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Take-home message: Video laryngoscopy
for orotracheal intubation in the ICU could
be useful in airway management of ICU
patients. It helps to reduce difficult
intubation, esophageal intubation, and
Cormack 3/4 grades and increases firstattempt success.
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Unité U1046 de l’Institut National de la
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Abstract Purpose: Single studies
of video laryngoscopy (VL) use for
airway management in intensive care
unit (ICU) patients have produced
controversial findings. The aim of this
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supplementary material, which is available reduces difficult orotracheal intubato authorized users.
tion (OTI) rate, first-attempt success,
and complications related to intubation in ICU patients, compared to
standard therapy, defined as direct
laryngoscopy (DL). Methods: We
performed a systematic review and
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difficult OTI. The secondary outcomes were first-attempt success,
Cormack 3/4 grades, and complications related to intubation (severe
hypoxemia, severe cardiovascular
collapse, airway injury, esophageal
intubation). Results: Nine trials
with a total of 2,133 participants
(1,067 in DL and 1,066 in VL) were
included in the current analysis.
Compared to DL, VL reduced the risk
of difficult OTI [OR 0.29 (95 %
confidence interval (CI) 0.20–0.44,
p \ 0.001)], Cormack 3/4 grades [OR
0.26 (95 % CI 0.17–0.41,
p \ 0.001)], and esophageal intubation [0.14 (95 % CI 0.02–0.81,
p = 0.03)] and increased the firstattempt success [OR 2.07 (95 % CI
1.35–3.16, p \ 0.001)]. No statistically significant difference was found
for severe hypoxemia, severe cardiovascular collapse or airway injury.
Conclusions: These results suggest
that VL could be useful in airway
management of ICU patients.
Keywords Intubation !
Video-laryngoscope !
Video laryngoscopy ! Macintosh !
Critical care ! Intensive care !
Complications
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Introduction
Airway management in intensive care unit (ICU) patients
is challenging [1]. Difficult orotracheal intubation (OTI)
and complications related to OTI are higher than in
operative rooms [2–4] and difficult OTI is associated with
life-threatening complications [1, 4]. New video laryngoscopy (VL) devices are proposed to improve airway
management [5] and to reduce difficult OTI incidence in
operative rooms [6]. Video laryngoscopes are devices that
contain a miniaturized camera towards the tip of the blades
to indirectly visualize the glottis. By improving glottis
visualization, the VL could help to decrease difficult
intubation and reduce complications related to intubation
in the ICU. However, its use in the ICU is more recent [7,
8] than in operative rooms and its effectiveness in
increasing first-attempt success and reducing difficult OTI
or complications related to intubation remains debated [9].
Single studies of VL in the airway management in ICU
patients have produced controversial findings, improving
[7] or worsening [10] the airway management (i.e., firstattempt success, difficult intubation, glottis visualization,
or complications related to intubation). Given this controversy, our goal was to perform a systematic review and
meta-analysis of randomized and non-randomized studies
comparing VL to direct laryngoscopy (DL) regarding
difficult OTI, successful first-attempt of OTI, Cormack 3/4
grades, and complications related to intubation.
We chose to focus on the critical care setting,
excluding emergency and anesthesia settings. In addition,
we explored the heterogeneity of these outcomes based on
the type of ICU and according to the device used.

International Anesthesia Research Society, the American
Thoracic Society, the European Society of Anesthesiology, the European Society of Intensive Care Medicine,
the Société Française d’Anesthésie Réanimation, and the
Société de Réanimation de Langue Française.
For the bibliographic review, keywords (‘‘video’’,
‘‘GlideScope’’, ‘‘Airtraq’’, ‘‘X-Lite’’, ‘‘Storz’’, ‘‘McGrath’’,
‘‘Pentax’’),
medical
subject
headings
(‘‘laryngoscopes’’, ‘‘videotape recording’’, ‘‘intubation’’,
‘‘intensive care unit’’, and ‘‘critical care’’), and Emtree
terms (‘‘laryngoscope’’, ‘‘video-laryngoscope’’, ‘‘videolaryngoscopy’’, ‘‘video recording’’, and ‘‘respiratory
tract intubation’’) were used in our Boolean search
strategy. References in the retrieved articles were also
examined for relevant publications. We identified and
deleted any duplicate papers. All potentially eligible
papers were retrieved in full.
Selection criteria and outcome measures

