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Abstract. - OBJECTIVE: This systematic
review and meta-analysis aimed to determine
whether a specific videolaryngoscopy tech-
nique is superior to standard direct laryngosco-
py using a Macintosh blade to reduce the risk of
difficult intubation in surgical and intensive care
unit patients.

MATERIALS AND METHODS: We identified
all randomized controlled trials comparing vid-
eolaryngoscopes (VLSs) to direct laryngoscopy
in the Cochrane Central Register of Controlled
Trials, MEDLINE, and EMBASE (from inception
to April 2020). The primary outcome was diffi-
cult intubation in adult surgical and intensive
care unit patients. Secondary outcomes were
successful intubation at the first attempt, airway
trauma, sore throat, hoarseness, hypoxia, and
mortality.

RESULTS: We included 97 randomized con-
trolled trials to evaluate 12775 patients. A high
risk of bias was found in at least 50% of the in-
cluded studies for each outcome. VLSs reduced
the risk of difficult intubation compared to di-
rect Macintosh laryngoscopy (RR 0.48, 95% CI
from 0.35 to 0.65). VLSs increased the rate of
successful intubation at the first attempt when
compared to direct Macintosh laryngoscopy (RR
1.03, 95% Cl from 1.00 to 1.07). Lower risks of air-
way trauma were found with VLSs (RR 0.69, 95%
Cl from 0.55 to 0.86). A decreased risk of hoarse-
ness was associated with the use of VLSs (RR
0.67, 95% CI from 0.54 to 0.83). In addition, VLSs
did not significantly reduce the risk of hypox-
ia compared with direct laryngoscopy (RR 0.83,
95% CI from 0.60 to 1.16).
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CONCLUSIONS: In this systematic review and
meta-analysis, we found that the use of VLSs re-
duced the risk of difficult intubation and slight-
ly increased the ratio of successful intubation at
the first attempt among adult patients.
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VLS: videolaryngoscope; RCT: randomized controlled
trials; ICU: intensive care unit; OR: operation room; RR:
risk ratio.

Introduction

Tracheal intubation is used for airway manage-
ment in more than 1.1 million patients per year'.
Intubation with direct laryngoscopy is a complex
procedure requiring flexing the lower cervical
spine and extending the upper cervical spine to
create a “line of sight” and a Macintosh blade to
retract the tongue to enable passage of a trache-
al tube'. Difficult intubation occurs in 1% to 6%
of endotracheal intubation while intubation fail-
ure occurs in 0.1% to 0.3%, of them and both are
associated with complications such as desatura-
tion, hyper-and hypotension, airway damage, and
death?.
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Many airway characteristics have been asso-
ciated with difficult intubation, such as limited
mouth opening, limited mandibular protrusion,
narrow dental arch, decreased thyromental dis-
tance, Mallampati class 3 or 4, decreased sub-
mandibular compliance, decreased sterno-mental
distance, limited head and upper neck extension,
and increased neck circumference'?. However,
a large observational study showed that 93% of
difficult intubations are unpredictable, even using
predictive tests'.

In recent years, videolaryngoscopes (VLSs)
have been increasingly used to manage diffi-
cult airways®. VLSs rely on fiberoptic or dig-
ital technology to transmit an image from the
tip of the laryngoscope to an eyepiece or vid-
eomonitor, thereby giving the intubator a bet-
ter indirect view of the glottis independent of
the line of sight'. Different types of VLSs have
been extensively studied in the operation room
(OR) and the intensive care unit (ICU) with the
assumption of improving the success of trache-
al intubation?. VLSs may help manage patients
with a predicted or known difficult airway
since their use is likely to improve the glottic
view and reduce the number of laryngosco-
pies in which the glottis cannot be visualized?.
Previous systematic reviews comparing VLSs
with direct laryngoscopy suggested that VLSs
may reduce the number of difficult intubations
in patients presenting with a difficult airway'-.
However, there are conflicting data in the liter-
ature regarding whether the use of VLSs results
in increased success of first-pass intubation at-
tempts, decreased complications, or improved
clinical outcomes®. These conflicting reports
could depend on the high level of performance
bias due to the lack of blinding and the high
heterogeneity of the studies. Therefore, it is un-
clear whether VLSs should be the new standard
of care for all tracheal intubations®. Our review
aims to update the Cochrane review by Lew-
is et al®> with the more recent randomized con-
trolled trials (RCTs) evaluating the use of VLSs
vs. Macintosh published in the last few years?.
The primary outcome was difficult intubation.
Difficult intubation was defined as intubation
1) not achieved with > two attempts, 2) lasting
longer than 60 s, or 3) tried with an alternative
device. Furthermore, as secondary outcomes,
we evaluated whether VLSs improve successful
intubation at the first attempts and reduce the
risk of airway trauma, sore throat, hoarseness,
hypoxia, and mortality.

