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Abstract

Recent advances in technology have made laryngoscopy less dependent
upon a direct line of sight to achieve tracheal intubation. Whether these new
devices are useful tools capable of increasing patient safety depends upon
when and how they are used. We briefly consider the challenges in
reviewing the emerging literature given the variety of devices, “experience”
of the care providers, the clinical settings, and the definitions of outcome.
We examine some of the limitations of conventional direct laryngoscopy,
question the definitions we have used to define success, discuss the
benefits of indirect (video) techniques, and review evidence pertaining to
their use in the patients in the operating room, emergency department, and
intensive care unit.
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Introduction

Laryngoscopy remains a key component of airway manage-
ment in anesthesia, critical care, and emergency medicine.
Advances in technology over the past two decades', including
illumination by light-emitting diodes, liquid crystal display of
the image, and complementary metal-oxide—semiconductor
video chips, have provided significant improvements in devices
available to clinicians, as carefully summarized in a previous
F1000 review”.

The availability of these new technologies has impacted clini-
cal practice, and several recent studies have helped to focus
our understanding of the role of these devices in routine and
rescue airway management in various clinical settings. This
article aims to provide a concise review of some relevant
advances since the last F1000 review.

Definitions of difficult laryngoscopy

Satisfaction with our intubation technique is largely a result
of how we define success. We often describe intubation suc-
cess in binary terms (success versus failure), irrespective of the
duration of the effort, the number of attempts, the amount of
force, the adjuncts required, and the laryngeal view obtained’.
This fails to identify degrees of difficulty. When we frame com-
plications in terms of requiring intensive care unit (ICU) care,
brain injury, death, or necessitating an emergency surgical air-
way, the incidence of such catastrophes is small, but the impact
may be great and largely avoidable®. If direct laryngoscopy (DL)
fails to reveal the larynx in nearly 6% of seemingly anatomically
normal patients’, there is little room for complacency. Mild and
moderate difficulties were encountered by experienced anesthe-
siologists in 38% and 8% of intubation attempts, respectively,
and more than three attempts were required in 3% of patients’.
In emergency medicine and critical care, there is evidence
that the number and severity of the complications increase
with each additional laryngoscopy effort’. Although evidence
that this applies to physiologically optimized elective surgical
patients is currently lacking, it is an aspirational goal to aim for
“first-attempt intubation success” in every patient encountered.

Rescue after failed direct laryngoscopy

Aziz et al. published a retrospective comparative analysis from
the Multicenter Perioperative Outcomes Group on the suc-
cess rate for five commonly used devices to achieve success-
ful tracheal intubation after failed DL’. Their study involved
seven academic centers and reported 1427 cases of failed DL in
nearly 350,000 patients in whom tracheal intubation had been
attempted. Subsequent intubation attempts involved five rescue
techniques in sufficient numbers to permit analysis: (i) video
laryngoscopy (VL), (ii) flexible bronchoscopic intubation,
(iii) rescue with a supraglottic airway as a conduit for intuba-
tion, (iv) optical stylet, and (v) lighted stylet. Their data showed
that, between 2004 and 2013, airway providers increasingly
selected VL as the rescue technique of choice at the expense of
all other techniques. Furthermore, VL yielded the highest intuba-
tion success rate’. Importantly, in this retrospective study, patients
were not randomly assigned and thus the groups may have been
dissimilar and intubation was most likely attempted by using
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the device that the care providers felt most confident using. The
skills of the laryngoscopists very likely varied, and no stand-
ardized training had been implemented. Finally, the authors
noted that care providers often chose an alternative to DL
after only one failed attempt. To the extent that these seven
academic centers are reflective of anesthesiology practice in
general, VL has progressively supplanted other rescue methods and
appears to be accomplishing its intended purpose with a greater
degree of success.

Primary laryngoscopy technique

In the operating room

A recent systematic review explored the question of whether
VLs reduce intubation failure and complications compared with
DL in adults'’. Lewis and colleagues found that VLs improved
laryngeal views and reduced intubation difficulty scores, failed
intubations and airway trauma, particularly among patients with
a potentially difficult airway'’. When their hospital needed to
replace their laryngoscope stock, the authors conducted a trial
and subsequently elected to convert to routine VL throughout the
operating rooms and ICU. They documented the changes in
attitudes throughout their department during and following this
change, noting that the initial reluctance gave way to virtually
unanimous and enthusiastic support of the substitution''.