We screened for relevant studies that enrolled adults in
whom the trachea had been orally intubated in the ICU
(excluding emergency setting and operative rooms) and
compared VL to DL.
Then we made a quantitative synthesis performing a
meta-analysis and systematic review. For this purpose, we
selected the following study designs: randomized controlled trials (RCTs), prospective observational studies
(before and after treatment), and retrospective observational studies.
The primary evaluation criterion was the incidence
of difficult OTI, defined strictly as more than two
attempts of intubation [12]. The other endpoints of firstattempt success, glottis view (Cormack 3/4 grades), and
Methods
complications related to OTI [severe hypoxemia
(defined as saturation less than 80 %) [1–3], severe
This article reports our meta-analysis and systematic cardiovascular collapse (defined as systolic blood presreview of studies of VL compared to DL in accordance sure less than 70 mmHg and/or requiring introduction
with the preferred reporting items for systematic reviews of vasoactive support) [1–3], airway injury (tissue
and meta-analyses (PRISMA) statement [11].
injury, bleeding, glottis swelling), esophageal intubation] were analyzed. We included studies reporting at
least one clinical outcome of interest to perform a
Search strategy
meta-analysis.
We performed a computerized search of MEDLINE
(1966 to 31 November 2013), EMBASE (1977 to 31
November 2013), and the Cochrane Center Register of
Controlled Trials (CENTRAL) (1943 to 31 November
2013) for studies comparing VL to DL regarding the
difficulty of OTI, glottis view, successful first-attempt
OTI, and complications of OTI in the ICU. We included
non-English-language publications. We searched
abstracts of selected conferences from 2010 to 2013,
including those of the American Society of Anesthesiologists, the Canadian Anesthesiologists’ Society, the

Data collection and analysis
First, two authors (A.D.J. and B.J.) independently
screened the retrieved studies by title and then by abstract
for exclusion. They assessed the full text of the possibly
relevant studies for inclusion and exclusion criteria. Disagreement was resolved by discussion and arbitrated if
necessary by a third author (S.J.). Data were then added to
an Excel database, specifically designed for this review
and analyzed in RevMan 5.2 software.
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Statistical analysis

analyzed in the DL group and 1,066 in the VL group.
Table 1 presents the characteristics of the studies included
Data were extracted as they were reported in the original in the systematic review.
paper or on the basis of the authors’ answers to our
queries. Included studies were appraised for their risk of
Randomized controlled studies
bias by two independent authors (A.D.J., N.M.) using the
Cochrane Collaboration tool [13] for assessing risk of bias
Three studies (Table 1) were designed as prospective,
in RCTs and the Newcastle–Ottawa scale [14] for
open studies, reported in English, in critically ill patients,
assessing risk of bias in observational studies. Data synfrom 2012 to 2013 [10, 16, 17].
thesis was deemed appropriate if clinical heterogeneity
and methodological heterogeneity were negligible [15].
Clinical heterogeneity was assessed by judgment based on Observational studies
exploration of the characteristics of the included studies
table. We used fixed or random effects models, depending Three studies were before–after studies [8, 18, 19], one
on statistical heterogeneity between studies, to calculate was a historico-prospective cohort [7], one was retrosummary estimates. We used odds ratio (OR) as the spective [20], and one was prospective non-randomized
summary measure for dichotomous outcomes. Statistical [21] (Table 1).
heterogeneity was quantified by the Q-Cochrane heterogeneity test [Q statistic with degree of freedom (df)] and
Risk of bias and quality assessment
the I2 statistic [13]. In case of heterogeneity, a random
effect model was performed and the cause of heterogeAll RCTs were identified with low to moderate risk of
neity was then explored in sensitivity analyses. A priori,
bias according to the Cochrane Collaboration’s tool.
we decided to perform sensitivity analyses excluding
" Observational studies had low to moderate risk of bias,
trauma studies, observational studies, non-Glidescope
except for one study [21], that had high risk of bias,
studies and study with high risk of bias. All tests were two
according to the Newcastle–Ottawa scale. The ‘‘firstsided and p values less than 0.05 were considered statisattempt success’’ outcome was the only one reported in all
tically significant. A funnel plot (plot of treatment effect
studies. Difficult OTI, Cormack 3/4 grades, severe hypagainst trial precision) was also created to determine the
oxemia, severe cardiovascular collapse, airway injuries,
presence of publication bias and other possible biases
and esophageal intubation were respectively reported in 7,
(English language, citation, and multiple publication),
5, 6, 5, 3, and 7 studies, respectively (Fig. 1).
true heterogeneity, data irregularities, and choice of effect
measure in the meta-analysis. In the presence of bias that
usually leads to an overestimate of the treatment effect, Outcomes
the funnel plot is skewed and asymmetrical.
Difficult OTI
Seven studies presented results for the ‘‘difficult OTI ‘‘
outcome (Fig. 2) [7, 8, 16–18, 20, 21]. The pooled OR
Results
across all studies was 0.29 [95 % confidence Interval (CI)
0.20–0.44, p \ 0.001], indicating less difficult OTI using
Study selection
VL when compared to DL. There was no heterogeneity
We identified 317 articles using the search strategy. We for this outcome. There was no evidence of publication
excluded 156 citations because of duplications and 152 bias on the funnel plot (Fig. E1 in Electronic Supplecitations on the initial abstract screen because inclusion mentary Material (ESM)).
criteria were not met. After examination of the full text of
the selected papers, we included nine studies (observa- First attempt success
tional studies and RCTs) for the meta-analysis. Figure 1
shows the study selection flow chart.
All nine studies presented results for the ‘‘first-attempt
success’’ outcome (Fig. 3) [7, 8, 10, 16–21]. The pooled
OR across all studies was 2.07 (95 % CI 1.35–3.16,
Study description
p \ 0.001), indicating a higher first-attempt success rate
using VL when compared to DL. There was significant
The nine studies involved a total of 2,133 participants between-study heterogeneity for this outcome (Q = 24.7,
(157 in RCTs and 1,976 in observational studies) from df = 8, p = 0.002), with a corresponding I2 statistic of
four countries (USA n = 6, Canada n = 1, Australia 68 %. There was no evidence of publication bias on the
n = 1, France n = 1). Then, 1,067 participants were funnel plot (Fig. E2 in ESM).
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Complications related to intubation

