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Abstract

TheGerman airwaymanagement guidelines are intended to serve as an orientation and
decision-making aid and thus contribute to the optimal care of patients undergoing
anesthesiologic- and intensive medical care. As part of the pre-anesthesiologic
evaluation, anatomical and physiological indications for difficult mask ventilation
and intubation shall be evaluated. This includes the assessment of mouth opening,
dental status, mandibular protrusion, cervical spine mobility and existing pathologies.
The airway shall be secured while maintaining spontaneous breathing if there are
predictors or anamnestic indications of difficult or impossible mask ventilation
and/or endotracheal intubation. Various techniques can be used here. If there is an
unexpectedly difficult airway, a video laryngoscope is recommended after unsuccessful
direct laryngoscopy, consequently a video laryngoscope must be available at every
anesthesiology workplace. The airway shall primarily be secured with a video
laryngoscope in critically ill- and patients at risk of aspiration. Securing the airway
using translaryngeal and transtracheal techniques is the “ultima ratio” in airway
management. The performance or supervision of airway management in the intensive
care unit is the responsibility of experienced physicians and nursing staff. Appropriate
education and regular training are essential. Clear communication and interaction
between team members are mandatory before every airway management procedure.
Once the airway has been secured, the correct position of the endotracheal tube must
be verified using capnography.
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Information on these guidelines

Leading professional association. Ger-
man Society for Anesthesiology and In-
tensive Care Medicine (DGAI).

Special note

Medicine is subject to a continuous devel-
opment process, therefore all information,
particularly on diagnostic and therapeutic
procedures, can only ever reflect the state
of knowledge at the time of printing of
the guidelines. The most excellent possi-
ble care has been taken about the therapy
recommendations and the medication se-
lection and dosage.

The practitioner remains responsible
for anydiagnostic, therapeutic application,
medication, and dosage.

For better readability, the generic mas-
culine is used.

Procedure for consensus building

This guidelines are an expert consensus. It
was approved by the Board of the German
Society of Anesthesiology and Intensive
Care Medicine. The consensus classifica-
tion and recommendations were adopted
as an expert consensus of the guideline
group. The strength of the recommenda-
tion results from the wording used (shall/
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Leitlinien und Empfehlungen

Table 1 Recommendation grading
Recommendation Recommendation against intervention Description

“Shall” “Shall not”, “Is not indicated” Strong recommendation

“Should” “Should not” Recommendation

“Can”/“Is unclear” “Can be waived”/“Is unclear” Recommendation open

should/can) according to the grading in
. Table 1.

Introduction

Securing the airway is a core competence
of anesthesiologists, intensive care, and
emergency physicians, as oxygenation is
impossible without an open/secured air-
way. Introducing new techniques and im-
plementing guidelines and strategies for
the care of the difficult airway have signif-
icantly reduced morbidity and mortality.

These guidelines are intended to help
ensure optimal care for anesthesia and in-
tensivecarepatients. It is intendedtoserve
as an orientation and decision-making aid
forpractitioners. Formanyof the following
recommendations on practical procedures
or the use of specific techniques in airway
management, there are needs to be more
high-quality clinical studies. The guide-
lines presented here, therefore, represents
theconsensusandresultingstrengthof the
recommendations of a group of experts
(corresponds to level “S1” of the classifi-
cation scheme of the German Association
of Scientific Medical Societies—see www.
awmf.org). It is, consequently, not feasible
or possible to specify a Grade of Recom-
mendation.

For securing the airway in prehospi-
tal emergency medicine [1], polytrauma/
critically injured treatment [2] and pe-
diatric anesthesia [3] reference is made
to the existing German recommendations
and guidelines.

1. Definition, predictors and
incidence of difficult airway

Definition

“Difficult airway” refers to problems that
may occur during airway management.
The specialist standard in anesthesiology
is assumed as the professional qualifica-
tion for assessing the “difficult airway.” In
the following, all recommendations refer

to the standard of a specialist in anesthe-
siology and sufficient experience in the
routine application of the respective tech-
nique.

Difficulties arise at various levels: Oxy-
genation using the face mask or a supra-
glottic airway device (SGA, for definition,
see chapter “Techniques for securing the
airway”) is defined as difficult or impossi-
ble if the initial level of oxygen saturation
cannot be reached due to one or more
problems.

The placement of an SGA is considered
difficult if more than two attempts are
required for correct placement.

An impossible laryngoscopy is present
if the glottis cannot be visualized. This
corresponds to a laryngoscopy finding ac-
cording to Cormack & Lehane grade III
or IV [4]. Difficult endotracheal intubation
is present if more than two attempts are
required to place the tube.

A “cannot ventilate, cannot oxygenate”
situation exists when neither ventilation
nor oxygenation is possible.

Incidences and predictors

Incidence of the difficult airway
The exact determination of complications
and the incidence of difficult mask venti-
lation, laryngoscopy or intubation is un-
clear because the definition of difficult
airway in different studies and the un-
derlying situation (e.g., elective induction
in the operating room versus emergency
intubation in the intensive care unit) are
very different [5]. The incidence of difficult
mask ventilation is about 6%, of impos-
sible mask ventilation about 0.04–0.15%
[6–10], ofwhich86–94%wereunexpected
[7, 11]. The incidence of difficult direct
laryngoscopy is 1.5–8.0%, the incidence
of difficult intubation is slightly lower [12,
13]. An unexpected “cannot intubate, can-
not oxygenate” situation can be expected
with a probability of 0.008% (1:13,000) to
0.004% (1:25,000) [8, 10]. Possible inter-
individual differences in the practical skills

of the practitioner must also be consid-
ered. Again, the specialist standard only
vaguely describes individual competence.
It is therefore likely, that different working
groups will arrive at different results with
an identical patient population. This chal-
lenge must always be considered when
interpreting such clinical trials.

Predictors of difficult mask
ventilation
In addition to the known factors listed
in . Table 2, the patient’s medical history
shall be considered: Has mask ventilation
ever been difficult or is there any evi-
dence of this in the form of an anesthesia
record or anesthesia problem card? Are
there any anatomical features that may in-
dicate difficultmask ventilation? Themore
of predictors are present, the greater the
likelihood of problems.

Predictors of difficult laryngoscopy
and intubation
Problemswithendotracheal intubationare
often subsumed under the term “diffi-
cult intubation”withoutdistinguishingbe-
tween “laryngoscopy” and “endotracheal
intubation”. Since the anatomical and op-
tical axes converge during direct laryn-
goscopy and successful tube placement
can be expected if the laryngoscopy find-
ings are acceptable, this blurring is of sec-
ondary importance. However, when in-
direct laryngoscopy techniques are used
(for definition, see Sect. 3: Techniques for
airway management) the two procedures
must be separated because the incidence
of difficult laryngoscopy is always lower
than the incidence of difficult or impossi-
ble intubation.

Like the anatomical and physiological
parameters used to assess mask ventila-
tion (. Table 2), these are also defined to
predict difficult laryngoscopy and intuba-
tion (. Table 3). Although the likelihoodof
a difficult airway increases with the num-
ber of predictors, a difficult laryngoscopy
can also be found in the presence of only
one predictor: Typical examples are a very
small mouth opening or an obstructing
subglottic tumor.

Various tests and scores are pub-
lished to assess difficult laryngoscopy/
intubation. Mouth opening is particu-
larly important because laryngoscopy is
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Table 2 Predictors of difficult or impossiblemask ventilation
Previous radiation or tumor in the neck region

Body mass index >30kg/m2

Desolate tooth status, tooth lessness

Clearlya limited protrusion of the lower jaw (upper lip bite test)

Macroglossia and other pathological tongue changes

Mallampati grade III or IV

Scars, tumors, inflammations, injuries to the lip and face

Pathological changes in the pharynx, larynx, and trachea

History of snoring or obstructive sleep apnea

Insufficient depth of anesthesia

Reduced thyromental distance (<6–7cm)

Full beard wearer
aThe lower jaw cannot be advanced far enough to allow contact between the teeth or gums of the
lower jaw and the teeth or gums of the upper jaw

Table 3 Predictors of difficult or impossible direct laryngoscopy and intubation
Restrictedmouth opening (<3.5 cm)

Restricted reclination of the head

Inspiratory stridor

Short or extensive neck

Macroglossia

Mallampati grade III or IV

Mandibulofacial and maxillofacial dysostoses

Obstructive sleep apnea

Pathological “upper lip bite” test

Progeny, dysgnathia

Large goiter

Pregnancy

History of difficult intubation

Subglottic stenosis, tracheal stenosis, tracheal displacement

Tumors, abscesses in the head and neck or mediastinum

Insufficient depth of anesthesia, lack of muscular blockade

Reduced thyromental distance (<6–7cm)

Radiation in the head and neck area

Previous larynx/pharynx surgery

The risk of difficult or impossible direct laryngoscopy increases with an increasing number of different
predictors or symptoms

usually performed through the mouth
and the instruments used must be placed
correctly. Mouth opening is determined
by the distance between incisors in the
upper and lower jaw and is also known as
the “interincisor distance”. There is some
disagreement among authors as to when
the mouth opening is critically small or at
least significantly reduced. An interincisor
distand of less than <3.5 cm is usually
interpreted as pathological [14].

None of the described tests or scores
alone can reliably predict difficult laryn-
goscopy or intubation. The upper lip bite

test, which has a good predictive value for
difficult intubation, is important [15]. The
Mallampati test modified by Samsoon and
Young is currently the most widely used
test [4], along with the Patil thyromental
distance of less than 6–7cm [16], the Wil-
son risk score [17], the Arne multifactorial
risk index [18], and the El Ganzouri score
[19]. In a meta-analysis [20], the combina-
tion of Mallampati and the thyro-omental
distance recommendedbyEl Ganzouri [19]
is suggested. All these scores have differ-
ent sensitivities. In addition, there are
known weaknesses in their application by

today’s anesthesiologists [21, 22], which
further reduces their validity. Therefore,
good training in the assessment of the
difficult airway is also important.