Materials and Methods

The protocol for this meta-analysis was regis-
tered at PROSPERO (CRD42019107564) after the
commencement of the systematic review process.

Data Sources and Searches

We searched for all RCTs comparing VLSs to
direct laryngoscopy regarding difficult intuba-
tion, successful first-attempt intubation, airway
trauma, sore throat, hoarseness, and hypoxia in
adult patients. The electronic search strategy ap-
plied standard filters for the identification of RCTs.
Databases searched were the Cochrane Central
Register of Controlled Trials, MEDLINE, and
EMBASE (from inception to April 2020). How-
ever, we did not apply any language restrictions.
Our search included the following keywords: in-
tubation, videolaryngoscopy, videolaryngoscope,
anesthesia, critical care, intensive care, critically
ill, emergency care, airway trauma, and random-
ized controlled trial. In addition to the electron-
ic search, we checked out cross-references from
original articles and reviews. No ethical approval
will be needed because data from previously pub-
lished studies in which informed consent was ob-
tained by primary investigators will be retrieved
and analyzed.

Selection of Studies

We restricted the analysis to RCTs and ex-
cluded study designs containing co-interventions
unequally applied to the treatment and control
group, non-randomized, or cross-over trials. Ad-
ditionally, we considered for inclusion all RCTs
reporting difficult intubation, successful first-at-
tempt intubation, airway trauma, sore throat,
hoarseness, and hypoxia as predefined endpoints
and comparing VLS to direct laryngoscopy us-
ing a Macintosh blade in adult patients. Further-
more, we excluded RCTs performed in emergency
out-of-hospital settings, in pediatric patients, and
using direct laryngoscopes other than Macintosh.

Outcome Measures

The primary outcome was difficult intubation.
Difficult intubation was defined as intubation 1)
not achieved with > two attempts, 2) lasting lon-
ger than 60 s, or 3) tried with an alternative de-
vice. Secondary outcomes included successful
intubation at the first attempt, airway trauma,
sore throat, hoarseness, hypoxia, and mortality.
Supplementary Materials 1 show the outcome
definitions.
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Subgroup Analysis
We performed subgroup analyses to assess the
impact on primary and secondary outcomes:

1. Type of VLS devices: Airtraq (Prodol Med-
itec, Guecho, Spain), C and V-Mac (Karl
Storz Endoscopy, Tuttlingen, Germany), Gl-
ideScope (Verathon Inc., Bothell, Washing-
ton, U.S.A.), McGrath (Aircraft Medical Ltd.,
Edinburgh, UK), Pentax AWS (Pentax Cor-
poration, Tokyo, Japan), Truview (Truphatek
International Ltd., Netanya, Israel), X-lite
(Teleflex Medical Europe Ltd, Westmeath,
Ireland). Table II in Supplementary Mate-
rials 2 show the main characteristics of the
different VLS devices.

2. Clinical scenario: operation room or inten-
sive care unit

3. Operator experience: experienced or less ex-
perienced intubator

4. Predicted, not predicted, and simulated diffi-
cult airway

5. Based on the previous studies, we defined
“experienced intubators” as those who had
performed more than 20 successful intuba-
tions with each device?.

Data Extraction and Quality Assessment

Two pairs of independent reviewers performed
an initial selection through the screening of titles
and abstracts (MV and PB, PP and CP). Each re-
viewer screened citations to identify further RCTs
to include in our analysis. For detailed evaluation,
a full-text copy of all possibly relevant studies was
obtained. Each study’s data were extracted inde-
pendently by paired reviewers (MV and PB, PP
and CP) using a pre-standardized data extraction
form. One pair of reviewers (GS and LB) was not
informed about the authors, journal, institutional
affiliations, and date of publication. Another re-
viewer checked the data extracted from the pub-
lications for accuracy. Furthermore, we used the
Cochrane risk of bias tool to assess the quality
of study design and the extent of potential bias>¢
by considering the following domains: random
sequence generation, allocation concealment,
blinding of participants, personnel and outcomes
assessors, incomplete outcome data, selective
outcomes reporting, baseline characteristics, and
funding resources. Two reviewers (MV and PB)
independently used these criteria to abstract trial
quality. We resolved any disagreements by con-
sensus consultation with a third reviewer (LB) if
needed.
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Qualitative Analysis