Cormack 3/4 grades

Six studies presented results for the ‘‘saturation less than
80 %’’ outcome [7, 8, 10, 17, 18, 20]. The pooled OR
across all studies was 1.24 (95 % CI 0.70–2.19, p = 0.46,
Fig. 5a), indicating no difference using VL when compared to DL. However, there was significant betweenstudy heterogeneity in these results (Q = 11.25, df = 5,
p = 0.05), with an I2 statistic of 56 %.

297 of records identified
through database searching

20 of additional records
identified through other sources

156 of records after duplicates removed

161 of records screened

Eligibility

Screening

Severe hypoxemia

9 of full-text articles
assessed for eligibility

Included

Fig. 1 Flow chart of studies
selected for the meta-analysis

Identification

Five studies presented results for the ‘‘Cormack
3/4 grades’’ outcome (Fig. 4) [8, 16–18, 21]. The
pooled OR across all studies was 0.26 (95 % CI
0.17–0.41, p \ 0.001), indicating better glottis visualization using VL when compared to DL. There was no
heterogeneity for this outcome. There was no evidence of publication bias on the funnel plot (Fig. E3 in
ESM).

152 of records
excluded:
- 92 in operative rooms
- 20 non controlled
- 13 editorials or
commentaries
- 27 in emergency
medicine

9 of studies included in
qualitative synthesis

9 of studies included in
quantitative synthesis
(meta-analysis)

Studies with available information on
outcome:
- Difficult Oro Tracheal Intubation: 7
- First-attempt success: 9
- Cormack 3/4 grades: 5
- Severe hypoxemia: 6
- Severe collapse: 5
- Airway injury: 3
- Esophageal intubation: 7

3 of trial registrations

USA

Yeatts et al. [10]

No

USA

USA

USA

USA

Australia

Kory et al. [7]

Lakticova et al. [20]

Mosier et al. [21]

Noppens et al. [18]

Ural et al. [19]

103

230

290

392

128

210

623

117

56 DL 47 VL

113 DL 117 VL

56 DL 234 VL

140 DL 252 VL

50 DL 78 VL

140 DL 70 VL

320 DL, 303 VL

60 DL, 57 VL

20 DL, 20 VL

Glidescope" C-Mac"
(Macintosh-shaped
blade)
C-Mac" (Macintoshshaped blade)
Glidescope"

Glidescope"

Glidescope

"

McGrath Mac"

Glidescope"

Glidescope"

Glidescope"

Type of
video laryngoscope

VL Video Laryngoscopy, DL Direct Laryngoscopy, PCCM Pulmonary Critical Care Medicine

No

No

No

No

No

(B) Observational studies
De Jong et al. [1]
France

Yes

Yes

USA

Silverberg et al. [17]

