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Abstract

Introduction: Placing an endotracheal tube is a life-saving measure. Direct laryngoscopy
(DL) is traditionally the default method. Video laryngoscopy (VL) has been shown to
improve efficiency, but there is insufficient evidence comparing VL versus DL in the pre-
hospital settings. This study, comprising a systematic review and random-effects meta-
analysis, assesses current literature for the efficacy of VL in prehospital settings.
Methods: PubMed and Scopus databases were searched from their beginnings through
March 1, 2022 for eligible studies. Outcomes were the first successful intubation, overall
success rate, and number of total DL versus VL attempts in real-life clinical situations.
Cochrane’s Risk of Bias (RoB) tool and the Newcastle-Ottawa Scale (NOS) were applied
to assess risk of bias and study quality; Q-statistics and I? values were used to assess
heterogeneity.

Results: The search yielded seven studies involving 23,953 patients, 6,674 (28%) of whom
underwent intubation via VL. Compared to DL, VL was associated with a statistically
higher risk ratio for first-pass success (Risk Ratio [RR]=1.116; 95% CI, 1.005-1.239;
P=.041; I? = 87%). The I? value for the subgroup of prospective studies was 0% compared
to 89% for retrospective studies. In addition, VL was associated with higher likelihood of
overall success rate (RR =1.097; 95% CI, 1.01-1.18; P = .021; I? = 85%) and lower mean
number of attempts (Mean Difference = -0.529; 95% CI, -0.922 to -0.137; P = .008).
Conclusion: The meta-analysis suggested that VL was associated with higher likelihood of
achieving first-pass success, greater overall success rate, and lower number of intubation
attempts for adults in the prehospital settings. This study had high heterogeneity, likely
presenced by the inclusion of retrospective observational studies. Further studies with more
rigorous methodology are needed to confirm these results.

Pourmand A, Terrebonne E, Gerber S, Shipley J, Tran QK. Efficacy of video
laryngoscopy versus direct laryngoscopy in the prehospital setting: a systematic review
and meta-analysis. Prebosp Disaster Med. 2023;38(1):111-121.

Introduction

Accessing a patient’s airway through the use of laryngoscopy is often a necessary life-saving
measure for critically ill patients. The standard procedure for endotracheal intubation is to
use direct laryngoscopy (DL), for which the success rate approaches 85%. In recent years,
video laryngoscopy (VL) was developed in an effort to improve patient outcomes and limit
errors caused by physicians and other health care professionals. Innovations in video-guided
laryngoscopy include the development of delayed sequence intubation, rapid sequence intu-
bation, and awake intubation.>*

A variety of studies have established the advantages of VL compared to DL, including a
higher intubation efficiency,” a faster learning curve,® better glottic visualization, and a
higher overall success rate.” Yet in the prehospital setting, in which paramedics are respon-
sible for performing emergency laryngoscopy, there is a higher risk of complicated laryngos-
copy and intubation, which potentially lead to undesired patient outcomes.” Other studies
have reported the occurrence of major immediate adverse events, including hypotension,
hypoxemia, and dysrhythmia®* due to multiple attempts at intubation.

There is some literature discussing the utility and effectiveness of VL in the context of
emergency medicine and in intensive care settings by non-expert providers.>>*® Studies
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have been conducted retroactively on large patient populations and
on manikins to better understand the utility of DL in the preho-
spital emergency setting. For example, one manikin study estab-
lished that the median force applied to the concave surface of
the laryngoscope during intubation attempts using VL was lower
than the force applied during DL to achieve >80% of glottic open-
ing aperture, indicating one advantage of using VL by Emergency
Medical Services personnel.® For VL to become the standard prac-
tice for endotracheal intubations in the prehospital setting, there
needs to be more evidence that it is effective for non-expert users.
However, there is a dearth of systematic reviews and meta-analyses
of the data regarding the effectiveness of VL by non-expert users,
including paramedics, on critically ill adult patients in the preho-
spital setting.

The systematic review and meta-analysis of VL versus DL
reported here was designed to compare the first-pass success rates
and overall success rates of the procedures when performed by para-
medics on adult patients in prehospital settings.

Methods

Search Strategy and Study Selection

This systematic review and meta-analysis was conducted according
to the 2020 Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA).” PubMed (National Center for
Biotechnology Information, National Institutes of Health;
Bethesda, Maryland USA) and Scopus (Elsevier; Amsterdam,
Netherlands) databases were searched from their beginning
through March 1, 2022 using Covidence software (Melbourne,
Australia) to manage the search, including the identification of
duplicate titles. The protocol developed for this search was submit-
ted to PROSPERO, and there was no change of the protocol once
the screening process commenced (CRD42022328959).

