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Abstract Timely and adequate management of normal and

compromised airway is a crucial task facing medical teams

taking care of patients in intensive care units. We investigated

the airway management practices in the Israeli intensive care

units (ICUs). A postal survey was sent to the 20 main ICUs in

Israel. We investigated which medical specialty (ICU, anes-

thesiology or ENT) is involved with airway management in

the ICUs and summarized the availability of airway equip-

ment and medication necessary for endotracheal intubation,

the use of dedicated airway management algorithms, the

approaches to specific airway scenarios and education in

airway management. The response rate was 70 % (14 out of

the 20 units). Intubation with normal airway is performed

mainly by ICU doctors (86 %). A difficult airway is most

frequently cared for by anesthesiologists (79 %), while

impossible intubation/mask ventilation is mainly managed by

anesthesiologists and ENT surgeons (50–79 %). Airways in

C-spine injury are mainly managed by anesthesiologists

(70 %). Surgical airway is mainly performed by ENT sur-

geons (79 %). The ASA difficult airway algorithm is used in

71 % of the units. Fiberoptic intubation is used significantly

more often than other methods in two scenarios: 78 % of

the difficult airways and 64 % of the C-spine injuries

(p \ 0.0001). Only 43 % of the units reported holding quality

assurance meetings. 69 % of the units’ heads are satisfied

with their airway management policies. Equipment and

medications necessary for airway management are available

in most of the units. Difficult airways in ICUs are mainly

managed by anesthesiologists and ENT surgeons. Few ICUs

have quality assurance meetings.

Keywords Intensive care units � Difficult airway

management � Team � Equipment � Algorithms �
Scenarios � Education

1 Introduction

Expertise in airway management is an important skill for

any health-care provider caring for critically ill patients.

Critical care patients exhibit airway difficulties, which

include all the scenarios found in anesthesia but in an

environment and context that may be less favorable.

Adult critical care patients frequently have difficult

airways, thus, in the critical care units, up to 20 % of all

critical incident reports are airway-related [1] and more

than half of airway events are considered preventable.
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Airway interventions in critically ill patients are poten-

tially more difficult and more likely to be associated with

complications [2] for several reasons including limited

physiologic reserve of the patients requiring an urgent

intubation; minimal time for preparation; hypoxemia despite

pre-oxygenation; increased risk of hemodynamic compro-

mise upon the induction of anesthesia; risk of aspiration due

to a full stomach; and associated injuries making intubation

difficult (e.g. maxillofacial trauma, cervical injury). Addi-

tionally, there might be technical problems such as limited

range of airway equipment, less experienced personnel

managing the airway [1, 3, 4], lack of capnography, prob-

lems with patient positioning, limited access to the patient’s

airway and inability to perform a thorough evaluation of the

patient’s airway anatomy prior to airway instrumentation

[3]. Airway edema from prolonged intubation and neck

immobility or the need to avoid movement in a potentially

unstable cervical spine will add to the difficulty.

Additionally, some induction agents such as succinyl-

choline may be contraindicated in critically ill patients,

rendering the intubation conditions more difficult [5].

Reintubation following an unsuccessful extubation may

also be challenging since up to 12 % of patients may be

uncooperative and hypoxemic, while extubation of a pro-

ven or potentially difficult airway should always be viewed

as a potentially difficult re-intubation [1, 6].

Adverse airway events associated with tracheostomy

tubes are quite common [7, 8] and include accidental

decannulation, inserting the cannula in a ‘‘false route’’, etc.

Timely and adequate management of normal and com-

promised airway is one of the crucial tasks of the medical

personnel taking care of patients in the intensive care units

(ICU).

In this study, we investigated the airway management

practices in the Israeli intensive care units (ICUs).

2 Materials and methods

This was a confidential survey sent by mail as a ques-

tionnaire to the heads of the main general intensive care

units in Israel.

The questionnaire was composed of three parts:

1. Medication and equipment available in the unit for

airway management (Table 1).

