12): 1238–1243, doi: 
10.1111/j.1460-9592.2006.01982.x, indexed in Pubmed: 17121553.

58. Yates AP, Harries AJ, Hatch DJ. Estimation of nasotracheal tube length 
in infants and children. Br J Anaesth. 1987; 59(4): 524–526, doi: 10.1093/
bja/59.4.524.

59. Sharma D, Tabatabaii SA, Farahbakhsh N. Role of ultrasound in con-
firmation of endotracheal tube in neonates: a review. J Matern Fetal 
Neonatal Med. 2017 Nov 22: 1–9. doi: 10.1080/14767058.2017.1403581. 
[Epub ahead of print] PubMed PMID: 29117819.

60. Windpassinger M, Plattner O, Gemeiner J, et al. Pharyngeal oxygen 
insufflation during airtraq laryngoscopy slows arterial desatu-
ration in infants and small children. Anesth Analg. 2016; 122(4): 
1153–1157, doi: 10.1213/ANE.0000000000001189, indexed in 
Pubmed: 26991620.

61. Steiner JW, Sessler DI, Makarova N, et al. Use of deep laryngeal oxygen 
insufflation during laryngoscopy in children: a randomized clinical trial. 
Br J Anaesth. 2016; 117(3): 350–357, doi: 10.1093/bja/aew186, indexed 
in Pubmed: 27466252.

62. Carraro G. Airway management. In: Bissonnette B. ed. Pediatric ane-
sthesia. Shelton, Connecticut 2011: 1167–1185.

63. Wołoszczuk-Gębicka B, Zawadzka-Głos L, Lenarczyk J, et al. Two cases 
of the „cannot ventilate, cannot intubate” scenario in children in view of 
recent recommendations. Anaesthesiol Intensive Ther. 2014; 46: 88–91.

64. Iohom G, Franklin R, Casey W, et al. The McCoy straight blade does 
not improve laryngoscopy and intubation in normal infants. Can J 
Anaesth. 2004; 51(2): 155–159, doi: 10.1007/BF03018775, indexed in 
Pubmed: 14766692.

65. Gutstein HB. Use of the Bullard laryngoscope and lightwand in pedia-
tric patients. In: Riazi J. ed. The difficult pediatric airway. WB Saunders, 
Philadelphia 1998: 795–812.

66. Vlatten A, Soder C. Airtraq optical laryngoscope intubation in 
a 5-month-old infant with a difficult airway because of Robin Sequ-
ence. Paediatr Anaesth. 2009; 19(7): 699–700, doi: 10.1111/j.1460-
-9592.2009.03038.x, indexed in Pubmed: 19638117.

67. Kaufmann J, Laschat M, Engelhardt T, et al. Tracheal intubation with 
the Bonfils fiberscope in the difficult pediatric airway: a comparison 
with fiberoptic intubation. Paediatr Anaesth. 2015; 25(4): 372–378, doi: 
10.1111/pan.12523, indexed in Pubmed: 25212815.

68. Owada G, Mihara T, Inagawa G, et al. A comparison of the Airtraq®, 
McGrath®, and Macintosh laryngoscopes for difficult paediatric intuba-
tion: A manikin study. PLoS One. 2017; 12(2): e0171889, doi: 10.1371/
journal.pone.0171889, indexed in Pubmed: 28187213.

69. Dwivedi D, Bhatnagar V, Tandon U, et al. Pediatric difficult intubation in 
a rare genetic disorder made easy with Airtraq laryngoscope. Anesth 
Essays Res. 2016; 10(3): 684–685, doi: 10.4103/0259-1162.191120, 
indexed in Pubmed: 27746574.

70. Redel A, Karademir F, Schlitterlau A, et al. Validation of the GlideScope 
video laryngoscope in pediatric patients. Paediatr Anaesth. 2009; 
19(7): 667–671, doi: 10.1111/j.1460-9592.2009.03046.x, indexed in 
Pubmed: 19638111.