Detailed Search Strategy

The following terms were searched on PubMed and Scopus data-
bases: ((emergency medical services) OR (paramedic) (emergency
medical technicians)) AND (videolaryngoscopy) Filters: English,
Adult: 19+ years, English, Adult: 19+ years, “Emergency
Medical Technicians”[Mesh] video laryngoscopy Filters: Adult:
19+ years, English, “Emergency Medical Services”[Mesh] video-
laryngoscopy Filters: Adult: 19+ years, English.

On March 1, 2022, the following searches were conducted on
Scopus: TITLE-ABS-KEY ({videolaryngoscopy} AND “preho-
spital’) AND (LIMIT-TO (LANGUAGE, “English”)),
TITLE-ABS-KEY ({videolaryngoscopy} AND ‘emergency medical
services’) AND (LIMIT-TO (LANGUAGE, ‘English”)),
TITLE-ABS-KEY ({videolaryngoscopy} AND  “paramedic*”)
AND (LIMIT-TO (LANGUAGE, “English”)), TITLE-ABS-
KEY ({videolaryngoscopy} AND “emergency medical technician*”),
TITLE-ABS-KEY ({video laryngoscopy} AND ‘emergency medical
technician*”), TITLE-ABS-KEY ({video laryngoscopy} AND
‘emergency medical  services*”) AND (LIMIT-TO
(LANGUAGE, “English”)), TITLE-ABS-KEY ({video laryngos-
copy} AND “prebospital*”) AND (LIMIT-TO (LANGUAGE,
“‘English”)). This review was registered in PROSPERO
(CRD42022328959).

All studies involving prehospital personnel intubations and
adult patients were considered eligible. Experimental studies
(any randomized trials), quasi-experimental studies, and observa-
tional studies (prospective and retrospective) were included.
Excluded were studies not available in the English language, not

available as full text (eg, abstracts, conference reports), and non-
original studies (eg, systematic reviews, meta-analyses). Because
the focus of the review and analysis was the efficacy of VL versus
DL in real-life clinical practice, studies involving human subjects
during clinical scenarios were included, but studies that used other
advanced video-assisted intubation modalities such as fiberoptic
devices were excluded. Also excluded were studies of intubations
performed in prehospital settings by anesthesiologists, surgeons,
any physicians, or any care providers other than paramedics.
Finally, studies involving pediatric patients (as defined by the
authors) or non-human subjects (eg, manikins, animals, simula-
tors) were excluded. The references of included studies were
searched for additional eligible studies, but authors of included
studies were not contacted for more information.

Two investigators independently reviewed each title and
abstract for satisfaction of the inclusion criteria. Any discrepancy
was adjudicated by a third investigator. Any title and abstract
required agreement between two investigators before advancing
to full-text review.

Outcome Measures

The primary outcome was the first-pass success rate of VL versus
DL, defined as the proportion of intubations that were successful
on the first attempt in a given patient. Other outcomes included
overall success rate and the mean number of intubation attempts
for a given intubation encounter.

Risk of Bias and Heterogeneity
Cochrane’s Risk of Bias (RoB) tool Version 2 was applied to assess
the risk of bias for randomized trials, and the Newcastle-Ottawa
Scale (NOS) was used to assess quality of observational studies.!®!!
The Cochrane’s RoB tool assesses each study’s five domains (ran-
domization process, deviations from intended interventions, miss-
ing outcome data, measurement of outcome, and selection of
reported results) and grades a study according to the domain with
the highest risk of bias. The NOS assesses each study’s three
domains (quality of outcomes, comparability of groups, and cohort
selection) and assigns a maximum of nine points. High-quality
studies were assigned scores >seven; moderate- and low-quality
studies were assigned scores of four-to-six and <three, respectively.
The 12 values and Q-statistics were used to assess the hetero-
geneity of the meta-analysis. The Q-statistic tests for the null
hypothesis (ie, that all studies within this study would have similar
effect size), and the I? value shows the percentages of the
differences between studies’ effect size were not due to chance.

Data Extraction

Two investigators independently extracted data into a standardized
Excel spreadsheet (Microsoft Corp.; Redmond, Washington
USA). Data discrepancies between the investigators were adjudi-
cated by a third investigator. The final result was reported as the
consensus of the group.

