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ABSTRACT

INTRODUCTION: We performed a systematic review and meta-analysis of randomized controlled trials (RCTs) 
to compare the usefulness of video-assisted (VL) approaches with the Macintosh direct laryngoscope for 
endotracheal intubation of obese patients. 

MATERIAL AND METHODS: Studies were obtained via a systematic search of SCOPUS, Medline, Web of 
Science, CINAHL, and the Cochrane Central databases. The polled relative risks (RRs) odds ratios (ODs) or 
standard mean differences (SMD) with 95% confidence intervals (CIs) were calculated with a random–effects 
model. Subgroup analyses were performed to evaluate the influence of VL types on the association. 

RESULTS: First intubation attempt success rate in VL and DL group varied and amounted to 94.7% vs 89.5% 
respectively (OR = 2.04; 95% CI: 1.21–3.42; p = 0.007) and overall intubation success rate was 99.0%  
vs 97.5% respectively (OR = 2.20; 95% CI: 0.45–10.67; p = 0.33). Intubation time which was 48.0 ± 37.7 for 
VL and 48.4 ± 37.5 seconds for DL (SMD = 0.14; 95% CI: –0.33–0.61; p = 0.56). Cormack-Lehane 1 or 
2 grade during intubation using VL was observed in 95.9% of cases and was statistically significantly higher 
than in the case of direct laryngoscopy (79.6%; OR = 6.68; 95% CI: 3.32–13.42; p < 0.001). 

CONCLUSIONS: Our meta-analysis suggests that video-assisted intubation may be superior to conventional 
intubation in an obese patient population due to a higher first–attempt success rate, better glottis visibility, 
and a lower rate of intubation-related injuries. 

Key words: video-laryngoscope, direct-laryngoscope, endotracheal intubation, obese, intubation attempt, 
intubation time, meta-analysis
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INTRODUCTION
Obese and morbidly obese patients belong to the 
group of patients in whom difficult intubation is 
expected [1]. The number of overweight, obese, 
and morbidly obese people worldwide is grow-
ing despite many campaigns and efforts to reduce 
this healthcare problem. As the incidence of obe-
sity steadily increased over the past few years [2]. 
Anesthesiologists will be increasingly faced with 
potentially difficult intubations, as the number of 
obese patients who require endotracheal intubation 
is increasing, particularly in surgical patients but 
also due to respiratory failure in COVID-19 [3, 4]. 
An increasing number of patients undergo bariatric 
surgery, where one of the important problems is 
airway management, ventilation, and endotracheal 
intubation during surgery and the postoperative 
period. 

Video laryngoscopes were introduced into clini-
cal practice around the year 2000, and Video-assist-
ed intubation is more prevalent in clinical practice 
than ever. Video-assisted intubation is particularly 
popular when patients with potentially or expected 
difficult airways have to be intubated [5, 6]. 

Several Video-assisted laryngoscopes and intu-
bation aids with variable designs have been intro-
duced into clinical settings. Video laryngoscope 
blades may be channeled or not, have angled 
or standard Macintosh shape [7], additionally, 
tubes with embedded cameras at the tip [8], or 
intubating laryngeal masks with the embedded 
camera [9] for video-guided intubation have been 
invented to improve success and facilitate trache-
al intubation.

In this study, we performed a systematic review 
and meta-analysis of randomized controlled trials 
(RCTs) to compare the effectiveness of Video-as-
sisted intubation aids compared to Macintosh di-
rect laryngoscope for endotracheal intubation of 
obese patients. The aim of this trial is to examine 
intubation success rate, time to intubation, glot-
tis visualization, and adverse events to determine 
whether the Video-assisted intubation aids are 
superior to the Macintosh direct laryngoscope. We 
also conducted a subgroup analysis to investigate 
the effect of obesity level (considering BMI > 35) 
and Video-assisted intubation aids (Macintosh 
blade video laryngoscopes; channeled video laryn-
goscopes; video tube and scopes; a supraglottic 
device with video channel) on endotracheal intu-
bation.