A French group evaluated a new algorithm for elective air-
way management in the operating room'’. Patients presenting
features predictive of a difficult (direct) laryngoscopy received
an “enhanced management” strategy that used a channeled
optical laryngoscope (Airtrag, Vygon, Ecouen, France; the Air-
traq is operationally similar to a VL but uses prisms rather than
a video camera to provide its view) as a first step in conjunction
with a long flexible angulated stylet (Frova Intubating Intro-
ducer, Cook Medical, Bloomington, IN, USA) and a flexible
videoendoscope (aScope 3™, Ambu, Ballerup, Denmark) as
the second and third steps, respectively. This approach prospec-
tively studied 16,695 patients, achieving successful tracheal intu-
bation of all patients with anticipated difficult laryngoscopy'”.
The stratification also resulted in relatively few patients with
poor laryngeal views, requiring multiple attempts, or experienc-
ing oxygen desaturation. The study was conducted in a single
site with a group of anesthesiologists well trained in the use of
the Airtraq device. They identified two features that appeared to
predict difficulty with intubation using the Airtraq device: limited
mouth opening and reduced cervical spine mobility. It is
unclear whether these results are applicable to non-channeled
VLs or in centers with less experience using the Airtraq.

An earlier, single-center Italian study prospectively evaluated a
VL-based airway management algorithm involving 6276 patients'”.
Patients exceeding their defined threshold of an El-Ganzouri
Risk Index'* (EGRI) of more than 7—combining assessments of
mouth opening, thyromental distance, Mallampati class, cervi-
cal range of motion, ability to perform mandibular protrusion,
body weight, and prior history of difficult intubation'*—were
managed with awake flexible endoscopic intubation. Intubation
was attempted with a GlideScope™ if the EGRI was less than
7. The investigators excluded patients with a body mass index
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(BMI) of more than 30 kg/m>—and neck or pharyngo-laryngeal
tumors. Two patients with lower scores were managed by elec-
tive tracheostomy and awake endoscopic intubation because
of local pathology. Caldiroli et al. observed Cormack-Lehane
grades of III and IV in 0.2% of patients, compared with the 5.8%
observed in a large meta-analysis using DL°, and “difficulty”
with intubation was encountered in 14 (0.14%) out of 6276. All
patients were successfully intubated, although the primary out-
come was success rather than the number of attempts or the time
required. The study compared outcomes with other publications
and thus the patients and care providers may not be compara-
ble. In addition, the study had several significant limitations: it
was restricted to neurosurgical procedures, it involved a single
relatively small anesthesiology department accustomed to the
routine use of the GlideScope, it equated the laryngeal view
with the ease of intubation failing to address the number of
attempts or amount of time required, and it excluded patients
commonly encountered in clinical practice (BMI >30 kg/m?).
Nonetheless, this study did show that, in experienced hands, a
particular hyperangulated VL (GlideScope) resulted in signifi-
cantly better laryngeal exposure that ultimately translated into
successful tracheal intubation, validating their airway management
algorithm.

These novel approaches raise the question of whether it is
time to change the “routine approach to laryngoscopy”*!'!*%,
and future studies are needed to confirm the potential benefits
of such changes and the optimal ways to prepare and implement
such an approach.

The specific type of VL may also play a role. Kleine-Brueggeney
et al. performed a multicenter randomized controlled trial evalu-
ating six videolaryngoscopes in 720 patients with a simulated
difficult airway achieved with a rigid cervical collar”. This
reduced mouth opening from a mean of 46 to 23 mm. This trial
revealed differences in the performance of the six videolaryngo-
scopes. The first-attempt success rates were 85 to 98% for all but
the A.P. Advance™ difficult airway blade. The highest success
and lowest tissue trauma rates were achieved by the McGrath™
using a Macintosh-style blade and C-MAC™ using a D-Blade,
highlighting the importance of the VL blade design.

This draws attention to several important points: (i) the design
of videolaryngoscopes evolves, and although devices may bear
a similar name (for example, McGrath Series 5 and McGrath
MAC, GlideScope LoPro, GlideScope Cobalt, and Glide-
Scope T-MAC), performance may differ; (ii) the experience of
the laryngoscopist with the device being tested may not be the
same as their overall experience as a laryngoscopist and this is
not always clear in the publications; (iii) frequently, the patient
populations differ, ranging from patients (or manikins) with nor-
mal airways, suspected difficult airways, known difficult air-
ways, and simulated difficulty; (iv) the method of simulating
a difficult airway (for example, manual inline stabilization or
rigid cervical collar) may inadvertently create bias; (v) using
a particular device, the larynx may be viewed directly or indi-
rectly’’; and (vi) studies may employ or define outcomes
differently.
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For the reasons stated above, it is very difficult to identify
consistent differences in the performance of various VLs, even
those similar in design. Aziz et al.”” conducted a large multi-
center prospective randomized controlled trial and showed that,
in patients requiring general anesthesia for elective surgery and
presenting with clinical predictors of difficult (direct) laryngos-
copy, the C-MAC™ D-Blade, hyperangulated and designed for
more challenging airways, did not yield the same first-attempt
intubation success as the (hyperangulated) GlideScope. Intubation
success rates were high with both devices; the first-attempt
success rates were 96.2% and 93.4% with the GlideScope and
C-MAC D-Blade, respectively.