Investigators collected the following information: year of pub-
lication, study design (retrospective versus prospective), study type
(randomized controlled trial, case studies), age of patients, gender
of patients (% females), Mallampati score, Cormack grade, oper-
ator experience, VL models, first-pass success rate, overall success
rate, number of intubation attempts for VL versus DL, time to
first-pass success, and operator satisfaction with VL versus DL.
If the success rates were not explicitly reported, they were calculated
using the reported number of successes and failures. The percent-
age of female patients was also calculated by dividing the reported
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Figure 1. PRISMA Flow Diagram.

number of female patients by the total number of participants. The
Mallampati scores, Cormack grades, operator experience, and
operator satisfaction were rarely reported in these studies.
Because these measurements were not consistently available, they
were not included in the analysis or the results.

Statistical Analysis
Continuous data were described as mean (SD). Where the authors
reported data as median (interquartile range [IQR]), the median
was converted to mean as previously reported.!? Random-effects
meta-analysis was performed for any two studies reporting the
same outcome. Comparisons of prevalence results (first-pass suc-
cess rates, overall success rates) between VL versus DL were
expressed as risk ratio with 95% confidence interval (95% CI).
Comparison of continuous outcomes (number of intubation
attempts) was expressed as difference in means with 95% CI.
Anticipating that there was heterogeneity among the included
studies, moderator analyses were performed to identify potential
sources of heterogeneity of the primary outcome. Categorical dem-
ographic data were used from individual studies as the moderators:

+« Manikin studies (n=13)
e Cadaver study (n=1)

Pourmand © 2023 Prehospital and Disaster Medicine

study design (retrospective versus prospective), type of operators
(paramedics versus combination of paramedics and nurses), mode
of transport teams (air versus ground), and type of VL design that
was used by the authors (hyperangulated device [King Vision;
Ambu Inc.; Columbia, Maryland USA] versus standard geometry
device [C-MAGC; Ronse, Belgium]).

Additional Analyses

Sensitivity analysis was performed to assess whether any single
study would affect the overall result of the study, since large studies
with more robust methods may have smaller effect size when com-
pared to small studies, due to the so-called “small study effect.”*?
The sensitivity analysis utilized one-study-removed random-effect
meta-analysis, in which each individual study is systematically
removed to perform meta-analysis on the rest of the studies.

To measure the chronological trend of the efficacy of using VL
in prehospital settings, random-effects cumulative meta-analysis
was performed. In this method, a random-effects meta-analysis
of the earliest published study was performed. Then a meta-analy-
sis of two studies was performed when the second earliest study was
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added to the first earliest study. The process was repeated until the
last study was added.

The funnel plot was not applied to assess publication bias
because of the small number of included studies, but both
Begg’s and Egger’s tests were used. When the P values for both
Begg’s and Eggers’ tests applied to the meta-analysis are greater
than .05, that study is less likely to have publication bias.
Publication bias was assessed further using Orwin’s Fail-safe
N test, which predicted the number of missing studies or future
studies that might have changed the meta-analysis effect size.

All random-effect meta-analyses and publication bias tests were
performed with Comprehensive Meta-Analysis software (www.
meta-analysis.com; Englewood, New Jersey USA). Tests with
two-tailed P values <.05 were considered statistically significant.

Results

Study Description

This study began with an electronic search that identified 307 stud-
ies. After reviewing 21 full-text studies, seven studies met the inclu-
sion criteria for final analysis (Figure 1). Two were randomized
control trials (2013 Guyette, 2017 Ducharme), one was a prospec-
tive study (2020 Garcia-Pintos), and four were retrospective studies
(2015 Jarvis, 2018 Louka, 2021 Huebinger, 2021 Lenz).!*2°
Three studies enrolled fewer than 100 patients (2017
Ducharme, 2018 Louka, 2020 Garcia-Pintos), while the 2021
Huebinger study involved a large population (22,132
patients).’>1720 In all the studies, a total of 6,674 patients under-
went intubation via VL and 17,279 patients underwent DL
(Table 1). Fourteen of 21 studies reported the outcomes of interest
but were excluded because they used cadaver?! or manikin conduits
and not living adult patients.?2=3

Risk of Bias and Quality Assessment
The two randomized trials (2013 Guyette, 2017 Ducharme) were
graded as having a high risk of bias due to their high risk of bias in
the domain of Selection of Reported Results (Figure 2). Among the
observational studies, 2020 Garcias Pintos was assigned six points,
reflecting a moderate study quality (Table 2).