2. Airway education of the team, satisfaction of the ICU

unit head with the level of airway management in his

department and use of difficult airway management

algorithms (including the American Society of anes-

thesiologist’s algorithm and other algorithms—Ref.

[9]) (Table 1).

3. Approach to specific airway management scenarios.

The following airway scenarios were surveyed: 1. Nor-

mal airway; 2. Difficult airway (predicted or unpredicted)

which might consist by definition of each of the following or

all together: difficult laryngoscopy, ventilation, intubation

or extubation; 3. Impossible tracheal intubation (failed

intubation); 4. Impossible mask ventilation (after failed

intubation); and 5. Suspected or diagnosed C-spine injury.

2.1 Statistical analysis

Analysis of data was carried out using SPSS 11.0 statistical

analysis software (SPSS Inc., Chicago, IL, USA). Cate-

gorical variables such as presence and use of a given air-

way device, were described using frequency distributions

and are presented as frequency (%). Categorical variables

were compared by scenario and, separately, by university

affiliation (yes/no) using the Chi square test, exact as

appropriate. All tests are two-sided and considered signif-

icant at p \ 0.05.

Table 1 Drugs and equipment

availability in Israeli ICUs

* Pancuronium, rocuronium,

atracurium, vecuronium

** Bullard, Wu, Upsher,

McCoy, Flexiblade, short

handle or other

*** Trans tracheal needle jet

ventilation
# Capnography, colorimetric,

negative pressure bulb or

syringe, etc.

Drug Drug

availability

(%)

Equipment Equipment

availability (%)

Etomidate 79 LMA (different types) 100

Ketamine 93 Combitube 21

Propofol 100 Retrograde intubation kit 29

Thiopental 79 Light wand 7

Succinylcholine 100 Flexible fiberoptic bronchoscope/laryngoscope 86

Nondepolarizing

muscle

relaxants*

100 Gum-elastic bougie/tube exchanger 64

Special laryngoscopes** 64

TTNJV kit*** 21

Cricothyroidotomy (coniotomy) kit 86

Tracheostomy (percutaneous or other) kit 71

Equipment for carbon dioxide (CO2) detection# 100
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3 Results

The response rate to this survey was 70 % (14 out of the 20

units). Eight departments were university affiliated and six

were not. Fifty-five percents of the ICU organic team members

are former anesthesiologists. Airway equipment and medica-

tion availability was not influenced by university affiliation.

Table 1 shows the drugs and equipment availability, while

Table 2 presents the education availability, degree of satis-

faction of the unit’s head with the management of the airway

in his unit and use of airway algorithms in the Israeli ICUs.

Figures 1 and 2 present the associations between team

member participation and use of airway device/technique,

with different airway scenarios.

Intubation with normal airway is performed mainly by ICU

doctors (86 %). A difficult airway is most frequently cared for

by anesthesiologists (79 %), while impossible intubation and

impossible mask ventilation is mainly managed by anesthe-

siologists and ENT surgeons (50–79 %). Airways in C-spine

injury are mainly managed by anesthesiologists (70 %).

Surgical airway is mainly performed by ENT surgeons

(79 %). Fiberoptic intubation is used significantly more often

than other methods in two scenarios: 78 % of the difficult

airways and 64 % of the C-spine injuries (p \ 0.0001).

As shown in both figures, overall, there were significant

differences in the type of team participation (ICU, anes-

thesia or ENT doctors) and equipment/technique use in the

five airway scenarios surveyed (p \ 0.0001).

4 Discussion

This survey was intended to study the airway management

strategies in Israeli intensive care units.

The unit’s airway management team must be skilled not

only in obtaining a patent airway but also in maintaining

the airway open for days and sometimes weeks. Further,

the team should also be able to reestablish a patent airway

following extubation (planned or accidental).