40

Randomized Number Total number
of
in each
patients group
Yes

Country
of origin

(A) Randomized controlled trials
Griesdale et al. [6]
Canada

Author

Table 1 Characteristics of the nine studies included in the meta-analysis

Juniors or specialists
anesthesiologists
Juniors or specialists
anesthesiologists

PCCM fellows and
attending
intensivists
Post Graduate Year
1–6 and attending

Juniors or specialists
anesthesiologists
PCCM fellows

All specialties, All
experience levels

Non-anesthesiology
residents in their
first 3 years of
postgraduate
training
PCCM fellows

Operators

Surgical and
medical ICU

Surgical ICU

Medical ICU

Surgical and
medical ICU
Medical ICU and
medical or
surgical wards
Medical ICU

Medical ICU and
medical or
surgical wards
Trauma unit ICU

Surgical and
medical ICU

Setting

Not done

Not done

Not done

Not done

DL = 39 %
VL = 41 %
Not done

DL = 7.5 %
VL = 9.2 %

Not done

DL = 25 %
VL = 15 %

Mortality
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Fig. 2 Forest plot of difficult intubation

Fig. 3 Forest plot of first-attempt success

Fig. 4 Forest plot of glottis view
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Fig. 5 Forest plot of complications related to intubation

Severe cardiovascular collapse

Airway injury

Five studies presented results for the ‘‘severe cardiovascular
collapse’’ outcome [7, 8, 16, 17, 20]. The pooled OR across
the two studies was 0.93 (95 % CI 0.57–1.51, p = 0.77,
Fig. 5b), indicating no difference using VL when compared
to DL. There was no heterogeneity for this outcome.

Only three studies recorded airway injuries, with no airway
injury in one of them [8, 18, 20]. The pooled OR across the
two studies was 0.96 (95 % CI 0.36–2.53, p = 0.93,
Fig. 5c), indicating no difference using VL when compared
to DL. There was no heterogeneity for this outcome.
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Esophageal intubation
Seven studies presented results for the ‘‘esophageal intubation’’ outcome [7, 8, 17–21]. The pooled OR across all
studies was 0.14 (95 % CI 0.02–0.81, p = 0.03, Fig. 5d),
indicating less esophageal intubation using VL when
compared to DL. There was significant between-study
heterogeneity for this outcome (Q = 22.77, df = 6,
p = 0.0009), with a corresponding I2 statistic of 74 %.
Sensitivity analyses
First, a sensitivity analysis including only Glidescope"
studies was performed (Figs. E4–E7 in ESM). The results
for all outcomes were similar to the results with all
studies. The heterogeneity for esophageal intubation
disappeared.
Second, a sensitivity analysis including only RCTs
studies was performed (Figs. E8–E10 in ESM). The outcome ‘‘complications’’ was not analyzed because too few
studies were available (one or two according to the
complication). The results were significantly in favor of
VL only for glottis view.
Third, a sensitivity analysis excluding the study with
high risk of bias [21] was performed (Figs. E11–E13 in
ESM). Again, the outcome ‘‘complications’’ was not
analyzed because this study reported only esophageal
intubation. The results for difficult intubation, firstattempt success, and glottis view were similar to the
results including all studies.
Fourth, a sensitivity analysis excluding the trauma
study [10] was performed (Figs. E14, E15 in ESM).
Heterogeneity for first-attempt success and severe hypoxemia disappeared when excluding this study. The
results for first-attempt success and complications were
similar to the results including all studies.

Discussion
This systematic review and meta-analysis provides evidence that VL could be useful in airway management of
ICU patients. Among the seven evaluated outcomes of
interest, in comparison to DL, VL improved four of them
(difficult OTI, first-attempt success, Cormack 3/4 grades,
esophageal intubation) and did not modify three of them
(severe hypoxemia, severe cardiovascular collapse, airway injury). To our knowledge, this is the first systematic
review and meta-analysis of the effect of VL on ICU
intubated patients.
Our systematic review and meta-analysis focused on
the critical care setting, excluding emergency and anesthesia settings. In the emergency setting, several studies