For quality assessment of the observational studies, each of the
other observational studies received eight points on the NOS, indi-
cating high study quality (Table 2).

Primary Outcome: First-Pass Success Rate

Six studies reported first-pass success rate as one of the outcomes.
Overall, VL was associated with a statistically higher risk ratio of
first-pass success (Risk Ratio [RR]=1.116; 95% CI, 1.005-
1.23; P=.041); Figure 3A. The Pvalue for the Q-statistic was less
than .001, which rejected the null hypothesis and suggested that
the included studies did not share similar effect sizes. In addition,
12 value was 87%, suggesting that 87% of difference of effect size
between the included studies was due to sampling errors. In other
words, there was significant heterogeneity among the included
studies within the meta-analysis.

The cumulative meta-analysis showed that since Guyette, et al’s
study in 2013, the risk ratio for first-pass success initially started to
favor the use of VL devices with the addition of Ducharme, et al’s
study in 2017 (Figure 3B).1>!® However, the use of VL was not
associated with greater first-pass success until the last study by
Lenz, et al in 2021 was added.'

For sensitivity analysis, after each individual study was removed
from the meta-analysis, the risk ratio for first-pass success rate
remained between 1.042 and 1.156 (Figure 3C), which was well

within the 95% CI for the study’s 95% CI. This result suggested
that effect size was not overly influenced by any individual study.

The Egger’s and Begg’s P values for random-effect meta-analy-
sis were .86 and .99, respectively, which indicated low likelihood of
publication bias. Orwin’s Fail-safe N test showed that at least eight
missing studies or future studies with a risk ratio of 0.94 favoring
DL are needed to bring the risk ratio for first-pass success rate
to 1.00.

Moderator analyses showed that only prospective studies
(I2 = 0) were associated with low heterogeneity for the first-pass
success rate compared to retrospective studies (I =89%;
Table 3). None of the other categorical characteristics was associ-
ated with low heterogeneity between studies.

Secondary Outcome 1: Overall Success Rate
The random-effects meta-analysis of six studies for overall success
rate showed that the use of a VL device in the prehospital setting
was associated with higher risk ratio for overall intubation success
rate (RR =1.097; 95% CI, 1.01-1.18; P=.021); Figure 4A. The P
value for the Q-statistic was <.001 and the I? value was 85%, indi-
cating high heterogeneity among studies within this meta-analysis.

Cumulative analysis showed that the risk ratio for overall success
rate favoring VL was initially significant with the earlier study,
Jarvis, et al (Figure 4B), but it became non-significant with the
addition of the next three studies.'® The risk ratio for overall success
rate became statistically significant in 2021 with the addition of
Huebinger, et al and more recent studies.'®

The sensitivity analysis also showed that no single study overly
influenced the effect size of overall success rate, as the risk ratio for
one-study-removed meta-analysis ranged from 1.05 to 1.11
(Figure 4C), well within the 95% CI for the overall meta-analysis.

The Egger’s and Begg’s P values were .56 and .85, respectively,
suggesting low likelihood of publication bias for the overall success
rate meta-analysis. Orwin’s Fail-safe N test showed that seven
missing studies or future studies favoring DL are needed to bring
the risk ratio between VL versus DL for overall success rate
to 1.0.

Secondary Outcome 2: Number of Attempts

Four studies reported the outcome of number of attempts. Use of
VL was associated with lower mean number of attempts (difference
in means -0.529; 95% CI, -0.92 to -0.13; P = .008); Figure 5A.

The number of attempts for VL was not significantly less than
for DL until 2018, with the publication of Louka, et al, according
to the cumulative analysis (Figure 5B).!

From the sensitivity analysis for the number of attempts
(Figure 5C), the difference in means ranged from a very small dif-
ference (-0.075) to a larger difference in mean (-0.707). This sug-
gested that effect size was affected by the 2015 Jarvis, et al study.'’
When it was not present in the meta-analysis, VL was associated
with a small difference in means (-0.075).

For publication bias for mean number of intubation attempts,
the Egger’s and Begg’s Pvalues were .31 and .49, respectively, sug-
gesting low likelihood of publication bias. Orwin’s Fail-safe N test
showed that four missing studies or future studies favoring DL
(higher mean difference of 0.1 attempt than VL) are needed to
bring the mean difference between VL versus DL to zero.

