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Abstract

Direct laryngoscopy (DL) is a modality commonly used in endotracheal intubation (EI). Video laryngoscopy
(VL) was introduced to further facilitate the procedure with enhancement in glottic views, which captures
the video image of the vocal cords to be projected onto a screen, providing enhanced visualization. This real-
time video projection aids in accurately placing the endotracheal tube (ETT) through the vocal cords. In
emergency and critical care settings, both laryngoscopes are used for intubations. This study assesses the
efficacy of both modalities by comparing success rates in first-attempt tracheal intubation in critically ill
patients.

PubMed, EMBASE, and Scopus were searched and all randomized controlled trials (RCTs) and observational
studies until 2023 were included. Studies included patients in critical care settings undergoing EI under the
guidance of either DL or VL. The primary outcome was the first attempt at successful tracheal intubation.
The secondary outcomes assessed the comparative safety of DL and VL by comparing the rates of severe
hypoxemia, severe hypotension, and cardiac arrest occurring during each modality. P-values were
considered of statistical significance if below 0.05. Statistical analysis was performed using RevMan v5.4
(The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). The results were
displayed in the form of forest plots.

A total of eight studies were included with a total of 5348 patients, with 1780 in the DL group and 3568 in
the VL group. Analysis revealed that in emergency situations, the success rate of intubation on the first
attempt was significantly higher for VL than DL [81.5% vs 68%; RR= 1.19; 95% CI: 1.10, 1.29; p <0.00001;
12=70%]. There was no significant correlation between VL and severe hypoxemia [13.4% vs 11.6%; RR= 0.99;
95% CI: 0.74, 1.33; p =0.97; 12=46%], severe hypotension [6.09% vs 4.78%; RR:1.19; 95% CI: 0.83, 1.72; p
=0.35, 12-15%], and cardiac arrest, [0.8% vs 0.4%; RR= 1.17; 95% CI: 0.37, 3.70]; p =0.79; 12=0%].

Our meta-analysis confirmed that VL has a higher success rate for first-pass intubation than
DL. Furthermore, our analysis has shown no significant evidence linking VL to any adverse events.

Categories: Internal Medicine, Anesthesiology, Pain Management
Keywords: video laryngoscopy, first pass, endotracheal intubation, direct laryngoscopy, critical care medicine,
anesthesiology

Introduction And Background

Endotracheal intubation (EI), a procedure commonly performed in the intensive care unit (ICU), is crucial
for patients experiencing respiratory failure and shock. It is a vital intervention to secure the airway in
critical care settings [1]. However, it is noteworthy that approximately 20-30% of tracheal intubations
conducted in the emergency department or ICU may encounter initial unsuccessful insertion of the
endotracheal tube into the trachea. This initial failure has been associated with an increased risk of severe
complications, including hypoxemia, gastric content aspiration, and bradycardia, that can potentially
endanger the patient's life [2-4].

El is a critical and lifesaving procedure involving the insertion of an endotracheal tube into the trachea to
establish a secure airway for mechanical ventilation or anesthesia. It plays a vital role in emergencies to
restore and support respiratory function. Traditionally, direct laryngoscopy (DL) has been the longstanding
standard approach for endotracheal intubation [5]. During DL, the tongue and epiglottis of the patient are
visualized using the laryngoscope blade, enabling direct visualization of the vocal cords through the mouth.
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The line of sight from the mouth then acts as a guide to inserting the endotracheal tube (ETT) through direct
visualization. However, video laryngoscopy (VL) has introduced significant advancements in the field. VL
follows a similar technique but with the added benefit of a camera on the distal portion of the laryngoscope
blade. This camera captures the video image of the vocal cords, which can be projected onto a screen,
providing enhanced visualization. This real-time video projection aids in accurately placing the ETT through
the vocal cords [6].

The introduction of VL has revolutionized the procedure by improving visualization, accuracy, and ease of
use. It offers clinicians a clearer view of the airway structures and enables better alignment and positioning
of the ETT, ultimately enhancing the overall effectiveness of endotracheal intubation. Furthermore, the
current guideline for prehospital emergency anesthesia with endotracheal intubation also recommends the
utilization of VL [7]. A trial conducted in 2016 also demonstrated that VL exhibited a higher rate of
successful first-attempt intubation in emergency situations or among patients admitted to the ICU as
compared to the use of a DL [8-10].