Recommendation 1

As part of the airway examination, anatomic
and physiologic indications for difficult mask
ventilation and intubation shall be evaluated:
Mouth opening, dental status, mandibular
protrusion, cervical spine mobility, pathol-
ogy (neck, face), known difficult airway, con-
sideration of imaging and ENT findings as
appropriate.

Recommendation 2

There shall be an algorithm/standard within
each institution that defines the procedure
for airway management when predictors for
a difficult airway are present. Scores can be
used.

Predictors for difficult video
laryngoscopy
Compared to direct laryngoscopy, video
laryngoscopy often provides better visu-
alizationof thevocal cords. However, there
are also indicators that predict amore diffi-
cult visualization of the glottis or more dif-
ficult tube placement using a video laryn-
goscope (. Table 4). The significance of
the predictors also depends on the shape
of the laryngoscope blade used [23, 24].

Predictors of difficult placement
and/or oxygenation with
a supraglottic airway device
Several factors canmakeplacementand/or
oxygenation difficult or impossible with
an SGA [25–28]. These factors include
. Table 5.

Difficult airway due to physiological
impairment
Typically, a difficult airway is mainly based
on anatomical conditions as described
above. However, physiologic pathologies
should also be considered when planning
airway management [29]. For example,
hypoxia, hypotension, severe metabolic
acidosis, or right ventricular failure carry
a high risk of adverse events during airway
management. Therefore, these impair-
ments should be critically evaluated even
in the absence of anatomic predictors
of a difficult airway. The presence of
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Table 4 Predictors of difficult or impossible video laryngoscopy and intubation
Severely restricted cervical spinemobility

Highly restrictedmouth opening

Macroglossia

Pathologies in the neck area; short, thick neck

Pathological “upper lip bite” test

Secretions such as blood, stomach contents, mucus in the mouth or throat that contaminate the
airway

Inexperienced user, lack of education and training (especially with hyper angulated blade
shapes, use of shaft systems)

Unfavorable ambient condition for screen (strong incidence of light, etc.)

Insufficient depth of anesthesia, lack of muscular blockade

Reduced thyromental distance (<6–7cm)

History of difficult indirect laryngoscopy

The risk of difficult or impossible direct or indirect video laryngoscopy increases as the number of
different predictors or symptoms increases

cardiopulmonary decompensation may
distract from a difficult airway or further
complicate an already difficult airway [29,
30]. Prolonged attempts to secure the
airway should be avoided whenever pos-
sible. Therefore, the decision to intubate
under spontaneous breathing [28, 31]
may be useful (see Sect. 4: Strategies for
securing the airway).

2. Airway ultrasound

Ultrasound examination of the respiratory
tract fromthehypopharynxandbaseof the
tongue to the lungs and pleura is increas-
ingly the focus of clinical trials. However,
these are mostly studies with a small num-
berofcasesandalowlevelofevidence[32].
Several parameters are available to pro-
vide information on airway anatomy dur-
ing preoperative airway assessment and
as potential screening parameters for dif-
ficult airways [33].

Recommendation 3

Preanesthetic ultrasound of the airway may
be helpful in identifying difficult airwayman-
agement. To assess the risk of aspiration,
point-of-care ultrasound can be used to de-
termine the filling status of the stomach.

Thediagnosticaccuracy, especially fornon-
specialist examiners, and the impact of
clinical decisions made based on ultra-
sound examinations require further inves-
tigation [34].

After securing the airway, ultrasound
examination of both lungs can be per-

formed [35, 36]. It is not an alternative for
capnography.

Recommendation 4

Ultrasound examination of the trachea and
lungs can provide evidence for correct tube
position.

Although inspection and palpation are
sufficient in most patients, the inability
to identify the cricothyroid membrane is
a major contributor to the high failure rate
of cricothyrotomy. Airway ultrasound to
identify this membrane can double the
success rate. After a short but structured
training, the cricothyroid membrane can
be identifiedbyultrasoundeven indifficult
anatomic circumstances by anesthesiolo-
gists previously inexperienced in airway
ultrasound technique and can be helpful
when trans laryngeal access is required
[37, 38].

Recommendation 5

If the airway is known or expected to be diffi-
cult, a preanesthetic ultrasound examination
of the upper airway with visualization and
marking of the cricothyroid membrane may
be helpful in preparation for trans laryngeal
airwaymanagement.

Recommendation 6

In the case of a difficult airway, ultrasound of
the upper airway and neck may be helpful to
aid in the initiation of invasive airway man-
agement.

Table 5 Predictors for difficult placement
and/or oxygenation of supraglottic airway
devices

Limited cervical spine mobility

Small mouth opening

Neck circumference >44cm

Mallampati 3 or 4

Morbid obesity

Insufficient depth of anesthesia

Tooth lessness or poor dental status

The risk increases as the number of different
predictors or symptoms increases

3. Techniques for airway
management

Preoxygenation

Preoxygenation during induction of gen-
eral anesthesia is aimed to delay desatu-
ration during the apnea phase [39, 40].

Recommendation 7

Spontaneously breathing patients shall be
preoxygenated prior to induction of anesthe-
sia. This should be performed using a tight-
fitting face mask with 100% oxygen and
a fresh gas flowof 10L for at least 3–4min. Al-
ternatively, the patient shall take eight deep
breaths at the same oxygen flow for a maxi-
mal duration of 60s.

Preoxygenationcanbemodifiedforcertain
risk groups:
– Geriatric patients benefit from extend-

ing preoxygenation to 5min [40].
– Bariatric patients benefit from upper

body elevation (25–30 degrees),
pressure-supported ventilation during
spontaneous breathing, and pressure-
controlled ventilation in the apneic
phase [41–43].

– The use of noninvasive ventilation
(e.g., pressure support: 8 cmH2O,
PEEP 5cmH2O) during preoxygenation
in patients at risk for hypoxia can
improve apnea tolerance [44, 45].

– If a rapid preoxygenation is required,
pressure support ventilation (e.g., pres-
sure support: 8 cmH2O, PEEP 5cmH2O)
can almost reduce the time needed by
halve [45].
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Upper body elevation is beneficial in pa-
tients with respiratory insufficiency, as it
can prolong apnea time without hypoxia.

Apneic oxygenation

The goal of apneic oxygenation is to pro-
long apnea time without decreasing oxy-
gen saturation by delivering oxygen via
standard nasal cannula at a flow rate of
15L/min. In theory, apneic oxygenation
is based on the influx of high dose oxy-
gen into the airway dead space and the
washout of carbondioxide from the alveoli
[46].

The acronym “THRIVE” (transnasal hu-
midified rapid insufflation ventilatory ex-
change)describesahigh-flowoxygenther-
apy of ca. 60 L/min, in which heated and
humidified oxygen is delivered via a spe-
cific high-flow nasal cannula [47].

An advantage of using a nasal cannula
for apneic oxygenation is that they do not
obstruct airway access during tracheal in-
tubation. Apneic oxygenation can be par-
ticularly beneficial in patients at risk for
hypoxemia [48, 49]. A disadvantage is that
they may compromise the seal of a face
mask if manual ventilation becomes nec-
essary. So far, apneic oxygenation has no
proven role as a rescue technique for oxy-
genation in already desaturated patients
[46].

Recommendation 8

The use of apneic oxygenation during laryn-
goscopy can be considered in patients at risk
for hypoxemia.

For intensive care patients, it has been
shown that hypoxemia occurs less fre-
quently in acute respiratory failure with
THRIVE [50, 51].

Mask ventilation

Mask ventilation is the basic measure of
airway management. It can be performed
manually (bag)orwithpressure-controlled
ventilation.

Oro-/nasopharyngeal airway
support
If mask ventilation is difficult, oro/
nasopharyngeal airway devices shall be

used if depth of anesthesia is sufficient
[52, 53].

Neuromuscular blockade
Neuromuscular blockade improves mask
ventilation in most cases, resulting in
higher tidal volumes and less desatura-
tions [54–56].

Recommendation 9

In the absence of a difficult airway a planned
neuromuscular blockade shall be performed
immediately after achieving adequate depth
ofanesthesiawithoutchecking fora sufficient
mask ventilation.

Supraglottic airway devices

The term supraglottic airway devices refer
to instruments that are located outside
the glottis. There are two types of airway
devices:
– Laryngeal mask type (LM type)
– Laryngeal tube type (LT type)

Within the LM type group, there are some-
times considerable differences due to the
design, so that results from publications
orrecommendationscannotbetransferred
to every device within the group [57].

TheLT type ismainlyused inprehospital
emergency medicine in Germany.

By setting the cuff pressure to a maxi-
mumof 60 cmH2O, the incidence of airway
injury and swelling can be reduced [58,
59].

Recommendation 10

Cuff pressure for supraglottic airways shall be
measured after placement and shall not ex-
ceed 60cmH2O.

Indications
The use of the LM-type for primary airway
management in elective surgery offers nu-
merous advantages over ventilation with
a face mask and, in certain procedures,
over ventilationwith an endotracheal tube
(. Table 6). Therefore, its use in elective
surgery is indicated when there are no
limitations (. Table 7).

Second generation SGA
While the first generation of SGA’s allow
only ventilation, the second generation

also allows safe position control. Various
tests can be used to ensure safe posi-
tion control with the tip in the postcricoid
region. In addition, gastric pressure and
volume can be reduced by inserting a gas-
tric tube. This results in a potentially lower
risk of regurgitation and aspiration. Be-
cause of these advantages, it makes sense
to always use second-generation airway
devices. Positioning tests include visual
inspection for sufficient insertion depth,
gastric leakage test (“bubble” test), and
resistance-free insertion of a gastric tube
[61]. The positive jugulum test (supra-
sternal notch test) can also provide in-
formation on the correct position. These
tests have only been described for second-
generation LM-type SGA.