Discussion

The meta-analysis presented here suggests that VL performed by
paramedics in the prehospital setting is associated with a higher
likelihood of first-pass success, a higher likelihood of overall
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Some concerns

Figure 2. Risk of Bias of Randomized Trial using the Cochrane Collaboration’s Risk of Bias Tool Version 2.

Study name Statistics for each study Success / Total

Risk Lower Uppe

ratio It Imit p-Vale VL DL
2013 Guy ette 0995 0941 1051 0854 298/348 439/510
2015 Jarvis 1694 1422 2018 0000 244/329 81/185
2017 Ducharme 0938 0680 1.293  06%4  25/40 28/42
2018 Louka 1219 1014 1465 0035 52/56 32/42
2021 Hwebinger  1.090 1071 1110 0000 4319/5702 11415/16430
2021 Lenz 0936 0802 1.092 0400 127/150 19/21

All L1116 1005 1239 0041

Heterogeneity Test

Q-value D(f) P 12 Prediction interval

40 5 0.001 87 95%Cl 0.7957-1.565

Risk ratio and 95% CI

Relative
weight
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14.64

7.45
14.06
24.58
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Figure 3A. Forest Plot of Random-Effects Meta-Analysis Comparing First-Pass Success Rates between Video Laryngoscopy

versus Direct Laryngoscopy.

success, and a lower mean number of attempts per intubation
encounter as compared to DL.

While prior analyses have addressed VL versus DL in the pre-
hospital setting,3*3° this is the first meta-analysis to the authors’
knowledge to exclusively assess efficacy of VL performed by para-
medics. Previous studies have observed that VL is more helpful for
first-pass success among non-expert intubators, which is in line
with the results of this meta-analysis. Savino 2017 found a sta-
tistically significant increase in first-pass success rates for nonphy-
sician providers with the use of VL (RR=1.83; 95% CI, 1.18-
2.84).3* Those results were not limited to paramedics, but the find-
ings presented here show a similar pattern and help to establish a
benefit to VL use by emergency medical personnel in the preho-
spital setting. First-pass success in endotracheal intubation has
been shown to limit adverse events for patients, which tend to occur
with successive intubation failures.?®>7 This suggests that VL use
in the prehospital setting may reduce adverse patient outcomes.
Further studies are needed to investigate whether the use of VL

in the prehospital setting would be associated with lower rates of
peri-intubation adverse events and improved outcomes.

However, there was significant heterogeneity for all collected
outcomes. The studies presented in this meta-analysis differed
greatly in study type, study design, and reported study outcomes.
Due to this large heterogeneity, 95% Cls for the prediction inter-
vals for all outcomes were wide, as the studies included in this
meta-analysis did not agree about the overall efficacy of VL in
the prehospital setting. For example, the prediction interval for
the first-pass success rate (95% CI, 0.795-1.56; Figure 3A) pre-
dicted that VL in the prehospital setting could be associated with
50% likelihood of a higher first-pass rate, but it could also be asso-
ciated with approximately 20% likelihood of a Jower first-pass
rate.

One potential source for this heterogeneity is the lack of infor-
mation on patient airway difficulty and on intubation operator
experience with both VL and DL. Because many of the studies
in this meta-analysis were conducted retrospectively, there is less
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Study name Cumulative statistics
Lower Upper

Point  hmit  lmomt  p-Value
2013 Guy ette 0995 0941 1051 0854
2015 Jarvis 1289 0765 2172 0339
2017Duchame 1173 0799 1722 0416
2018 Louka 1186 0904 1557 0218
2021 Huebinger  1.155 1028 1296 0.015
2021 Lenz 1116 1005 1239 0041
All L1116 1005 1239 0.041

298/348
542/677
567/717
619/773
4938/ 6475
5065 /6625

DL
439/510
520/695
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580/779

11995/17209
12014/17230
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weight

2316
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4525
5931
83.89
100.00
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Figure 3B. Cumulative Meta-Analysis Comparing First-Pass Success Rate between Video Laryngoscopy versus Direct
Laryngoscopy According to Chronological Order of Published Studies.

