
Introduction

Airway management is a core competen-
cy of anesthesiologists, intensive care phy-
sicians and emergency care providers as 
oxygenation is not possible without an 
open and secure airway. The introduction 
of new techniques and implementation of 
guidelines and strategies for the manage-
ment of difficult airways have made an 

important contribution to a reduction in 
morbidity and mortality.

The first German “guidelines on air-
way management” were approved by the 
German Society for Anesthesiology and 
Intensive Care Medicine (DGAI) in the 
year 2004 [1]. Since then new techniques, 
such as video laryngoscopy have become 
established in everyday clinical practice. 
Additionally, new findings have been pub-
lished on already existing strategies. The 
new German “guidelines on airway man-
agement” necessarily reflect the current 
state of science and integrate currently 
recommended techniques and strategies. 
These guidelines for airway management 
are intended to contribute to ensuring op-
timum care for patients undergoing anes-
thesiological procedures. They are also in-
tended to serve as an orientation and deci-
sion-making aid for physicians who man-
age airways in daily practice. For many of 
the following recommendations on prac-
tical procedures and/or on the use of par-
ticular techniques there is a lack of high-
quality, qualitative clinical studies; there-
fore, these guidelines represent the con-
sensus of an expert group corresponding 
to level S1 of the classification levels of the 
Association of the Scientific Medical Soci-

eties in Germany (AWMF, Arbeitsgemein-
schaft der Wissenschaftlichen Medizinisch-
en Fachgesellschaften e. V., see www.awmf.
org) (. Infobox 1).

Definition, predictors and 
incidence of difficult airways

Definitions

The term “difficult airway” incorporates 
several problems that can appear dur-
ing airway management. Regardless of 
the improvements in techniques for air-
way management, for example, by means 
of video laryngoscopy and rigid or flexi-
ble endoscopy, the definitions of the diffi-
cult airway still follow the two tradition-
al techniques of mask ventilation and in-
tubation assisted by direct laryngoscopy. 
A prerequisite for specialist qualification 
for such procedures is the specialist stan-
dard in anesthesiology. All recommenda-
tions relate to the minimum qualification 
of a specialist anesthesiologist and assume 
sufficient experience in the routine appli-
cation of each particular technique.

Ventilation with the aid of a face mask 
or an extraglottic airway device (EGA, for 
the definition see the section “techniques 
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for airway management”) is defined as 
being difficult or impossible if, owing to 
one or more problems, ventilation is in-
sufficient or even fails completely due to, 
for example faulty seals, massive leakage 
and resistance during inspiration or expi-
ration.

Placement of an EGA is defined as dif-
ficult when multiple placement attempts 
are needed. A difficult laryngoscopy is de-
fined as the impossibility to visualize the 
glottis with the aid of direct laryngoscopy. 
This corresponds to Cormack and Lehane 
grades III and IV ([5], . Fig. 4).

A difficult endotracheal intubation 
is present when multiple intubation at-
tempts are required.

Incidence of difficult airways

The precise determination of the inci-
dence of difficult mask ventilation, laryn-
goscopy or intubation has so far not been 
possible as the definition of a difficult air-
way has not been consistent between the 
various studies. Likewise, possible interin-
dividual differences in the practical skills 
of the investigators have to be taken into 
account. Here too, the standard of a spe-
cialist anesthesiologist only provides an 
imprecise definition of competency. Thus 
it is possible and even likely that different 
working groups will report different re-
sults even for identical groups of patients. 
This problem must always be taken into 
account in the interpretation of such clin-
ical studies.

Incidence of difficult 
mask ventilation
If the results of several authors with large 
groups of patients are summarized irre-
spective of the various divergent defini-
tions, the incidence of difficult mask ven-
tilation in an unselected group of elective 
patients is 2 % [6–8]. The incidence of im-
possible mask ventilation is 0.15 % (1:670) 
[6].

Incidence of difficult 
laryngoscopy and intubation
Problems during endotracheal intubation 
are frequently combined under the term 
“difficult intubation” without differenti-
ating between laryngoscopic and endo-
tracheal intubation. This vagueness is of 
subordinate importance as in direct laryn-
goscopy the anatomical and optical axes 
converge and thus in the case of accept-
able results of laryngoscopy a successful 
placement of the tube can also be expect-
ed; however, if techniques for indirect la-
ryngoscopy (for definition see section on 
“techniques for airway management”) are 
used, a clear separation of the two proce-
dures must be made as the incidence of 
difficult laryngoscopy is always lower than 
that of the difficult or impossible intuba-
tion.

The incidence of difficult direct laryn-
goscopy is 1.5–8.0 % and the incidence of 
difficult intubation is slightly lower [9, 10]. 
An unexpected “cannot intubate, cannot 
ventilate” situation is to be expected with 

a probability between 0.008 % (1:13,000) 
and 0.004 % (1:25,000) [6, 8].

Prediction of difficult airways

Various predictors and screening tests 
have been described for the detection of 
a difficult airway. Complications during 
airway management from prior interven-
tions have proven to be the best predictor 
of a difficult airway.

Predictors of difficult or 
impossible mask ventilation
. Table 1 shows typical predictors for a 
difficult or impossible mask ventilation 
[6–8]. The combination of several factors 
increases the risk of difficult mask venti-
lation.

Predictors of difficult or impossible 
direct laryngoscopy and intubation
The most widely used screening instru-
ment is the Mallampati test as modified 
by Samsoon and Young [11] (. Fig. 5); 
however, its clinical value as the sole test 
for prediction of difficult laryngoscopy 
and intubation is limited. The same also 
applies to a thyromental distance less than 
6–7 cm [12]. Additional test methods, 
which likewise are less sensitive, com-
prise the upper lip bite test [13], mobili-
ty of the cervical spine, the palm print test 
[14, 15] and the Wilson risk score [16, 17]. 
The multifactorial risk index of Arné et al. 
incorporates seven different criteria [18] 
so that different predictors are included.
. Table 2 shows typical predictors.