71. Macnair D, Baraclough D, Wilson G, et al. Pediatric airway management: 
comparing the Berci-Kaplan Video Laryngoscope with direct laryngo-
scopy. Paediatr Anaesth. 2009; 19(6): 577–580, doi: 10.1111/j.1460-
-9592.2009.03025.x, indexed in Pubmed: 19645975.

72. Vlatten A, Aucoin S, Litz S, et al. A  comparison of the STORZ video 
laryngoscope and standard direct laryngoscopy for intubation in the 
Pediatric airway--a randomized clinical trial. Paediatr Anaesth. 2009; 
19(11): 1102–1107, doi: 10.1111/j.1460-9592.2009.03127.x, indexed 
in Pubmed: 19708910.

73. Jansen AH, Johnston G. The Shikani Optical Stylet: a useful adjunct 
to airway management in a  neonate with popliteal pterygium syn-
drome. Paediatr Anaesth. 2008; 18(2): 188–190, doi: 10.1111/j.1460-
-9592.2007.02401.x, indexed in Pubmed: 18184253.

74. Shukry M, Hanson RD, Koveleskie JR, et al. Management of the difficult pedia-
tric airway with Shikani Optical Stylet. Paediatr Anaesth. 2005; 15(4): 342–345, 
doi: 10.1111/j.1460-9592.2005.01435.x, indexed in Pubmed: 15787929.

75. Xue FuS, Luo MP, Liao Xu, et al. Trachlight guided airway topical 
anesthesia in children with difficult airways. Paediatr Anaesth. 2009; 
19(4): 415–418, doi: 10.1111/j.1460-9592.2009.02933.x, indexed in 
Pubmed: 19335361.

76. Xue FuS, Liu JH, Zhang YM, et al. The lightwand-guided digital intuba-
tion in newborns and infants with difficult airways. Paediatr Anaesth. 
2009; 19(7): 702–704, doi: 10.1111/j.1460-9592.2009.02986.x, indexed 
in Pubmed: 19638120.

77. Vlatten A, Aucoin S, Litz S, et al. A comparison of bonfils fiberscope-
-assisted laryngoscopy and standard direct laryngoscopy in simulated 
difficult pediatric intubation: a manikin study. Paediatr Anaesth. 2010; 
20(6): 559–565, doi: 10.1111/j.1460-9592.2010.03298.x, indexed in 
Pubmed: 20412457.

78. Fiadjoe JE, Hirschfeld M, Wu S, et al. A randomized multi-institutional 
crossover comparison of the GlideScope® Cobalt Video laryngoscope 
to the flexible fiberoptic bronchoscope in a  Pierre Robin manikin. 
Paediatr Anaesth. 2015; 25(8): 801–806, doi: 10.1111/pan.12668, 
indexed in Pubmed: 25917552.

79. Liu GPu, Li RP, Xue FuS. Comparing intubation performance of Bonfils 
fiberscope and fiberoptic bronchoscope in difficult pediatric airways. 
Paediatr Anaesth. 2015; 25(2): 217, doi: 10.1111/pan.12578, indexed 
in Pubmed: 25580658.

80. Fiadjoe JE, Stricker P, Gurnaney H, et al. Ultrasound-guided tracheal 
intubation: a  novel intubation technique. Anesthesiology. 2012; 
117(6): 1389–1391, doi: 10.1097/ALN.0b013e3182746a30, indexed 
in Pubmed: 23103558.

81. Tong DS, Beus J, Liman RS. Childrens’s Hospital of Philadelphia difficult 
intubation registry. Anesthesiology. 2007; 107: A1637.

82. Cook TM, Woodall N, Frerk C, et al. Fourth National Audit Project. Major 
complications of airway management in the UK: results of the Fourth 
National Audit Project of the Royal College of Anaesthetists and the 
Difficult Airway Society. Part 1: anaesthesia. Br J Anaesth. 2011; 106(5): 
617–631, doi: 10.1093/bja/aer058, indexed in Pubmed: 21447488.