It is crucial to continually improve ICU team airway

management skills since the inability to secure a safe airway

may result from lack of practice and inexperience, poten-

tially increasing airway related adverse events [10]. This

skills set is acquired by anesthesiologists during the day-to-

day practice of anesthesia. Indeed, airway related compli-

cations are less frequent in the operating room compared to

outside the operating room [11]. This may explain why,

according to our study, ICU physicians are mainly involved

in the management of the normal and uncomplicated airway,

while anesthesiologists and ENT surgeons are mainly

involved with management of the complicated airway.

Table 2 Airway education and use of airway management

algorithms

Education Percentage

of units

Use of airway

management

algorithms

Percentage

of units

Refresher courses 71 ASA algorithm 71

Workshops 50 Internal

(departmental)

algorithm

21

Congresses 79 Other algorithm 7

Departmental case

presentations

100

Quality assurance

meetings

43

ASA American Society of Anesthesiologists
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Fig. 1 Team member

participation by scenario. The

X-axis represents five airway

scenarios; normal = normal

airway. The Y-axis represents

the percentage of each type of

team member (ICU,

anesthesiologist and ENT

surgeon) managing the patient

in various airway scenarios;

Anesthesiologists—from

outside the ICU (not organic

members). More than one team

may be involved in the

management of the same

scenario
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When defining the ICU physician, we ought to take into

consideration that In Israel, Critical Care is a subspecialty

of many specialties, among them anesthesiology, surgery,

internal medicine, etc. It means that if an ‘‘ICU doctor’’ is a

specialist in Critical Care, he/she might be originally a

specialist in anesthesiology with a much larger experience

regarding tracheal intubation techniques than other spe-

cialists, coming from other medical professions. This is

why the term ‘‘ICU doctor’’ does not reflect a homogenous

group. In eight of the units the majority of doctors have

anesthesiology as a primary specialty, in five this was

internal medicine and in one, the specialties are evenly

distributed between anesthesiologists and internal medicine

doctors. Surgeons or other specialties are not majority

specialties in any of the units. The specialty composition of

the units had no influence on the airway management

approaches.

A recent prospective observational study performed in

22 (out of a total of 24 units) ICUs in Scotland revealed

that 80 % of all intubations in critically ill patients are

performed by doctors with [24 months training in anes-

thesia and the success rate increased with the time spent in

anesthesia training. [12].

Similarly, since in average, 60 % of our ICU doctors

have prior education in anesthesia (with variations between

units), these team members could serve as leaders of the

unit’s airway management program.

Nevertheless, most Israeli doctors serve in the army,

either during compulsory military service or as reserve

medical officers. This situation obliges the average Israeli

physician to be continually trained with management of the

emergency airways. This is shown in Table 2 (Education).

We should also remark that a large proportion of

patients admitted to an ICU are intubated before the ICU

admittance.

Bowles et al. [13] have recently found that 83 % of out-

of theatre intubations in UK are performed by doctors with

at least 6 months training in anesthesia.

However, in, Israel, since most physicians also serve in

the military, it seems that many of the pre-ICU intubations

are performed by non-anesthesiologists. A future survey

could answer this important question: which specialty

predominantly performs the pre-ICU tracheal intubations

in Israel.

The survey shows that ICU doctors primarily manage

normal airways (p = 0.02), mainly by using standard lar-

yngoscopy (p = 0.0001). With impossible intubation and

ventilation, airway management is shared by ENT doctors

and anesthesiologists (79 vs. 50 % and 62 vs. 62 %

respectively—Fig. 1).

Adequate preparation of the patient (positioning, seda-

tion/anesthesia/muscle relaxation), the availability of anes-

thetic and resuscitation medication and ascertaining the

availability and adequate functioning of the airway equip-

ment are sine-qua-non for successful airway management.