Study name

Statistics with study removed

Lower

Point  limit

2013 Guyette 1.

2015 Jarvis

2017 Ducharme 1.
2018 Louka 1.

2021 Huebinger 1.

2021 Lenz

All

156 0.972
1.042  0.965
132 1.014
100 0.980
130 0.920
1.155 1.028
1.116 1.005

Upper

limit p-Value

1.374
1.124
1.264
1.235
1.387
1.296
1.239

0.102
0.293
0.028
0.105
0.243
0.015
0.041

Risk ratio (95% CI)
with study removed

001 0.1 1 10 100

Favors Direct Laryngoscopy Favors Video Laryngoscopy
Pourmand © 2023 Prehospital and Disaster Medicine

Figure 3C. Sensitivity Analysis of First-Pass Success Rate, using One-Study-Removed Random-Effects Meta-Analysis.

Study name

Statistics for each study

Success / Total

Risk ratio and 95% CI

Relatve
weight

| 15.97

7.29
20.54
19.88
23.37
12.95

0.01 0.1 1 10 100

Favors DirectLaryngoscopy Favors Video Laryngoscopy

Risk Lower Upper
ratio  lmit it p-Vahe VL DL
2015 Jarvs 1410 1262 1576 0.000 301/329 120/ 185
2017 Ducharme 089% 0704 1139 0369 29/40 34/42
2018 Louka 1027 0965 1093 0398 56/56 41/42
2020 Garcia-Pmtos  1.042 0972 1117 0244  49/49 47749
2021 Huebmger 1130 1113 1147 0.000 4718/5702 12027/ 16430
2021 Lenz 1.024 088 118 0748 139/150 19/21
All 1097 1014 118 0021
Heterogeneity Test
Q-value D(f) P 12 Prediction interval
34 5 0.001 85 95%Cl 0.848-1.418
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Figure 4A. Forest Plot of Random-Effects Meta-Analysis Comparing Overall Success Rate between Video Laryngoscopy versus
Direct Laryngoscopy.
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Figure 4B. Cumulative Meta-Analysis Comparing the Overall Success Rate between Video Laryngoscopy versus Direct
Laryngoscopy.

Study name Statistics with study removed Risk ratio (95% CI)

Lower Upper with study removed

Point limit limit p-Value

2015 Jarvis 1.053 0984 1.126 0.133
2017 Ducharme 1.114 1.029 1.206 0.008
2018 Louka 1.113 1.012 1.225 0.028

2020 Garcia-Pintos 1.109 1.007 1221  0.036
2021 Huebinger 1.082 0958 1.223 0.206
2021 Lenz 1.108 1.017 1207 0.019

All 1.097 1.014 1.186 0.021

0.01 0.1 1 10 100

Favors Direct Laryngoscopy Favors Video Laryngoscopy
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Figure 4C. Sensitivity Analysis of Overall Success Rate, using One-Study-Removed Random-Effects Meta-Analysis.

Study name Statistics for each study Difference in means and 95% CI
Diference  Standard Lower Upper Relative
in means error limit limt p-Vabe VL DL weight
2013 Guyette 0.010 0.006 -0.003 0.023 0.123 348 510 25.35
2015 Jarvis -1.900 0.044 -1986 -1.814  0.000 329 185 ] 25.05
2017 Ducharme 0.000 0.084 -0.165 0.165 1.000 40 42 24.27
2018 Louka -0.220 0.011 -0242 -0.198 0.000 56 42 || 2533
All -0.529 0200 -0922 -0.137  0.008 -
Heterogeneity Test
-2.00 -1.00 0.00 1.00 2.00
Q-value D(f) P 12 Prediction interval

Favors Video Laryngoscopy Favors DirectLaryngoscopy
2050 3 0.001 99 95%Cl -2.44101.38
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Figure 5A. Forest Plot of Random-Effects Meta-Analysis Comparing the Number of Attempts between Video Laryngoscopy
versus Direct Laryngoscopy.
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Study name Cumulative statistics Cumulative difference in means (95% CI)
Standard Lower Upper Relative
Pomnt error limit limt p-Vae VL DL weight
2013 Guyette 0.010 0.006 -0.003 0.023 0.123 348 510 - 25.35
2015 Jarvis -0.945 0955 -2816 0.927 0.323 677 695 B 50.39
2017 Ducharme  -0.630 0.691 -1985 0.724 0362 717 737 B 74.67
2018 Louka -0.529 0.200 -0922 -0.137 0.008 773 779 —— 100.00
All -0.529 0.200 -0922 -0.137 0.008 -

-2.00 -1.00 0.00
Favors Video Laryngoscopy

1.00 2.00
Favors DirectLaryngoscopy
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Figure 5B. Cumulative Meta-Analysis Comparing the Number of Attempts between Video Laryngoscopy versus Direct
Laryngoscopy According to Chronological Order of Published Studies.