In summary, the data from the recent studies suggest that VL
as a primary technique in the operating room has the poten-
tial to improve intubation-related outcomes. Future research
will help us refine optimal approaches to laryngoscopy in the
operating room, including patient selection, operator training,
and device selection.

In the intensive care unit

A randomized clinical trial involving 371 adults requiring
intubation between 2015 and 2016 in seven ICUs in France
compared the McGrath MAC VL (n=186) with DL (n=185).
The trial showed that intubation using the McGrath MAC
provided better glottic exposure but failed to improve the rate
of first-attempt success and was associated with higher rates
of severe life-threatening complications™. However, important
limitations of this study were that intubations were performed
by non-experts with limited manikin-based training and stylets
were not used. First-attempt success was poor in both groups—
126 out of 186 (VL) and 130 out of 185 (DL)—and time to
complete intubation was measured in minutes rather than
seconds.

A single-center observational study looked at 906 consecu-
tive intubation attempts in the ICU employing VL*. A variety
of devices were available, and most intubations were attempted
by supervised critical care trainees. Overall, the first-attempt tra-
cheal intubation success rate was 740 (82%) out of 906. The
characteristics associated with first-attempt intubation failure
included the presence of blood in the airway, airway edema,
cervical immobility, and obesity. There were insufficient
numbers to compare different devices, patient and device
selection were at the discretion of the operator, and reasons for
failure were determined by the laryngoscopist.

Arulkumaran et al. published a systematic review and meta-
analysis comparing VL and DL for emergency intubation out-
side the operating room”. They looked at 32 studies involving
over 15,000 emergency intubations. In the ICU, they found that
VL (GlideScope and C-MAC) increased first-attempt tracheal
intubation success—odds ratio (OR) = 2.02, 95% confidence
interval (CI) = 1.43-2.85—and resulted in fewer esophageal
intubations, but the benefits of VL were greater for trainees
than experienced clinicians. This article followed other reviews
that reported conflicting results on the effects of VL use in
critically ill patients. The pharmacological management for
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laryngoscopy and intubation may contribute to success and a
reduction of complications™”’.

A meta-analysis of recent randomized controlled trials com-
paring VL and DL and restricted to ICU patients analyzed four
studies and included 678 patients. Overall, VL did not signifi-
cantly improve first-attempt tracheal intubation success (relative
risk [RR] = 1.17, 95% CI = 0.89-1.53); however, it did
improve the laryngeal view and reduced esophageal intubation
(RR = 0.31, 95% CI = 0.11-0.90). Furthermore, VL did not
reduce the time for successful intubation or severe hypoxia®.
As mentioned above, the studies included a variety of devices,
some likely to be more effective than others; the intubations
were often attempted by trainees and rarely by experts, and all
demonstrated low or very low rates of first-attempt success in a
patient population at significant risk when multiple attempts are
required.

Intubation of critically ill patients differs in several impor-
tant respects: there may be little time for an adequate airway
evaluation, and the patients have reduced physiologic reserves
and almost invariably are at increased risk of regurgitation,
aspiration, hypoxemia, and hemodynamic instability. Essential
equipment and drugs may not be immediately available or
familiar, and the support personnel may have less airway
management experience. Compared with the elective surgi-
cal patient, adverse events relating to airway management in
critically-ill patients, are more likely to result in brain injury and
death”. Comprehensive guidelines for managing the intuba-
tion of critically ill adults have recently been released by three
national societies”!. They emphasized the importance of
human factors such as cognitive overload (“analysis paraly-
sis””), situational awareness, team integration, and the imme-
diate availability of and familiarity with alternative devices.
Preoxygenation with non-invasive ventilation or high-flow nasal
oxygen prior to intubation attempts was endorsed to increase
apneic tolerance. The Difficult Airway Society” advocated a
“modified” rapid sequence induction, employing gentle mask
ventilation and abandonment of cricoid pressure if it ham-
pered laryngoscopy or intubation. Paralytics were encouraged to
create conditions that facilitate laryngoscopy, ventilation, and
an emergency front-of-neck access should this be required.
All of the societies acknowledged the advantages of VL and
recommended that a videolaryngoscope should be available
and considered as an option for all intubations of critically ill

29-31

patients’

In summary, although observational studies have supported the
benefit of VL for the outcome of intubation success in the ICU
environment, randomized trials have not proven this benefit thus
far. Nonetheless, several national guidelines now recommend
the immediate availability and, when difficulties are anticipated,
primary use of VL in this environment. These recommendations
are useful only to the extent that those using the device are
appropriately trained.