Infobox 1: Introduction to 
these guidelines

Administrative specialist group
German Society for Anesthesiology and In-
tensive Care Medicine (DGAI)
AWMF register nr.: 001/028
Next revision planned 11 March 2020

Consensus classification
Statements and recommendations were re-
solved as the consensus of experts within the 
guidelines group. The strength of the consen-
sus is made evident by the formulation used 
(shall/should/can) and corresponds to the 
classification given in . Table 7.

Special note
The practice of medicine is subject to a 
continuous developmental process and 
therefore, all information, in particular that 
regarding diagnostic and therapeutic meth-
ods, can only ever reflect the current state of 
knowledge at the time of publication of the 
guidelines. The greatest caution was exer-
cised with respect to the recommendations 
given on therapy and the selection as well as 
dosage of medications.
The individual user must bear the responsibil-
ity for any diagnostic and therapeutic appli-
cations, medications and dosage. For out of 
hospital airway management [2], treatment 
of multiple trauma [3] and pediatric anesthe-
sia [4], the existing treatment recommenda-
tions and guidelines should be referred to.
These guidelines use registered trademarks 
(protected product names) without designat-
ing them as such. Thus the absence of any 
corresponding reference does not mean that 
it pertains to an unprotected product name.

Recommendation

During the preoperative evaluation a query 
shall be made about any problems which 
arose during previous anesthesia and the 
presence of an anesthesia identity card. In 
addition, as part of the clinical evaluation, 
predictors for a difficult airway management 
shall be checked.

Recommendation

Owing to the limited predictive value of indi-
vidual test methods the airway shall be exam-
ined for symptoms and predictors which are 
indicative of a difficult or impossible direct 
laryngoscopy or intubation. These predictors 
can be supplemented by a screening test.
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Predictors for difficult 
indirect laryngoscopy
So far it has not been possible to identify 
features or test methods which are predic-
tive for a difficult indirect laryngoscopy, in 
particular with video-assisted systems. In-
creased secretion and bleeding in the air-
ways can restrict visibility. A highly limit-
ed mouth opening which no longer per-
mits the insertion of the particular video 
laryngoscope, appears to be the sole pre-
dictor at the present time.

Techniques for airway 
management

Pre-oxygenation

Studies have shown that resorption atel-
ectasis can occur under pre-oxygenation 
with 100 % oxygen; however, with reduced 
inspiratory oxygen concentration the O2 
reserve can be reduced in the case of dif-
ficult airways.

Various techniques are possible: 8 maxi-
mum deep breaths within 60 s and pre-
oxygenation for 3–4 min or until the expi-
ratory oxygen concentration exceeds 90 % 
[19–21].

Mask ventilation

Mask ventilation is an essential procedure 
in airway management. It can be imple-

mented manually or with pressure con-
trolled ventilation (PCV).

After induction of general anesthe-
sia most textbooks currently still recom-
mend checking for the feasibility of mask 
ventilation prior to any neuromuscular 
block. This dogma, however, has been re-
cently questioned [26, 27]. Several scien-
tific publications have even shown that in 
most cases mask ventilation is facilitated 
by a neuromuscular block and was not 
impeded in any case [28, 29].

Extraglottic airway device

The term “extraglottic airway device” 
(EGA) is used to describe all ventilation 
aids for ensuring that the airway is kept 
open between the oropharynx and prox-
imal esophagus but outside the glottis. In 
addition to the different types of larynge-
al masks this term also covers the esopha-
geal closing tubes (e.g. laryngeal tube and 
combitube).

Publications show that under opti-
mum cuff pressure the seal of the EGA 
is better and comorbidities, such as sore 
throats are less common [30, 31]. The re-
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Abstract
Since the publication of the first German 
guidelines on airway management in 2004 
new techniques have been established in the 
clinical routine and new insights into exist-
ing strategies have been published. As a con-
sequence the new guidelines on airway man-
agement of the German Society of Anesthe-
siology and Intensive Care Medicine repre-
sent the current state of scientific knowledge 
and integrate the currently recommended 

techniques and strategies. The aim of these 
guidelines is to guarantee an optimal care of 
patients undergoing anesthesiological pro-
cedures and serve as an orientation and deci-
sion aid for users.

Keywords
Airway · Algorithm · Intubation · Extubation · 
Anesthesia

S1-Leitlinie Atemwegsmanagement. Leitlinie der Deutschen 
Gesellschaft für Anästhesiologie und Intensivmedizin (DGAI)

Zusammenfassung
Seit der ersten deutschen „Leitlinie Atem-
wegsmanagement“ im Jahr 2004 haben 
sich neue Techniken im klinischen All-
tag etabliert, und es wurden neue Erkennt-
nisse zu bestehenden Strategien publiziert. 
Konsequenterweise stellt die neue „Leitlinie 
Atemwegsmanagement“ der Deutschen Ge-
sellschaft für Anästhesiologie und Intensiv-
medizin den aktuellen Stand der Wissen-
schaft dar und integriert die derzeit 

empfohlenen Techniken und Strategien. Die 
vorliegende Leitlinie soll dazu beitragen, eine 
optimale Versorgung der anästhesiologisch 
betreuten Patienten zu gewährleisten. Sie soll 
dem Anwender zur Orientierung und als Ent-
scheidungshilfe dienen.

Schlüsselwörter
Atemweg · Algorithmus · Intubation · 
Extubation · Anästhesie

Recommendation

Pre-oxygenation shall always be performed 
before initiation of general anesthesia for 
spontaneously breathing patients.

Recommendation

Depending on the benefit and risks, pre-
oxygenation shall proceed via a tightly fitting 
facial mask with 100 % oxygen.

Recommendation

A pre-oxygenation shall be implemented 
with elevated upper body whenever possible 
[22, 23]. Use of non-invasive ventilation, e.g. 
pressure support 8 cmH2O, and positive end-
expiratory pressure (PEEP) 5 cmH2O, during 
pre-oxygenation of patients can improve the 
apnea tolerance [24, 25].