MATERIAL AND METHODS
This systematic review and meta-analysis complied 
with the widely recognized Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [10]. Before commencing the 
study, all reviewers agreed on the analysis methods 
and the inclusion and exclusion criteria to be used. 
Ethical approval and consent were waived because 
this study was a systematic review and meta-analysis 
of published literature.

Search strategy
Two reviewers (T.E. and L.S.) independently per-
formed a comprehensive literature search using 
SCOPUS, Medline, Web of Science, CINAHL, and 
the Cochrane Central Register for Controlled Tri-
als electronic databases. The search was performed 
using the following terms: “Macintosh” OR “direct 
laryngoscope” OR “direct laryngoscopy” AND “vid-
eolaryngoscope” OR “video-laryngoscope” OR “vid-
eo laryngoscopes” AND “bariatric” OR “obese” OR 
“obesity”. The most recent search was performed 
in November 2021. Additionally, a manual search 
of references listed in reports and reviews was also 
performed. There were no restrictions regarding the 
language of the article or publication status.

Inclusion and exclusion criteria
Studies included in this meta-analysis met the fol-
lowing PICOS criteria: (1) PARTICIPANTS; adult obese 
patients, (2) INTERVENTION; endotracheal intubation 
with Video-assisted intubation aids, (3) COMPARI-
SON; endotracheal intubation with Macintosh direct 
laryngoscope, (4) OUTCOMES; detailed information 
for intubation effectiveness (i.e. intubation success 
rate, time to intubation, glottis visualization, adverse 
events) (5) STUDY DESIGN; randomized controlled 
trials. Whereas the exclusion criteria are as follows: (A) 
Studies including pediatric patients; (B) Simulation tri-
als; (C) Non–randomized trials; (D) Editorials; (E) Con-
ference abstracts; (F) Letters to editors; (G) Guidelines.

Data extraction
Two reviewers (T.E. and L.S.) independently extract-
ed data from eligible studies by using a specifical-
ly designed data extraction form. Another author 
cross–checked these data before analysis (B.K.).  
The following data from each study were extracted: 
first author’s name; year of publication; a country 
where the study was performed; study design; par-
ticipant characteristics (i.e., a number of patients in 
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research groups; age; sex, male, BMI), intubation 
effectiveness (i.e., intubation success rate, time to in-
tubation, glottic visualization, adverse events). More-
over, missing, or unpublished data were sought by 
trying to contact authors or sponsors via e–mail, and 
repeated messages were sent in case of no response.

Primary and secondary outcomes
The primary outcomes were: first intubation attempt 
success rate and overall intubation success rate. Sec-
ondary outcomes included time to intubation, glot-
tic visualization (Cormack-Lehane grades 1 or 2 or 
modified Cormack–Lehane classification 1 or 2a, 
which are considered indications of an easy glottic 
view), and occurrence of adverse events related to 
endotracheal intubation.

Risk of bias and quality of evidence assessment
The risk of bias (RoB) of the included studies was 
independently assessed by three reviewers (T.E., 
L.S., and B.K.) according to the revised tool for 
Risk of Bias in randomized trials (RoB-2 tool) [11]. 
RoB-2 tool examines 5 domains of bias: (1) bias 
arising from the randomization process; (2) bias due 
to deviations from intended intervention; (3) bias 
due to missing outcome data; (4) bias in the meas-
urement of the outcome; (5) bias in the selection of 
the reported results. The overall RoB-2 judgment at 
domain and study level was attributed according to 
the criteria specified in the ROBVIS tool [12].

We applied the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
approach [13] with GRADEpro software (ver-
sion 3.6 for Windows; available from http://ims.
cochrane.org/revman/gradepro) to assess the quality 
of evidence of the main outcomes. Furthermore, 
the quality of evidence was based on the presence 
or absence of the following variables: limitations in 
study design, inconsistency, indirectness, impreci-
sion of the results, and publication bias. The quality 
of evidence for the primary outcomes was graded as 
very low, low, moderate, or high.