Recommendation 11

When using second-generation LM-type air-
waydevices, tests shall beperformed to verify
the position.

Extended indications
The term “extended indications” is used to
describe procedures that require increased
leak-tightness for ventilation and protec-
tion against gastric insufflation or regur-
gitation.

These include, but are not limited to,
use in planned prolonged procedures, la-
paroscopic procedures, bariatric patients,
and non-supine procedures. These pro-
cedures can also be performed with SGA
when
– second-generation LM type is used,
– position tests have been successfully

passed,
– the application remains under 8h [62],
– and the practicioner has sufficient

experience.

Recommendation 12

Based on current evidence, an LM-type SGA
can be used as an alternative to an endotra-
cheal tube for the extended indications after
a risk-benefit assessment. In these cases,
a second-generation LM-type SGA should be
used, and a gastric tube advanced through
the gastric lumen. After placement, position
and leakage shall be checked.

Die Anaesthesiologie 5
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Table 6 Advantages of using supraglottic airwaydevices compared to the use of an endotra-
cheal tube. (Mod. after [60])
Reduced respiratorymorbidity (with correct positioning and cuff pressure ≤60 cmH2O)

Less tension and pressure on the cervical spine

Less anesthetic required, easier spontaneous breathing

No neuromuscular blockade for airway instrumentation (can be used if indicated)

Reduced likelihood of unnoticed intraoperative awareness

Greater hemodynamic stability during insertion and emergence

Reduced incidence of laryngospasm and bronchospasm (with appropriate anestheticmanage-
ment)

Improved mucociliary clearance

Reduced incidence of hypoxemic periods and coughing during weaning

Steeper learning curve

No unilateral or esophageal position

Possibility of oxygenation in case of failed intubation

Table 7 Contraindications for the use of SGAin patients undergoing elective surgery
Patients with inflammation, tumors, or bleeding in the upper airway that does not allow ade-
quate placement of an SGA

Mouth opening <2cm

Expected ventilation pressures above individual SGA leak pressure

Need for regular tracheal access

Single lung ventilation

Patients with persistent symptomatic gastroesophageal reflux, symptomatic hiatal or diaphrag-
matic hernia, or ileus

Interference with surgical procedure

Intubation via the supraglottic
airway
LM-type SGAs designed for “blind” or en-
doscopicallyguided intubationhaveaspe-
cial position inairwaymanagement. These
devices have the potential advantage that,
in addition to the benefits of LM-type
use, endotracheal intubation can also be
performed. It should be noted that the
probability of success of non-endoscopi-
cally guided (so-called “blind”) intubation
ishighlydependenton the typeof LMused
and the expertise of the operator and has
been reported to vary from 15–98% [63].

Recommendation 13

Intubation shall only be attempted without
a flexible intubation endoscope if the opera-
tor has the necessary expertise and is using
an SGA that has a high success rate when
used correctly.

Indications for SGA of the laryngeal
tube type
Experience and recommendations for the
use of laryngeal tube types of SGA are
mainly available in prehospital emergency

medicine [1]. Sufficient experience is re-
quired for safe use [64].

The indication for LT-type SGA is as
an alternative for difficult airway manage-
ment when mask ventilation, insertion of
anLM-typeSGAor intubation fails because
of the different way the devices works and
its position in the esophagus/pharyngeal
area.

Recommendation 14

Emergency use should be reserved for those
with sufficient experience in patient use.

Direct laryngoscopy

Conventional intubationcanbeperformed
with various shaped blades. The often rec-
ommended “sniffingposition” forheadpo-
sitioning during intubation may improve
or at least not worsen the view of the
glottis [65, 66].

Recommendation 15

For direct laryngoscopy, positioning in the
sniffing position can be helpful for a better
view.

If laryngoscopy or intubation is difficult,
guide rods, stylets or tube insertion de-
vices can be used to place the tube. Tube
insertion introducers are long, semi-flex-
ible plastic rods placed primarily in the
trachea to facilitate tube placement [67].
Nomenclature is not standardized. They
are often referred to as bougie, stylet, or
intubation catheter.

Indirect laryngoscopy

The term “indirect laryngoscope” refers to
instruments that do not require or allow
direct visualization of the glottic plane. In
principle, this canbeachieved in twoways:
Firstly, by using small camera chips whose
image is transmitted to a monitor (e.g.
video laryngoscopes, flexible and rigid in-
tubation endoscopes). On the other hand,
by using an optical system that provides
a view through an eyepiece via optical
fibers (e.g. classical fiber optics) or prisms.

Video laryngoscopy
The view of the glottic plane can often be
improved with video laryngoscopy after
direct laryngoscopy is difficult or impossi-
ble [66, 68, 69]. The primary use of video
laryngoscopy increases the likelihood of
successful intubation on the first attempt
during anesthesia [70–72].

Recommendation 16

When direct laryngoscopy is expected to
be difficult or in emergencies, video laryn-
goscopy should be preferred over direct
laryngoscopy.

Today, the term video laryngoscopy en-
compasses a wide variety of devices, some
of which differ fundamentally in shape,
technology, and handling. An important
distinguishing feature of video laryngo-
scopes is the shape of the blade [68, 73].
At present, no clear recommendation can
be made regarding the use of a specific
video laryngoscope. The use of disposable
bladesmayhaveanegative impactonvisu-
alization and intubation success compared
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to metal or reusable blades from the same
manufacturer [74]. In less experienced
users, the use of a video laryngoscope
may lead to increased primary intubation
success. However, despite good visualiza-
tion, intubation may be prolonged and
unsuccessful, especially when a hyper an-
gulated blade is used [75, 76].

Videolaryngoscopes with Macintosh
blades. If direct laryngoscopy is unex-
pectedly difficult, indirect visualization of
the glottic plane can often be achieved
with this type of blade [77]. These in-
struments can be used to optimize and
facilitate training in the technique of en-
dotracheal intubation [78]. There is no
advantage tousinga rigid styletover aflex-
ible to facilitate tube placement. Direct
laryngoscopy offers no advantages over
video laryngoscopy in elective patients
in the operating room and is associated
with a significantly lower success rate in
the first intubation attempt [79].

Recommendation 17

In anesthesia, a video laryngoscope with
a Macintosh blade can be used for standard
intubation.

Video laryngoscopes with hyper angu-
latedblade.Withmore curved blades, it is
not necessary to adjust the oro-pharyngo-
laryngeal axis, so the intubation procedure
is performed indirectly with the obliga-
tory video laryngoscopic view. When us-
ing hyper angulated blades from differ-
ent manufacturers, the differences in suc-
cess and visibility appeared to bemarginal
[80]. The real difficulty of intubation with
a video laryngoscope with a hyper angu-
lated blade arises during the intubation
procedure, despite optimal visualization:
The tube must be advanced at a steep
angle corresponding to the curvature of
the blade, and the tip of the tube must be
lowered towards the trachea after passing
the vocal cords.

Recommendation 18

A stylet shall be used when using a hyper
angulated blade with sufficient practical ex-
perience to use these devices successfully
in emergency situations. The tube with the

stylet should be bent to follow the shape of
the blade all the way to the tip.

Avoiding excessive head tilt and carefully
loading the epiglottis may be helpful dur-
ing the intubation procedure. However,
retraction of the blade and a less than op-
timal view of the glottis may also facilitate
tube placement [81].

Video laryngoscopes with endotra-
cheal tube guide. These systems have
a guide channel on the laryngoscope
blade to guide the endotracheal tube
to the glottis. Due to the hyper an-
gulated blade, all systems of this type
are mandatory indirect laryngoscopes.
It is currently unclear whether the use
of a guide channel has advantages or
disadvantages compared to other blade
types.

Rigid intubation endoscopes
Rigid intubation endoscopes are an alter-
native for intubatingunexpectedlydifficult
airways [82, 83]. Sufficient experience in
patients with normal airways is required
to use these devices successfully in emer-
gency situations [84].

Flexible intubation endoscopes
The flexible endoscopic approach is a com-
mon technique for endotracheal intuba-
tion in both unexpected and expected
difficult airways. The classic instrument
is a fiberoptic scope with glass fibers for
visualizationthroughaneyepiece. Increas-
ingly, endoscopesareavailablewithacam-
era chip at the tip of the instrument that
transmits the image as an electrical signal
to a monitor.

Translaryngeal/transtracheal
techniques

Securing the airway with translaryngeal
and transtracheal techniques is the “ul-
tima ratio” in airway management. They
may be required both primarily, for ex-
ample, in the event of supraglottic airway
obstruction, and secondarily in the event
of impending asphyxia after unsuccessful
attempts to secure the airway using less
invasive techniques. Regular training in
these maneuvers is critical to success, as
is timely indication for their use, preferably

under controlled conditions rather than
after the onset of asphyxia.

Cricothyrotomy
A cricothyrotomy (synonym: coniotomy,
cricothyroidotomy) involves cutting the
cricothyroid ligament and inserting a can-
nula or endotracheal tube into the airway
below the level of the glottis. There
are three different techniques, two of
which are percutaneous: In the catheter-
over-needle technique, the puncture
of the airway is like the placement of
an indwelling venous cannula. In the
Seldinger technique, after puncturing
the trachea, a guide wire is inserted
and then the cannula is placed over it.
Surgical cricothyrotomy involves cutting
the cricothyroid ligament with a scalpel,
pushing the thyroid and cricoid cartilages
apart, and placing a small endotracheal
tube or tracheal cannula.

Techniques
In recent years, several studies have shown
that the surgical technique is superior to
percutaneous cricothyrotomy techniques
in terms of speed, success rate, and in-
cidence of complications [85–90]. How-
ever, an evidence-based recommendation
for the optimal cricothyrotomy technique
cannot be derived. The complication and
failure rates for emergency cricothyrotomy
have been reported to range from just
under 30 to over 50% [91, 92]. However,
training in realistic scenarios on high-qual-
ity simulators and in a dedicated team can
significantly increase the success rate of
cricothyrotomy and reduce the time re-
quired to perform it [93].