Recommendation

In the absence of predictors for difficult 
airways a neuromuscular blockade can be 
implemented immediately after achieving 
a sufficient depth of anesthesia without the 
possibility of mask ventilation having been 
previously checked.

Recommendation

After placement and sufficient ventilation the 
cuff pressure shall be checked and adjusted if 
necessary. The particular manufacturer’s rec-
ommendations shall be taken into account. In 
general a cuff pressure of 60 cmH2O shall not 
be exceeded.
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quired or maximum permissible cuff 
pressure depends on the selected airway 
aid and its size.

Second generation EGA devices have 
an integrated drainage channel through 
which regurgitated stomach contents can 
be drained or a gastric tube can be ad-
vanced for prophylactic relief. Various 
tests have been described to check for cor-
rect placement of each specific EGA (see 
. Table 3). The EGA is correctly placed 
only when the correct insertion depth 
[32] is achieved, with sufficient ventila-
tion, negative bubble test [33] and correct 
positioning of the gastric tube after resis-
tance-free insertion.

Different laryngeal masks also allow 
post-positioning placement of an endo-
tracheal tube. In a 2-step method, in the 
event of an unexpected difficult airway 
oxygenation of the patient is first possible 
via the EGA and subsequently intubation 
through the EGA can be performed. A 
blind advancing of the endotracheal tube 
with a high success rate has only been de-
scribed for the intubation laryngeal mask 
airway, which is specifically designed as a 
guide splint for endotracheal intubation. 

If the blind endotracheal intubation fails 
or if a different EGA is primarily chosen, 
a flexible intubation endoscope can be 
used for endotracheal guidance; alterna-
tively an intubation catheter can be initial-
ly placed serving as a tracheal guide splint 
for secondary tube advancement [34–36].

Direct laryngoscopy

Conventional intubation can be used with 
the aid of differently shaped blades. In ad-
dition to straight (e.g. Miller) and curved 
blades (e.g. Macintosh) there are other de-
signs, such as the McCoy blade which us-
es a mobile tip to elevate the epiglottis by 
means of a lever mechanism.

Indirect laryngoscopy

The term “indirect laryngoscopy” gener-
ally refers to instruments with which di-
rect visualization of the glottis area is not 
necessary or possible. In principle this can 
be achieved in two ways: firstly, by use of 
a small digital camera which transmits 
images to a monitor (e.g. video laryngo-
scope, flexible and rigid intubation en-

doscopes); secondly, by means of an op-
tical system in which fiberglass tubes (e.g. 
classical fiber optics) or prisms are used 
to provide visualization through a lens. By 
using the lens it is possible to view the im-
age directly or the image can be transmit-
ted by a camera to an external monitor.

Video laryngoscopy
Due to the integration of a small camera 
and light source into the blade, the meth-
od of video laryngoscopy shifts the user’s 
view from extra-oral into the vicinity of 
the glottis. Regardless of the shape of the 
laryngoscope blade used, this technolog-
ical development alone provides an im-
proved view of the glottis. The view of the 
glottic area can often be improved with 
video laryngoscopy if direct laryngosco-
py is difficult or even impossible [37–39]; 
however, despite good visibility, intuba-
tion can be delayed and can even fail [40].

The term “video laryngoscopy” nowa-
days covers a number of devices in which 
the form, technology and handling some-
times differ fundamentally from each oth-
er. One important differentiation criterion 
for video laryngoscopes is the shape of the 
blade [41, 42].

Video laryngoscope with Macintosh (or 
similar) blade. The great advantage of 
the Macintosh video laryngoscope is that 
the user is familiar with the blade shape 
and can perform a direct laryngoscopy re-
gardless of the video laryngoscopic view 
on the monitor. In the case of unexpect-
edly difficult direct laryngoscopy, with 
this type of blade an indirect visualization 
of the glottic area can often be achieved. 
With the aid of this device a sufficient and 
simplified training in the technique of en-
dotracheal intubation is possible [43].

Video laryngoscope with highly curved 
blade. With a highly curved blade it is 
not necessary to adjust the oropharyngo-
laryngeal axis and thus the intubation pro-
cess will proceed indirectly with an oblig-
atory video laryngoscopic view. The actu-
al difficulty in the intubation using a video 
laryngoscope with a highly curved blade 
occurs, in spite of optimum visualiza-
tion, during the intubation process itself: 
the tube must be advanced in a steep an-
gle corresponding to the curvature of the 

Fig. 5 8 Mallampati classification as modified by Samsoon and Young for predicting difficult tracheal 
intubation: Class I: Soft palate, fauces, uvula, pillars visible; Class II: Soft palate and fauces visible, tip of 
the uvula not visible; Class III: Soft and hard palate visible; Class IV: Soft palate not visible at all (repro-
duced from Heck M, Fresenius M: Klinikmanual Anästhesie, 2. Aufl., Springer, Heidelberg, 2015)

 

Fig. 4 8 Laryngoscopic view of the glottis opening according to Cormack and Lehane: grade I full 
view of glottis, grade II only posterior extremity of glottis seen, grade III only epiglottis and no glot-
tis seen and grade IV neither glottis nor epiglottis seen (reproduced from Heck M, Fresenius M: Klinik-
manual Anästhesie, 2. Aufl., Springer, Heidelberg, 2015)
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blade and the tip of the tube must be low-
ered after passing the vocal cords. Thus 
when using this shape of blade a stylet is 
typically needed and experience outside 
emergency situations has to be acquired. 
Avoidance of excessive reclination of the 
head, a mid-tongue insertion of the blade 

and careful lifting of the epiglottis can be 
helpful during the intubation process.

Video laryngoscope with endotracheal 
guide splint. These systems have a splint 
located on the laryngoscope blade which 
is intended to guide the endotracheal 
tube to the glottis. Similarly to the highly 

curved blade, all systems of this kind are 
necessarily indirect laryngoscopes.