Study name Statistics with study removed Difference in means (95%

CI) with study removed

Standard Lower Upper
Pont error limit  hmit p-Value

2013 Guyette  -0.707 0.612 -1.906 0491 0.247 i

2015 Jarvis -0.075 0.096 -0.264 0.114 0.435 »
2017 Ducharme -0.699 0232 -1.154 -0244 0.003 i

2018 Louka -0.630 0.691 -1.985 0.724 0.362 ]

All -0.529 0.200 -0.922 -0.137 0.008 L
-2.00 -1.00 0.00 1.00 2.00

Favors Video Laryngoscopy Favors Direct Laryngoscopy
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Figure 5C. Sensitivity Analysis of Number of Attempts between Video Laryngoscopy versus Direct Laryngoscopy, using One-

Study-Removed Random-Effects Meta-Analysis.

control of the availability of study participant data. In fact, moder-
ator analyses identified the subgroup of retrospective studies as the
major source of heterogeneity for this meta-analysis. Therefore,
effect sizes from prospective studies were more likely to be similar
to one another, thus producing low heterogeneity. Well-defined
patient selection criteria that distinguish between patients with
perceived difficult airway and other patients are advisable for future
studies in order to better identify the characteristics of patients who
may benefit more from VL.

Another source of potential heterogeneity is the use of different
VL devices among different studies. However, the relevance of
these differences is still controversial in the current literature.
Findings from Pieters, et al 2016 suggest that VL devices differ
in terms of user satisfaction, adverse events (ie, dental clicks), speed
of intubation, and success rates.?® Nelson and colleagues in 201228
found no difference in first-attempt and overall success rates
between VL versus DL devices. In contrast, the authors of
Huebinger 2021, the largest study included in this analysis, did
not specify the type(s) of VL devices utilized in their large retro-
spective analysis.'® Nonetheless, the current moderator analysis
comparing three studies using standard geometry (C-MAC) video
laryngoscopes and two studies using hyperangulated (King Vision)
video laryngoscopes'>!”2’ showed no difference in the first-pass

success rate (Table 3), although this could be due to low power.
Because this link is unclear, further studies are needed to elucidate
whether certain devices are better suited for the prehospital setting.

Implications for Future Studies

The results of this meta-analysis suggest that for prehospital intu-
bations, VL. may have outcomes superior to those for DL.
However, factors including cost, operator experience and training,
maintenance, and specialized intubation situations have limited the
implementation of VL in the field. Further research is needed to
examine the linkage between VL use and patient outcomes and
to determine VL’s optimal use in the prehospital setting.

Most of the studies included in this meta-analysis were obser-
vational studies. Authors of the analyzed studies mostly performed
descriptive analyses to compare the success rate between the
groups, and they did not perform advanced hypothesis testing
analyses to take into account confounding factors such as operators’
experience and whether patients had difficult airways.
Furthermore, studies included in this meta-analysis did not report
adverse events during attempted intubations. For these reasons,
there is a need for further studies with more robust methodology
and more patient-related outcomes to provide the evidence base
for decision making and guidance for clinicians in the field.
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Meta-Analysis Heterogeneity Test Between-Group
Moderator Variable Comparison
No. Studies RR (95% CI) P Q-Value D(f) P 12 P
Study Design
Retrospective 4 1.19 (0.99-1.43) .59 29 3 .001 89 .23
Prospective 2 0.97 (0.74-1.28) .85 0.13 1 .72 0
Operators
Nurses & Paramedics 2 1.09 (0.83-1.43) .54 0.43 1 .038 76 .79
Paramedics Only 4 1.14 (0.93-1.39) .21 29 3 .001 89
Mode of Transport
Air 2 1.06 (0.86-1.29) .57 5 1 .031 78 .53
Ground 4 1.14 (1.001-1.31) .048 3 .001 91
Device Type
Standard Geometry 3 1.04 (0.86-1.25) 72 5 2 .08 61 .28
Hyperangulated Device 2 1.35 (1.030-1.77) .03 10 1 .002 90
Mixed Types 1.09 (0.81-1.47) 57 NA NA NA NA

Pourmand © 2023 Prehospital and Disaster Medicine

Table 3. Moderator Analysis for Potential Heterogeneity of Primary Outcome of First-Pass Success Rate Using Categorical

Variables to Compare Subgroups

Note: 95% CI indicates 95% confidence interval; RR, risk ratio; and NA, not applicable.