83. Ungern-Sternberg Bv, Boda K, Chambers N, et al. Risk assessment for 
respiratory complications in paediatric anaesthesia: a  prospective 
cohort study. The Lancet. 2010; 376(9743): 773–783, doi: 10.1016/
s0140-6736(10)61193-2.

84. Mamie C, Habre W, Delhumeau C, et al. Incidence and risk factors 
of perioperative respiratory adverse events in children undergoing 
elective surgery. Pediatric Anesthesia. 2004; 14(3): 218–224, doi: 
10.1111/j.1460-9592.2004.01169.x.

85. Kusumaphanyo C, Charuluxananan S, Sriramatr D, et al. The Thai 
Anesthesia Incident Monitoring Study (Thai AIMS) of anesthetic 
equipment failure/malfunction: an analysis of 1996 incident reports. 
J Med Assoc Thai. 2009; 92: 1442–1449.

86. Engelhardt T, Weiss M. A child with a difficult airway: what do I do 
next? Curr Opin Anaesthesiol. 2012; 25(3): 326–332, doi: 10.1097/
ACO.0b013e3283532ac4, indexed in Pubmed: 22499162.

87. Wood FE, Morley CJ. Face mask ventilation-the dos and don’ts. 
Semin Fetal Neonatal Med. 2013; 18(6): 344–351, doi: 10.1016/j.
siny.2013.08.009, indexed in Pubmed: 24041823.

88. Tracy MB, Klimek J, Coughtrey H, et al. Mask leak in one-person mask 
ventilation compared to two-person in newborn infant manikin study. 
Arch Dis Child Fetal Neonatal Ed. 2011; 96(3): F195–F200, doi: 10.1136/
adc.2009.169847, indexed in Pubmed: 21071683.

89. Parhizkar N, Saltzman B, Grote K, et al. Nasopharyngeal airway for 
management of airway obstruction in infants with micrognathia. 
Cleft Palate Craniofac J. 2011; 48(4): 478–482, doi: 10.1597/09-263, 
indexed in Pubmed: 20815716.

90. Roberts K, Whalley H, Bleetman A. The nasopharyngeal airway: 
dispelling myths and establishing the facts. Emerg Med J. 2005; 
22(6): 394–396, doi: 10.1136/emj.2004.021402, indexed in Pubmed: 
15911941.