Rigid intubation endoscopes
Rigid intubation endoscopes represent 
one alternative for intubation of unex-
pected difficult airways [44, 45]. In order 
to successfully employ these instruments 
in emergency situations, sufficient expe-
rience is needed in patients with a normal 
airway [46].

Flexible intubation endoscopes
Flexible endoscopic intubation is a com-
monly used technique for endotrache-
al intubation, both with unexpected dif-
ficult and also with expected difficult air-
ways. The classical device is a fiber-optic 
endoscope with optical fibers and visual-
ization via a lens. Endoscopes which have 
a camera chip at the tip of the instrument 
and transmit the image as an electrical sig-
nal to a monitor are becoming increasing-
ly more available.

Translaryngeal and 
transtracheal techniques
Management of the airway by means of 
translaryngeal and transtracheal tech-
niques is the last resort in airway man-
agement. These techniques may be neces-
sary both as primary methods, for exam-
ple, in a supraglottic airway obstruction 
and also as secondary methods, for exam-
ple with threatening asphyxia after failed 
attempts to manage the airway with less 
invasive techniques.

Cricothyrotomy
In a cricothyrotomy (synonymous with 
coniotomy and cricothyroidotomy) pro-
cedure the cricothyroid ligament is dis-
sected and a catheter or endotrache-
al tube is introduced into the airway un-
derneath the glottic area. Three tech-
niques can be distinguished: in the cath-
eter-over-needle technique, puncture of 
the airway proceeds in a manner compa-
rable to the placement of a permanent pe-
ripheral venous catheter. Using Selding-
er’s technique, after puncture of the tra-
chea with a cannula a guidewire is first in-
troduced and then the catheter is guided 
via the wire into the trachea. Surgical cri-
cothyrotomy includes the surgical dissec-
tion of the cricothyroid ligament using a 

Table 1 Predictors of difficult or impossible mask ventilation. The risk of difficult or impos-
sible mask ventilation increases with increasing numbers of different predictors or symptoms

Scars, tumors, inflammation, injuries to lips and face

Macroglossia and other pathological changes of the tongue

Radiotherapy or tumor in the neck region

Pathological changes of pharynx, larynx and trachea

Male gender

Age > 55 years

History of snoring or sleep apnea syndrome

Desolate tooth status, edentulous patients

Full beard

Mallampati grades III and IV

Clearly restricted protrusion of lower jaw, upper lip bite test a

Body mass index > 30 kg/m2

Thyromental distance < 6 cm
aLower jaw cannot be pushed forward enough to allow contact of teeth or gingiva of the lower jaw with teeth 
or gingiva of the upper jaw

Table 2 Predictors of difficult or impossible direct laryngoscopy and intubation. The risk of 
difficult or impossible direct laryngoscopy increases with increasing number of different pre-
dictors or symptoms

History of difficult intubation

Stridor

Tumors, abscesses in the head-neck and mediastinal areas

Status after radiotherapy in head-neck area

Status after operation on larynx/pharynx

Prognathism, dysgnathia

Goiter

Macroglossia, e.g. in patients with mucopolysaccharidosis or trisomy 21

Mandibulofacial and maxillofacial dysostosis

Limited mouth opening

Limited neck extension

Reduced thyromental distance

Small or large neck circumference

Subglottic stenosis, tracheal stenosis, tracheal displacement

Sleep apnea syndrome

Pregnancy

Mallampati grades III and IV

Table 3 Tests to check for correct position of an extraglottic airway device with gastric drain-
age channel

Correct insertion depth

Sufficient ventilation

Bubble test: the gastric drainage channel is filled with a gel and bubbles rising during ventilation 
indicate that the EGA is not correctly positioned

Resistance-free insertion of a gastric tube and suctioning of stomach contents
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scalpel after pushing surgical landmarks, 
such as the thyroid and cricoid cartilages 
apart and placement of a small diameter 
endotracheal tube.

Numerous investigations on patients 
[47], cadavers [48–50] and animal models 
[51–55] have provided highly contradicto-
ry results on the success rate for perform-
ing a cricothyrotomy and on the method to 
be preferred. Both the personal experience 
of the provider of this last resort of invasive 
airway management and also the level of 
medical training are very inhomogeneous 
and the number of cases is usually very few, 
so that an evidence-based recommenda-
tion of the optimal technique for cricothy-
rotomy cannot be given. The rate of com-
plications and failure of emergency crico-
thyrotomy implemented by anesthetists of 
up to more than 50 % is very high [56].

Tracheotomy
A tracheotomy can be electively car-
ried out while maintaining spontaneous 
breathing under local anesthesia. Typical 
indications are stenotic tumors in the re-
gion of the larynx and the hypopharynx.

During an airway emergency surgi-
cal tracheotomy can also represent an al-
ternative to cricothyrotomy for a skilled 
surgeon in selected cases (key word: pre-
paredness for tracheotomy) [57]. The pre-
requisites are the immediate availability of 
all necessary surgical material, good ambi-
ent conditions (e.g. in an operating room) 
and excellent routines in order to perform 
this method in a technically reliable and 
rapid manner, even in an emergency situ-
ation and under severe time pressure.

Translaryngeal and transtracheal 
oxygenation and ventilation
After an emergency placement of thin 
catheters through the cricothyroid liga-

ment tracheal access can be achieved but 
due to the small lumen only a very limit-
ed possibility for ventilation is possible. By 
insufflation of oxygen at a high flow-rate 
into the trachea, according to the princi-
ple of apneic oxygenation [58] a diffusion 
oxygenation can be established. Problems 
inherent to this method of translaryngeal 
and transtracheal oxygenation are the of-
ten insufficient expiration and/or ventila-
tion, followed by hypercarbia and the po-
tential for barotrauma and a disruption in 
hemodynamics, particularly in the pres-
ence of closure of the supraglottic airway. 
The elimination of CO2 can be improved 
by systems which ensure expiration or an 
outflow of expirated air even with a fully 
obstructed upper airway [59–62].