In a comprehensive review of the difficult airway

management in adult critical care units, Lavery et al. [1]

present a tentative list of the minimally required drugs and

equipment necessary for management of the normal and

difficult airway in the ICU.
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Fig. 2 Equipment/technique use by scenario. The X-axis represents

five airway scenarios; normal = normal airway. The Y-axis repre-

sents the percentage of each airway device/technique used as first

choice in various airway scenarios. Standard = Standard laryngos-

copy (with Macintosh laryngoscope blade); LMA = laryngeal mask

airway of any type used as a ‘‘bridge’’ device; Combi = Combitube;

Blind = Blind nasal intubation; FOI = Fiberoptic intubation;

Gum = Gum-elastic bougie/ventilating tube exchanger; Cric-
o = Cricothyroidotomy (coniotomy); Trach = Tracheostomy (per-

cutaneous or surgical)

418 J Clin Monit Comput (2012) 26:415–421

123

Author's personal copy



In this regard, the results of our survey show that there is a

wide availability of drugs and airway management devices/

techniques in Israeli ICUs (Table 1). Ketamine and etomi-

date are two hypnotic drugs required to facilitate intubation

in the presence of hemodynamic instability. Nearly 100 %

of the Israeli units possess these drugs. The use of succi-

nylcholine in ICU patients with prolonged immobilization

may be life-threatening due to the risk of massive hyper-

kalemia [14]. Alternative muscle relaxants used for tracheal

intubation are the nondepolarizing drugs. However, failure

to intubate and ventilate a patient after the administration of

a nondepolarizing relaxant may render the patient apneic for

30–40 min with subsequent life threatening consequences.

Considering these factors, an intermediate duration ami-

nosteroid muscle relaxant (rocuronium or vecuronium)

would be the most appropriate choice since following a full

dose of these drugs, with failed intubation and ventilation, an

immediate reversal of the effect of the drug is possible by

administering sugammadex (a novel reversal agent specific

to aminosteroid muscle relaxants) while this is not feasible

with neostigmine [15].

Regarding airway equipment, it is noteworthy that in

some units, retrograde intubation and light wand—aided

intubation, though available are never employed (Table 1;

Fig. 2). Furthermore, it is surprising that only 86 % of the

units are equipped with a fiberoptic laryngoscope/

bronchoscope. Even more surprising is the finding that

cricothyroidotomy and tracheostomy kits are available in

only 86 and 71 % of the units respectively. This might

imply that in a case of extreme airway emergency, the

equipment has to be obtained from other departments thus,

the time delay may possibly influence the patient’s out-

come. University affiliation did not influence the avail-

ability of medication or equipment necessary for airway

management, demonstrating that most of the Israeli ICUs

are well equipped, regardless of their affiliation. Video-

laryngoscopy is a new technology still not routinely used in

Israeli intensive care units. Recently, Ural et al. [16] have

found no significant reduction in total attempts at orotrac-

heal intubation and that the incidence of overall compli-

cations was not reduced with video laryngoscopy as

compared to standard rigid laryngoscopy.

Coping with challenging airway scenarios implies not

only adequate management team training and the avail-

ability of appropriate equipment, but also the implemen-

tation of an organized approach using airway management

algorithms. Two of the most popular algorithms are the

American Society of Anesthesiologists—ASA difficult

airway algorithm [17] and the Difficult Airway Society—

DAS—algorithm [9].

Our survey revealed that some Israeli units (21 %) have

developed their own difficult airway management algo-

rithm. This may be more appropriate than adopting other

algorithms since an internal, departmental algorithm is

created in accordance with the units’ human and equipment

resources. There were no differences by scenario in

application of difficult airway algorithms, although the

ASA algorithm was more frequently used in a difficult

airway scenario (Table 2). Interestingly, in some difficult

airway situations, up to 21 % of the units do not use any

airway management algorithms (Table 2).

A skilled managing team, a wide range of airway

devices and techniques and the correct application of air-

way algorithms are vital tools for the safe securing of the

airway, even in difficult cases. Accordingly, our survey

evaluated the Israeli ICUs management strategies in vari-

ous airway scenarios.