In the emergency department
A recent prospective comparison of emergency department tra-
cheal intubations randomly assigned 198 adult patients to undergo
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either direct viewing (DL) or video viewing (VL) for the first
intubation attempt with the Storz C-MAC (Macintosh-style VL).
The airways were generally managed by senior residents with
at least two years of clinical experience and “extensive” didac-
tic, manikin, and simulation training in the four months prior to
the study’. First-attempt success was not significantly differ-
ent (86% and 92% for DL and VL, respectively), nor were there
differences in intubation time, hypoxemia, aspiration, or length
of hospital stay. Unfortunately, this study was relatively small
and may have been underpowered to detect a difference in first-
attempt success, there were numerous protocol violations, and
not all physicians felt equally comfortable with both techniques.

The use of adjuncts during laryngoscopy has traditionally been
part of clinical practice and guideline recommendations. A
randomized single-center study looked at 757 adult patients
requiring emergency department intubation with a Macintosh-
style VL and compared the use of a coudé-tipped introducer
(“bougie”) and a stylet to facilitate initial intubation®. Most of
the attempted intubations used the C-MAC, and in the major-
ity of cases, the larynx was viewed directly (rather than
using the screen). Driver et al. found that, in patients with at
least one difficult airway characteristic, the use of a bougie
resulted in significantly higher first-attempt intubation success:
96% (CI 93-99%) versus 82% (CI 76-88%)*. Complications
were infrequent and not different between the groups. In this
study, a significant proportion of patients still had little or no
laryngeal exposure (29 out of 191 in the bougie group and 13
out of 182 in the stylet group). A bougie or stylet was attempted
even when a Cormack-Lehane IV view was obtained. It is
also important to consider that the study took place in a depart-
ment where operators routinely used a bougie (and not a stylet)
for the majority of intubations before initiation of the trial.

A multicenter Japanese study involving 3360 cardiac arrest
patients looked at first-attempt intubation success and compared
VL and DL*. The study observed an OR of 1.61 (CI 1.26-2.06)
favoring VL, better laryngeal exposure, and a lower risk of
esophageal intubation™.

In summary, in the emergency department, the use of a
coudé-tipped introducer (“bougie”) as an adjunct to DL or
Macintosh-style VL. may provide significantly higher first-attempt
intubation success. Data on the routine use of VL versus DL as
a primary technique are conflicting, and future well-designed
randomized controlled trials appear necessary to better define this
aspect of care.

Airway assessment and predicting difficulty

The importance of recognizing patients in whom tracheal intu-
bation is likely to be difficult is widely accepted®—*, although
it is obvious that the science lags far behind the need’". Often
forgotten® is that the bedside predictors of difficulty were spe-
cifically developed for Macintosh-style DL, although this is
rarely stated. These have been shown to have limited relevance to
indirect laryngoscopy. Nonetheless, a recent systematic review
of high-level studies involving 33,559 patients showed that
difficulty (with DL) was encountered in 10% of patients and
that the best predictor was the inability to protrude their lower
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incisors beyond their upper incisors (class 3 “upper lip bite
test”; likelihood ratio 14, CI 8.9-22)"". An abnormal upper lip
bite test, which is easily assessed at the bedside by clinicians,
raises the probability of difficult intubation from 10% to more
than 60% for the average-risk patient”. The review concluded
that “although several simple clinical findings are useful for pre-
dicting a higher likelihood of difficult endotracheal intubation,
no clinical finding reliably excludes a difficult intubation™,
making it essential for airway managers to be prepared for failure
and able to quickly transition to an alternative technique’*.

Conclusions

Technological advances in laryngoscopy have been intro-
duced into clinical practice in recent years. As we gain a better
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techniques. Concurrently, the use of established techniques
remains relevant, and efforts are also devoted to a better under-
standing of difficult airway prediction and the design of improved
airway management algorithms.

Grant information
The author(s) declared that no grants were involved in supporting
this work.