Role of the Funding Source
This study was not supported by any funding source. 
The corresponding author had full access to all the 
data and decided to submit it for publication.

Statistical analysis
Statistical analysis was performed in Review Manag-
er (ver. 5.4, Nordic Cochrane Centre, The Cochrane 

Collaboration, Copenhagen, Denmark). For dichot-
omous data, we used odds ratios (ORs) or risk ratios 
(RRs) as the effect measure with 95% confidence 
intervals (CIs), and for continuous data, we used 
mean differences (MDs) with 95%CI. When the con-
tinuous outcome was reported in a study as median, 
range, and inter-quartile range, we estimated means 
and standard deviations using the formula described 
by Hozo et al. [14]. For the meta-analysis, we used 
the random-effects model (assuming a distribution 
of effects across studies) to weigh estimates of stud-
ies in proportion to their significance [15]. Hetero-
geneity was assessed using the I2 statistic, in which 
the results range from 0% to 100%. Heterogeneity 
was interpreted as not observed when I2 = 0%, low 
when I2 = 25%, medium when I2 = 50% and high 
when I2 = 75% [16]. The significance level for all 
statistical tests was p < 0.05 (two-tailed).

RESULTS
Literature search and study characteristics
We searched 871 potentially relevant studies in 
the databases (SCOPUS, Medline, Web of Science, 
CINAHL, and Cochrane Central). After excluding 
156 duplicates, 715 studies were screened using ti-
tle and abstracts; of those, 686 studies were exclud-
ed. After full-text assessment for eligibility, 13 were 
excluded because they were review articles or not 
a RCT studies. Finally, 16 studies were included in 
this systematic review and meta-analysis [17–32], as 
shown in Figure 1.
The study characteristics are summarized in Table 1  
and Table S1. Studies were published between 
2007 and 2020. All of the included studies were 
randomized controlled trials. Overall, eighteen stud-
ies including 1,587 patients (898 in VL group and 
689 in DL group) from USA [17, 28, 32], Turkey [22, 
28], France [24, 27], Switzerland [21, 25], Brazil 
[29], Denmark [19], Egypt [31], India [26], Israel 
[20], Spain [23] and Sweden [18] were included. 
Detailed patient characteristics are presented in the 
Supplementary Digital File* (Fig. S1 to Fig. S9 and 
Tab. S2).

Intubation success rate
First intubation attempt success rate in VL and DL 
group varied and amounted to 94.7% vs 89.5%, 
respectively (OR = 2.04; 95% CI: 1.21 to 3.42; 
p = 0.007). Sub-group analysis showed that first in-
tubation attempt success rate in the morbidly obese 

*all supplementary files are available at: https://journals.viamedica.pl/disaster_and_emergency_medicine/article/view/DEMJ.a2022.0004#supplementaryFiles

https://journals.viamedica.pl/disaster_and_emergency_medicine/article/view/DEMJ.a2022.0004%23supplementaryFiles
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patients group was 95.6% and was statistically 
significantly higher than with direct-laryngoscope 
group — 90.5% (OR = 1.93; 95% CI: 1.05 to 3.54; 
p = 0.03; Fig. 2).

Additionally performed subgroup analysis based 
on video–laryngoscopes types showed that intuba-
tion with VL was associated with higher first intu-
bation attempt success rate compared to DL in all 
analyzed groups: Macintosh blade laryngoscopes 
(92.2% vs 85.3%; OR = 2.30; 95% CI: 1.33–4.01; 
p = 0.003), channeled laryngoscopes (97.0% vs 
92.9%; OR = 2.44; 95% CI: 0.51–11.67; p = 0.26), 
video-tube and scopes group (97.5% vs 96.9%; 
OR = 1.26; 95% CI: 0.08–20.93; p = 0.87) as well 
as supraglottic devices with video channel (95.6% vs 
92.6%; OR = 1.84; 95% CI: 0.60 to 5.59; p = 0.29; 
Fig. S10).