This comprehensive meta-analysis aims to compare the clinical efficacy of VL and DL for emergency EI. By
evaluating factors such as first-pass success rates and complications, we seek to provide evidence-based
insights into the optimal technique for securing the airway in emergency and critical care settings. Such
findings can guide clinical practice, improve patient safety, and ultimately contribute to better outcomes for
individuals requiring endotracheal intubation in high-stakes situations.

Review

Materials and methods

We adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [11] for our study. Our trial was registered with the International PROSPERO Registry for
Systematic Review and Meta-analysis with the registration number CRD42023473045.

This article was previously posted to the Research Square preprint server on the 8th of September, 2023.
Data Sources and Search Strategy

The PRISMA flowchart given below outlines the systematic study selection process for this meta-analysis
(Figure I). A thorough search was conducted in databases from inception to 15 October 2023.
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Identification of studies via databases and registers

Records removed before
screening.
Records identified from*: ?n“fgg;‘;’ records removed
g:la;;zfsefn“ls )330) Records marked as ineligible
9 = by automation tools (n =0)
i Records removed for other
reasons (n=0)
Records screened Records excluded™
(n=123) (n=99)
Reports sought for retrieval Reports not retrieved
(n=24) (n =0)
Reports assessed for eligibility Reports excluded: B
(n=24) Including patients requiring
CPR(n=4)
Operation theatre (n = 5)
Obese patients only (n = 2)
Prehospital laryngoscopy
(n=5)

Studies included in review
(n=8)

Reports of included studies
(n=8)

FIGURE 1: PRISMA 2020 flow diagram for new systematic reviews which
included searches of databases and registers only

Two researchers (S.A. and H.S) performed a comprehensive search of various databases, including PubMed,
Scopus, and EMBASE. The following keywords were used as a search string: (((Video laryngoscopy)) AND
((Direct laryngoscopy)) AND ((Tracheal intubation)) OR (Intubation)) and ((Critically ill patients)) OR
((Emergency)) OR ((Critical care))). A total of 330 records were initially identified from databases. References
of retrieved trials were screened to make sure no studies were missed.

Eligibility Criteria and Outcomes

This study included prospective randomized control trials (RCTs) and observational studies that examined
the differences between VL and DL in patients undergoing EI from the ICU and emergency department. The
PICO (Patient/Population, Intervention, Comparison, and Outcomes) model for our research included
patients in the emergency settings of critical care units, comparing VL with DL for the primary outcome of
successful first-pass intubation. The study's primary outcome was the rate of successful first-attempt EI. The
secondary outcomes of the study included severe hypoxemia (peripheral oxygen saturation < 80%), severe
hypotension (systolic blood pressure < 65 mmHg), and cardiac arrest. The rates of occurrence of these
outcomes were compared between the DL and VL groups.

The following criteria excluded studies from the analysis: case reports, reviews, pediatric patients, and
studies that used VL or DL as a rescue device in clinical settings such as ICUs and emergency departments.

Study Selection and Data Extraction
Two investigators (S.A. and M.S.) conducted independent screenings of titles and abstracts to determine

eligibility. The full texts of citations that were deemed potentially relevant were thoroughly reviewed. Any
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disagreements during the article screening between the investigators were resolved through discussion. Two
investigators independently extracted the data from the articles included. All the studies obtained from the
literature search were imported to EndNote X9 (Clarivate Analytics, London, UK), and duplicates were
identified and removed. This resulted in eight reports with studies that fulfilled the eligibility criteria and
were included in the current version of the review.

The following baseline data was extracted for each study: author surname, year, study design, mean patient
age, intubation type, video laryngoscope type, hospital setting, and medical experts involved. A pre-piloted
Microsoft Excel sheet was used for data extraction.