F1000 recommended

1. Berkow LC, Morey TE, Urdaneta F: The Technology of Video Laryngoscopy.
Anesth Analg. 2018; 126(5): 1527-34.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

2. Aziz M: Advances in Laryngoscopy [version 1; peer review: 2 approved].
F1000Res. 2015; 4: pii: F1000 Faculty Rev-1410.
PubMed Abstract | Publisher Full Text | Free Full Text

3. Cooper RM: Preparation for and Management of “Failed” Laryngoscopy and/or
Intubation. Anesthesiology. 2019; 130(5): 833—49.
PubMed Abstract | Publisher Full Text

4. Cook TM, Woodall N, Frerk C: Major complications of airway management
in the UK: results of the Fourth National Audit Project of the Royal College
of Anaesthetists and the Difficult Airway Society. Part 1: anaesthesia. Br J
Anaesth. 2011; 106(5): 617-31.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

5. Shiga T, Wajima Z, Inoue T, et al.: Predicting difficult intubation in apparently
normal patients: a meta-analysis of bedside screening test performance.
Anesthesiology. 2005; 103(2): 429-37.

PubMed Abstract | Publisher Full Text

6. Adnet F, Racine SX, Borron SW, et al.: A survey of tracheal intubation difficulty
in the operating room: a prospective observational study. Acta Anaesthesiol
Scand. 2001; 45(3): 327-32.

PubMed Abstract | Publisher Full Text

7. Mort TC: The incidence and risk factors for cardiac arrest during emergency
tracheal intubation: a justification for incorporating the ASA Guidelines in the
remote location. J Clin Anesth. 2004; 16(7): 508—-16.

PubMed Abstract | Publisher Full Text

8. Sakles JC, Chiu S, Mosier J, et al.: The importance of first pass success when
performing orotracheal intubation in the emergency department. Acad Emerg
Med. 2013; 20(1): 71-8.
PubMed Abstract | Publisher Full Text | Free Full Text

9. E Aziz MF, Brambrink AM, Healy DW, et al.: Success of Intubation Rescue
Techniques after Failed Direct Laryngoscopy in Adults: A Retrospective
Comparative Analysis from the Multicenter Perioperative Outcomes Group.
Anesthesiology. 2016; 125(4): 656—66.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

10. E Lewis SR, Butler AR, Parker J, et al.: Videolaryngoscopy versus direct
laryngoscopy for adult patients requiring tracheal intubation: a Cochrane
Systematic Review. Br J Anaesth. 2017; 119(3): 369-83.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

11. Cook TM, Boniface NJ, Seller C, et al.: Universal videolaryngoscopy: a
structured approach to conversion to videolaryngoscopy for all intubations
in an anaesthetic and intensive care department. Br J Anaesth. 2018; 120(1):
173-80.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

12. Cook F, Lobo D, Martin M, et al.: Prospective validation of a new airway
management algorithm and predictive features of intubation difficulty. BrJ
Anaesth. 2019; 122(2): 245-54.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

13.  Caldiroli D, Cortellazzi P: A new difficult airway management algorithm based

upon the El Ganzouri Risk Index and GlideScope® videolaryngoscope. A new

look for intubation? Minerva Anestesiol. 2011 ; 77(10): 1011-7.
PubMed Abstract

14.  Cortellazzi P, Minati L, Falcone C, et al.: Predictive value of the El-Ganzouri
multivariate risk index for difficult tracheal intubation: a comparison of
Glidescope videolaryngoscopy and conventional Macintosh laryngoscopy. Br
J Anaesth. 2007; 99(6): 906—11.
PubMed Abstract | Publisher Full Text

15.  el-Ganzouri AR, McCarthy RJ, Tuman KJ, et al.: Preoperative airway assessment:
predictive value of a multivariate risk index. Anesth Analg. 1996; 82(6): 1197-204.
PubMed Abstract | Publisher Full Text

16. Zaouter C, Calderon J, Hemmerling TM: Videolaryngoscopy as a new
standard of care. Br J Anaesth. 2015; 114(2): 181-3.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

17. Cook TM: Strategies for the prevention of airway complications - a
narrative review. Anaesthesia. 2018; 73(1): 93—-111.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

18.  Cooper RM: Implementing universal videolaryngoscopy: how to do it and what
to expect. Br J Anaesth. 2018; 120(1): 13-5.
PubMed Abstract | Publisher Full Text

19.  Paolini JB, Donati F, Drolet P: Review article: video-laryngoscopy: another
tool for difficult intubation or a new paradigm in airway management? Can J
Anaesth. 2013; 60(2): 184-91.