Overall success rate in VL group was 99.0% and 
in DL group – 97.5% (OR = 2.20; 95% CI: 0.45– 
–10.67; p = 0.33). A detailed summary of the over-
all effectiveness of intubation by subgroups is pre-
sented in Table 2.

Time to intubation
Sixteen studies [17–32] were reported intu-
bation time which was 48.0 ± 37.7 for VL and 
48.4 ± 37.5 seconds for DL (SMD = 0.14; 95% CI: 
–0.33 to 0.61; p = 0.56). Intubation with VL and DL 
in morbidly obese patients did not show significant 
differences and was 52.2 ± 39.3 vs 52.7 ± 37.8 sec-
onds, respectively (SMD = 0.11; 95% CI: –0.44 to 
0.67; p = 0.69; Fig. 3).

Video-laryngoscopy intubation was asso-
ciated with a longer procedure time com–pared 

Figure 1. Database search and selection of studies according to PRISMA guidelines
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Table 1. Characteristic of included studies

Study Country Study 
desing Laryngoscope No. of 

patients Age, years Sex, male BMI

Abdallah et al. 2011 
[17]

USA RCT Pentax AWS 50 50 ± 12 11 (22.0%) 41.2 ± 4.4

Macintosh 49 49 ± 14 10 (20.4%) 42.5 ± 5.9

Ander et al. 2017 [18] Sweden RCT C-MAC 40 42 ± 12 10 (25.0%) 42.2 ± 5.6

Macintosh 40 42 ± 13 14 (35.0%) 39.9 ± 4.0

Andersen et al. 2011 
[19]

Denmark RCT GlideScope 50 42 ± 10 15 (30.0%) 42 ± 6

Macintosh 50 41 ± 8 9 (18.0%) 41 ± 5

Arici et al. 2014 [20] Turkey RCT McGrath 40 27.55 ± 3.82 NS 29.45 ± 5.60

Macintosh 40 29.25 ± 4.41 NS 27.98 ± 3.22

Aziz et al. 2012 [21] USA RCT C–MAC 149 54 ± 14 74 (49.7%) 34 ± 10

Macintosh 147 55 ± 15 83 (56.5%) 34 ± 10

Barak et al. 2014 [22] Israel RCT VivaSight 40 43.1 ± 4.9 14 (35.0%) 44.8 ± 7.5

Macintosh 32 42.5 ± 3.2 9 (28.1%) 43 ± 6.8

Bathory et al. 2010 
[23]

Switzerland RCT VIU 18 37.7 ± 9.9 4 (22.2%) 44.4 ± 1.9

Macintosh 20 42.7 ± 8.0 2 (10.0%) 43.5 ± 1.7

Cakir et al. 2020 [24] Turkey RCT McGrath 31 42.0 ± 10.5 7 (22.6%) 46.1 ± 6.6

Macintosh 31 39.0 ± 9.8 3 (9.7%) 46.5 ± 4.2

Castillo- Monzón et al. 
2017 [25]