Quality Assessment of Included Studies

The current meta-analysis included both randomized and non-randomized studies, and the quality of the
included studies was evaluated using the Cochrane risk-of-bias tool for randomized control trials, which
encompasses a variety of facets, including selection bias, performance bias, attrition bias, detection bias,
reporting bias, and other factors [12]. Another tool used was the Newcastle-Ottawa scale for cohort studies,
which focuses on the selection criteria of studies, the comparability between groups, the exposure, and the
outcomes [13]. This was accomplished by two separate researchers, whose findings were compared to
eliminate inconsistencies.

Statistical Analysis

The statistical analysis was performed using Review Manager v. 5.4 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark). Risk ratios with corresponding 95% confidence intervals
were calculated using a Mantel-Haenszel random effects model to present the results for each outcome.
Forest plots were generated to depict the findings. Sensitivity analysis was conducted to assess the influence
of individual study results on the overall conclusions. Statistical heterogeneity among the included studies
was assessed using Higgins I2 statistics: a value < 25% indicates low heterogeneity; 25-75% indicates
moderate heterogeneity; and > 75% indicates high heterogeneity. A significance level of p < 0.05 was used to
determine statistical significance in all analyses. Funnel plots were generated for publication bias.

Results

Our analysis included eight trials; five RCTs and three observational trials. The studies included a total of
5348 patients, with 1780 in the DL group and 3568 in the VL group, and compared the success rate of the
first attempt between VL and DL.

The table below presents the characteristics of the studies [6, 10, 14-19] included in the systematic review
and meta-analysis comparing VL and DL for EI in critically ill adults (Table 7). The table outlines
information such as the country of study, study type, hospital setting, intubation type, VL type, medical
experts involved, and age range of patients in both the VL and DL groups.

2024 Azam et al. Cureus 16(1): €51720. DOI 10.7759/cureus.51720 4 0of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Studies

Prekker
ME et al.
[6]

Lakticova
Vetal.
[10]

De Jong
Aetal.
[14]

Silverberg
MJ et al.
[15]

Janz DR
etal. [16]

Hypes C
etal. [17]

Lascarrou
JB et al.
[18]

Prekker
ME et al.
[19]

Country
of
Study

USA

USA

France

Israel

USA

USA

France

USA

Study Type

Multicenter
RCT

Observational

Observational

Randomized

clinical trial

Randomized

clinical trial

Propensity
matched

analysis

Randomized

clinical trial

Post hoc
analysis of
data from 2
multicenter
RCT

Age, Age,
Hospital Intubation Medical Total
Video Laryngoscope Type yrs yrs
Setting  Type Experts Number
(VL) (DL)
Intensive Emergenc
e 54 55
care unit Emergency medicine
Standard geometry blade, Hyperangulated blade (36- (39- 1417
and intubations resident, critical
66) 67)
EDs care fellow
Pulmonary
Intensive critical care
Emergency 66 69
care GlideScope* experts and 392
intubations 16.96 16.88
unit intensive care
unit
Intensive ICU physicians 63 59
Emergency
care McGRATH MACt and (55- (49- 210
intubations
unit anesthetists 70) 69)
Intensive Pulmonary and
Emergency
care GlideScope critical care 65.4 69.6 117
intubations
unit experts
Pulmonary
Intensive experts and 59 60
Emergency . »
care McGRATH/ GlideScope/ Olympust critical care (49- (51- 150
. intubations .
unit supervised by 68) 67)
physicians
Intensive 59 60
Emergency 6 doctors
care Multiple (49- (53- 905
. intubations (postgraduate)
unit 69) 73)
Intensive
Emergency 62.7 62.8
care McGRATH MAC ICU physicians 371
intubations (15.3) (16.3)
unit
Standard geometry (Storz C-MAC§, McGRATH
Intensive MAC, Glidescope Macintosh shape) and Residents, 60 59
care Emergency Hyperangulated (Storz D blade, Glidescope Fellows,
(47- (47- 1786
units and intubations  traditional shape) Macintosh-style blade was Attending 70) 70)
EDs favored (84.1%) over a hyperangulated blade physicians

(15.9%).

TABLE 1: Baseline Characteristics of Studies.