PubMed Abstract | Publisher Full Text

20. Kleine-Brueggeney M, Greif R, Schoettker P, et al.: Evaluation of six
videolaryngoscopes in 720 patients with a simulated difficult airway: a
multicentre randomized controlled trial. Br J Anaesth. 2016; 116(5): 670-9.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

21. E Wallace CD, Foulds LT, McLeod GA, et al.: A comparison of the ease of
tracheal intubation using a McGrath MAC?® laryngoscope and a standard
Macintosh laryngoscope. Anaesthesia. 2015; 70(11): 1281-5.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

22. Aziz M, Abrons R, Cattano D, et al.: Comparison of the Storz C-MAC D Blade
against the GlideScope, Efficacy in the Predicted Difficult Airway: Stage Trial:
A multi-centered Randomized Controlled Trial. International Anesthesiology
Research Society Annual MEeting and International Science Symposium 2015.
Honlolulu, HI; 2015.

23. Lascarrou JB, Boisrame-Helms J, Bailly A, et al.: Video Laryngoscopy vs
Direct Laryngoscopy on Successful First-Pass Orotracheal Intubation Among
ICU Patients: A Randomized Clinical Trial. JAMA. 2017; 317(5): 483-93.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

24. Joshi R, Hypes CD, Greenberg J, et al.: Difficult Airway Characteristics
Associated with First-Attempt Failure at Intubation Using Video Laryngoscopy
in the Intensive Care Unit. Ann Am Thorac Soc. 2017; 14(3): 368-75.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

25. Arulkumaran N, Lowe J, lons R, et al.: Videolaryngoscopy versus direct
laryngoscopy for emergency orotracheal intubation outside the operating room:
a systematic review and meta-analysis. Br J Anaesth. 2018; 120(4): 712-24.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

26. Mosier JM, Sakles JC, Stolz U, et al.: Neuromuscular blockade improves

Page 6 of 8


https://f1000.com/prime/731430593
http://www.ncbi.nlm.nih.gov/pubmed/28961559
http://dx.doi.org/10.1213/ANE.0000000000002490
https://f1000.com/prime/731430593
http://www.ncbi.nlm.nih.gov/pubmed/26918145
http://dx.doi.org/10.12688/f1000research.7045.1
http://www.ncbi.nlm.nih.gov/pmc/articles/4754022
http://www.ncbi.nlm.nih.gov/pubmed/30995211
http://dx.doi.org/10.1097/ALN.0000000000002555
https://f1000.com/prime/722442182
http://www.ncbi.nlm.nih.gov/pubmed/21447488
http://dx.doi.org/10.1093/bja/aer058
https://f1000.com/prime/722442182
http://www.ncbi.nlm.nih.gov/pubmed/16052126
http://dx.doi.org/10.1097/00000542-200508000-00027
http://www.ncbi.nlm.nih.gov/pubmed/11207469
http://dx.doi.org/10.1034/j.1399-6576.2001.045003327.x
http://www.ncbi.nlm.nih.gov/pubmed/15590254
http://dx.doi.org/10.1016/j.jclinane.2004.01.007
http://www.ncbi.nlm.nih.gov/pubmed/23574475
http://dx.doi.org/10.1111/acem.12055
http://www.ncbi.nlm.nih.gov/pmc/articles/4530518
https://f1000.com/prime/726602928
http://www.ncbi.nlm.nih.gov/pubmed/27483124
http://dx.doi.org/10.1097/ALN.0000000000001267
https://f1000.com/prime/726602928
https://f1000.com/prime/731868065
http://www.ncbi.nlm.nih.gov/pubmed/28969318
http://dx.doi.org/10.1093/bja/aex228
https://f1000.com/prime/731868065
https://f1000.com/prime/732871150
http://www.ncbi.nlm.nih.gov/pubmed/29397126
http://dx.doi.org/10.1016/j.bja.2017.11.014
https://f1000.com/prime/732871150
https://f1000.com/prime/734959216
http://www.ncbi.nlm.nih.gov/pubmed/30686310
http://dx.doi.org/10.1016/j.bja.2018.09.021
https://f1000.com/prime/734959216
http://www.ncbi.nlm.nih.gov/pubmed/21610665
http://www.ncbi.nlm.nih.gov/pubmed/17962241
http://dx.doi.org/10.1093/bja/aem297
http://www.ncbi.nlm.nih.gov/pubmed/8638791
http://dx.doi.org/10.1097/00000539-199606000-00017
https://f1000.com/prime/732651972
http://www.ncbi.nlm.nih.gov/pubmed/25150988
http://dx.doi.org/10.1093/bja/aeu266
https://f1000.com/prime/732651972
https://f1000.com/prime/732245991
http://www.ncbi.nlm.nih.gov/pubmed/29210033
http://dx.doi.org/10.1111/anae.14123
https://f1000.com/prime/732245991
http://www.ncbi.nlm.nih.gov/pubmed/29397120
http://dx.doi.org/10.1016/j.bja.2017.11.017
http://www.ncbi.nlm.nih.gov/pubmed/23233395
http://dx.doi.org/10.1007/s12630-012-9859-5
https://f1000.com/prime/726308163
http://www.ncbi.nlm.nih.gov/pubmed/27106971
http://dx.doi.org/10.1093/bja/aew058
https://f1000.com/prime/726308163
https://f1000.com/prime/725768341
http://www.ncbi.nlm.nih.gov/pubmed/26336853
http://dx.doi.org/10.1111/anae.13209
https://f1000.com/prime/725768341
https://f1000.com/prime/727237069
http://www.ncbi.nlm.nih.gov/pubmed/28118659
http://dx.doi.org/10.1001/jama.2016.20603
https://f1000.com/prime/727237069
https://f1000.com/prime/727115152
http://www.ncbi.nlm.nih.gov/pubmed/27983871
http://dx.doi.org/10.1513/AnnalsATS.201606-472OC
https://f1000.com/prime/727115152
https://f1000.com/prime/732934213
http://www.ncbi.nlm.nih.gov/pubmed/29576112
http://dx.doi.org/10.1016/j.bja.2017.12.041
https://f1000.com/prime/732934213
https://f1000.com/prime/725380460