Tracheostomy
Tracheostomy can be performed electively
under local anesthesia while maintaining
spontaneous breathing. Typical indica-
tions are stenosing tumors of the larynx
and hypopharynx.

Surgical tracheostomy by an experi-
enced surgeon may also be an alterna-
tive to cricothyrotomy in individual cases
(keyword: tracheostomy readiness) in the
context of an airway emergency [94]. Pre-
requisites are immediate availability of the
material, good environmental conditions
(e.g. in the operating room) and excellent
routine to perform this procedure techni-
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cally safe and, above all, very quickly even
in anemergencyunder high timepressure.

Trans laryngeal/transtracheal
oxygenation and ventilation
After emergency placement of thin can-
nulas through the cricothyroid ligament,
tracheal access is available, but ventilation
is very limited due to the small lumen. Dif-
fusional oxygenation can be achieved by
insufflating high flow oxygen into the tra-
chea [95]. Problems associated with this
method of trans laryngeal/transtracheal
oxygenation are often inadequate expira-
tion or ventilation with subsequent hyper-
carbia, aswell as theriskofbarotraumaand
hemodynamic compromise, especially in
the setting of supraglottic airway obstruc-
tion.

With appropriate systems that al-
low controlled, active expiration, even
a 2.0mm lumen in an otherwise com-
pletely obstructed upper airway can
provide adequate ventilation and avoid
complications [96, 97]. These systems
can also be used after placement of tube
change devices or intubation catheters
with the possibility of oxygenation.

4. Strategies for securing the
airway

Levels of airway managing

There are four levels of airway managing
withpossibleaccesspoints foroxygenation
or ventilation of the patient:
– Level 1: Spontaneous breathing,

assisted or controlled ventilation with
a face mask

– Level 2: Use of a supraglottic airway
device

– Level 3: Placement of an endotracheal
tube

– Level 4: Trans laryngeal/transtracheal
access

Recommendation 19

Devices for each level shall be available dur-
ing elective and emergency airway manage-
ment.

Planning phase, communication

Each airway management event must be
carefully planned. Predictors of a diffi-
cult airway must be considered, available
equipment and personnel must be evalu-
ated, and options for obtaining assistance
and additional equipment in the event of
difficultymustbedetermined, considering
the situation (e.g., location of the airway
management, time of day).

Poor communication often leads to er-
rors and adverse events [98, 99].

Recommendation 20

Prior to induction of general anesthesia, the
team shall communicate the planned proce-
dure and any special features. If difficulties
are anticipated, the course of action and pos-
sible alternatives shall be specified.

Airway management in a difficult
airway

The procedure for securing the airway is
based on whether an anticipated difficult
airway is present: If there are no predictors
of difficulty with mask ventilation, laryn-
goscopy, and endotracheal tube place-
ment, the airway is secured after induction
of general anesthesia after an adequate
depth of anesthesia is achieved.

Recommendation 21

There shall be an institution specific algo-
rithm for difficult airway management avail-
able. It is known to all involved and includes
available and familiar devices and airway
techniques.

Technical aspects

Recommendation 22

The ventilator shall be checked before start-
ing preoxygenation. If an anesthesia ven-
tilator is used, the “KURZ” check shall be
performed.

“KURZ” check: Set a fresh gas flow of
≥2L/min when the face mask is fitted.
Check thatanadequate inspiratoryoxygen
concentration is measured and that the
capnograph shows plausible values and
readings. The KURZ check is the responsi-
bility of the anesthesiologist and cannot
be delegated [100].

Procedure for expected difficult
airway
An anticipated difficult airway may be
present at all levels of airwaymanagement
and may be current or related to injury or
illness. Problems with the two techniques
of “mask ventilation” and “endotracheal in-
tubation” are particularly important when
assessing the airway.

Recommendation 23

If a difficult airway is anticipated, regional
anesthesia shall be considered first.

However, if regional anesthesia is not ef-
fective or if the procedure takes longer
than expected, it may still be necessary to
secure the airway.

Recommendation 24

If a difficult airway is expected and primary
regional anesthesia is performed, a plan for
securing the airway shall be communicated
within the team and the necessary supplies
shall be readily available.

Recommendation 25

If regional anesthesia is not possible and gen-
eral anesthesia is required, the airway shall
be secured while maintaining spontaneous
breathing if there are predictors for difficult
or impossible mask ventilation and/or endo-
tracheal intubation.

Inprinciple, several techniquescanbeused
if the airway is expected to be difficult:

Recommendation 26

The use of a flexible intubation endoscope
is the gold standard in an expected diffi-
cult airway. Consequently, it shall be readily
available, and the anesthesiologist shall be
trained in its use.

A nasal or oral approach may be chosen
depending on the patient’s circumstances.

Recommendation 27

Spontaneous breathing shall be maintained
until the endotracheal tube is securely placed
in the trachea. In awake patients, topical
anesthesia of the airway shall be performed.
Sedative drugs shall be administered in the
lowest dose possible to prevent apnea and/or
airway obstruction. During the procedure,
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the patient shall receive supplemental oxy-
gen.

Awakeendoscopic intubation is associated
with a very high success rate [101, 102].
Several options for topical anesthesia and
patientsedationhavebeendescribed [103,
104]. There is currently no evidence that
one strategy is superior to another. The
approach to an awake intubation depends
on the experience and preferences of the
performing anesthesiologist.

Other techniques described after ade-
quate topical mucosal or local anesthesia
includetheuseofvideo laryngoscopy[105,
106], tracheotomy [107], establishment of
a trans laryngeal/transtracheal approach,
and placement of a supraglottic laryn-
geal mask airway device [108, 109] in the
awake, spontaneously breathing patient.
With good expertise and in selected cases,
these techniques can be used as an alter-
native toflexibleendoscopic intubation. In
special situations (e.g., obstructive tumors
in the larynx/pharynx/trachea; glottic or
tracheal stenosis), it may be appropriate
to choose an interdisciplinary approach,
e.g., with representatives from the ENT
department and specialized techniques.

Decision-making to secure the
airway during spontaneous
breathing
Failure to secure the airway with sponta-
neous breathing when the airway is ex-
pected to be difficult is often the cause
of serious complications [110]. However,
the disadvantage of this procedure is the
increased time required. It also requires
a cooperative patient. In critically ill or
injured patients with severe respiratory
decompensation, there may be neither
the cooperation nor the time to success-
fully secure the airway with spontaneous
breathing. There may be an indication to
induce general anesthesia with a subse-
quent intubation attempt. In this case,
a cricothyrotomy should be prepared in
parallel.

Recommendation 28

If a difficult airway is anticipated and there is
no time or opportunity to secure the airway
under spontaneous breathing, the technique
with the greatest chance of success shall be
selectedand thepossibility of cricothyrotomy

shall be prepared as part of the airwayman-
agement plan.

In non-time-critical situations and in suf-
ficiently cooperative patients with signifi-
cant and/or obvious pathological anatom-
ical changes in the head and neck area,
intubationunder spontaneousbreathing is
often indicated. In this group of patients,
there is usually no prospect of placing
a (video) laryngoscope blade or an SGA
after induction of anesthesia. Mask ven-
tilation can also often be challenging or
impossible.

Recommendation 29

If predictors for difficult mask ventilation and
placement of a supraglottic airwaydevice are
present, the airway should be secured while
maintaining spontaneous breathing.

If therearepredictorsof difficult intubation
by direct laryngoscopy, answering four
questions may help determine whether
intubation under spontaneous breathing
is indicated or whether airway protection
can be provided after induction of general
anesthesia.

1. Is intubation possible with a video
laryngoscope?

Althoughvideo laryngoscopy is of great
importance in securing a difficult airway,
there is a risk of failure of endotracheal
intubation with video laryngoscopy when
difficult intubation is anticipated. The like-
lihood of success should be assessed con-
sideringpatient-related factors, predictors,
and the experience of the team in the use
of video laryngoscopy. If there is little
chance of success, the airway should be
secured while maintaining spontaneous
breathing.

2. Are there no predictors for difficult
maskventilationandplacementofanSGA?

If difficult intubation is anticipated and
there are predictors of difficult mask ven-
tilation or difficult SGA placement, intu-
bation should be performed with spon-
taneous breathing. Failed intubation may
be associated with difficult or impossible
mask ventilation and vice versa [11, 111,
112].

Similarly, a failed attempt to place an
SGA is most likely associated with difficult/
impossible mask ventilation [25, 26].

3. Is the patient cardiopulmonary com-
pensated?

The presence of cardiopulmonary de-
compensation (e.g., severe hypoxia, low
apnea tolerance, cardiovascular instabil-
ity) may distract from a difficult airway
or further complicate an already difficult
airway [29, 30]. In addition, induction
of general anesthesia may further exac-
erbate decompensation [113]. Separation
of airway management and induction of
general anesthesia by intubation under
spontaneous breathing may therefore be
beneficial, improving both patient safety
and operator cognitive load.

4. Are there unfavorable ambient con-
ditions?

Unfavorable environmental conditions
include lack of staff backup, inadequate
airway management equipment, inexpe-
rienced airway management team, or a lo-
cation other than the usual airway man-
agement/anesthesia induction site. Using
an intubationprocedurewithspontaneous
breathing in an anticipated difficult airway
can potentially prevent serious complica-
tions if moving the patient to a better
location is not an option.

If theanswer to anyof thesequestions is
“yes”, a spontaneous breathing procedure
is indicated.

The “Expected Difficult Airway” algo-
rithm (. Fig. 1) graphically illustrates these
recommendations.

Procedure for unexpectedly difficult
airway
Maskventilation.Maskventilation, as the
first level of airway management, is the
basic measure for ventilating the patient
and is an important fallback option in the
event of an unexpectedly difficult airway.
It is used to deliver oxygen to the patient
while additional supplies or help is being
brought in.