VL= video laryngoscopy; DL= direct laryngoscopy

*GlideScope, Verathon Inc., Bothell, WA

FMcGRATH™ MAC, Medtronic, Minneapolis, MN

FO0lympus America Inc., Savage, MN

§Storz C-MAC (Karl Storz SE & Co. KG, Tuttlingen, Germany)
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Quality Assessment and Publication Bias

The quality assessment of the studies included in this meta-analysis revealed a range of study qualities, with
some demonstrating robust methodologies and low risk of bias, while others had limitations. The
assessment utilized predefined criteria and tools such as the Newcastle-Ottawa Scale for observational
studies (Table 2) and the Cochrane risk-of bias tool for RCTs (see Appendices). Regarding publication bias,
the analysis indicated the possibility of selective reporting and publication of studies, which could introduce
bias in the overall findings. These assessments emphasize the importance of considering the quality of
included studies and the potential impact of publication bias on the meta-analysis results.
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Authors

(Year)

Lakticova
A etal

(2015)[10]

Hypes C
et.al (2016)

[7

De Jong A
etal (2013)

3]

Study

type

Cohort

Cohort

Cohort

Selection

Representativeness
of the exposed

cohort

Selection of

the non- Ascertainment
exposed of exposure
cohort

Demonstration that outcome of
interest was not present at the

start of the study

Comparability Outcome
Comparability of cohorts

Assessment
on the basis of the

of outcome

design or analysis

Was follow-up
long enough for
outcomes to

occur

TABLE 2: Newcastle—Ottawa Quality Assessment Scale (NOS) for Cohort Studies

Newcastle Ottawa scale for assessment of bias of cohort studies:

Final
Adequacy
of follow-up seore
of cohorts

7
* 9

7

A study can be given a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given
for comparability.

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.

Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.

Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.

Primary Outcome

All eight studies included reported the primary outcome of first-pass success rate [6, 10, 14-19]. The pooled

analysis showed a significantly higher rate of first-pass intubation with VL than DL [81.5% vs 68%; RR=1.19;

95% CI: 1.10, 1.29; p <0.00001; 12=70%)] (Figure 2). The heterogeneity test indicated high heterogeneity
among studies (12 = 70%).

Video L Direct L Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl_Year M-H, Random, 95% CI
1.1.1RCTs
Silverberg M. J. et.al [15] 41 57 24 60 4.0% 1.80[1.27, 2.55] 2015 T
Janz D etal [16) 58 74 54 76 95% 1.10(0.92,1.33] 2016 r
Lascarrou J. B. etal [18] 126 186 130 185 129% 0.96(0.84,1.10] 2017 -
Prekker M. E. (1) [19] 1088 1318 337 467 19.0% 1.15[1.08,1.23] 2023 "
Prekker M. E. (2) 6] 600 705 504 712 19.4% 1.20[1.14,1.27] 2023 -
Subtotal (95% CI) 23 1500 64.9% 1.15[1.05, 1.26] +
Tolal evenls 1923 1049
Heterogeneity: Tau?= 0.01, Chi*=14.94, df= 4 (P = 0.005), F=73%
Test for overall effect Z= 2.90 (P = 0.004)
1.1.2 Observational Studies
DeJong Aetal [13] 55 70 96 140 10.8% 1.15(0.97,1.35] 2013 =
Lakticova A, etal [10) 199 252 75 140 10.8% 1.47[1.25,1.74] 2015 =
Hypes C etal [17] 541 673 89 136 136% 1.23[1.08,1.40] 2016 =
Subtotal (95% CI) 995 416 35.1% 1.27[1.11, 1.46] +
Tolal events 795
Heterogeneity: Tau= 0.01; Chi*= 4.95, df= 2 (P = 0.08); F= 60%
Test for overall effect Z = 3.40 (P = 0.0007)
Total (95% CI) 3336 1916 100.0% 1.19[1.10, 1.29] +
Tolal evenls 2718 1309
Heterageneity: Tau® = 0.01; Chi*= 22.97, df= 7 (P = 0.002); F= 70% 501 + t IUU:

Test for overall effect Z = 4.45 (P <0.00001)

Testfor subaroup differences: Chi*=1.38. df=1 (P=10.24), F= 27.5%

0.1 10
Video Laryngoscopy Direct Laryngoscopy

FIGURE 2: Forest plot comparing first-pass intubation success rates in
critical care patients with video laryngoscopy vs direct laryngoscopy.