http://dx.doi.org/10.1177/0885066609340501
https://www.ncbi.nlm.nih.gov/pubmed/19654121
http://dx.doi.org/10.1016/s0196-0644%2805%2980148-9
http://dx.doi.org/10.1017/s1049023x00002004
http://dx.doi.org/10.1017/s1049023x00002004
http://dx.doi.org/10.1159/000338585
https://www.ncbi.nlm.nih.gov/pubmed/22777009
http://dx.doi.org/10.1007/s13312-014-0353-8
http://dx.doi.org/10.1007/s00431-017-2848-5
https://www.ncbi.nlm.nih.gov/pubmed/28091777
http://dx.doi.org/10.1111/j.1460-9592.2006.01982.x
https://www.ncbi.nlm.nih.gov/pubmed/17121553
http://dx.doi.org/10.1093/bja/59.4.524
http://dx.doi.org/10.1093/bja/59.4.524
http://dx.doi.org/10.1213/ANE.0000000000001189
https://www.ncbi.nlm.nih.gov/pubmed/26991620
http://dx.doi.org/10.1093/bja/aew186
https://www.ncbi.nlm.nih.gov/pubmed/27466252
http://dx.doi.org/10.1007/BF03018775
https://www.ncbi.nlm.nih.gov/pubmed/14766692
http://dx.doi.org/10.1111/j.1460-9592.2009.03038.x
http://dx.doi.org/10.1111/j.1460-9592.2009.03038.x
https://www.ncbi.nlm.nih.gov/pubmed/19638117
http://dx.doi.org/10.1111/pan.12523
https://www.ncbi.nlm.nih.gov/pubmed/25212815
http://dx.doi.org/10.1371/journal.pone.0171889
http://dx.doi.org/10.1371/journal.pone.0171889
https://www.ncbi.nlm.nih.gov/pubmed/28187213
http://dx.doi.org/10.4103/0259-1162.191120
https://www.ncbi.nlm.nih.gov/pubmed/27746574
http://dx.doi.org/10.1111/j.1460-9592.2009.03046.x
https://www.ncbi.nlm.nih.gov/pubmed/19638111
http://dx.doi.org/10.1111/j.1460-9592.2009.03025.x
http://dx.doi.org/10.1111/j.1460-9592.2009.03025.x
https://www.ncbi.nlm.nih.gov/pubmed/19645975
http://dx.doi.org/10.1111/j.1460-9592.2009.03127.x
https://www.ncbi.nlm.nih.gov/pubmed/19708910
http://dx.doi.org/10.1111/j.1460-9592.2007.02401.x
http://dx.doi.org/10.1111/j.1460-9592.2007.02401.x
https://www.ncbi.nlm.nih.gov/pubmed/18184253
http://dx.doi.org/10.1111/j.1460-9592.2005.01435.x
https://www.ncbi.nlm.nih.gov/pubmed/15787929
http://dx.doi.org/10.1111/j.1460-9592.2009.02933.x
https://www.ncbi.nlm.nih.gov/pubmed/19335361
http://dx.doi.org/10.1111/j.1460-9592.2009.02986.x
https://www.ncbi.nlm.nih.gov/pubmed/19638120
http://dx.doi.org/10.1111/j.1460-9592.2010.03298.x
https://www.ncbi.nlm.nih.gov/pubmed/20412457
http://dx.doi.org/10.1111/pan.12668
https://www.ncbi.nlm.nih.gov/pubmed/25917552
http://dx.doi.org/10.1111/pan.12578
https://www.ncbi.nlm.nih.gov/pubmed/25580658
http://dx.doi.org/10.1097/ALN.0b013e3182746a30
https://www.ncbi.nlm.nih.gov/pubmed/23103558
http://dx.doi.org/10.1093/bja/aer058
https://www.ncbi.nlm.nih.gov/pubmed/21447488
http://dx.doi.org/10.1016/s0140-6736%2810%2961193-2
http://dx.doi.org/10.1016/s0140-6736%2810%2961193-2
http://dx.doi.org/10.1111/j.1460-9592.2004.01169.x
http://dx.doi.org/10.1097/ACO.0b013e3283532ac4
http://dx.doi.org/10.1097/ACO.0b013e3283532ac4
https://www.ncbi.nlm.nih.gov/pubmed/22499162
http://dx.doi.org/10.1016/j.siny.2013.08.009
http://dx.doi.org/10.1016/j.siny.2013.08.009
https://www.ncbi.nlm.nih.gov/pubmed/24041823
http://dx.doi.org/10.1136/adc.2009.169847
http://dx.doi.org/10.1136/adc.2009.169847
https://www.ncbi.nlm.nih.gov/pubmed/21071683
http://dx.doi.org/10.1597/09-263
https://www.ncbi.nlm.nih.gov/pubmed/20815716
http://dx.doi.org/10.1136/emj.2004.021402
https://www.ncbi.nlm.nih.gov/pubmed/15911941


349

Wojciech Walas et al., Difficult airway in children

https://journals.viamedica.pl/anaesthesiology_intensivetherapy

91. Abel F, Bajaj Y, Wyatt M, et al. The successful use of the nasopharyngeal 
airway in Pierre Robin sequence: an 11-year experience. Arch Dis Child. 
2012; 97(4): 331–334, doi: 10.1136/archdischild-2011-301134, indexed 
in Pubmed: 22331679.