The risk of bias was assessed using the Co-
chrane Risk of Bias Tool for RCTs and the Risk
of Bias Instrument for Non-Randomized Stud-
ies of Interventions (ROBINS-2)°. The certainty
of the evidence was assessed using the GRADE
approach®. According to GRADE, the body of
evidence for each outcome was assessed for
factors that may reduce or increase it®. GRADE
summary of findings and tables were developed
with GRADEpro GDT software (McMaster Uni-
versity, 2015. Developed by Evidence Prime, Inc.
Available at: https:/gradepro.org/).

Quantitative Analysis

The meta-analysis was conducted according to
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines
(Supplementary Materials 3). Meta-analysis
was performed with mixed random effects using
DerSimonian and Laird methods. Results were
graphically represented using Forest plot graphs.
According to an intention-to-treat principle, the
relative risk (RR) and 95% CI for each outcome
were separately calculated for each trial, pooling
data when needed. The choice to use RRs was
driven by the design of a meta-analysis based on
RCTs. Tau? defined the between-studies variance.
The difference in treatment effect estimates be-
tween the treatment groups for each hypothesis
was tested using a two-sided Z test with statistical
significance considered at a p-value of less than
0.05. The homogeneity assumption was checked
with a Q test with a degree of freedom (df) equal
to the number of analyzed studies minus 1. The
heterogeneity was measured by the 1> metric,
which describes the percentage of total variation
across studies that is due to heterogeneity rather
than chance. I? was calculated as 1= 100% - (Q
— df)/Q, where Q is Cochran’s heterogeneity sta-
tistic, and df is the degrees of freedom. A value of
0% indicates no observed heterogeneity, and larg-
er values show increasing heterogeneity. Analyses
were conducted with OpenMetaAnalyst (version
6) and SPSS version 20 (IBM SPSS Corp., Ar-
monk, NY, USA)). To evaluate potential publica-
tion bias, a weighted linear regression was used,
with the natural log of the RR as the dependent
variable and the inverse of the total sample size as
the independent variable. This modified Macas-
kill’s test gives more balanced type I error rates
in the tail probability areas than other publication
bias tests. The number needed to treat (NNT) was
calculated as the inverse of the absolute risk re-
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duction (ARR) expressed as a decimal. Cumula-
tive meta-analyses of RCTs are at risk of yielding
random errors due to sparse data and repetitive
testing of accumulating data’. Trial sequential
analysis (TSA) depends on the quantification of
the required information size (RIS) (i.e., optimal
information size). TSA was undertaken using TSA
0.9 beta software if the number of included trials
was more than five. The RIS was estimated using
relative risk reduction and heterogeneity adjusted
information size for dichotomous outcomes. The
result was confirmed as a true positive if the cu-
mulative Z-curve surpassed the Lan-DeMets trial
sequential monitoring boundary or reached the
RIS above the conventional significance level line
(Z = 1.96). Moreover, the result was confirmed as
a true negative if the cumulative Z-curve reached
the futility boundary or reached the RIS below
the conventional significance level line (Z = 1.96).
TSA adjusted 95% Cls were also presented.

Data Synthesis and Analysis

We classified the following comparisons:
pooled VLS devices vs. direct laryngoscopy
(MclIntosh laryngoscope), Airtraq vs. direct la-
ryngoscopy, C and V-Mac vs. direct laryngosco-
py, GlideScope vs. direct laryngoscopy, McGrath
vs. direct laryngoscopy, Pentax AWS vs. direct la-
ryngoscopy, Truview vs. direct laryngoscopy, and
X-lite vs. direct laryngoscopy.