Spain RCT Airtraq 23 43.43 ± 12.77 5 (21.7%) 45.97 ± 3.61

Macintosh 23 41.57 ± 9.02 6 (26.1%) 46.87 ± 4.38

Dhonneur et al. 2008 France RCT Airtraq 106 42.5 ± 11.0 36 (34.0%) 43 ± 6

LMA CTrach 106 43.3 ± 7.8 41 (38.7%) 41 ± 5

Macintosh 106 39.8 ± 10.7 40 (37.7%) 40 ± 7

Marrel et al. 2007 Switzerland RCT X-Lite 40 45 ± 13 15 (37.5%) 42.8 ± 6.9

Macintosh 40 45 ± 12 17 (42.5%) 43.5 ± 5.4

Nandakumar et al. 
2018

India RCT GlideScope 15 42.06 ± 13.25 3 (20.0%) 46.91 ± 6.92

Macintosh 15 40.6 ± 11.6 3 (20.0%) 44.67 ± 6.64

Ndoko et al. 2008 France RCT Airtraq 53 44.3 ± 13 10 (18.9%) 44 ± 6

Macintosh 53 42 ± 9.2 13 (24.5%) 43 ± 5

Postaci et al. 2015 Turkey RCT McGrath 42 49.8 ± 10.3 0 (0.0%) 46.5 ± 7.2

Macintosh 42 44 ± 10.4 0 (0.0%) 44.6 ± 7.5

Ranieri et al. 2012 Brazil RCT Airtraq 68 35.4 ± 8.8 15 (22.1%) 43.5 ± 6.3

Macintosh 64 34.9 ± 9.4 16 (25.0%) 42.7 ± 4.4

Ruetzler et al. 2020 USA RCT McGrath 66 51 ± 14 17 (25.8%) 46.5 ± 2.3

Macintosh 63 47 ± 13 17 (27.0%) 47 ± 2.3

Yousef et al. 2012 Egypt RCT GlideScope 30 44.3 ± 12.4 15 (50.0%) 43.2 ± 7.4

LMA CTrach 30 45.3 ± 10.7 16 (53.3%) 44.2 ± 9.4

Macintosh 30 50.8 ± 13.0 17 (56.7%) 43.6 ± 9.5

Yumul et al. 2016 USA RCT McGrath 30 45 ± 12 10 (33.3%) 41 ± 6

GlideScope 30 45 ± 12 7 (23.3%) 43 ± 5

Video-Mac 30 44 ± 12 7 (23.3%) 43 ± 8

Macintosh 31 46 ± 12 8 (25.8%) 42 ± 5

RCT — randomized controlled trial; VIU — video intubation unit
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Figure 2. Forest plot of first intubation attempt success rate in Video-assisted intubation aids and direct-laryngoscope groups.  
The center of each square represents the weighted odds ratios for individual trials, and the corresponding horizontal line stands for a 95% 
confidence interval. The diamonds represent pooled results; CI — confidence interval; DL — direct-laryngoscope; MD — mean difference; 
VL — video-laryngoscope or video-assisted intubation aids

Table 2. Polled analysis of overall intubation success rate in video-laryngoscope and direct-laryngoscope groups

Overall success rate No of 
studies

Events/participants Events Heterogeneity 
between trials

p-value for 
differences 

across groupsVL DL OR 95% CI P-value I2 statistic

Total 14 937/956 
(98.0%)

706/743 
(95.0%)

2.27 0.78 to 6.55 0.13 39% 0.13

Obese 3 268/279 
(96.1%)

195/218 
(89.4%)

2.33 1.09 to 4.97 NA NA 0.03

Morbidly obese 11 669/677 
(98.8%)

511/525 
(97.3%)

2.20 0.45 to 10.67 0.08 50% 0.33

Macintosh blade laryngoscopes 7 329/331 
(99.4%)

256/269 
(95.2%)

4.43 1.19 to 16.50 0.57 0% 0.03

Channeled laryngoscopes 5 295/300 
(98.3%)

294/295 
(99.7%)

0.47 0.01 to 16.46 0.10 63% 0.68

Video-tube & Scopes 1 39/40 
(97.5%)

32/32 
(100.0%)

0.41 0.02 to 10.28 NA NA 0.58

Supraglottic devices with video 
channeled

2 136/136 
(100.0%)

129/136 
(94.9%)

7.57 0.87 to 65.82 0.44 0% 0.07

CI — confidence interval; DL — direct-laryngoscope; NA — not applicable; OR — odds ratio; VL — video-laryngoscope
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to direct–laryngoscope. This applies to all analyz-
ed subgroups of video–laryngoscopes: Macin-
tosh blade video–laryngoscopes (44.6 ± 29.8 vs 
50.2 ± 46.8, respectively; SMD = 0.15; 95% CI: 
–0.31 to 0.61; p = 0.52), channeled laryngoscopes 
(25.5 ± 13.9 vs 48.9 ± 25.6 s; SMD = –0.58; 95% CI:  
–2.29 to 1.14; p = 0.51), video-tubes & scopes 
(33.9 ± 11.6 vs 33.5 ± 14.4 s; SMD = 0.00; 95% CI:  
–1.09 to 1.10; p = 1.00) or supra-glottic devices 
with video channel (113.4 ± 27.7 vs 77.5 ± 23.9s; 
SMD = 1.38; 95% CI: 0.57 to 2.19; p < 0.001;  
Fig. S11).