RCT=randomized controlled trial

P-value < 0.05 is considered to be of statistical significance.

Secondary Outcomes
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Total events 262

Heterogeneity: Tau*= 0.06; Chi*= 11.06, df= 6 (P = 0.09); = 46%

Testfor overall effect: Z=0.04 (P = 0.97)

Test for subaroup differences: Chi*= 068, df=1 (P=041), F=0%

162

studies.
Video Lary Direct L

Study or Subgroup Events Total Events Total
1.21RCTs
Silverberg M. J. etal (18] 2 a7 5 60
Janz D etal [16] 14 74 16 76
Lascarrou J. B. etal (18] 20 186 20 185
Prekker M. E. (2) [6] 64 648 69 659
Subtotal (95% CI) 965 980
Total events 100 110
Heterogeneity. Tau*=0.00; Chi*= 1.01, df= 3 (P = 0.80); = 0%
Testfor overall effect: Z=0.59 (P = 0.56)
1.2.2 Observational Studies.
De Jong Aetal [13] a 70 8 140
Lakticova A. etal [10) 30 252 9 140
Hypes C etal[17] 123 673 35 135
Subtotal (95% CI) 995 415
Total events 162 52
Heterogeneity: Tau*=0.42; Chi*=10.24, df= 2 (P = 0.006), F= 80%
Test for overall effect: Z= 0.68 (P = 0.50)
Total (95% CI) 1960 1395

Risk Ratio

Weight M-H, Random, 95% CI

31%
13.2%
147%
24.8%
55.8%

21%
11.4%
246%
44.2%

100.0%

Year

Seven studies reported the outcome of severe hypoxemia following intubation [6, 10, 14-18]. The analysis
did not show a statistically significant difference in the incidence of severe hypoxemia between VL and DL
[13.4% vs 11.6%; RR=0.99; 95% CI: 0.74, 1.33; p =0.97; 12=46%] (Figure 5). The studies showed moderate
heterogeneity. Seven studies shared the outcome of severe hypotension following intubation [6, 10, 14-18]
There was no significant correlation between the VL and DL groups for the risk of developing severe
hypotension [6.09% vs 4.78%; RR:1.19; 95% CI: 0.83, 1.72; p =0.35, 12-15%)] (Figure 4). Low heterogeneity
was reported among the studies. Additionally, 4 studies reported the outcome of cardiac arrest following EI
[6, 14, 16, 18]. The risk of developing cardiac arrest for VL was not significantly higher than for DL [0.8% vs
0.4%; RR=1.17; 95% CI: 0.37, 3.70]; p =0.79; 12=0%] (Figure 5). No heterogeneity was observed among the

Risk Ratio
M-H, Random, 95% CI

0.42(0.09, 2.08)
0.90 (0.47,1.71)
0.99 (0.55,1.79)
0.94 (0.58, 1.30)
0.93[0.72,1.20]

2.25(0.91,558)
185(0.91,379)
0.70(0.51,098]
1.33[0.58,3.04]

0.99 [0.74, 1.33]

2015
2016
2017
2023

m3
2015
2016

b

4

10 100

1
Video Larngoscopy Direct Laryngoscopy

FIGURE 3: Forest plot comparing the adverse effect of severe

hypoxemia in critical care patients with video laryngoscopy vs direct

laryngoscopy.

RCT=randomized control trial

P-value < 0.05 is considered to be of statistical significance.