27.

28.

29.

30.

31.

32.

33.

34.

first-attempt success for intubation in the intensive care unit. A propensity
matched analysis. Ann Am Thorac Soc. 2015; 12(5): 734—41.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

De Jong A, Jung B, Jaber S: Intubation in the ICU: we could improve our
practice. Crit Care. 2014; 18(2): 209.
PubMed Abstract | Publisher Full Text | Free Full Text

Zhao BC, Huang TY, Liu KX: Video laryngoscopy for ICU intubation: a meta-
analysis of randomised trials. Intensive Care Med. 2017; 43(6): 947-8.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Higgs A, McGrath BA, Goddard C, et al.: Guidelines for the management of
tracheal intubation in critically ill adults. Br J Anaesth. 2018; 120(2): 323-52.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Myatra SN, Ahmed SM, Kundra P, et al.: The All India Difficult Airway
Association 2016 guidelines for tracheal intubation in the Intensive Care Unit.
Indian J Anaesth. 2016; 60(12): 922-930.

PubMed Abstract | Publisher Full Text | Free Full Text

Quintard H, I'Her E, Pottecher J, et al.: Intubation and extubation of the ICU
patient. Anaesth Crit Care Pain Med. 2017; 36(5): 327-41.
PubMed Abstract | Publisher Full Text

Driver BE, Prekker ME, Moore JC, et al.: Direct Versus Video Laryngoscopy
Using the C-MAC for Tracheal Intubation in the Emergency Department, a
Randomized Controlled Trial. Acad Emerg Med. 2016; 23(4): 433-9.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Driver BE, Prekker ME, Klein LR, et al.: Effect of Use of a Bougie vs
Endotracheal Tube and Stylet on First-Attempt Intubation Success Among
Patients With Difficult Airways Undergoing Emergency Intubation: A
Randomized Clinical Trial. JAMA. 2018; 319(21): 2179-89.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Okamoto H, Goto T, Wong ZSY, et al.: Comparison of video laryngoscopy

F1000Research 2019, 8(F1000 Faculty Rev):797 Last updated: 06 JUN 2019

35.

36.

37.

38.

39.

40.

versus direct laryngoscopy for intubation in emergency department patients
with cardiac arrest: A multicentre study. Resuscitation. 2019; 136: 70-7.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Apfelbaum JL, Hagberg CA, Caplan RA, et al.: Practice guidelines for
management of the difficult airway: an updated report by the American
Society of Anesthesiologists Task Force on Management of the Difficult
Airway. Anesthesiology. 2013; 118(2): 251-70.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Law JA, Broemling N, Cooper RM, et al.: The difficult airway with
recommendations for management--part 1--difficult tracheal intubation
encountered in an unconscious/induced patient. Can J Anaesth. 2013; 60(11):
1089-118.

PubMed Abstract | Publisher Full Text | Free Full Text

Myatra SN, Shah A, Kundra P, et al.: All India Difficult Airway Association 2016
guidelines for the manag of unanticif 1 difficult tracheal intubation in
adults. Indian J Anaesth. 2016; 60(12): 885-98.