Glottis visualization
A good degree of visualization of the glottis (Cor-
mack-Lehane 1 or 2 grade) during intubation using 
video laryngoscopy was observed in 95.9% of cases 
and was statistically significantly higher than in the 
case of direct laryngoscopy (79.6%; OR = 6.68; 
95% CI: 3.32–13.42; p < 0.001; Fig. S12). 

Subgroup analysis showed better glottic visu-
alization of VL compared to DL in the following 
subgroups: Macintosh-blades laryngoscopes (92.9%  
vs 72.5%, respectively; OR = 6.36; 95% CI: 3.53– 
–11.49; p < 0.001), channeled laryngoscopes  

(100% vs 84.8%; OR = 28.49; 95% CI: 5.49–
147.73; p < 0.001) as well as in supraglottic de-
vices with video channel group (100% vs 76.7 %; 
OR = 19.47; 95% CI: 1.06 to 358.38; p = 0.05). An 
inverse relationship was observed in the video tube 
and scopes group (92.5% vs 96.9%; OR = 0.40; 
95% CI: 0.04 to 4.02; p = 0.43).

Adverse events
A detailed summary of the adverse events observed 
in the studies is presented in Table 3. The use of vid-
eo-laryngoscopy compared to direct-laryngoscopy 
was associated with statistically significantly lower 
occurrence of desaturation (1.2% vs 34.9%, respec-
tively; RR = 0.04; 95% CI: 0.01–0.15; p < 0.001). 
A similar relationship was also observed in the aspect 
of morbidly obese patients (1.3% vs 41.0% respec-
tively; RR = 0.04; 95% CI: 0.01 to 1.09; p < 0.001).

Risk of bias and quality of evidence assessment
The Cochrane risk of bias of the included studies is 
shown in Figures S13 and S14. In clinical trials, the 
overall risk of bias was judged as low in fourteen 
studies [17–26, 29–32] and reviewers indicate some 
concerns on the other two [27, 28].

Figure 3. Forest plot of time to intubation parameter in Video-assisted intubation aid and video-laryngoscope vs direct-laryngoscope 
groups. The center of each square represents the weighted standard mean differences for individual trials, and the corresponding horizon-
tal line stands for a 95% confidence interval. The diamonds represent pooled results; CI — confidence interval; DL — direct-laryngoscope; 
MD — mean difference; VL — video-laryngoscope and video-assisted intubation aids
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Table 3. Polled analysis of observed adverse events in analyzed trials

Overall success rate No of 
studies

Events/participants Events Heterogeneity 
between trials

p-value for
differences

across groupsVL DL OR 95% CI p-value I2 statistic

Sore throat (total) 7 186/487 
(38.2%)

184/391 
(47.1%)

0.90 0.75 to 1.09 0.32 15% 0.28

Macintosh blade laryngoscopes 5 161/367
(43.9%)

166/310 
(53.5%)

0.90 0.67 to 1.20 0.12 45% 0.47

Channeled laryngoscopes 1 16/50 
(32.0%)

15/49 
(30.6%)

1.05 0.58 to 1.87 NA NA 0.88

Video-tube & Scopes 1 2/40 
(5.0%)

3/32 
(9.4%)

0.53 0.09 to 3.00 NA NA 0.48

Supraglottic devices with video 
channeled

1 7/30
(23.3%)

11/30 
(36.7%)

0.64 0.29 to 1.42 NA NA 0.27

Hoarseness (total) 5 40/306 
(13.1%)

39/206 
(18.9%)

