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Abstract 

Background Although Video laryngoscope (VL) can reduce the difficulty of endotracheal intubation and improve 
the glottic view, its use in critically ill patients is controversial.

Methods Randomized controlled trials (RCTs) of VL and direct laryngoscopy (DL) for critically ill patients were 
searched on electronic databases, including Web of Science, PubMed, and Embase. Additional publications were 
identified by screening the reference lists of the identified articles and relevant previously published reviews.

Results Overall, 25 RCTs involving 5836 critically ill patients were included in the analysis. There was no signifi-
cant difference in the first intubation rate between the VL and DL groups (25 studies; RR, 1.03; 95% CI 0.96–1.11; 
n = 5836; p = 0.37; very low certainty). However, Multivariate meta-regression analysis identified two main sources 
of bias: whether intubation was performed in a hospital (p = 0.04) and operator proficiency with DL compared to VL 
(p < 0.001). Subgroup analysis showed that VL improved the first intubation rate in in-hospital intubation (19 studies; 
RR, 1.12; 95% CI 1.04–1.22; n = 4441; p < 0.01, very low certainty) and VL showed good potential to reduce the first-
attempt intubation success rates, but not significantly (6 studies; RR, 0.75; 95% CI 0.56–1.00; n = 1395; p = 0.05, very low 
certainty). In subgroups with similar operator proficiency VL and DL, VL increased the success rate for first intubation 
(16 studies; RR, 1.14; 95% CI 1.06–1.23; n = 3,971; p < 0.01; very low certainty). However, VL decreased the first intuba-
tion rate (4 studies; RR, 0.65; 95% CI 0.49–0.88; n = 810; p < 0.01; very low certainty) in a subgroup where operator 
proficiency was higher for DL than for VL.

Conclusion VL does not increase the first intubation rate. However, VL increases the first-attempt intubation success 
rate for in-hospital intubation and operators with similar proficiency in VL and DL.

Keywords Video laryngoscopy, Direct laryngoscopy, Randomized controlled trials, Systematic review and meta-
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Graphical Abstract

Introduction
Airway obstruction and respiratory failure are important 
causes of rapid death in critically ill patients [1]. Rapid 
and effective tracheal intubation is an important meas-
ure to improve life-threatening respiratory symptoms. 
The first-attempt intubation success rate in critically ill 
patients is significantly related to the risk of death [2]. 
However, the first intubation in critically ill patients still 
has a high failure rate of about 20–30% [3].

Video laryngoscope (VL) is equipped with a camera 
at the distal end of the blade, which can expose the glot-
tis and facilitate tracheal intubation even when the oral, 
pharyngeal, and laryngeal axes are not aligned [4]. VL 
reduces the difficulty and operator threshold of tracheal 
intubation [5].

While direct laryngoscope (DL) has been a mainstay of 
clinical practice for tracheal intubation, the use of VL has 
increased dramatically in recent years [6, 7]. Although 
VL has achieved good results in surgical patients [8], its 
application in critically ill patients remains controversial 
[9, 10]. Numerous randomized controlled trials (RCTs) 
have been conducted to evaluate the impact of VL and 
DL on the first-attempt intubation success rate in criti-
cally ill patients. However, inconsistent results have been 
obtained due to factors such as patient disease type, 

operator proficiency, and difficult airway proportion, 
among others [3, 11–13]. Jiang et al. conducted a meta-
analysis and reported that VL might not improve the 
first-attempt intubation success rate [9]. However, sub-
sequent RCTs [3, 12, 14] reported that VL had a higher 
first-attempt intubation success rate than DL. Recently, 
Kim et  al. conducted a meta-analysis and reported that 
although VL could not improve the first-attempt intuba-
tion success rate, it outperformed DL in inpatients, the 
difficult airway subgroup, and operators with limited 
experience [10].

Araújo et al. reported that VL could improve the first-
attempt intubation success rate, but their study did not 
include patients with prehospital intubation [15]. Their 
meta-analysis did not perform a subgroup analysis to 
determine operators’ experience with VL [10, 15].