92. Bradley AED, White MC, Engelhardt T, et al. Current UK practice of 
pediatric supraglottic airway devices - a  survey of members of the 
Association of Paediatric Anaesthetists of Great Britain and Ireland. 
Paediatr Anaesth. 2013; 23(11): 1006–1009, doi: 10.1111/pan.12230, 
indexed in Pubmed: 23909988.

93. Schmölzer GM, Agarwal M, Kamlin CO, et al. Supraglottic airway devices 
during neonatal resuscitation: an historical perspective, systematic 
review and meta-analysis of available clinical trials. Resuscitation. 2013; 
84(6): 722–730, doi: 10.1016/j.resuscitation.2012.11.002, indexed in 
Pubmed: 23146881.

94. Galderisi A, De Bernardo G, Lorenzon E, et al. i-gel: a new supraglottic 
device for effective resuscitation of a very low birthweight infant with 
Cornelia de Lange syndrome. BMJ Case Rep. 2015; 2015, doi: 10.1136/
bcr-2014-209124, indexed in Pubmed: 25809435.

95. Classic Laryngeal Mask Airway. Product information on manufac-
turer’s website. http://www.teleflex.com/emea/documentLibrary/
documents/940691-000001_31817-LMA-TF-Classic-A4_1403_PDF.
pdf (19.04.2017).

96. Reynolds PI, O’Kelly SW. Fiberoptic intubation and the laryngeal mask 
airway. Anesthesiology. 1993; 79(5): 1144, indexed in Pubmed: 8238995.

97. Benumof JL. A new technique of fiberoptic intubation through a stan-
dard LMA. Anesthesiology. 2001; 95(6): 1541, indexed in Pubmed: 
11767774.

98. Weiss M, Schwarz U, Dillier C, et al. Use of the intubating laryngeal 
mask in children: an evaluation using video-endoscopic monitoring. 
European Journal of Anaesthesiology. 2001; 18(11): 739–744, doi: 
10.1046/j.1365-2346.2001.00909.x.

99. Jöhr M, Berger TM. Fiberoptic intubation through the laryngeal mask 
airway (LMA) as a  standardized procedure. Paediatr Anaesth. 2004; 
14(7): 614, doi: 10.1111/j.1460-9592.2004.01357.x, indexed in Pubmed: 
15200668.

100. Weiss M, Mauch J, Becke K, et al. Fibre optic-assisted endotracheal 
intubation through the laryngeal mask in children. Anaesthesist. 
2009; 58: 716–721.

101. Walker R. The laryngeal mask airway in the difficult paediatric airway: 
an assessment of positioning and use in fibreoptic intubation. Pediatric 
Anesthesia. 2008; 10(1): 53–58, doi: 10.1046/j.1460-9592.2000.00425.x.

102. Zhi J, Deng XM, Yang D, et al. Comparison of the ambu aura-i with the 
air-q intubating laryngeal airway as a conduit for fiberoptic-guided 
tracheal intubation in children with ear deformity. Zhongguo Yi Xue 
Ke Xue Yuan Xue Bao. 2016; 38: 637–642.

103. Thomas P, Parry M. The difficult paediatric airway: a new method of 
intubation using the laryngeal mask airwaytm, CookR airway exchange 
catheter and tracheal intubation fibrescope. Pediatric Anesthesia. 2001; 
11(5): 618–621, doi: 10.1046/j.1460-9592.2001.00726.x.

104. Selim M, Mowafi H, Al-Ghamdi A, et al. Intubation via LMA in pediatric 
patients with difficult airways. Can J Anaesth. 1999; 46(9): 891–893, doi: 
10.1007/BF03012981, indexed in Pubmed: 10490160.

105. Newgard CD, Koprowicz K, Wang H, et al. ROC Investigators. Variation 
in the type, rate, and selection of patients for out-of-hospital airway 
procedures among injured children and adults. Acad Emerg Med. 2009; 
16(12): 1269–1276, doi: 10.1111/j.1553-2712.2009.00604.x, indexed in 
Pubmed: 20053248.