0.85 0.58 to 1.25 0.84 0% 0.42

Macintosh blade laryngoscopes 4 40/236 
(16.9%)

39/174 
(22.4%)

0.85 0.58 to 1.25 0.84 0% 0.42

Video-tube & Scopes 1 0/40 
(0.0%)

0/32 
(0.0%)

NE NE NA NA NA

Supraglottic devices with video 
channeled

1 0/30 
(0.0%)

0/30 
(0.0%)

NE NE NA NA NA

Desaturation (total) 6 19/564 
(3.4%)

45/430 
(10.5%)

0.26 0.08 to 0.88 0.01 72% 0.03

Macintosh blade 
laryngoscopes

4 9/269 
(3.3%)

13/271 
(4.8%)

0.54 0.08 to 3.58 0.09 65% 0.53

Channeled laryngoscopes 2 7/159 
(4.4%)

32/159 
(20.1%)

0.23 0.10 to 0.51 0.44 0% < 0.001

Supraglottic devices with video 
channeled

2 3/136 
(2.2%)

29/136 
(21.3%)

0.12 0.04 to 0.36 0.73 73% < 0.001

Increased lifting force required 
(total)

4 19/178 
(10.7%)

55/147 
(37.4%)

0.34 0.11 to 1.09 0.009 74% 0.07

Macintosh blade laryngoscopes 3 15/95 
(15.8%)

33/94 
(35.1%)

0.51 0.14 to 1.83 0.07 63% 0.30

Channeled laryngoscopes 1 4/53 
(7.5%)

22/53 
(41.5%)

0.18 0.07 to 0.49 NA NA < 0.001

Supraglottic devices with video 
channeled

1 0/30 
(0.0%)

10/30 
(33.3%)

0.05 0.00 to 0.78 NA NA 0.03

Dental injuries (total) 4 1/271 
(0.4%)

0/261 
(0.0%)

2.96 0.12 to 72.08 NA NA 0.51

Macintosh blade 
laryngoscopes

3 1/231 
(0.4%)

0/229 
(0.0%)

2.96 0.12 to 72.08 NA NA 0.51

Video-tube & Scopes 1 0/40 
(0.0%)

0/32 
(0.0%)

NE NE NA NA NA

Lip/gum/oral trauma and 
bleeding (total)

6 36/431 
(8.4%)

34/331 
(10.3%)

0.82 0.20 to 3.34 0.001 77% 0.78

Macintosh blade 
laryngoscopes

4 32/311 
(10.3%)

31/250 
(12.4%)

0.90 0.18 to 4.56 0.010 78% 0.90

Channeled laryngoscopes 1 2/50 
(4.0%)

0/49 
(0.0%)

4.90 0.24 to 99.57 NA NA 0.30

Video-tube & Scopes 1 0/40 
(0.0%)

3/32 
(9.4%)

0.11 0.01 to 2.15 NA NA 0.15

→
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The quality of evidence was graded as “low” 
for the effect of the video–laryngoscope compared 
with the Macintosh laryngoscope for first intubation 
attempt success rate, overall intubation success rate, 
intubation time, and glottic visualization and was 
presented in Figure S15.

DISCUSSION
The advantages of VL are widely recognized; due to 
better visualization of laryngeal structures resulting 
from the camera position, they facilitate endotra-
cheal intubation with or without stylets and guides 
or elastic bougie. The superiority of selected types 
of VL is particularly visible in emergency medicine 
when the time to perform the procedure is limited, 
and the person performing endotracheal intubation 
has limited experience in direct intubation.

Difficulties in intubation of obese and morbid-
ly obese patients, prolonged time to intubation, 
and associated complications are well known and 
result from numerous anatomic and physiological 
factors. The main factors impeding endotracheal 
intubation and ventilation in this group of patients 
include limited neck mobility, reduced oropharynge-
al space, and time to intubation due to low oxygen 
reserve. Endotracheal intubation in morbidly obese 
patients is commonly performed for elective bariatric 
surgery when optimal preparation with a full set of 

airway management equipment and experienced 
personnel are available.