Limitations

This meta-analysis examined only seven studies, of which only two
(2013 Guyett, 2017 Ducharme) were randomized controlled trials.
Only 82 intubations were examined in 2017 Ducharme, which has
a much smaller sample size compared to some of the larger cohort
or observational studies. The ability to obtain informed consent in
emergency situations is extremely limited, so this review relied
largely on retrospective cohort studies, which were found to be a
large source of heterogeneity in this meta-analysis. Second, there
was a large variation in study settings: some were conducted in a
ground ambulance and others in a helicopter. The different modes
of transportation present unique challenges (ie, space limitations,
smoothness of ride) that may lead to variability of results, which
is not accounted for in these studies or this meta-analysis.
Finally, many patient characteristics were not reported in detail,
which may introduce some confounding or uncontrolled factors
into the analysis presented here. Most notably, only 2013
Guyette and 2020 Garcia-Pintos reported the Mallampati score
or Cormack grade,'® and no studies reported operator

experience. It was not possible to assess for the effects of differences
in airway difficulty or learning processes that may have contributed
to the large heterogeneity found in this analysis.

Conclusions

Video laryngoscopy was associated with higher first-pass success
rate, overall success rate, and fewer intubation attempts compared
with DL in the prehospital clinical settings. This meta-analysis
found high heterogeneity, and the included studies were, collec-
tively, at risk for bias because most of them were observational stud-
ies. Future studies that collect data and apply methodologies better
tailored to measure the variables relevant to non-experts’ perfor-
mance of intubation and laryngoscopy are needed to refine practice
and training in this field.
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Studv Name Intubations Study Type of VL Settin Female (%) First-Pass Success Rate (%) [ Overall Success Rate (%) | Number of Attempts (mean)
v (n) Design Device 2 9 ° VL DL VL DL VL DL
2021 22132 Retrospective | NR Ground 36.7% 75.8% 69.5% 80.8% 73.1% NR NR
Huebinger, Cohort
et al'®
2021 Lenz, 171 Retrospective | C-MAC Air NR 84.8% 90.5% 92.7% 90.5% NR NR
et al' Cohort
2020 Garcia- |49 Prospective | C-MAC Air 26.5% NR NR 100% 96% NR NR
Pintos, et al®® Observational
2018 Louka, |99 Retrospective | C-MAC Air NR 92.9% 76.2% 100% 97.6% 1.09 1.13
etal'” Cohort
2017 82 Randomized | King Vision Ground 25.6% 62.5% 66.7% 72.5% 81% 1 1
Ducharme, Controlled
etal'® Trial
2015 Jarvis, |514 Retrospective | King Vision Ground 39.9% 74.2% 43.8% 91.5% 64.9% NR NR
etal'® Cohort
2013 Guyette, | 858 Prospective | C-MAC Ground NR 85.6% 86.1% NR NR 1.17 1.16
et al'® Controlled
Trial
Pourmand © 2023 Prehospital and Disaster Medicine
Table 1. Characteristics of the Studies Included in the Meta-Analysis
Abbreviations: VL, video laryngoscopy; DL, direct laryngoscopy; NR, not reported.
*Brand names of devices were reported by the studies” authors.
Selection Comparability Outcome

Representative- Selection of Ascertainment | Outcome Does (%) Assessment of Follow-Up Adequacy of Total
Study ID ness of Non-Exposed | of Exposure (x) [ Not Present at Outcome (x) Outcome (x) Follow-Up (x) NOS Score

Exposed Cohort Cohort (%) Start of Study

(*) (*)
2015 Jarvis, * * * * * %k * * * (8)
etal'®
2018 Louka, * * * * * %k * * * (8)
etal'®
2020 Garcia, * * - * - % * * * (6)
Pintos®®
2021 Huebinger, * * * * * 5k * * * (8)
et al'®
2021 Lenz, etal' * * * * * % * * * (8)

Pourmand © 2023 Prehospital and Disaster Medicine

Table 2. Study Quality Assessment Using the Newcastle-Ottawa Scale of Observational Studies Included in the Meta-Analysis

Note: Number reported in the Total column 1s the Newcastle-Ottawa Scale score.
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