Video L py  Direct Lar Risk Ratio Risk Ratio
Study or Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.3.1RCTs
Silverberg M. J. etal [15] 6 57 8 60 11.8% 0.79[0.29,2.13] 2015 —tr
Janz D etal [16] 8 74 7 76 125% 1.17[0.45,3.07] 2016 =1
Lagcarmou J. B. etal [18] ] 186 4 185 87% 1.99[0.61,6.49) 2017 S
Prekker M. E. {2) [6] 20 624 29 644 292% 0.71[0.41,1.24] 2023 —a
Subtotal (95% CI) 941 965 62.2% 0.90 [0.60, 1.35] -
Total events 42 48
Heterogengity: Tau®=0.00; Chi*= 2.76, df= 3 (P = 0.43), F= 0%
Test for overall effect: Z= 0.53 (P = 0.60)
1.3.2 Observational Studies
DeJongAetal[13] 6 70 8 140 11.3% 1.50[0.54,4.16] 2013 B T
Lakticova A, elal [10] 16 252 4 140 10.3% 2.22[0.76,6.52] 2015 0
Hypes C etal[17] 54 673 8 135 16.3% 181[078,4.11] 2018 ——
Subtotal (95% CI) 995 415 37.8% 1.81[1.04,3.13] >
Total evenls 76 18
Heterogeneity. Tau®=0.00, Chi*= 0.27, df= 2 (P = 0.87), F= 0%
Test for overall effect: Z= 2.11 (P = 0.04)
Total (95% CI) 1936 1380 100.0% 1.19[0.83, 1.72]

Total events 118

Heterogeneity. Tau*=0.04, Chi*=7.09,df=6 (P=0.31), F=15%
35

Test for overall effect: Z=0.94 (P =

.35)
Testfor subgroup differences: Chi*= 4.03,df=1 (P=004), F=752%

66

r

0.1 1 10
Video Laryngoscopy Direct Layngoscopy

100

FIGURE 4: Forest plot comparing the adverse effect of severe
hypotension in critical care patients with video laryngoscopy vs direct

laryngoscopy.

RCT=randomized control trial

P-value < 0.05 is considered to be of statistical significance.
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Video L DirectL Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.4.1RCTs
Janz D etal [16) 1 74 1 6 17.4% 1.03(0.07,16.12] 2016
Lascarrou J. B. etal [18] 4 184 1] 181 158%  0.85(0.48,163.28] 2017 =
Prekker M. E. (2) [6] 3 705 3 712 51.8% 1.01[0.20,4.98] 2023 t
Subtotal (95% CI) 963 969 84.8% 1.51[0.43, 5.26]
Total events 8 4

Heterogeneity: Tau®= 0.00; Chi*=1.86, df= 2 (P = 0.38), F= 0%
Test for overall effect Z= 0.65 (P =0.52)

1.4.2 Observational Studies

DeJong Aetal[13] 0 70 3 140 15.2% 0.26[0.01,5.42) 2013 _— .
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FIGURE 5: Forest plot comparing the adverse effect of cardiac arrest in
critical care patients with video laryngoscopy vs direct laryngoscopy.

RCT=randomized control trial

P-value < 0.05 is considered to be of statistical significance.

Discussion

Our results demonstrated a significantly increased rate of first-pass intubation with VL compared with DL in
patients in the ICU. Moreover, the risk of adverse events, such as severe hypotension, severe hypoxemia, and
cardiac arrest, was comparable between the two groups.

Airway management in critically ill individuals in non-operative settings presents significant challenges and
is frequently associated with potentially life-threatening complications. Notably, the incidence of difficult EI
in the ICU surpasses that observed in the operating room [20].