Our results demonstrate that first attempt intu-
bation rate and glottis visibility are improved, and 
intubation-related adverse events are reduced, when 
Video-assisted compared to conventional intubation 
is performed in obese patients. Our results are large-
ly in line with a previous meta-analysis [33], which 
described a higher success rate, a shorter intubation 
time, and better glottis visibility when channeled or 
unchanneled video-laryngoscopy compared to con-
ventional laryngoscopy were used. 

There are, however, some interesting differenc-
es in our study findings compared to this previous 
meta-analysis [35]: our analysis does not point to 
a shorter intubation time when Video-assisted intu-
bation is compared to direct laryngoscopy-guided 
intubation. This difference might be based on the 
fact, that we included all types of Video-assisted in-
tubation devices, while Hoshijima and colleagues only 
considered channeled and non–channeled video-la-
ryngoscopes. Individual experience is key for reducing 
intubation time when performing direct laryngoscopy 
[34] and most likely also for Video-assisted intubation. 
Most anesthesiologists are more familiar with direct 
laryngoscopy, but we couldn’t analyze the level of ex-
perience in our review, as the level of experience with 
video-laryngoscopes or advanced airway technology 
has not been consistently reported. While previous 

Table 3. cont. Polled analysis of observed adverse events in analyzed trials

Overall success rate No of 
studies

Events/participants Events Heterogeneity 
between trials

P-value for
differences

across groupsVL DL OR 95% CI p-value I2 statistic

Supraglottic devices with video 
channeled

1 2/30 
(6.7%)

12/30 
(40.0%)

0.17 0.04 to 0.68 NA NA 0.01

Adverse events in morbidly obese group

Sore throat 5 69/266 
(25.9%)

76/224 
(33.9%)

0.81 0.61 to 1.08 0.34 11% 0.15

Hoarseness 4 31/216 
(14.4%)

35/175 
(20.0%)

0.86 0.57 to 1.30 0.57 0% 0.48

Desaturation 4 5/375 
(1.3%)

98/239 
(41.0%)

0.04 0.01 to 0.15 0.19 41% <0.001

Increased lifting force required 4 19/178 
(10.7%)

55/147 
(37.4%)

0.34 0.11 to 1.09 0.009 71% 0.07

Dental injuries 1 0/40 
(0.0%)

0/32 
(0.0%)

NE NE NA NA NA

Lip/gum/oral trauma and 
bleeding

3 6/150 
(4.0%)

15/111 
(13.5%)

0.35 0.05 to 2.62 0.09 58% 0.31

CI — confidence interval; DL — direct-laryngoscope; NA— not applicable; NE — not estimable; RR— risk ratio; VL — video-laryngoscope
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studies have demonstrated a lower force applied on 
the teeth [35], the tongue [36], and the glottis [37] 
in patients undergoing video-laryngoscopy compared 
to direct laryngoscopy, this is, to our knowledge, the 
first study to systematically evaluate the incidence of 
intubation related injury in Video-assisted compared 
to direct laryngoscopy.

The data obtained from the analysis of studies 
may suggest the superiority of particular methods 
of management; however, the clinical decision con-
cerning the use of particular types of laryngoscopes 
must depend on the practice and protocols of a giv-
en institution as well as individual experience in the 
use of a given device and anatomical conditions of 
a specific patient.

This study has potential limitations. First, in most 
studies, the number of participants was limited, 
influencing the results. Secondly, most studies ana-
lyzed only patients undergoing elective bariatric sur-
gery. Thirdly, anesthesiologists performing endotra-
cheal intubation differed in their experience using 
various laryngoscopes; the groups in which various 
types of laryngoscopes were used varied in size.

CONCLUSIONS
Our meta-analysis suggests that Video-assisted intu-
bation may be superior to direct laryngoscopy-guid-
ed intubation in obese patients due to a higher 
first-attempt success rate improved glottis visualiza-
tion, and a lower rate of intubation-related injuries. 
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