Strategies for management 
of the airway

Airway management levels

Four levels of airway management are dis-
tinguished which allow opportunities for 
oxygenation or ventilation of the patient:
 5 Level 1: spontaneous respiration, as-
sisted breathing or ventilation with a 
face mask
 5 Level 2: use of an extraglottic airway 
device (EGA)
 5 Level 3: placement of an endotracheal 
tube in the trachea
 5 Level 4: translaryngeal and transtra-
cheal access

Primary airway management 
with extraglottic airway devices

The use of an EGA for primary airway 
management in elective interventions offers 
numerous advantages compared to ventila-
tion by a face mask and in certain cases also 

compared to ventilation via an endotrache-
al tube. The use thus appears to be funda-
mentally indicated for certain routine pro-
cedures, provided there are no mitigating 
circumstances to the contrary (. Table 4).

The use of so-called extended indi-
cations is currently controversially dis-
cussed. This refers primarily to the use of 
a larynx mask for a planned surgical pro-
cedure of > 2 h, laparoscopic operations, 
patients with a body mass index (BMI) 
> 30 kg/m2 and for surgery which is con-
ducted with the patient in a prone posi-
tion. In these cases the increased airway 
pressure and a potential aspiration hazard 
must be taken into account.

Management of expected 
difficult airways

The basic procedure for managing the air-
way is governed by the question of wheth-
er an expected difficult airway is present: 
If in a specific case there are no predictors 
which are indicative of difficulties with 
mask ventilation, laryngoscopy and place-
ment of the endotracheal tube, airway 
management will principally proceed after 
initiation of general anesthesia and when 
a sufficient level of anesthesia is achieved.

Procedure for expected 
difficult airways
An expected difficult airway can occur at 
all levels of airway management. The two 
techniques of mask ventilation and endo-

Table 4 Restrictions on use of extraglottic airway devices in patients undergoing elective 
interventions

Patients with inflammation, tumors or bleeding in the upper airways which do not allow sufficient 
placement of an EGA

Mouth opening < 2 cm

Expected ventilation pressures above the individual leakage pressure

Necessity for regular tracheal access

One-lung ventilation

Patients with symptomatic gastroesophageal reflux, symptomatic hiatus, diaphragmatic hernia or 
ileus

Interference with surgical access

Recommendation

According to best available current evidence 
after weighing up the individual benefits 
and risks a laryngeal mask can be used as an 
alternative to the endotracheal tube with the 
extended indications. In these cases a second 
generation laryngeal mask airway should be 
used and a gastric tube should be advanced 
over the gastral lumen. After placement the 
position and tight seal shall be checked (see 
section “techniques for airway management”).

Recommendation

For the difficult airway an algorithm shall 
be available that is known to all personnel 
involved at the hospital and which covers 
the devices to be used and techniques to be 
mastered.
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tracheal intubation are of pivotal impor-
tance in the evaluation of the airway.

Although the probability of a difficult air-
way increases with an increasing number 
of predictors, this procedure can also be 
necessary in the presence of only one pre-
dictor: typical examples are a very small 
mouth opening or a constricting subglot-
tic tumor.

Principally, various techniques can be 
used when a difficult airway is expected.

A nasal or oral procedure can be selected 
depending on the patient circumstances.

This technique of awake endoscopic intu-
bation is associated with a very high suc-
cess rate [63, 64].

Additional techniques described after 
sufficient local anesthesia or topical an-
esthesia of the airway are tracheotomy 
[65], establishment of a translaryngeal 
and/or transtracheal access, use of video 
laryngoscopy [66, 67] and placement of 
an EGA [68, 69] in awake, spontaneously 
breathing patients.

The algorithm “procedure for expect-
ed difficult airway” in the attachment to 
these recommendations depicts this in 
graphic format (. Fig. 1).

Procedure for unexpected 
difficult airways

Mask ventilation. Mask ventilation as 
the first level of airway management rep-
resents the basic technique for patient 
ventilation and is an important fallback 

option in the event of unexpected diffi-
cult airways. For example, it is used for ox-
ygenation of the patient while additional 
material or assistance has to be obtained.

Among the simple means are the use of 
nasopharyngeal (e.g. Wendl tube) and/or 
oropharyngeal (e.g. Guedel tube) airways 
of adequate size.

Ventilation can be performed by a second 
assistant or with an adequately adjusted 
ventilator using PCV.

Direct laryngoscopy
If sufficient visibility of the glottis is not 
possible using direct laryngoscopy, then 
simple manipulation can improve this. 
Optimal external laryngeal manipulation 
(OELM) or backward upward rightward 
pressure (BURP) have been described as 
laryngeal manipulation maneuvers [70, 
71]. If there are no contraindications, an 
optimum positioning of the head can be 
helpful by lifting and/or reclining [72, 73].
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Recommendation

In an expected difficult airway a regional 
anesthesia procedure shall primarily be con-
sidered.

Recommendation

If a regional anesthesia procedure is not pos-
sible and general anesthesia is required, if 
predictors are present or if there is a history 
for a difficult or impossible mask ventilation 
and/or endotracheal intubation, spontane-
ous breathing shall be maintained until the 
airway is secured.

Recommendation

The use of a flexible intubation endoscope 
has the greatest value; therefore, this instru-
ment shall be available for management 
of the expected difficult airway and the 
anesthesiologist shall be trained in its correct 
handling.

Recommendation

Spontaneous breathing shall be maintained 
until the endotracheal tube is securely placed 
in the trachea. With awake patients topical 
anesthesia of the airway shall be provided. 
Drug-induced sedation shall be dosed at the 
lowest possible level in order to prevent ap-
nea and/or airway constriction.

Recommendation

In the event of difficult mask ventilation in a 
sufficiently anesthetized patient, measures 
shall be implemented to elevate the base of 
tongue and thus to open the upper airway.