Recommendation 30

When mask ventilation is difficult in ade-
quately anesthetizedpatients,measures shall
be taken to lift the base of the tongue to open
the upper airway.

Simple measures include the use of ap-
propriately sized nasopharyngeal- (e.g.,
Wendl) or oropharyngeal tubes (e.g.,
Guedel). Holding the mask with both
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Fig. 19Anticipated diffi-
cult intubation

hands and lifting the lower jaw may allow
ventilation [114–116].

Recommendation 31

In the absence of contraindications, the head
shall be reclined and an Esmarch maneu-
ver shall be performed. The appropriately
sized ventilation mask shall be held with
both hands to achieve the best possible seal.
Lifting themandible is helpful.

Ventilation is provided by a second as-
sistant or by an appropriately set ventila-
tor usingpressure-controlled ventilationat
<15cmH2O [117]. Neuromuscular block-
ade improves mask ventilation in many
cases [118].

Recommendation 32

If neuromuscular blockade has not yet oc-
curred, it should be considered with a fast-
acting muscle relaxant (succinylcholine,
rocuronium) at an appropriate dose.

If airway resistance or leakage is abnor-
mally high, technical causes must be ruled
out. If these are likely due to the circum-
stances of the specific situation, but can-
not be found and corrected immediately,
the “separatemanual bag” fall-backoption
should be used. If mask ventilation is pos-
sible with the manual bag, a systematic
search for the cause of the malfunction
can be undertaken or a replacement de-
vice can be used.

Direct laryngoscopy

If anadequateviewof theglottis is notpos-
sible during direct laryngoscopy, simple
maneuvers can improve the view. OELM
(optimal external laryngeal manipulation)
and BURP (backward upward rightward
pressure) have been described as laryn-
geal manipulation maneuvers. In the ab-
sence of contraindications, optimal head
positioningbyelevationand/or reclination
may be helpful [119, 120]. If the view of
the level of thevocal cords is limited, a tube
insertion device with a soft, atraumatic tip
may be helpful [121, 122].
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Recommendation 33

If the view of the glottis is limited despite
appropriate manipulation, the use of special
tube insertion devices may be considered.

Recommendation 34

The number of direct laryngoscopy attempts
shall be limited to a maximum of two. Alter-
native methods shall be used early.

The risk of serious, life-threatening compli-
cations such as severe hypoxia, regurgita-
tion, aspiration, hypotension, bradycardia,
and cardiac arrest increases, especially in
emergency situations, after two intubation
attempts and with each subsequent un-
successful intubation attempt [123, 124].

Recommendation 35

If the airway is unexpectedly difficult after
unsuccessful direct laryngoscopy, measures
to improve the airway shall be considered
first, and another attempt at direct laryn-
goscopy shall bemade only if thesemeasures
can increase the chances of success.

Recommendation 36

If direct laryngoscopy is unsuccessful, a video
laryngoscope shall be used.

These measures include improved patient
positioning (head), suctioning secretions
to improve visibility, and the use of tube
insertion devices and alternative blades.
This also applies to situations where mask
ventilation is possible. Repeated manipu-
lation and intubation attempts may cause
swelling. Even if mask ventilation is pos-
sible, it may become inadequate.

Indirect laryngoscopy

In field of indirect laryngoscopy, video
laryngoscopy is now the most important
technique for managing the unexpect-
edly difficult airway, often allowing cor-
rect tube placement after a primarily un-
successful direct laryngoscopy intubation
attempt [125].

Recommendation 37

A video laryngoscope shall be available at ev-
ery anesthesia workstation.

Rigid or flexible endoscopic endotracheal
intubation is also possible in anesthetized
patients with an unexpectedly difficult air-
way. However, the use of flexible intuba-
tion endoscopes is oftenmore difficult and
time-consuming than for an unexpected
difficult airway [126].

Supraglottic airway devices

Supraglottic airway devices are central to
the management of the unexpectedly dif-
ficult airway, as successful positioningmay
be possible even with difficult mask ven-
tilation and/or frustrating laryngoscopy.
If intubation is necessary after successful
placement of an SGA, it can be performed
blind or with a flexible intubation endo-
scope, depending on the SGA used.

Recommendation 38

If the airway is unexpectedly difficult, a sec-
ond-generation SGA should be used.

In adequately anesthetized patients who
havedifficultywithplacementor oxygena-
tion, the head may be tilted for placement
of the SGA, taking contraindications into
account. Lower jaw lift or an Esmach ma-
neuvre may be helpful. Ventilation may
also be achieved by neuromuscular block-
ade [127, 128] or modification of the SGA
model used [129].

Recommendation 39

If problems persist, a change to a different
size or a different SGAmodel shall be consid-
ered.

It should be noted that multiple place-
ment attempts can also potentially lead
to trauma and swelling of the airway [130,
131].

Recommendation 40

Neuromuscular blockade may be considered
if problems persist.

Return to spontaneous breathing

Recommendation 41

If securing the airway with adequate oxy-
genation (e.g., mask ventilation possible)
remains frustrating, the possibility to return
to spontaneous breathing shall be evaluated.
Depending on the drugs used to induce gen-
eral anesthesia, antagonism or reversal shall
also be considered.

This procedure is not a reliable option if
oxygenation is impossible, even if the neu-
romuscular blockade is reversed immedi-
ately (sugammadex after rocuronium), be-
cause the actual time of return of sponta-
neous breathing cannot bepredicted [128,
132].

Translaryngeal/transtracheal access

Recommendation 42

If airway management fails at the first three
levels, oxygenation shall be provided via
a translaryngeal or transtracheal approach if
asphyxia is imminent.

Under no circumstances should the inva-
siveness of this procedure or its uncertain
success be interpreted that an indicated
cricothyrotomy should be omitted for sup-
posed safety reasons, as this would have
even more fatal consequences (hypoxic
brain damage or death).

Unexpected airway difficulty
algorithm

Considering the above recommendations,
the procedures are shown graphically in
the algorithm “unexpected difficult air-
way” (. Fig. 2).

The algorithm starts with the “Failed
Airway Management” situation. This al-
lows immediate access to the algorithm
without a long orientation phase. This is
followed by the important “mask venti-
lation” fork. If adequate oxygenation is
possible with mask ventilation, there is no
acute risk to the patient. If endotracheal
intubation is unsuccessful or placement
of an SGA is frustrating, other promising
techniques and instruments can be used
to secure the airway andmuscle relaxation
at a sufficient depth of anesthesia should
be considered.
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cult airway

Recommendation 43

If mask ventilation is adequate, an alterna-
tive device shall be used that has the greatest
chance of success in the situation, is readily
available, and the practitioner is experienced
with.

Recommendation 44

If mask ventilation is adequate and there is
no prospect of success or a risk of airway ob-
struction, no further attempts to secure the
airway shall be made and a return to spon-
taneous breathing shall be considered. Once
spontaneous breathing and/or arousal has
been achieved, an alternative procedure can
be selected, like that for an anticipated diffi-
cult airway.

If mask ventilation fails as a fallback option
after an initial intubation attempt or be-
comes inadequate during the procedure,
a “can’t ventilate, can’t oxygenate” situa-
tion is present. The patient is at a high
risk of hypoxia.

Recommendation 45

In the “cannot ventilate, cannot oxygenate”
situation, help shall be called immediately.

Depending on the situation and institu-
tional agreements, the following people
may be called in to help in this crisis:
Nurses, members of the code team, but
also individuals fromother disciplines (e.g.
ENT). Materials for further levels of airway
management must be brought to the pa-
tient side and prepared for use as needed.

Recommendation 46

If neuromuscular blockade has not yet been
initated, it should be performed with a fast-
acting muscle relaxant at an appropriate
dose.

Recommendation 47

The instrument/aid that has the best chance
of success in the given situation, is readily
available, and is mastered by the practitioner
shall be used.

Recommendation 48

If an SGA is used, it should be a 2nd gen-
eration SGA. If a primary SGA has already
failed, a different size or alternative SGA
model should be used.

Video laryngoscopy plays an important
role in this situation. A repeat attempt
at mask ventilation may be useful if neu-
romuscular blockade has been delayed.

Recommendation 49

In a “cannot ventilate, cannot oxygenate” sit-
uation, a cricothyrotomy shall be prepared in
parallel.

Recommendation 50

Further attempts to secure the airway can be
made only with maintained, sufficient oxy-
genation.

Although this algorithm can be used to
manage most unexpectedly difficult air-
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way situations, it is not fully applicable to
every conceivable situation.

Recommendation 51

An assessment of the airway (why is the air-
way management failing?) and a check of vi-
tal signs shall be performed at each step of
thealgorithm(re-evaluation). In addition, the
staffing and resource situation shall be criti-
cally reviewed at each step.

Every successful attempt to secure the air-
way endswith a check for successful venti-
lation using capnography check. However,
further measures may be required: For ex-
ample, if the acutely threatening situation
is controlled with an SGA, the subsequent
placement of an endotracheal tube may
still be necessary for various reasons.

5. Airway management for
patients at risk of aspiration

Thedeviation from“standard” induction of
anesthesia in the sense of “rapid sequence
induction and intubation” (RSI) is intended
to prevent regurgitation and aspiration of
gastric contents during induction of anes-
thesia in patients at risk of aspiration. Con-
sideration of various practical measures in
patients at risk for aspiration represents an
effective prevention of pulmonary aspira-
tion during induction of anesthesia and
endotracheal intubation. The previously
described recommendations for the ex-
pected difficult airway apply without re-
striction.