Results

In this systematic review and meta-analysis,
we included 97 RCTs, evaluating 12775 patients
(Figure 1)*'%4. VLSs were investigated in elective
surgical patients in 92 studies® '%-12-33:37-48.49-51.53-78.81-
91,93-99,101-104’ in the ICU in ﬁVe StudieS36’52’79‘92’100
and in the Emergency Department in four RCTs
11498092 We found eight RCTs comparing Air-
traq Vs. direct laryngoscopy9—l1,13,14,16,25,26,29,31,32,36,
41,44,48,53,56,60,62,66,69,70—73,75,76,78,81,85,86,89,91,92,95,96’ 19

RCTs comparing McGrath vs. direct laryngos-
Copyl7’20’34’35’42’43’47’51’52’54’58’68’74’77'84’88’93'94’96, 18 RCTS

comparing Pentax AWS vs. direct laryngos-

Copy8,15,18,33,39,40,49,50,55,60,62,63,67,82,83.85,90 two RSES
’ 9

comparing Truview vs. direct laryngoscopy
and two RCTs comparing X-lite vs. direct la-
ryngoscopy???. We found 11 RCTs comparing
more than one VLS with direct laryngosco-
py20,30,53,54,60,62,65,75,76,85,96'

The Cochrane risks of bias tool were used to as-
sess the quality of the study design and the extent

of potential bias (Figure 2 and Supplementary
Materials 4). We found that 42 out of 60 studies
for the primary outcome, 54 out of 80 studies for
successful intubation at the first attempt, 36 out of
51 studies for airway trauma, 20 out of 26 studies
for sore throat, 6 out of 13 studies for hoarseness,
8 out of 17 studies for sore throat, and 2 out of 4
studies for mortality had a high risk of bias.

The risk of difficult intubation was significant-
ly lower when using VLSs compared to direct
Macintosh laryngoscopy (RR 0.48, 95% CI from
0.35 t0 0.65, 1= 16%) (NNT = 25, 95% CI = 19.8-
32.3) (Figure 3).

The risk of difficult intubation was reduced
by C and V-MAC (RR 0.40, 95% CI from 0.20
to 0.79, 1= 0%) and Airtraq (RR 0.45, 95% CI
from 0.23 to 0.87, 1= 67%) but not by the other
VLSs (Supplementary Materials 5) (Glidescope
vs. direct Macintosh laryngoscopy: 23 studies,
RR 0.61, 95% CI from 0.36 to 1.05, I*= 0%) (Mc-
Grath vs. direct Macintosh laryngoscopy: 16 stud-
ies, RR 0.68, 95% CI from 0.27 to 1.69, I = 53%)
(Pentax AWS vs. direct Macintosh laryngoscopy:
10 studies, RR 0.35, 95% CI from 0.12 to 1.05, I*=
29%) (Truview vs. direct Macintosh laryngosco-
py: 3 studies, RR 0.99, 95% CI from 0.28 to 3.49,
2= 0%) (X-lite vs. direct Macintosh laryngosco-
py: 2 studies, RR 0.25, 95% CI from 0.03 to 2.48,
2= 0%).

VLSs reduced the risk of difficult intubation
in the OR (RR 0.46, 95% CI from 0.33 to 0.64,
I? = 16.5%), in predicted and simulated difficult
airways (RR 0.32, 95% CI from 0.17 to 0.59, I*=
3.4% and RR 0.23, 95% CI from 0.11 to 0.50, I?
= 0%, respectively) (Supplementary Materials
5). VLSs, when used by an experienced operator,
reduced the risk of difficult intubations (RR 0.48,
95% CI from 0.30 to 0.77, I*= 0%) (Supplemen-
tary Materials 6). Excluding the simulated of
funded RCTs, the result for the primary outcome
persisted (Supplementary Materials 6). By in-
cluding 5521 patents, the Z-curve crosses the TSA
monitoring boundary, and the RIS (=1627) for this
specific TSA-analysis is conclusive in favor of
VLSs (Figure 4).

VLSs increased the rate of successful intu-
bation at the first attempt when compared to di-
rect Macintosh laryngoscopy (RR 1.03, 95% CI
from 1.00 to 1.07, I?= 79%) (NNT = 18, 95%CI
= 13.9-26) (Figure 5). The TSA adjusted 95% CI
ranged from 0.77 to 0.81. The cumulative Z-curve
crossed neither the conventional boundary for
benefit nor the trial sequential futility boundary
for benefit, suggesting that the current evidence
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Figure 1. PRISMA flow chart of included studies.

was inconclusive (Supplementary Materials 7).
Different analyses performed according to VLS
devices, clinical scenario, operator experience,
and difficult airways did not show significant re-
sults (Supplementary Materials 8).