PubMed Abstract | Publisher Full Text | Free Full Text

Frerk C, Mitchell VS, McNarry AF, et al.: Difficult Airway Society 2015
guidelines for management of unanticipated difficult intubation in adults. BrJ
Anaesth. 2015; 115(6): 827-48.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Norskov AK, Rosenstock CV, Wetterslev J, et al.: Diagnostic accuracy

of anaesthesiologists’ prediction of difficult airway management in daily
clinical practice: a cohort study of 188 064 patients registered in the Danish
Anaesthesia Database. Anaesthesia. 2015; 70(3): 272-81.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Detsky ME, Jivraj N, Adhikari NK, et al.: Will This Patient Be Difficult to
Intubate?: The Rational Clinical Examination Systematic Review. JAMA. 2019;
321(5): 493-503.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/25719512
http://dx.doi.org/10.1513/AnnalsATS.201411-517OC
http://www.ncbi.nlm.nih.gov/pmc/articles/5466156
https://f1000.com/prime/725380460
http://www.ncbi.nlm.nih.gov/pubmed/25029179
http://dx.doi.org/10.1186/cc13776
http://www.ncbi.nlm.nih.gov/pmc/articles/4057212
https://f1000.com/prime/735846313
http://www.ncbi.nlm.nih.gov/pubmed/28260161
http://dx.doi.org/10.1007/s00134-017-4741-0
https://f1000.com/prime/735846313
https://f1000.com/prime/732407859
http://www.ncbi.nlm.nih.gov/pubmed/29406182
http://dx.doi.org/10.1016/j.bja.2017.10.021
https://f1000.com/prime/732407859
http://www.ncbi.nlm.nih.gov/pubmed/28003694
http://dx.doi.org/10.4103/0019-5049.195485
http://www.ncbi.nlm.nih.gov/pmc/articles/5168895
http://www.ncbi.nlm.nih.gov/pubmed/28919068
http://dx.doi.org/10.1016/j.accpm.2017.09.001
https://f1000.com/prime/726127901
http://www.ncbi.nlm.nih.gov/pubmed/26850232
http://dx.doi.org/10.1111/acem.12933
https://f1000.com/prime/726127901
https://f1000.com/prime/733308572
http://www.ncbi.nlm.nih.gov/pubmed/29800096
http://dx.doi.org/10.1001/jama.2018.6496
http://www.ncbi.nlm.nih.gov/pmc/articles/6134434
https://f1000.com/prime/733308572
https://f1000.com/prime/734355424
http://www.ncbi.nlm.nih.gov/pubmed/30385385
http://dx.doi.org/10.1016/j.resuscitation.2018.10.005
https://f1000.com/prime/734355424
https://f1000.com/prime/717991569
http://www.ncbi.nlm.nih.gov/pubmed/23364566
http://dx.doi.org/10.1097/ALN.0b013e31827773b2
https://f1000.com/prime/717991569
http://www.ncbi.nlm.nih.gov/pubmed/24132407
http://dx.doi.org/10.1007/s12630-013-0019-3
http://www.ncbi.nlm.nih.gov/pmc/articles/3825644
http://www.ncbi.nlm.nih.gov/pubmed/28003690
http://dx.doi.org/10.4103/0019-5049.195481
http://www.ncbi.nlm.nih.gov/pmc/articles/5168891
https://f1000.com/prime/725928974
http://www.ncbi.nlm.nih.gov/pubmed/26556848
http://dx.doi.org/10.1093/bja/aev371
http://www.ncbi.nlm.nih.gov/pmc/articles/4650961
https://f1000.com/prime/725928974
https://f1000.com/prime/725277132
http://www.ncbi.nlm.nih.gov/pubmed/25511370
http://dx.doi.org/10.1111/anae.12955
https://f1000.com/prime/725277132
https://f1000.com/prime/735004520
http://www.ncbi.nlm.nih.gov/pubmed/30721300
http://dx.doi.org/10.1001/jama.2018.21413
https://f1000.com/prime/735004520

F]mResearCh F1000Research 2019, 8(F1000 Faculty Rev):797 Last updated: 06 JUN 2019

Open Peer Review

Current Peer Review Status: ¥

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the reviewers
provide input before publication and only the final, revised version is published. The reviewers who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The reviewers who approved this article are:

1 Michael Aziz
Department of Anesthesiology and Perioperative Medicine, Oregon Health & Science University, Oregon,

USA

Competing Interests: No competing interests were disclosed.

o> John Sakles
Department of Emergency Medicine, University of Arizona College of Medicine, Tuscon, USA

Competing Interests: John C Sakles is a consultant for Verathon, who is the manufacturer of the GlideScope
video laryngoscope.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
® The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F-Km Resea rCh

Page 8 of 8


http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty
http://orcid.org/0000-0001-9873-9759