El is one of the most frequently performed procedures in the ICU. Video laryngoscopes, which are said to
provide an enhanced method of viewing the glottis, as shown in the study by Prekker et al. [19], are
recommended to enhance airway management within the ICU, particularly for patients presenting with
warning signs of a possibly difficult intubation, which could include a Mallampati score of III where the hard
and soft palate are visible, but the uvula is somewhat obscured, and score IV, where only the hard palate is
visible. In addition, obstructive sleep apnea, restricted mobility of the cervical spine, difficulty in mouth
opening, coma, severe hypoxemia, and inexperienced operators are all risk factors for difficult EI [21].
Importantly, the first-pass success rate is key to reducing the incidence of complications and possibly
increasing mortality [22]. In 2013, De Jong et al. studied the use of a combination of VL and DL and found
that the former was associated with significantly higher first-pass intubation and better visualization of the
glottis [14]. A study by Lakticova et al. in 2015 [10] also found failure rates for difficult EI to be reduced when
using VL compared to DL; in addition, the rate of EI was significantly reduced in the former group. However,
they reported a statistically non-significant increase in hypoxemia in the VL group, an effect also reported
by Lascarrou et al. [18], possibly because of the increased duration of the intubation procedure with VL.
However, hypoxemia after intubation was also similar in both groups in our meta-analysis (Figure 53).
Lascarrou et al. also reported a significantly higher incidence of severe, life-threatening complications with
VL, whereas the time taken for insertion and the number of attempts required for successful intubation were
all statistically better when VL was used rather than DL. Silverberg et al. found increasing attempts to
intubate to be associated with higher complication rates [15], a finding also noted by Hypes et al. [17], who
reported significantly increased odds of a complication, which included desaturation, most noticeably, but
also aspiration, airway trauma, laryngospasm, bradycardia, and cardiac arrest, with the last one being
analyzed in our own study, with results concluding no differences in such incidences in the two groups. Two
studies supported these findings; Janz et al. compared VL and DL for EI in critically ill adults and failed to
demonstrate an increase in intubation on the first attempt with VL [16], a fact that was attributed to
previous studies possibly being confounded by bias, as well as the infrequent use of neuromuscular blockade
during DL as per the protocol, an intervention that actually resulted in a greatly increased success rate via
DL. The second study by Prekker et al. [6] compared VL and DL for EI in critically ill adults and similarly
demonstrated no significant differences in the occurrence of complications. The study did, however,
demonstrate an increase in intubation on the first attempt with VL.

Hence our study holds value as it presents a novel analysis of the success of first-pass intubation when done
with VL as compared to DL, with comparable risks between the two.

Limitations

This meta-analysis has several limitations that should be considered when interpreting the findings. First,
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the included studies exhibited heterogeneity that may have influenced the overall results. Variations in the
study settings, types of laryngoscopes used, and patient characteristics could have contributed to this
heterogeneity, potentially affecting the generalizability of the findings. Additionally, the brand of the video
laryngoscope used, the bulkiness of the equipment, and the blade shape are all variables that may alter the
findings above. It is crucial to highlight that the likelihood of bias in the incorporated studies could
significantly affect the precision of the results. Second, the assessment of the study quality revealed varying
degrees of methodological limitations and potential sources of bias, which may have influenced the overall
outcomes. Third, the assessment of publication bias indicated the potential for selective reporting and
publication of studies, thereby introducing the possibility of bias in the overall conclusions. Unpublished
studies or those with negative results may have been missing from the analysis, potentially affecting the
overall findings. Finally, the generalizability of the findings is limited to critically ill patients and emergency
orotracheal intubation settings. The results may not be directly applicable to other patient populations or in
cases of non-emergency intubation. Further research is needed to address these limitations and to provide
more comprehensive insights into the effectiveness and safety of VL versus DL in diverse clinical scenarios.

Conclusions

VL provides higher success rates for first-pass intubation than DL. The risk of complications, such as severe
hypoxemia, severe hypotension, and cardiac arrest, was comparable between the two groups. Our findings
corroborate the superiority of VL over DL in EI, with a higher first-pass intubation success rate. Ultimately, it
is important to comprehensively understand the advantages and limitations of both VL and DL to make
informed decisions in clinical practice. With factors such as cost effectiveness to consider, implementation
and usage of VL may vary from setting to setting. Further large-scale RCTs are needed to generate real-world
evidence to demonstrate further advantages of VL over DL before large scale implementation can be
discussed.

Appendices

Figure 6 shows the results of the analysis performed using the Cochrane risk-of-bias tool for randomized
trials.
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FIGURE 6: Results obtained using Cochrane's risk-of-bias tool (v.2.0) for
reporting risk assessments of randomized controlled trials
'+' sign= Positive indication of the application of a particular method for reduction of bias as part of the research

protocol.

"' sign= Negative indication of the application of a particular method for reduction of bias as part of the research
protocol.

'?" sign= Unclear/uncertain indication of the application of a particular method for reduction of bias as part of the
research protocol.
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