106. Coté CJ, Hartnick CJ. Pediatric transtracheal and cricothyrotomy airway 
devices for emergency use: which are appropriate for infants and chil-
dren? Paediatr Anaesth. 2009; 19 Suppl 1: 66–76, doi: 10.1111/j.1460-
-9592.2009.02996.x, indexed in Pubmed: 19572846.

107. Advanced pediatric life support (APLS). The practical approach. Wiley-
-Blackwell, 2011 .

108. Blanas N, Fisher JA. A „last ditch” airway, revisited. Can J Anaesth. 1999; 
46(8): 809–810, doi: 10.1007/BF03013927, indexed in Pubmed: 10451148.

109. Navsa N, Tossel G, Boon JM. Dimensions of the neonatal cricothyroid 
membrane - how feasible is a  surgical cricothyroidotomy? Paediatr 
Anaesth. 2005; 15(5): 402–406, doi: 10.1111/j.1460-9592.2005.01470.x, 
indexed in Pubmed: 15828992.

110. Corbett HJ, Mann KS, Mitra I, et al. Tracheostomy--a  10-year expe-
rience from a UK pediatric surgical center. J Pediatr Surg. 2007; 42(7): 
1251–1254, doi: 10.1016/j.jpedsurg.2007.02.017, indexed in Pubmed: 
17618889.

111. Chong CF, Wang TL, Chang H. Percutaneous transtracheal ventilation 
without a jet ventilator. The American Journal of Emergency Medicine. 
2003; 21(6): 507–508, doi: 10.1016/s0735-6757(03)00166-9.

112. Zornow MH, Thomas TC, Scheller MS. The efficacy of three different me-
thods of transtracheal ventilation. Can J Anaesth. 1989; 36(6): 624–628, 
doi: 10.1007/BF03005411, indexed in Pubmed: 2582561.

113. Steward DJ. Percutaneous transtracheal ventilation for laser endoscopic 
procedures in infants and small children. Can J Anaesth. 1987; 34(4): 
429–430, doi: 10.1007/BF03010154, indexed in Pubmed: 3608068.

114. Li S, Liu Y, Tan F, et al. Efficacy of manual jet ventilation using Manujet 
III for bronchoscopic airway foreign body removal in children. Int J 
Pediatr Otorhinolaryngol. 2010; 74: 1401–1414.

115. Sanguanwit P, Trainarongsakul T, Kaewsawang N, et al. Is retrograde 
intubation more successful than direct laryngoscopic technique in 
difficult endotracheal intubation? Am J Emerg Med. 2016; 34(12): 2384–
2387, doi: 10.1016/j.ajem.2016.08.063, indexed in Pubmed: 27629490.

116. Ciftci T, Erbatur S. Retrograde intubation via laryngeal mask airway 
in a paediatric patient with fallot-type ventricular septal defect and 
cleft palate deformity. Middle East J Anaesthesiol. 2016; 23: 479–482.

117. Miner JR, Rubin J, Clark J, et al. Retrograde intubation with an extraglot-
tic device in place. J Emerg Med. 2015; 49(6): 864–867, doi: 10.1016/j.
jemermed.2015.07.027, indexed in Pubmed: 26409682.

118. He M. Emergent retrograde tracheal intubation in a 3-year-old with 
stevens-johnsons syndrome. A A Case Rep. 2014; 2(1): 7–8, doi: 10.1097/
ACC.0b013e3182a1af9b, indexed in Pubmed: 25612259.

119. Cui XL, Wang SY, Xue FS. Fiberoptic and retrograde intubation in dif-
ficult pediatric airway: useful suggestions. J Neurosurg Anesthesiol. 
2014; 26(3): 257–258, doi: 10.1097/ANA.0000000000000022, indexed 
in Pubmed: 24905031.