The following groups of patients are
considered at risk for aspiration and for
whom RSI is recommended [133, 134]:
– Acute abdomen
– Vomiting
– Ileus
– Emergency (fasting status unclear

or delayed gastric emptying due to
“stress”)

– Patient who has consumed more than
50ml of tea or water <2h ago, <4h of
breast milk or other liquids or <6h of
animal milk (products) or solid food

– Use of drugs delaying gastric emptying
– Patients with symptomatic esophageal

reflux disease (e.g. hiatal hernia)
– Patients with esophageal fistula or

diverticulum

– Patients with intrathoracic gastroe-
sophagostomy (gastric pull-up)

– Pylorospasm
– Pregnancya

– Post bariatric surgery, post Billroth II
resection

aIn everyday clinical practice, the period
around the 20th week of pregnancy is
often established as the limit. However,
there is no evidence for this.

Recommendation 52

In obese patients with a BMI >30kg/m2 and
no other factors that increase the risk of aspi-
ration, an RSI can be omitted, and a “normal”
induction sequence can be performed.

Medication preparation

Recommendation 53

10minbefore induction, 30mlof0.3%sodium
citrate solution can be taken orally or admin-
istered by gastric tube.

Practical procedure

Recommendation 54

A powerful suction device (preferably motor-
ized) with a large lumen suction tube (e.g.,
Yankauer suction kit) shall be available on
the patient during airwaymanagement.

All general anesthesia is induced intra-
venously. No recommendation can be
made regarding patient positioning (up-
per body neutral, up, or down), however
upper body up is associated with multiple
benefits.

Preoxygenation is performed as de-
scribed. After induction of general anes-
thesia, neuromuscular blockade is per-
formed with a fast-acting muscle relax-
ant. Rapid endotracheal intubation of the
patient at risk for aspiration is performed
without prior mask ventilation.

Recommendation 55

Endotracheal intubation shall be performed
with a Macintosh blade video laryngoscope.

The procedure for unexpected difficult in-
tubation is analogous to the procedure for
unexpected difficult airway.

Recommendation 56

In patients with a significantly increased risk
of aspiration (e.g., ileus, trauma with im-
paired consciousness), gastric contents shall
be aspirated through an existing gastric tube
or a large lumen (e.g., 16 Ch) gastric tube
placed prior to anesthesia induction, unless
contraindicated.

Recommendation 57

The gastric tube may be removed prior to in-
duction or left in place for induction.

Cricoidpressure isnot importanttoprevent
aspiration in RSI [135].

Securing the airway in obstetrics

In the AWMF guideline “Obstetric Anal-
gesia and Anesthesia”, the recommended
procedure for general anesthesia and af-
ter failed intubation in obstetrics is pre-
sented using 3 algorithms: 1. safe general
anesthesia in obstetrics; 2. procedure for
a frustrated endotracheal intubation at-
tempt in obstetrics; 3. procedure for the
can’t intubate, can’t oxygenate situation in
obstetrics [136]. The anesthetic standard
for securing the airway in obstetric anes-
thesia is RSI. After induction of general
anesthesia and adequate neuromuscular
blockade without mechanical ventilation,
endotracheal intubation should be per-
formed. Inpatients at riskof acutehypoxia,
intermediate pressure-limited ventilation
or mechanical pressure-controlled venti-
lation can ensure oxygenation; if endo-
tracheal intubation is unsuccessful during
rapid sequence induction, the unexpect-
edly difficult airway procedure described
above should be used.

6. Single lung ventilation

Inpatientswith requiringsingle lungventi-
lation, in addition to difficult mask ventila-
tion and laryngoscopy, correct placement
of airway devices for single lung ventila-
tionmaybedifficult. Therefore, in addition
to upper airway anatomy (difficult upper
airway), pathology of the deeper tracheo-
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Table 8 Risk factors for difficult single
lung ventilation [138]
Aortic aneurysm

Pathological tracheobronchial anatomy due
to tumor infestation, compression, etc.

Tracheal stenosis

Tracheoesophageal fistula

Tracheostoma

bronchial anatomy that makes placement
of the double-lumen tube or other airway
devices difficult (difficult lower airway; dif-
ficult side separation) must be included in
the definition of a difficult airway.

The risk and incidence of hypoxia dur-
ing endotracheal placement of a double-
lumen tube is significantly higher (10%)
thanduring intubationwithaconventional
tube [137].

Recommendation 58

To identify possible predictors of difficult one
lung ventilation, clinical examination should
be supplemented by the inclusion of radio-
logic imaging and bronchoscopic findings.

Indicators of possible difficult single lung
ventilation are any subglottic or tracheo-
bronchial pathology that prevents or com-
plicates atraumatic endotracheal intuba-
tionwithadouble-lumentubeorbronchial
blocker (. Table 8).

Procedure for the expected difficult
airway

Despite numerous publications describ-
ing video-assisted thoracoscopic lung re-
sections in non-intubated patients under
regional anesthesia and/or sedation, this
concept is limited to a few centers due to
the potential need for thoracotomy and
a variety of possible anesthetic complica-
tions [139, 140].

Recommendation 59

If there are predictors or indications of diffi-
cultor impossiblemaskventilationand/oren-
dotracheal intubation in patients for one lung
ventilation, the airway shall be secured while
maintaining spontaneous breathing.

The advantage of video laryngoscopy over
flexible endoscopic for awake intubation
is that a double lumen tube can be used

directly in the absence of anatomic con-
striction [141–143]. Flexible endoscopic
awake intubation with a double lumen
tube has been published in case reports,
but can be technically challenging. There-
fore, a standard tube should be placed
in the first attempt. After verification of
correct placement and induction of gen-
eral anesthesia, a bronchial blocker can
beplaced. Alternatively, the standard tube
can be removed, and a double lumen tube
can be placed using a tube exchange de-
vice. However, it should be noted that
both the placement of the double-lumen
tube and the reinsertion of the single-
lumen tube can be frustrating.

Tube change devices are plastic rods
that are longer than tube insertion devices
andhaveoftentobeusedtodeliveroxygen
via a lumen.

Recommendation 60

After placement of the bronchial blocker
or transfer to a double-lumen tube, bron-
choscopy shall be used to verify correct posi-
tioning.

Recommendation 61

In addition to positional monitoring with
a flexible endoscope, lung ultrasoundmay be
used to monitor tube position (change from
lung sliding to lungpulse on the unventilated
side of the lung).

Unexpectedly difficult airway

If the airway is unexpectedly difficult, the
patient’s oxygenation and ventilation have
top priority. The procedure corresponds to
the previous recommendations [144, 145].

Procedure for unsuccessful
placement of a double lumen tube

Bronchus blocker
After correct orotracheal placement of
a standard tube in patients with a difficult
airway, side-separated ventilation can be
achieved with a bronchus blocker.

Supraglottic airway devices
Supraglottic airway devices can be used to
place an endotracheal tube in difficult air-
ways [146, 147]. In a two-step procedure,
the tube or an intubation catheter can be

placed inthetrachea, orabronchialblocker
can be placed directly for lateral ventila-
tion using a flexible intubation endoscope
in SGAs that allow intubation [148–150].

Extubation after single lung
ventilation

Recommendation 62

In the absence of anesthetic or surgical con-
traindications return to spontaneous breath-
ing and extubation shall be attempted im-
mediately after surgery, especially in patients
undergoing thoracic surgery.

This allows more rapid minimization of
existing parenchymal fistulas and preven-
tion of respiratory complications. How-
ever, if extubation is not initially indi-
cated, bronchial blockers in a standard
tube can be deflated and removed while
the tube remains located endotracheal. In
the case of a double-lumen tube, the tube
should be changed to a standard tube us-
ing a tube exchange device. In individual
cases, a double-lumen tube may be left
in place for a very short period in order
to plan extubation practically and without
time pressure.

7. Outpatient/ambulatory
anesthesia

The proportion of procedures performed
on an outpatient basis is increasing world-
wide due to several factors. The word
“outpatient” or “ambulatory” often leads
people to undervalue the anesthesia com-
ponent—a misconception that can lead
to substandard care. In principle, ambula-
tory anesthesia must meet the same DGAI
standards for workplace equipment [151],
quality of performance, and staff training
[152] as for inpatient procedures in a hos-
pital. The patient must not be exposed to
ahigher riskofperioperativecomplications
simplybecauseanesthesia is performedon
an outpatient basis, regardless of whether
the anesthesiaworkstation is permanently
equipped or whether the anesthesiologist
must bring and set up all necessary ma-
terial.
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Preoperative evaluation in
outpatient anesthesia

In general, patients in ASA classes I–III
who do not differ significantly in their risk
profile from patients for elective inpatient
surgery are suitable for outpatient surgery.
However, preoperativeevaluation is of par-
ticular importance for outpatient surgery.
Accordingly, preoperative assessment of
the airway for predictors of difficult air-
waymust be performed conscientiously to
avoid potential complications. This should
not be done on the day of surgery with
the patient in a recumbent position, as
not all tests can be performed in this way
or will give incorrect results, nor should it
be based solely on a telephone interview.

Recommendation 63

Preoperative evaluation of the airway for
predictors of difficult airway shall also be
performed in the outpatient setting.

Recommendation 64

Patients with a predicted difficult airway, es-
pecially those with anatomic (postoperative)
airway changes, syndromes, or tumors, shall
not be managed as outpatients without ac-
cess to an inpatient facility.

To date, there are no valid threshold values
up to which outpatient anesthesia can be
performed safely based on the patient’s
body weight alone. However, obese pa-
tients should be screened for the presence
of obstructive sleep apnea (OSAS), which
is increasingly associatedwith higher body
mass indexes. Scoring systems (e.g., STOP
BANG) have proven useful [153]. OSA has
particularly important implications for am-
bulatory anesthesia, as the presence of
OSAS is associated with up to a 4-fold in-
crease in the frequency of difficult mask
ventilation, difficult laryngoscopy, and en-
dotracheal intubation [154, 155]. Such an
association with the use of an SGA has not
been demonstrated. However, it should
be noted that the use of an SGA gener-
ally fails in 1–1.5% of cases. Because of
the association between airway obstruc-
tion and OSAS in morbidly obese patients,
current evidence does not recommend air-
way surgery in ambulatory patients with
OSAS [156, 157].