Lower risks of airway trauma were found with
VLSs (RR 0.69, 95% CI from 0.55 to 0.86, I*=
7.6%) (NNT = 41, 95%CI = 26.7-87.6) (Supple-
mentary Materials 9). This result was mainly due
to McGrath VLSs, which significantly decreased
the risk of airway trauma compared to direct laryn-
goscopy (RR 0.54, 95% CI from 0.36 to 0.81, I>°=
0%) (Supplementary Materials 10). Airway trau-
ma was reduced by using VLSs in OR (RR 0.69,
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95% CI from 0.54 to 0.87, I*= 0%), in predicted
not difficult airway (RR 0.57, 95% CI from 0.38
to 0.85, I>= 10%), and in simulated difficult air-
way (RR 0.60, 95% CI from 0.39 to 0.90, I*= 18%)
(Supplementary Materials 10). The TSA adjusted
95% CI ranged from 0.15 to 0.42. The TSA result
showed that 3457 of the RIS of 5882 patients was
accrued. The cumulative Z-curve crossed the con-
ventional boundary for the benefit and crossed the
trial sequential monitoring boundary for benefit
(Supplementary Materials 11), indicating firm
evidence of VLSs for airway trauma.

Analysis for sore throat did not reveal the ad-
vantage of using VLS compared to direct Macin-
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%
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Figure 2. Risk of bias summary. Green represents a low risk of bias, yellow some concerns, and red a high risk of bias.

tosh laryngoscopy (RR 0.85, 95% CI from 0.72
to 1.01, I?’= 50%) (NNT = 14, 95%CI = 9.4-24.4)
(Supplementary Materials 12). The sub-group
analyses did not show any significant results (Sup-
plementary Materials 13). Different analyses
performed according to the type of VLS devices,
operator experience, and difficult airways did not
show significant results (Supplementary Mate-
rials 12). The TSA adjusted 95% CI ranged from
0.43 to 0.64. The cumulative Z-curve crossed the
conventional boundary for the benefit and crossed
the trial sequential monitoring boundary for ben-
efit (Supplementary Materials 14 and 15), indi-
cating that this evidence was conclusive.

A decreased risk of hoarseness was associated
with the use of VLS (RR 0.675, 95% CI from 0.54
to 0.84, I*=20%) (NNT = 10, 95% CI = 6.5-15.6)
(Supplementary Materials 16). Risk of hoarse-
ness was only reduced with Glidescope VLS (RR
0.52, 95% CI from 0.39 to 0.69, I*= 0%) (Sup-
plementary Materials 17). The TSA adjusted
95% ClI ranged from 0.00 to 0.43. The cumulative
Z-curve crossed neither the conventional bound-
ary for benefit nor the trial sequential futility
boundary for benefit, suggesting that the current
evidence was inconclusive (Supplementary Ma-
terials 14 and 18).

VLS was not associated with a reduced risk of
hypoxia compared to direct Macintosh laryngos-
copy (RR 0.83, 95% CI from 0.60 to 1.16, I>= 0%)
(NNT = 29, 95%CI = 18.7-63.2) (Supplementary
Materials 19 and 20). The TSA adjusted 95% CI
ranged from 0.34 to 0.73. The alpha boundary for
hypoxia was not performed because of limited
extant information (4%) (Supplementary Mate-
rials 14 and 21).

The risk of mortality was not reduced by using
VLS compared to direct Macintosh laryngosco-
py (RR 1.03, 95% CI from 0.69 to 1.516, I*= 0%)

(Supplementary Materials 22 and 23). The TSA
adjusted 95% CI ranged from 0.00 to 0.60. The
cumulative Z-curve crossed neither the conven-
tional boundary for benefit nor the trial sequential
futility boundary for benefit, suggesting that the
current evidence was inconclusive (Supplemen-
tary Materials 14 and 24).

Overall, evidence was qualified using GRADE
for RCTs (Figure 6). High-quality evidence was
found for difficult intubation, successful intubation
at the first attempt, airway trauma, and sore throat.
RCTs’ level of evidence was downgraded due to the
high risk of bias mainly caused by allocation con-
cealment, blinding of participants and personnel,
and funding in outcome assessment in most studies.