Recommendation

In the absence of contraindications, the head 
shall be reclined and an Esmarch maneuver 
performed. A ventilation mask of appropriate 
size shall be held in both hands to obtain the 
best possible seal.

Recommendation

If no neuromuscular blockade has been  per-
formed, this should be considered via a fast 
acting muscle relaxant (e.g. succinylcholine, 
rocuronium) [27, 29].

Recommendation

In the case of restricted view of the glottis 
despite appropriate manipulation maneu-
vers, the use of special tube insertion aids 
with soft, atraumatic tips can be considered 
[74, 75]. The technique using a rigid stylet 
protruding from the endotracheal tube shall 
not be used.

S33Der Anaesthesist Suppl 1 · 2015 | 



The risk of significant life-threatening 
complications, such as severe hypoxia, re-
gurgitation, aspiration, hypotension, bra-
dycardia and cardiac arrest increases with 
each additional, unsuccessful intubation 
attempt [76–79].

Among these measures to optimize intu-
bation conditions are an improved posi-
tion of the patient (head), suctioning of 
secretions to improve visibility and use of 
tube insertion aids and alternative blades. 
This also applies to situations when mask 
ventilation is possible. Repeated manipu-
lation can lead to mucosal swelling so that 

even a primarily possible mask ventilation 
may become secondarily insufficient.

Indirect laryngoscopy
Using indirect laryngoscopy the method 
of video laryngoscopy today represents 
the most important method for manage-
ment of an unexpected difficult airway, as 
after a primary unsuccessful attempt at di-
rect intubation a correct placement of the 
tube will then often be possible [80].

A rigid or flexible endoscopic intuba-
tion is likewise possible in an anesthe-
tized patient with an unexpected difficult 
airway; however, compared to the proce-
dure for an expected difficult airway the 
use of a flexible intubation endoscope is 
frequently more difficult and time-con-
suming [81].

Extraglottic airway devices
The EGAs have an important role in the 
management of an unexpected difficult 
airway, as successful positioning can be 
possible even in the case of difficult mask 
ventilation and/or unsuccessful laryngos-
copy. If intubation is urgently necessary, 
after successful placement of an EGA the 
intubation can proceed blindly or with the 

aid of a flexible intubation endoscope de-
pending on the EGA used.

Return to spontaneous respiration

However, in the event of impossible ox-
ygenation this procedure does not repre-
sent a reliable option, depending on the 
medication used to induce general anes-
thesia, even for immediate reversal of a 
neuromuscular block (e.g. sugammad-
ex after rocuronium), as the actual time 
point of the return to spontaneous respi-
ration cannot be predicted [82, 83].

Translaryngeal and/or 
transtracheal access

The invasiveness of this method or its (in a 
particular case uncertain) success should 
on no account be interpreted to the effect 
that an indicated cricothyrotomy is not to 
be done due to assumed safety aspects, 
as this is associated with even more fatal 
consequences (e.g. hypoxic brain damage 
or death).

Algorithm for unexpected 
difficult airways
In the attachment there is an algorithm 
for the “procedure for unexpected diffi-
cult airways”. The procedure is illustrat-
ed graphically under consideration of the 
recommendations stated (. Fig. 2).
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Recommendation

The number of intubation attempts with 
direct laryngoscopy shall be limited to a 
maximum of two.

Recommendation

In the event of an unexpected difficult airway 
after one unsuccessful intubation attempt 
a further attempt with direct laryngoscopy 
shall only be undertaken when measures 
have been taken to optimize the intubation 
conditions.

Recommendation

If securing the airway was unsuccessful even 
when sufficient oxygenation is possible 
(e.g. mask ventilation is possible) a return to 
spontaneous respiration should be consid-
ered. Depending on the medications used to 
induce general anesthesia, an antagonist or 
reversal shall be considered.

Recommendation

In the case of a “cannot intubate, cannot ven-
tilate” situation, this option shall likewise be 
considered.

Recommendation

If airway management fails at the first three 
levels and asphyxia occurs, oxygenation shall 
be performed via a translaryngeal and/or 
transtracheal access.
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The algorithm begins with the situa-
tion “failed securing of the airway”. Thus 
an immediate entry into the algorithm is 
possible without a long orientation phase. 
Further airway management is dependent 
on whether mask ventilation is possible 
or not. If sufficient oxygenation is possi-
ble with mask ventilation, there is no acute 
endangerment of the patient. In the case 
of unsuccessful intubation or placement 
of an EGA, additional promising tech-
niques and instruments can be employed 
for airway management.

If mask ventilation as a fallback option 
fails after a first intubation attempt or if 
it subsequently proves to be insufficient, 
a “cannot intubate, cannot ventilate” sit-
uation has occurred. This represents an 
acute danger of hypoxia for the patient.

Although the majority of unexpect-
ed difficult airway situations can be han-
dled with the assistance of this algorithm, 
it cannot be transferred to every imagin-
able situation per se.

Every successful attempt at airway man-
agement ends with a check of ventilation 
or spontaneous respiration; nevertheless, 
it can be possible that further measures 
are required, e.g. if an imminent acute sit-
uation is mastered with the aid of an EGA, 
the subsequent placement of an endotra-

cheal tube can still be necessary for vari-
ous reasons.

Securing the airway in patients 
with a risk of aspiration

The circumstances for application of cri-
coid pressure to prevent potential regur-
gitation of stomach contents in patients 
prone to aspiration are ambiguous. Some 
publications, for example indicate that 
cricoid pressure is frequently incorrect-
ly applied [85] so that a reliable closure of 
the esophagus by cricoid pressure cannot 
regularly be achieved [86, 87] and muscle 
tone of the lower esophagus sphincter can 
be reduced by the maneuver [88]. In ad-
dition, the application of cricoid pressure 
can impede mask ventilation as well as di-
rect and even indirect laryngoscopy [89]. 
On the other hand, compression of the 
esophagus is possible [90] so that a certain 
barrier to regurgitation does exist [91].