revealed similar results to our study. In one study by
Sakles et al. C-MAC" was associated with a greater
proportion of successful intubations and a greater proportion of Cormack–Lehane grade I or II views compared
with a direct laryngoscope [22]. In other study by Sakles
et al. Glidescope" had a higher overall success rate, and
lower number of esophageal complications [23]. In cases
of predicted difficult airway, Glidescope" had a higher
success rate at first attempt than DL [24] and VL was
associated with a higher first-pass success than DL [25].
In anesthesia settings, a recent meta-analysis [6] revealed
that Glidescope" was associated with improved glottis
visualization. To date, we found nine studies in the ICU;
however, in anesthesia more than 50 studies are available.
In our study, glottis view was improved, which is
concordant with the increase in first-attempt success and
the decreases in difficult OTI and esophageal intubation.
These results are comparable to those observed in operative rooms [6], except for first-attempt success. Indeed,
first-attempt success with DL is already very high in
operative rooms (more than 90 %) [26] and much higher
than in the ICU (60–91 %) [1, 4, 27].
However, in the current study, severe complications
related to intubation were not decreased by the VL,
whether severe cardiovascular collapse or severe hypoxemia. The same result was observed for airway injury. We
recently showed that difficult intubation was associated
with complications related to intubation [1]; therefore, the
decrease of difficult OTI incidence by the VL use should
be associated with a decrease of complications. Furthermore, several authors have shown that the risk of
complications increases with successive attempts. Consequently, the higher first-attempt success in the VL
group should be associated with lower complications [28–
30]. This discordant result could be explained by a lack of
power; indeed complications were not reported in all the
studies included in the meta-analysis. In addition, several
confounding factors such as sedation [31], pain [32],
agitation [33], preoxygenation [34], recruitment maneuvers [35], or drugs used for intubation [36–40] could be
associated with complications related to intubation in
ICU, and were not assessed in these studies, particularly
in observational studies, which have a higher risk of
confounding factors. Finally, the method of laryngoscopy
is only one potential factor in improving the intubation
success and reducing the risk of severe complications.
Training and education in (difficult) airway management
is essential in order to improve patient safety at endotracheal intubation in the ICU.
We chose not to include time to intubate as an outcome because it was reported in only four studies [7, 10,
16, 17], with various definitions and with very heterogeneous results.
One study [10] differed from the others, mostly
because it was performed in trauma patients, a particular
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population of ICU patients, with an even higher risk of
difficult intubation because of facial trauma, for example.
Furthermore, the nature and level of operator experience
were very eclectic in this study. However, the sensitivity
analysis excluding this study did not show any differences
from the global results.
The results of the study, however, should be viewed
with caution for various reasons. First, studies were performed in several countries and in different ICU
populations, including medical, surgical, and trauma
patients, with widely differing mortality rates, from 7.5 to
41 % in those that reported mortality, and with different
operators with varying levels of experience. However, the
same operators performed intubations with VL and DL.
Second, VL devices differed across the studies: Glidescope", C-Mac", and McGrath Mac". The number of
studies using C-Mac" or McGrath Mac" was too small to
perform a subgroup analysis according to the device used.
However, when considering only studies performed with
Glidescope", statistical heterogeneity for esophageal
intubation disappeared. Third, most of the studies cited
did not report in what way a failed intubation attempt was
managed, whether guidelines for failed intubation were
used, how long an intubation attempt was allowed before
starting manual ventilation via mask or laryngeal mask,
when to change the laryngoscopic approach or how the
patient was prepared before intubation. Fourth, one study
had a high risk of bias [21], which could affect conclusions of the meta-analysis. However, a sensitivity analysis

excluding the study with high risk of bias did not reveal
any significant changes on outcome. Fifth, only three
included studies were RCTs. When performing a sensitivity analysis including only RCTs, there was a
significantly better glottis view, but only a trend for more
first-attempt success and less difficult intubation, without
reaching significance. However, only three or two studies
were included for each outcome, leading to a lack of
power which was probably reached by adding observational studies. Finally, we did not include exclusively
RCTs, which leads to an increased risk of bias. However,
although some studies may not show VL to be better than
DL, no study has shown DL to be superior, whether done
in the simulator lab, operative room, emergency department, or ICU, and regardless of training or skill level of
the operator. VL has always been shown to be at least as
good as DL and most of the time better than DL.
In conclusion, this systematic review and meta-analysis provides evidence that VL for OTI in ICU helps to
reduce difficult OTI, esophageal intubation, Cormack 3/4
grades, and increases first-attempt success, but does not
reduce severe hypoxemia, severe cardiovascular collapse,
or airway injury. Further large randomized studies are
needed to determine if video laryngoscopes are able to
reduce complications related to intubation.
Conflicts of interest The authors declare that they have no conflicts of interest related to the subject of the study.
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