Discussion

This systematic review and meta-analysis in
adult patients show a reduced risk of difficult in-
tubation with VLSs than direct Macintosh laryn-
goscopy. The risk of difficult intubation was re-
duced using C-and V-MAC and Airtraq devices
when used by experienced physicians in predicted
or simulated difficult airways in the OR and in the
ICU setting. As qualified by GRADE, the quality
of evidence for difficult intubation was high, sug-
gesting that further research is unlikely to impact
our estimated effect or change it significantly. VLS
slightly increased the successful intubation at the
first attempt and reduced the risk of airway trauma
and hoarseness. At the same time, it did not affect
the risk of sore throat, hypoxia, or mortality. Even
the quality of evidence qualified by GRADE for
successful intubation at the first attempt, airway
trauma, and sore throat was high, suggesting that
further research is very unlikely to have a signifi-
cant impact on our estimated effect.
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Figure 3. Forest plot for difficult intubation of VLSs vs. Macintosh. VLS: videolaryngoscope. C.1.: confidence interval.
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Figure 4. Trial sequential analysis for difficult intubation of VLSs vs. Macintosh. TSA was performed with Relative Risk
and Random-effects (Der-Simonian and Laird). Zero-event Trials are not included. Pooled Effect: 0.41 (C.I: 0.26 to 0.63)
based on conventional 95%. Inconsistency (1?): 0.46; Diversity (D?): 0.57. Boundaries: Type 1 Error: 5.0%, Alpha Spending:

O’Brien-Fleming, Power: 80.0%.

Previous systematic reviews and meta-analy-
sis investigating the use of VLSs vs. direct Mac-
intosh laryngoscopy included cross-over stud-
ies>!1%; were restricted to patients with predicted
difficult airways'’’, cervical immobilization'”’,
or receiving treatment in the ICU or emergency
department'®®!3; were limited to procedures per-
formed by trained anesthetists'®; were limited
to pediatric '* and neonatal patients'®; excluded
particular VLSs types such as the Airtraq and
Truview device*!%, Conversely, our meta-analy-
sis included the most recent high-quality RCTs in
adult patients; moreover, we performed subgroup
analyses to investigate the different VLS types,
including Airtraq and Truview devices.

Among the different VLS types, only the Air-
traq, C-and V-Mac devices reduced the risk of
difficult intubation. Compared to Macintosh la-
ryngoscopy, the reduced risk of difficult intuba-
tion with the Airtraq has been reported in patients
with cervical spine immobilization''*. This benefit