120. McLaughlin J, Iserson KV. Emergency pediatric tracheostomy: a usable 
technique and model for instruction. Ann Emerg Med. 1986; 15(4): 
463–465, indexed in Pubmed: 3954184.

Corresponding author:
Wojciech Walas
Department of Paediatric Anaesthesiology 
and Intensive Care, University Clinical Hospital 
Al. W Witosa 26, 45–401 Opole, Poland
e-mail: wojciechwalas@wp.pl

http://dx.doi.org/10.1136/archdischild-2011-301134
https://www.ncbi.nlm.nih.gov/pubmed/22331679
http://dx.doi.org/10.1111/pan.12230
https://www.ncbi.nlm.nih.gov/pubmed/23909988
http://dx.doi.org/10.1016/j.resuscitation.2012.11.002
https://www.ncbi.nlm.nih.gov/pubmed/23146881
http://dx.doi.org/10.1136/bcr-2014-209124
http://dx.doi.org/10.1136/bcr-2014-209124
https://www.ncbi.nlm.nih.gov/pubmed/25809435
http://www.teleflex.com/emea/documentLibrary/documents/940691-000001_31817-LMA-TF-Classic-A4_1403_PDF.pdf
http://www.teleflex.com/emea/documentLibrary/documents/940691-000001_31817-LMA-TF-Classic-A4_1403_PDF.pdf
http://www.teleflex.com/emea/documentLibrary/documents/940691-000001_31817-LMA-TF-Classic-A4_1403_PDF.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8238995
https://www.ncbi.nlm.nih.gov/pubmed/11767774
http://dx.doi.org/10.1046/j.1365-2346.2001.00909.x
http://dx.doi.org/10.1111/j.1460-9592.2004.01357.x
https://www.ncbi.nlm.nih.gov/pubmed/15200668
http://dx.doi.org/10.1046/j.1460-9592.2000.00425.x
http://dx.doi.org/10.1046/j.1460-9592.2001.00726.x
http://dx.doi.org/10.1007/BF03012981
https://www.ncbi.nlm.nih.gov/pubmed/10490160
http://dx.doi.org/10.1111/j.1553-2712.2009.00604.x
https://www.ncbi.nlm.nih.gov/pubmed/20053248
http://dx.doi.org/10.1111/j.1460-9592.2009.02996.x
http://dx.doi.org/10.1111/j.1460-9592.2009.02996.x
https://www.ncbi.nlm.nih.gov/pubmed/19572846
http://dx.doi.org/10.1007/BF03013927
https://www.ncbi.nlm.nih.gov/pubmed/10451148
http://dx.doi.org/10.1111/j.1460-9592.2005.01470.x
https://www.ncbi.nlm.nih.gov/pubmed/15828992
http://dx.doi.org/10.1016/j.jpedsurg.2007.02.017
https://www.ncbi.nlm.nih.gov/pubmed/17618889
http://dx.doi.org/10.1016/s0735-6757%2803%2900166-9
http://dx.doi.org/10.1007/BF03005411
https://www.ncbi.nlm.nih.gov/pubmed/2582561
http://dx.doi.org/10.1007/BF03010154
https://www.ncbi.nlm.nih.gov/pubmed/3608068
http://dx.doi.org/10.1016/j.ajem.2016.08.063
https://www.ncbi.nlm.nih.gov/pubmed/27629490
http://dx.doi.org/10.1016/j.jemermed.2015.07.027
http://dx.doi.org/10.1016/j.jemermed.2015.07.027
https://www.ncbi.nlm.nih.gov/pubmed/26409682
http://dx.doi.org/10.1097/ACC.0b013e3182a1af9b
http://dx.doi.org/10.1097/ACC.0b013e3182a1af9b
https://www.ncbi.nlm.nih.gov/pubmed/25612259
http://dx.doi.org/10.1097/ANA.0000000000000022
https://www.ncbi.nlm.nih.gov/pubmed/24905031
https://www.ncbi.nlm.nih.gov/pubmed/3954184