Recommendation 65

Postoperatively, a recovery room shall be
available that allows for oxygenation and
monitoring equipment, as well as the use of
(the patient’s own) CPAP device.

In addition, appropriate staffing levels
must be ensured until the patient is
discharged home or transferred to an
inpatient unit.

Equipment in outpatient anesthesia

The anesthesiologist is responsible for en-
suring that an adequate supply of oxy-
gen is always available during ambulatory
anesthesia. If a central gas supply is not
available, a sufficient amount of oxygen
(measured against the calculated require-
ment plus a safety reserve) must be avail-
able in gas cylinders.

If no patients with an anticipated dif-
ficult airway are being anesthetized, the
provision of a flexible intubation endo-
scope for airway management in ambu-
latory anesthesia is not mandatory. How-
ever, the British NAP4 report showed that
even inhealthypatients undergoingminor
surgery, unexpected airway catastrophes
can contribute to mortality, whether due
to failed endotracheal intubation or inad-
equate oxygenation via an inserted SGA
[110]. Althoughthemajorityofprocedures
are performed without the need for endo-
tracheal intubation, the ambulatory anes-
thesiologist should expect to encounter
an unexpectedly difficult airway and have
both a plan and the necessary equipment
to manage it [158, 159].

Recommendation 66

Materials for all levels of airwaymanagement
shall be available for ambulatory anesthesia
outside of dedicated operating rooms.

Recommendation 67

A video laryngoscope shall be available as an
alternative to the direct laryngoscope.

Supraglottic airway devices in
outpatient anesthesia

In outpatient anesthesia, the use of SGA is
very common due to the predictability of

the often shorter and minor procedures,
the shorter induction and discharge time
as well as the lower patient morbidity.
First generation SGAs are often used. SGA
are also used in the outpatient setting for
so-called extended indications (e.g. spe-
cial positioning, beach chair positioning,
prone positioning, laparoscopies, ENT pro-
cedures, longer operating times). In this
case, second-generationSGAswith theop-
tion of gastric decompression should be
used to reduce the risk of aspiration and to
perform position control tests [160, 161].
In addition to appropriate patient selec-
tion, this requires a high level of clini-
cal user expertise, enough personnel and
material for possible repositioning of the
patient (prone position), and alternative
equipment for airway management.

Recommendation 68

Since optimal positioningof the SGAis partic-
ularly important for the so-called extended
indications, a second-generation SGA with
the option of gastric decompression should
also be used for outpatient anesthesia to re-
duce the risk of aspiration and to be able to
perform position control tests.

Recommendation 69

For shorter interventions the SGA cuff pres-
sure shall be measured and adjusted as
needed.

Capnography
Apnea can be detected early in patients
under sedation using continuous capnog-
raphy [159, 162].

Recommendation 70

All patients undergoing general anesthesia
and moderate or deep sedation, regardless
of the length of the procedure and the site of
anesthesia, shall bemonitored by continuous
capnography.

8. Airway management for
critically ill patients

Compared to elective airwaymanagement
during anesthesia, airway management in
the critically ill patient population is gen-
erally more urgent and performed under
more difficult conditions in the intensive
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care unit. Complications are also more
commonly reported: Difficult intubation
(≥2 attempts required) occurs in 4.6% of
cases, false esophageal intubation in 5.6%
of cases [163, 164]. A drop in oxygen satu-
ration is observed in up to 70% of intuba-
tions, with hypoxia (SpO2 80%) in 9.3% of
patients [163]. Adrop inoxygen saturation
is one of the most common reasons for
abandoning an intubation attempt in the
intensive care unit [163–167]. In addition,
a primarily easy airway may become a dif-
ficult airway due to physiologic changes
in typical ICU courses (e.g., generalized
edema in sepsis).

Indications for airway management
in the intensive care unit

The correct indication for securing the air-
way in critically ill patients can be difficult.

Recommendation 71

The benefits and risks shall be carefully
weighed when determining the indication
for intubation in critically ill patients in the
ICU. Indication for intubation may be more
liberal to avoid hypoxia.

The incidence of complications such as hy-
poxemia, aspiration, or cardiovascular ar-
rest during airway management increases
with the duration and number of intuba-
tion attempts [163, 166, 167]. Successful
intubation at the first attempt is therefore
of paramount importance. Several aspects
must be considered to achieve this goal:

Preparation in the intensive care
unit

Recommendation 72

All patients should be assessed in a struc-
tured manner on admission to the ICU for the
likelihood and presence of predictors of dif-
ficult airway management, and the outcome
should be visibly documented.

Staff in the intensive care unit

The level of education and training of air-
way management staff in the ICU influ-
encesthecomplicationrate[110, 168, 169].
The presence of a second physician during
airway management reduces the compli-

cation rate. The consultant level of care,
especially in anesthesiology, is associated
with a higher success rate and improved
hemodynamic optimization [163–165].

Recommendation 73

Airway management in the ICU shall be per-
formed or supervised by physicians and nurs-
ing staff experienced in airwaymanagement.

Equipment in the intensive care unit

Patient-related factors (69%) were identi-
fied as the main reason for difficult air-
way management; however, equipment
and resource deficiencies were common
(36%) [110, 170].

Recommendation 74

Considering local practices, a standardized
and clearly arranged airway trolley shall be
available for each airway securing procedure.
Analogous to the OR containing materials
and devices shall be available for all levels of
airwaymanagement.

Recommendation 75

There shall be clear communication and inter-
action between team members prior to any
airwaymanagement.

Expected difficult airway in the
intensive care unit

Recommendation 76

Intubation with spontaneous breathing shall
also be performed in the ICU when a difficult
airway is anticipated.

The “expected difficult airway” algorithm
(. Fig. 1) also applies to critical care.

Recommendation 77

During intubation with spontaneous breath-
ing, oxygen should be delivered through
a high-flow nasal cannula.

Preoxygenation in the intensive care
unit

Recommendation 78

CPAP therapy, noninvasive ventilation, or
nasal high-flowmay be used to preoxygenate
with oxygen, especially in patients with res-
piratory compromise.

Nasal high-flow reduces hypoxemia in in-
tensive care patients [50, 51].

In patients with respiratory insuffi-
ciency, elevation of the upper body is
beneficial because it allows apnea to be
tolerated longer and reduces the overall
complication rate [171–174].

Recommendation 79

The airway of the critically ill patient shall be
secured in the upper body elevated position
(≥20°).

Laryngoscopy in the intensive care
unit

Difficult direct laryngoscopy is frequently
observed in critically ill patients and is as-
sociatedwithmultiple intubationattempts
and incorrect endotracheal tube position-
ing [123, 163, 164, 166, 167, 175].

The goal of laryngoscopy as the first
choice for securing the airway should
be prompt, atraumatic tracheal intuba-
tion during the first intubation attempt.
Compared to conventional laryngoscopy,
video laryngoscopy has clear advantages:
improved visualization of laryngeal struc-
tures, higher rate of successful intubation
at the first attempt, lower incidence of
esophageal tubeplacement, and less force
required [71, 163, 164, 176–181].

Recommendation 80

A video laryngoscope with a Macintosh-like
blade shall be used primarily to secure the
airway.

Recommendation 81

Hyper angulated blades should be available
for difficult airways.
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Table 9 Risk factors for extubation failure
in the intensive care setting [186]
Accidental extubation

Age >70 years

Ventilationduration >11 days

Necessity of sedation after extubation

Swelling or edema of the peri laryngeal
structures

Severity of the existing disease (APACHE II
score >12)

Recent surgical manipulation (e.g. neck
dissection, peritonsillar abscess, tumor
extirpation)

Alternatives to laryngoscopy in the
intensive care unit

Recommendation 82

If intubation fails, reoxygenation by SGA or
mask ventilation shall be performed immedi-
ately.

Recommendation 83

As an alternative to manualmask ventilation,
pressure-controlled ventilation with a respi-
rator can be used to avoid gastric insufflation.

The selection of the SGA and the rec-
ommendations for translaryngeal airway
management are analogous to the rec-
ommendations in Sect. 3: Techniques for
airway management.

Monitoring the success of airway
management in the intensive care
unit

Capnographic monitoring is mandatory in
order to be able to verify the correct tube
position reliably and promptly [163, 164,
182, 183].

Recommendation 84

Capnography shall be used to verify correct
tube position reliably and promptly.

Reintubation in the intensive care
unit

Complications with the inserted tube or
tracheostomy tube occur in up to 80% of
critically ill patients [163, 184, 185]. Tra-

cheal reintubation may be necessary due
to cuff leakage, intraluminal tube obstruc-
tion, or if the tube is initially too small.
Several techniques have been published
[184, 185]. Possible techniques include
video laryngoscopic glottic visualization
to assess the current intubation anatomy
and splintingof thealready secured airway
with a tube exchange device [185].

Recommendation 85

For tracheal tube exchange, video-laryngo-
scopic visualization of the glottis should be
performed to assess the current intubation
anatomy. A tube changing device should be
used.

Tracheal tube replacement is a high-risk
procedure and requires the same prepa-
ration as initial airway protection. Some
tube exchange devices allow oxygen to be
delivered through the device via a connec-
tor. However, there is a risk of lung baro-
trauma if these are used when the airway
is not fully open. Ventilation is possible
with specific devices that allow controlled,
active expiration [96].

Recommendation 86

If sufficient expertise is available, emergency
ventilation may be performed with the aid
a tubeexchangedevice, that allow controlled,
active expiration even if the airway is ob-
structed.

Extubation in the intensive care unit

Extubation can be as critical as initial
endotracheal intubation. Extubation fail-
ure with the need for reintubation within
24–72h occurs in 6–25% of all surgical
and ICU patients [186]. . Table 9 shows
risk factors associated with extubation
failure in the ICU.

The procedure for extubation is de-
scribed in Sect. 12: Extubation after diffi-
cult airway management.