may be explained by the more pronounced curva-
ture and the integral tube guidance channel of the
Airtraq blade, which does not require alignment
of oral, pharyngeal, and tracheal axes'>'"® and bet-
ter positioning of optical components'** ">, The
Pentax AWS device has a similar curvature and
guides channel, but the tube may strike the epiglot-
tis and may be challenging to advance, making in-
tubation more difficult'”. Reduced risk of difficult
intubation observed with the C-and V-Mac devices
using a classic Macintosh blade was unexpected.
Physicians experienced with direct tracheal intuba-
tion, trying subconsciously to bring the axes in one
line when intubating, may have fewer difficulties
and do not need new skill requirements when us-
ing VLS devices with a classic shaped Macintosh
blade like the C-and V-Mac'”” as compared to Gli-
deScope, McGrath, and Truview devices'”’. VLSs
reduced the risk of difficult intubations in patients
with predicted or simulated difficult airways, in
line with previous reports>'%>-197,
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Studies Estimate (95% C.I.) VLS Macintosh
Abdallah 2011 0.936 (0.814, 1.077) 43/50 45/49
Ahmad 2015 1.000 (0.927, 1.079) 25/25 25/25
Ahmadi 2015 1.224 (1.019, 1.471) 45/49 36/48 o
Akbar 2015 1.128 (0.998, 1.276) 44/45 39/45
Andersen 2011 1.065 (0.973, 1.166) 49/50 46/50
Aoi 2010 1.000 (0.705, 1.418) 14/18 14/18
Aqil 2016 1.030 (0.849, 1.250) 34/40 33/40
Arici 2014 1.000 (0.953, 1.049) 40/40 40/40
Arima 2014 0.615 (0.446, 0.848) 26/56 40/53 —
Aziz 2012 1.098 (1.010, 1.193) 138/149 124/147 -
Bensghir 2010 1.381 (1-087,; 1.781) 32/34 23/34 —a—
Bhat 2015 1.093 (0.958, 1.247) 47/50 43/50
Bilehjani 2009 0.787 (0.637, 0.973) 29/40 35/38 —m
Blajic 2019 1.018 (0.951, 1.090) 115/119 56/59 2
Castillo-Monzén 2017 1.000 (0.837, 1.195) 21/23 21/23
Cavus 2011 0.771 (0.677, 0.877) 74/100 48/50 -
Colak 2015 0.959 (0.900, 1.022) 94/100 49/50
Frohlich 2011 0.500 (0.337, 0.742) 14/30 28/30 —
Gao 2018 0.977 (0.794, 1.202) 55/81 57/82 om
Goksu 2016 1.273 (1.010, 1.604) 56/175 44/75 .
Griesdale 2012 1.143 (0.512, 2.551) 8/20 7/20
Gupta 2013 1.090 (1.004, 1.184) 60/60 55/60 i 3
Hirabayashi 2009 1.365 (1.255, 1.486) 253/265 179/256 E 3
Hsu 2012 1.151 (0.989, 1.340) 30/30 26/30 -
Ing 2017 0.873 (0.643, 1.185) 9/11 15/16
Kido 2015 1.500 (1.106, 2.034) 24/25 16/25 e
Kim 2013 1.158 (0.942, 1.424) 22/23 19/23 -
Komatsu 2010 0.822 (0.681, 0.993) 37/50 45/50 om
Laosuwan 2015 9.000 (1.360, 59.539) 9/11 1/11
Lascarrou 2017 0.964 (0.841, 1.105) 126/186 130/185 -
Lee 2012 0.571 (0.427, 0.765) 36/75 21/25 o
Lim 2005 1.077 (0.909, 1.276) 28/30 26/30 -—
Lin 2012 2100 {1080 1507 71/83 65/82 -
Liu 2016 0.963 (0.886, 1.047) 80/88 84/89 1
Liu 2019 1.061 (1.008, 1.117) 172/177 163/178
Loughnan 2019 0.867 (0.703, 1.069) 37/51 41/49
Maassen 2012 0.923 (0.583, 1.462) 24/80 26/80
Malik 2008 1.013 (0.863, 1.189) 79/90 26/30 }
Malik 2009a 0.966 (0.859, 1.085) 28/30 29/30
Malik 2009b 1.176 (0.869, 1.592) 40/50 17/25 e
McElwain 2011 1.154 (0.958, 1.391) 54/58 25/31 +
Reena 2019 1.243 (1.035, 1.494) 46/50 37/50 +
Russell 2013 0.906 (0.756, 1.087) 29/35 32/35 o=
Sargin 2016 1,161 (1033, 1.305) 50/50 43/50 Lr
Serocki 2010 1.043 (0.911, 1.194) 73/80 35/40 -
Serocki 2013 1.053 (0.886, 1.252) 56/63 27/32 F
Shippey 2013 1.308 (1.041, 1.643) 25/25 19/25 +
Silverberg 2015 1.798 (1.267, 2.551) 41/57 24/60 e
Sulser 2016 0.987 (0.950, 1.024) 73/74 73/73
Sun 2005 0.969 (0.912, 1.029) 94/100 97/100
Suzuki 2008 1.000 (0.927, 1.079) 25/25 25/25 ]
Takenaka 2011 1.170 (1.009, 1.357) 35/35 29/34 .
Taylor 2013 1.679 (1.313, 2.148) 44/44 26/44 —-
Teoh 2010 1 0.949 (0.910, 0.989) 279/300 98/100 =
Walker 2009 0.966 (0.904, 1.033) 57/60 59/60 1
Wasinwong 2017 1.093 (0.942, 1.268) 23/23 21/23 1=
Woo 2012 2.157 (1.758, 2.647) 50/50 50/109 om
Xue 2007 0.936 (0.834, 1.051) 28/30 27/21
Yao 2015 1.000 (0.961, 1.041) 48/48 48/48 ?
Yeatts 2013 0.987 (0.913, 1.066) 242/303  259/320
Yumul 2016 1.153 (0.921, 1.443) 77/90 23/31 =
Overall (1*2=79.66 % , P< 0.001) 1.045 (1.011, 1.080) 3623/4209 2914/3617 ‘
' T ; T T T T T
034 067 04 1.69 337 674 16.85 337
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Figure 5. Forest plot for successful at first attempts of VLSs vs. Macintosh. VLS: videolaryngoscope. C.1.: confidence interval.