Table 5 Minimum equipment for the anesthesiologists’ workstation

Level Material and instruments

Attending patients with expected 
difficult airways

Flexible intubation endoscope

Level 1 Face masks, Guedel and Wendl tubes, different sizes

Level 2 Extraglottic airway devices in different sizes

Level 3 1. Direct laryngoscope with blades in different sizes

2. Alternative instrument to conventional Macintosh laryn-
goscope (e.g. video laryngoscope)

3. Tube insertion aids (e.g. stylets)

Level 4 Equipment for translaryngeal/transtracheal access

Accessories Apparatus and instruments as recommended by the DGAI

Recommendation

Given sufficient mask ventilation the alterna-
tive which has the greatest prospect of suc-
cess shall be used, which is available in the 
particular situation and which the user has 
experience with. If these efforts also fail, then 
given sufficient mask ventilation further at-
tempts at airway management can be imple-
mented; however, any further attempts shall 
be carefully planned: If there is no prospect 
of success or if there is a danger of airway 
obstruction, such attempts shall be omitted 
and a return to spontaneous respiration shall 
be considered. After spontaneous breathing 
and/or awakening of the patient an alterna-
tive method can be selected analogous to the 
procedure for expected difficult airways.

Recommendation

In the “cannot intubate, cannot ventilate” 
situation, assistance shall be obtained im-
mediately. Owing to the lack of oxygenation 
very few attempts at airway management 
shall be carried out. An EGA shall be placed 
for oxygenation. If such placement has 
primarily failed a different size or an alterna-
tive EGA should be used. The method of 
video laryngoscopy has an important role in 
this situation. If lack of success continues a 
return to spontaneous breathing should be 
considered. If this is the case the patient shall 
be returned to spontaneous breathing or 
awakened. If this is not possible an attempt 
to secure the airway shall be carried out with 
another alternative device. In this case the 
device which has the best prospect of suc-
cess shall be selected, which is immediately 
available and which the user has experience 
with in the given situation. In parallel with 
this a translaryngeal or transtracheal proce-
dure shall be prepared. If this attempt also 
fails, given decreasing or insufficient oxygen 
saturation, the translaryngeal or transtracheal 
procedure shall be employed. Waking the pa-
tient and possibly another attempt at secur-
ing the airway can only be considered in the 
presence of good oxygenation.

Recommendation

An assessment of the airway (why does 
securing the airway fail?) and a check of vital 
parameters shall take place with each step of 
the algorithm and this step shall be skipped if 
there is no prospect of success or if asphyxia 
is imminent.

Recommendation

In patients with a high risk of aspiration the 
initiation of general anesthesia shall primarily 
occur without mask ventilation. If there are 
predictors of a difficult airway, the indications 
for intubation while maintaining sponta-
neous respiration should be permissively 
considered.

Recommendation

In the event of so-called rapid sequence 
induction (RSI, synonymous with rapid se-
quence intubation) after induction of general 
anesthesia and sufficient neuromuscular 
blocking without interim ventilation, endo-
tracheal intubation shall be performed. In 
patients with an acute danger of hypoxia, 
pressure-limited interim ventilation or me-
chanical pressure-controlled ventilation can 
secure oxygenation [84].

Recommendation

After weighing up the potential benefits and 
risks the routine application of cricoid pres-
sure can be omitted. In individual cases, spe-
cifically under visual control, cricoid pressure 
can be helpful to reduce or to prevent regur-
gitation. In cases of difficult mask ventilation 
or difficult laryngoscopy, the cricoid pressure 
shall be released or terminated.
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Minimum equipment of 
anesthesiologists’ workstation

Documentation and tracking

The auxiliary materials and instruments 
used for mask ventilation, airway manage-
ment and intubation, even the best obtained 
view of the glottis and also the number of 
attempts until definitive securing of the air-
way shall be included in the documentation.

The documentation should be detailed 
enough that at a later time point it will be 
clear which laryngoscopy findings were 
obtained with which device [92]. Like-
wise, it shall be documented whether an 
external manipulation (OELM or BURP) 

was carried out for the obtained findings 
and whether a stylet or other aid was re-
quired for successful intubation.

Measures after securing 
the airway

Reliable methods for use of an endotra-
cheal tube are expiratory CO2 measure-
ment via capnography and intubation un-
der (direct or indirect) vision.

After an EGA has been inserted to an ad-
equate depth, a typical capnography and 
flow curve, good sealing during ventila-
tion and breathing sounds on both sides 
of the chest are indications of a correct po-
sition. Various tests have been described 
for a positional check of an EGA with gas-
tric drainage channel (see section “tech-
niques to secure the airway”).

There are no definitive studies on the ad-
ministration of corticosteroids for preven-
tion of laryngeal edema after difficult air-
way management or prolonged manipula-
tion in the region of the larynx. The admin-
istration of a single dose 1 h before planned 
extubation is not effective [93, 94]. On the 
contrary, several single doses beginning 
12–24 h before extubation reduce the inci-
dence of a post-extubation stridor [95, 96].

Extubation after difficult 
airway management

The extubation can be as equally critical 
as the intubation, especially after difficult 
airway management. Approximately one 
third of the difficult cases observed with-
in the scope of airway management occur 
directly after extubation or in the subse-
quent waking phase [97]. Frequent causes 
for airway problems after extubation are 
provided in . Table 6.

Recommendations for extubation

Table 6 Frequent causes for airway problems after extubation

Edema or formation of secretion due to:

Manipulation of the airways, e.g. as part of a difficult airway management

Operations and procedures in the head-neck region

Bronchospasm

Respiratory insufficiency

Residual neuromuscular blockade

Bleeding in the region of the airway or the surrounding tissues

Emphysema formation due to (tension) pneumothorax or perforations in the region of trachea or 
esophagus

Table 7 Consensus classification

Recommendation Recommendation against an intervention Description

“Shall” “Shall not”/“is not indicated” Strong recommendation

“Should” “Should not” Recommendation

“Can”/“is uncertain” “Can be omitted”/“is uncertain No recommendation

Recommendation

Fundamentally at each anesthesiologist 
workstation the material and instruments, 
which allow airway management at each 
of the four levels for daily routine and also 
in emergency cases shall be readily at hand 
(. Table 5).