The use of VL increased significantly after the corona-
virus disease 2019 (COVID-19) pandemic, during which 
experience with VL expanded across various institutions, 
potentially influencing the results. Previous meta-analy-
ses did not account for the research period [9, 10]. Mean-
while, a recent high-quality, large-scale RCT reported 
that the first-attempt intubation success rate of the VL 
group was significantly higher than that of the DL group, 
potentially influencing the findings [3].
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Herein, a meta-analysis of RCTs was conducted to 
explore whether VL can increase the first-attempt intu-
bation success rate and reduce intubation complications 
compared to DL.

Methods
This meta-analysis was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO, 
registration number CRD42023456356). Two investiga-
tors (Yang and Yuan) performed a literature search, data 
extraction, and statistical analysis, and any discrepan-
cies were resolved through a consensus discussion with a 
third party (Chen).

Literature search
Relevant studies were searched on the Web of Science, 
PubMed, and Embase electronic databases from incep-
tion until September 8, 2023. Additional publications 
were identified by screening the reference lists of the 
identified articles and relevant previously published 
reviews. Relevant publications were searched by a com-
bination of subject terms and subheadings. The search 
terms used in this study were derived from a previous 
study, which included “video laryngoscope,” “Glidescope,” 
“video laryngoscopy,” “C-MAC,” and “McGrath,” among 
others [9]. The search strategy is detailed in the supple-
mentary document (Table S1).

Literature selection
Only RCTs comparing VL and DL for tracheal intuba-
tion of critically ill patients were included in this meta-
analysis. The experimental population included patients 
in pre-hospital emergency care, emergency departments, 
and intensive care units.

Patient screening
The inclusion criteria included adult patients and criti-
cally ill patients requiring tracheal intubation. The 
exclusion criteria were surgical patients, patients with 
cervical spine injury, pediatric patients, cadaver models, 
and human models.

Outcomes
The primary outcome was the first-attempt intubation 
success rate. Secondary outcomes included intubation 
duration, overall intubation success rate, esophageal intu-
bation rate, aspiration incidence rate, and hospital mor-
tality rate.

Data extraction
Two investigators (Yang and Yu) independently per-
formed data extraction, focusing mainly on patient base-
line characteristics. The extracted data included study 

execution time, operator proficiency, sedative use, mus-
cle relaxant use, presence of a difficult airway, incidence 
of cardiac arrest, and type of VL device used.

Experienced operators were defined as registered anes-
thesiologists, emergency medical service personnel, or 
physicians with over 3 years of intubation experience or 
> 30 intubations [9]. Unlike previous studies, operator 
proficiency with VL was also assessed. Operator profi-
ciency with VL was defined as VL long-term use experi-
ence before the study or ≥ 30 successful intubations with 
VL.

The mean and standard deviation (SD) for continuous 
variables were extracted, but if they could not be directly 
extracted, the median and interquartile range were con-
verted to the mean and SD as previously described [16].

Based on previous studies, studies with a proportion 
of cardiopulmonary resuscitation patients close to or 
exceeding 50% were defined as Main, whereas those with 
less than 50% were defined as less [10]. Since the Cor-
mack–Lehane score has high accuracy in predicting dif-
ficult airways, a Cormack–Lehane score ≥ 3 was defined 
as a difficult airway in our study. Meanwhile, studies with 
difficult airways ≥ 40% were defined as Main, while those 
with < 40% were defined as less.

Risk of bias and study quality assessment
Risk of bias assessment and study quality evaluation 
were conducted by two investigators (Yang and Yu). The 
Risk of Bias version 2 (ROB2) tool was used for risk of 
bias assessment [16]. The Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) sys-
tem was used to evaluate the outcomes [17].

Statistical analysis
Continuous data were expressed as standardized mean 
difference (SMD) and 95% confidence interval (CI). 
Binary data were expressed as relative risk (RR) and 95% 
CI. A p-value < 0.05 was considered statistically signifi-
cant. The chi-squared test and I2 statistic were used to 
quantify heterogeneity. A random effects model should 
be used if the chi-squared test shows a p-value of less 
than 0.1. An  I2-value ≥ 50% indicated high heteroge-
neity, and the random effects model was applied. An 
 I2-value < 50% indicated low heterogeneity, and the fixed 
effects model was applied. If the results of the main out-
come were from at least 10 trials, a funnel plot was used 
to assess bias qualitatively, and the trim-and-fill method 
was used to evaluate the change in results after correct-
ing bias. The Begg’s test method was used to quantita-
tively assess reporting bias.