In contrast with Lewis et al?, this meta-anal-
ysis found that VLSs increased the rate of suc-

cessful intubation at the first attempt compared to
direct Macintosh laryngoscopy. Several patients
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Author(s):
Question: Videolaryngoscopy compared to Direct laryngoscopy for tracheal intubation
Setting: operation room
Bibliography:
5 " " Certainty Importance
Ne of Study Risk of q q - Other 5 Direct Relative | Absolute
e a— laryngoscopy EFHED
Difficult intubation
60 randomised i a not serious not serious | not serious | strong association 83/3244 (2.6%) 243/2667 RR 0.47 48 fewer CRITICAL
trials serious (9.1%) (0.34to per @Gn:?(-;@H@
0.66) 1.000
(from 60
fewer to
31
fewer)
Successful intubation at the first attempt
80 randomised i b not serious not serious | not serious | strong association | 3623/4209 (86.1%) 2914/3617 RR 1.04 32 more CRITICAL
trials serious (80.6%) (1.01 to per @Gn:?(-;@H@
1.08) 1.000
(from 8
more to
64 more)
Airway trauma
51 randomised i < not serious not serious | not serious | strong association 181/3226 (5.6%) 214/2656 RR 0.69 25 fewer CRITICAL
trials serious (8.1%) (056 to per @g?(a@“@
0.86) 1.000
(from 35
fewer to
11
fewer)
Sore throat
26 randomised i d not serious not serious | not serious | strong association | 371/1527 (24.3%) 407/1268 RR 0.87 42 fewer CRITICAL
trials | U (32.1%) (0.73 to per @QG@H@
1.04) 1.000
(from 87
fewer to
13 more)
0.0% 0 fewer
per
1.000
(from 0
fewer to
0 fewer)
Hoarseness
13 randomised ri e not serious not serious | not serious none 105/668 (15.7%) 163/614 RR 0.67 88 fewer IMPORTANT
trials | U (26.5%) (052 to per (:4306:?5%9
0.88) 1.000
(from
127
fewer to
32
fewer)

Figure 6. GRADE evidence profile for considered outcome.

and physician-related factors have been identi-
fied to be associated with first-attempt intubation
failures, such as the anatomy of the supra-and in-
fra-glottic airways, visibility of the glottis during
laryngoscopy, device selection, pharmacologic
choices, depth of anesthesia, adequate neuromus-
cular blockade, and experience >!"*!?2, In addition,
increasing time to intubate may be associated
with increased intubation-related complications,
such as hypoxemia. Using VLS, superior views of
the glottis are often obtained but may not consis-
tently translate into easier tracheal intubation and
a higher rate of first intubation success".

Our data suggest that VLS should be imme-
diately available and that all physicians in OR
and ICU, especially non-experienced physicians,
should be trained in its use"®!'". With the high
quality of evidence, our data demonstrated that
the use of VLSs reduces the risk of airway trau-
ma, probably because the use of VLSs may sup-
port the glottic view, allowing the application of
less force during laryngoscopy'?*-'22,

This meta-analysis has several strengths. TSA
was conclusive for the primary outcome in favor
of VLS. According to the GRADE approach, we

found a high quality of evidence for 4 out of 7
outcomes.

Our findings should be interpreted regarding
several limitations. First, large-scale RCTs, com-
paring VLSs with direct Macintosh laryngoscopy,
are missing, and all RCTs included in this me-
ta-analysis enrolled only a small number of pa-
tients. Second, the generalizability of our results
may be limited since particular clinical scenari-
o0s, such as emergency or out-of-hospital settings,
have not been sufficiently explored in the included
RCT. Third, in the included RTCs, different crite-
ria were used to define the physician’s intubation
expertise. Similar to previous meta-analyses>!%,
we considered a physician experienced after 20
successful intubations using both VLSs and di-
rect laryngoscopy, while a systematic review, an-
alyzing learning curves, suggested 50 successful
intubations'12°, We were able to distinguish per-
formance differences between VLS types. Fourth,
although only high-quality RCTs, the first-attempt
intubation success rate showed substantial hetero-
geneity, not allowing conclusions at an acceptable
evidence level. Fifth, definitions of complications
(e.g., airway trauma, sore throat, and hypoxia) were
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not standardized and varied from center to center.
Sixth, reported time for tracheal intubation was
frequently not reported in the studies included or
not normally distributed, prohibiting any statistical
analysis. The remaining RCTs showed substantial
heterogeneity for tracheal intubation time, not al-
lowing data pooling. Sixth, the protocol for this
meta-analysis was registered at PROSPERO after
the commencement of the systematic review pro-
cess. Finally, formal statistical tests did not support
the presence of publication bias for any considered
outcome, which could have impacted the estimated
pooled effect.

Conclusions

Our results suggest that VLSs reduced the risk
of difficult intubation and airway trauma while
slightly increasing successful intubation at the
first attempt among adult patients with a high
quality of evidence.
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