9. Special considerations for
patients with highly contagious
respiratory pathogens

In patients with highly contagious dis-
eases, protecting the team is also a top
priority during airway management. Dis-

eases with high primary viral replication in
the upper respiratory tract and secondary
replication in the lower respiratory tract
result in high contagiousness and infec-
tivity.

Recommendation 87

When a highly contagious disease is sus-
pected, medical personnel shall use all forms
of respiratory protection in addition to the
usual hygiene and protection measures.

Airway management in these patients re-
quiresspecific, communicated, andtrained
protocols for preparation, performance,
and safety. Intubation should be planned
and performed electively whenever pos-
sible.

10. Anesthesia consult, evaluation
and documentation

Recommendation 88

If there is a positive history, appropriate pre-
dictors, or other indications of an anticipated
difficult laryngoscopy, difficult intubation, or
difficult mask ventilation, the patient shall be
informed about airway management while
maintaining spontaneous breathing as part
of the anesthesia consultation.

Recommendation 89

Each airwaymanagement procedure shall be
documented, with detailed information on
any difficulties encountered.

Documentationshould include thedevices
and instruments used formask ventilation,
securing the airway, and intubation, the
best viewof the glottis obtained according
to Cormack and Lehane, if applicable, and
the number of attempts until the airway
is definitively secured [187].

Recommendation 90

The Cormack and Lehane classification shall
also be used for video laryngoscopy and doc-
umented in the anesthesia record.

To avoid misinterpretation during subse-
quent procedures, the record should be
kept in such a way that it is possible to
reconstruct which laryngoscopic findings
werepossiblewithwhich instrument [188].
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Table 10 Common causes of respiratory problems after extubation
Bleeding in the airway or surrounding tissue

Bronchospasm

Emphysema formation due to (tension) pneumothorax or perforation of the trachea or esopha-
gus

Edema or secretion formation due to:
Manipulation of the airways, e.g. as part of difficult airwaymanagement
Operations and procedures in the head and neck area

Respiratory insufficiency

Overdose on narcotics and/or muscle relaxants

It should also be documented whether ex-
ternal manipulation (OELM [189] or BURP
[190]) was performed andwhether a stylet
or other device was required for successful
intubation.

Recommendation 91

Tube size, cuff pressure, depth of intubation,
placement of a throat pack, and special head
positions should be documented to ensure
retrospective and unambiguous understand-
ing of the chosen procedure.

Recommendation 92

After difficult airway management, the cir-
cumstances and procedures used to resolve
theproblemshall bedocumented in the anes-
thesia record.

Recommendation 93

After difficult airway management, the tim-
ing, clinical presentation, and nature and
resolution of the problems shall be reported
in writing. This should be done even if the
problems have been resolved after the proce-
dure and are unlikely to recur. The anesthesia
problem card issued by the DGAI shall be
kept available for this purpose and given to
the patientwith the relevant information.

11. Actions after airway
management

Recommendation 94

Once the airway is secured, the correct posi-
tion of the endotracheal tube or SGA shall be
verified by capnography.

Capnography plays a very important role
in all airway management [183]. Another
safe procedure when using an endotra-
cheal tube is intubation under direct or
indirect visualization of the glottis.

Recommendation 95

Auscultation of the chest shall be performed
to rule out a tube position that is too low. In
a noisy environment or when auscultation is
not possible, pleural sliding can be detected
by sonography.

Once an SGA has been advanced to a suf-
ficient depth, a typical capnography and
flow curve, sufficient leak pressure during
ventilation, andbilateral breath sounds are
signs of correct positioning. Various tests
to verify the position of SGAs with a gas-
tric drainage channel are described in the
chapter “AirwayManagementTechniques”.

Recommendation 96

Afterplacementofbothanendotracheal tube
andanSGA, the cuffpressure shall be checked
and adjusted if necessary.

There is no clear evidence for theuseof cor-
ticosteroids after difficult airway manage-
mentorprolonged laryngealmanipulation
to prevent laryngeal edema. Giving a sin-
gle dose one hour before planned extuba-
tion is not effective [191–193]. In contrast,
multiple single doses given 12–24hbefore
extubation reduce the incidence of post-
extubation stridor [193–195]—especially
in high-risk patients with a bypass air vol-
ume of less than 110ml on the bypass air
test [196] (see next Sect. 12: Extubation
after difficult airway management).

12. Extubation after difficult
airway management

In contrast to intubation, planned extuba-
tion is always highly elective, allowing suf-
ficient time to identify risk factors and plan
extubation in time to prevent serious com-

plications by optimizing conditions [197].
Nevertheless, 0.1–0.5% of patients under
general anesthesia require reintubationaf-
ter surgery [198], which is associated with
both more severe complications and in-
creased mortality [110]. Common causes
of airway problems after extubation are
listed in . Table 10.

Recommendations for extubation

Although extubation is elective, the en-
vironment and conditions are often not
as optimized as for intubation. An extu-
bation strategy should also be in place
prior to induction of anesthesia in the
event of accidental extubation [199], so
that not only predictors of difficult intu-
bation, but also possible difficult reintuba-
tion, can be identified at an early stage. In
particular, the necessary conditions for ex-
tubation or continuation of ventilation can
then be planned in good time: These in-
clude readiness for cricotyhrotomy and/or
tracheotomy, adequate qualifications for
care during and after anesthesia, special
devices and equipment for difficult rein-
tubation (e.g., tube insertion aids, video
laryngoscopes and/or bronchoscopes).

Recommendation 97

Predictors of difficult reintubation shall be
identified before extubation. A clear strategy
for potential problems should be defined.

Depending on the patient and procedure,
it may be useful to evaluate the supra-
glottic area prior to extubation in an anes-
thetized patient. This can be done with
video laryngoscopy.

Recommendation 98

The secondary air leak test can be performed
to detect significant obstructing laryngeal
edema.

This is done by deflating the cuff and mea-
suring the difference between inspiratory
and expiratory tidal volumes during the
first6breaths. Thereisa lowriskofclinically
relevant laryngeal edema with an average
leak greater than 110ml per breath [200].

The expertise of an ear, nose and
throat or oral and maxillofacial surgeon
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maybe required immediately. If necessary,
a “cricothyrotomy/tracheotomy readiness”
is required.

Recommendation 99

In special situations, an airway catheter (e.g.,
tube change aid or extubating kit) may be
placed endotracheally prior to extubation
to allow for oxygen insufflation or flow-con-
trolled ventilation and to serve as a guide for
reintubation, if necessary.

Most patients can speak despite the
catheter. Length of placement up to sev-
eral days has been described [201]. Nasal
placement seems to be better tolerated
than oral placement. A dislodgement rate
of 4% has been reported regardless of
position [202, 203].

In patients who are expected to have
difficulty after extubation due to a hyper-
responsive tracheobronchial system, the

endotracheal tube may be removed early
and an SGA placed in special situations for
assisted ventilation and to avoid a cough
stimulus.

Recommendation 100

Monitoring of the patient after extubation
shall be performed by qualified personnel.
New symptoms that may indicate the de-
velopment of an airway complication (e.g.,
hoarseness, (increasing) swelling, difficulty
swallowing, chest pain, and emphysema for-
mation) shall be recognized early.

The “Procedure for planned extubation”
algorithm illustrates the procedure graph-
ically (. Fig. 3).

13. Education and training

Education and training for clinical skills in
airway management cannot be taught ex-

clusivelyonpatients. Simulation training is
now recommended by many professional
societies [133, 145, 204–206].

The core technical skills that need to
be used frequently, even in unpredictable
and time-critical situations, should be de-
veloped and trained.

Recommendation 101

To successfully secure the unexpected and
expected difficult airway, sound education
and regular training, including simulation,
shall be provided.

In theeventof airwayproblems, only those
instruments and techniques that are regu-
larlyusedandmastered inelectivepatients
are likely to be successful.
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Recommendation 102

Regular training should be provided on air-
way trainers for translaryngeal/transtracheal
techniques.

Education and training must focus on op-
timizing oxygen delivery to difficult air-
ways using techniques such as noninva-
sive positive pressure ventilation for pre-
oxygenation, apneic oxygen delivery, and
high-flow oxygen via nasal cannula. In
addition, non-technical skills such as de-
cision-making and team communication
are essential for all involved and at least
as important for preventing errors [204,
207].

Recommendation 103

The individual techniques should generally
be learned in four steps:
1. acquisition of theoretical knowledge.
Airway anatomy, physiology, and assess-
ment.
Theory and practical use of airway equip-
ment.
Basic and advanced airway management
techniques.
Evidence-basedguidelines fordifficult airway
management.
Local and institutional airway management
guidelines.
Complications associated with the difficult
airway and their management.
2. Practice techniques and skills on airway
phantoms and airway simulators.
3. Practice techniques under supervision on
patients with normal airways. This should be
done until safe handling is assured, including
in emergency situations.
4. use the techniques under supervision on
patientswith difficult airways and regular use
in routine clinical practice.
Non-technical skills are also required: Situa-
tional awareness and vigilance to recognize
a crisis, leadership and coordination, effective
professional communication.

14. Checklists and human factors

Human factors are the major cause of
medical errors and have been identified
as an independent factor in respiratory
complications [208–210]. Deficiencies
such as lack of patient preparation, lack
of control over equipment, and devia-
tions from existing standards or protocols
occur in half of critical incidents in the
ICU [208, 211, 212]. Thus, factors such as

team composition/work, patient status,
environment, and the need for immediate
decisions influence the effectiveness of
airwaymanagement in critically ill patients
[208, 210–212]. Checklists and algorithms
can improve teameffectiveness in stressful
situations, help make well-considered de-
cisions, avoid unnecessary interventions,
andoptimize theuseof available resources
[211, 212]. Checklists and algorithms can
improve complex work structures and
avoid (routine) periinterventional errors.

Recommendation 104

Checklists and algorithms should be always
available and accessible to all teammembers.
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