Recommendation

The documentation of each airway manage-
ment shall provide detailed information 
about any difficulties that occurred.

Recommendation

The classification by Cormack and Lehane 
shall also be used for video laryngoscopy.

Recommendation

For future reference the tube size, cuff pres-
sure, intubation depth, placement of a pha-
ryngeal tamponade and any specific head 
positions should be documented.

Recommendation

After a difficult airway management, the 
circumstances and the method used to solve 
the problem shall be carefully documented 
in the anesthesia records. In addition, in this 
case a patient information sheet shall be pro-
vided in a generally understandable format. 
This document shall contain the point of 
time, the hospital and the type of problems 
and solutions in written form. The anesthesia 
problem card issued by the DGAI shall be 
used and provided to the patient together 
with the relevant information.

Recommendation

After successful airway management the cor-
rect position of the endotracheal tube and/or 
of the EGA shall be verified.

Recommendation

Auscultation of the thorax shall be performed 
to prevent an excessively deep position of 
the tube.

Recommendation

The cuff pressure shall be checked and ad-
justed as needed, both after placement of an 
endotracheal tube and an EGA.

Recommendation

Before extubation, predictors for a difficult 
reintubation shall be recognized. In the case 
of possible problems, a clear strategy shall be 
followed for the planned difficult extubation.
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Depending on the patient and on the per-
formed procedure, evaluation of the su-
praglottic region of the anesthetized pa-
tient can be useful before extubation. This 
can be done by means of video laryngos-
copy.

To do this, unblock the cuff and deter-
mine the difference of inspiratory and 
expiratory tidal volume over the first six 
breaths. In the event of an (average) sec-
ondary air volume of more than 110 ml per 
breath there is a low risk of a clinically rel-
evant laryngeal edema [98].

The attendance of an ear nose and 
throat surgeon or of a maxillofacial sur-
geon can be immediately required. It may 
be necessary to prepare for a cricothyrot-
omy or tracheotomy.

In patients with expected difficulties dur-
ing extubation owing to a hyperrespon-
sive tracheobronchial system, in certain 
situations the endotracheal tube can be 
removed at an early stage and an EGA 
placed in order to assist with ventilation 
and to avoid a cough stimulus.

The “procedure for planned extubation” is 
shown in . Fig. 3.

Education and training

In the case of problems with airway man-
agement, only the instruments and tech-
niques which are regularly employed and 
are thus well-mastered on elective patients 
are promising for success.

In addition, the identification and punc-
ture of the cricothyroid ligament can be 
learnt by means of regular application of 
translaryngeal anesthesia for flexible en-
doscopic intubation under spontaneous 
breathing.

Core requirements

1. For preoperative evaluation of the air-
way the patient history shall be ob-
tained and a clinical evaluation per-
formed.

2. The following minimum require-
ments for management of the airway 
apply to every anesthesiology work-
place: possibility for mask ventilation, 
availability of EGA, aids for direct la-
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Recommendation

The cuff leak test can be conducted to detect 
laryngeal edema.

Recommendation

In special situations an endotracheal airway 
catheter (e.g. special extubation catheter) can 
be placed before extubation, through which 
an oxygen insufflation or (jet) ventilation is 
possible and which can serve as a splint if 
reintubation is necessary.

Recommendation

The monitoring of the extubated patient shall 
carried out by qualified personnel. Any newly 
occurring symptoms which indicate the oc-
currence of an airway complication, such as 
hoarseness, (increasing) swelling, difficulty 
swallowing, chest pains and emphysema for-
mation shall be detected at an early stage.

Recommendation

A thorough education and regular training 
shall be implemented to ensure successful 
management of unexpected and expected 
difficult airways.

Recommendation

A regular training on airway simulators 
should be implemented in translaryngeal and 
transtracheal techniques.

Recommendation

Training in the individual techniques should 
basically proceed in four steps:
 5 Acquisition of theoretical knowledge.
 5 Practicing of techniques and skills on air-

way simulators and phantom models.
 5 Use of the techniques under supervi-

sion on patients with an unremarkable 
airway. This shall continue until a reliable 
handling is ensured even in emergency 
situations.
 5 Use of techniques under supervision on 

patients with difficult airways and regular 
use in the clinical routine.
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ryngoscopy, alternatives to the Macin-
tosh blade (e.g. video laryngoscope) 
and instruments for translaryngeal/
transtracheal oxygenation/ventilation.

3. In the presence of predictors or evi-
dence in the patient history of a dif-
ficult or impossible mask ventilation 
and/or endotracheal intubation, the 
intubation shall take place on awake 
spontaneously breathing patients us-
ing a flexible intubation endoscope.

4. Second generation laryngeal mask 
airways should be employed when ex-
tended indications are present.

5. After placement of EGAs and suf-
ficient ventilation the cuff pres-
sure shall be checked and adjust-
ed as needed. In general a pressure of 
60 cmH2O should not be exceeded.

6. In the event of an unexpected difficult 
airway the number of direct laryngos-
copy attempts shall be limited to two.

7. Video laryngoscopy plays an impor-
tant role in the management of unex-
pected difficult airways.

8. If intubation fails and oxygenation by 
other means fails, in the case of de-
creasing and/or insufficient oxygen 
saturation a translaryngeal or trans-
tracheal access shall be established di-
rectly.

9. There shall be a clear strategy for any 
planned difficult extubation.

10. For successful management of un-
expected and expected difficult air-
ways, a thorough education and regu-
lar training shall be implemented and 
also an algorithm adapted to the par-
ticular clinical environment shall be 
available.
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