Figures 1 and 2 show the associations between scenar-

ios, team member participation and device/technique

usage. As shown in both figures, overall, there were sig-

nificant differences in the type of team participation (ICU,

anesthesia or ENT doctors) and equipment/technique use in

the five airway scenarios surveyed (p \ 0.0001).

Compared to the other scenarios, ICU doctors mainly

manage normal airways and mainly by using standard

laryngoscopy.

In the ICU, the laryngeal mask airway (LMA) is mainly

a rescue airway device for cases of failed intubation and

difficult/failed mask ventilation. It may also serve as a

conduit for establishing a definitive airway—tracheal

intubation. In this regard, the intubating laryngeal mask

(ILMA, Fastrach) may be especially useful with unpre-

dicted difficult intubation after induction of general anes-

thesia [18]. A recently commercialized LMA type, called

LMA supreme, combines the gastric fluid draining advan-

tage of a ProSeal LMA and the intubation feasibility of an

ILMA. It can be easily placed even by novices and even in

morbidly obese patients [19].

Our survey revealed that an LMA as a temporary airway

is not used with normal airway and suspected C-spine

injury compared to more frequent use with difficult airway,

impossible intubation and impossible mask ventilation (28,

36 and 37 % respectively—p = 0.02). Awake fiberoptic

intubation (FOI) is more frequently used with difficult

airway and suspected C-spine injury (78 and 64 %

respectively—p = 0.0001) than in other scenarios and

other airway management devices and techniques. Simi-

larly to what we found in our survey, awake FOI in ICU

patients is especially advisable with predicted difficult

airway including suspected C-spine injury [20]. As stated

before, FOI is also feasible through an LMA, in unantici-

pated difficult intubation following induction of general

anesthesia.

When any other airway management techniques fail and

ventilation becomes impossible, a rescue Trans tracheal

needle jet ventilation (TTNJV) and/or surgical airway need
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to be quickly placed to avoid death or permanent hypoxic

brain damage. Recently, Kheterpal et al. [21] reported a

surprisingly high incidence (0.77 %) of failed mask ven-

tilation among anesthetized patients. Only 2.6 % of these

required a rescue surgical airway. Very few surveyed units

use TTNJV and only in impossible intubation/impossible

scenario. This approach may stem from the reportedly high

incidence (29 %) of complications (especially barotrauma)

associated with TTNJV in emergency respiratory distress

patients [22]. Our findings contrast with a Canadian report

in which 51 % of anesthesiologists preferred to manage

failed intubation/failed ventilation scenario with TTNJV

[23]. Therefore, in our ICUs, cricothyroidotomy and tra-

cheostomy as rescue surgical airways are more frequently

employed with impossible intubation than other airway

management devices and techniques (p = 0.03) (Fig. 2).

The development and application of successful airway

management strategies in the ICU depend not only on

technical skills and equipment availability, but also on the

understanding of the complex difficult airway scenarios

and management algorithms as well as on periodic

refreshing of the technical skills and theoretical knowledge.

A survey conducted among anesthesiologists practicing in

the USA revealed that 71 % of the practitioners were

exposed to various difficult airway education tools [24].

Our units’ teams are exposed to refresher courses in a

similar percentage (71 %) although we have no informa-

tion regarding the individual attendance. However, only

50 % of the units are attending airway workshops.

The level of education in the Israeli ICUs appears to be

adequate (Table 1), except for the few (43 %) quality

assurance meetings. However, only 69 % of the surveyed

units’ heads were satisfied with the airway management

policies in their units. The remaining 31 % dissatisfaction

may stem primarily from the lack of special airway

equipment (i.e. fiberoptic bronchoscopes), restricted

(50 %) participation in educational airway workshops and

relatively few quality assurance meetings which are so

important for the debriefing of problematic airway cases.

It is believed [25] that as more anesthesiologists become

trained and then train other physicians, the number of cases

in the Closed Claims Study involving the airway will

continue to decrease.

We believe that future studies are warranted which

should focus on the effect of various management

approaches on the airway outcomes of the ICU patients.
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