Sensitivity analysis was performed for the first-attempt 
intubation success rate using the leave-one-out method. 
Meta-regression and subgroup analyses were performed 



Page 4 of 18Yuan et al. European Journal of Medical Research          (2025) 30:282 

for a pre-hospital and in-hospital emergency, difficult air-
way, study time, respiratory, cardiac arrest, operator pro-
ficiency, and VL proficiency.

Results
The initial search strategy yielded 4034 articles, of 
which 1489 were retained after removing duplicates. 
After screening the titles and abstracts, 84 articles were 
selected. Nine articles on pediatric patients, five on cer-
vical spine injury, eight on non-RCTs, 15 on surgical 
patients, and 22 on irrelevant studies were excluded after 
full-text screening. Twenty-five studies involving 5836 
patients were included in the final analysis [3, 11–14, 18–
37] (Fig. 1).

Study characteristics and quality
The characteristics of the included studies are shown in 
Table  1. Five studies were multicenter RCTs [3, 22, 34, 
35, 37], and 20 were single-center RCTs [11–14, 18–21, 
23–33, 36]. Six studies were conducted in a pre-hospital 
setting [13, 33–37], and 19 studies were conducted in a 
hospital setting [3, 11, 12, 14, 18–32]. The 25 included 
studies were conducted in 14 countries, including Aus-
tria, Canada, Egypt, France, Germany, India, Iran, Japan, 
Korea, Switzerland, Thailand, Turkey, the United States, 
and China. Two studies [13, 25] were conducted before 
2011, 8 studies [20, 24, 26–28, 30, 33, 37] were conducted 
between 2011 and 2014, 11 studies [11, 12, 18, 19, 21, 
22, 29, 31, 32, 34, 35] were conducted between 2015 and 
2018, and 4 studies [3, 14, 23, 36] were conducted after 
2018. Seven studies focused on patients with cardiac 
arrest [13, 30, 33–37]. Fourteen studies [3, 11–13, 18, 
19, 23, 27, 30, 32, 33, 35–37] had operators with exten-
sive experience in endotracheal intubation, but only six 
studies [3, 12, 18, 23, 30, 36] had operators with exten-
sive experience in VL. In the study by Arima et al. [33], 
although their institution had experience with VL, DL 
was used more often, and user experience bias could 
affect the final outcome, and this has been highlighted in 
the limitations section. Therefore, we classified the expe-
rience with VL in their study as “Unknown”. In 4 studies 
[11, 13, 33, 37], the operators were more familiar with 
DL than VL. Only one study [26] had patients with dif-
ficult airways as the main. The specific characteristics 
are shown in Table 1. Figure 2 shows that 19 studies [3, 
12–14, 18–21, 23, 25, 27–29, 31–33, 35–37] were catego-
rized as low risk, five studies [22, 24, 26, 30, 34] were high 
risk, and one study had unknown risk. Table  S2 shows 
the GRADE scores for the results.

First‑attempt intubation success rate
No statistically significant difference in the first-attempt 
intubation success rate of patients was found between 

VL and the DL groups (25 studies; RR, 1.03; 95% CI 
0.96–1.11; n = 5,836; p = 0.37; very low certainty) (Fig. 3, 
Table  2). Besides, no statistically significant difference 
in first-attempt intubation success rate was detected 
after correcting for bias by drawing a funnel plot with 
the trim-and-fill method (RR, 0.99; 95% CI 0.93–1.07; 
p = 0.88) (Figure S1). The Begg’s test showed no obvious 
publication bias (p = 0.76).

Sensitivity and meta‑regression analyses
The leave-one-out sensitivity analysis suggested that 
Trimmel et  al. [13] and Trimmel et  al. [37] had a great 
impact on the study results but without a statistical dif-
ference (p > 0.05) (Fig.  4). Meta-regression analysis 
revealed that study time (Fig. 5), whether intubation was 
performed in the hospital, cardiac arrest, and the dif-
ference in operator proficiency in VL and DL were the 
primary sources of bias (p < 0.05) (Table 3). Multivariate 
meta-regression analysis showed that whether an intuba-
tion was performed in the hospital and the operator pro-
ficiency with the difference between VL and DL were the 
main factors of bias (p < 0.05) (Table  S3). After exclud-
ing studies with a difference in operator proficiency in 
VL and DL, the first-attempt intubation success rate 
was significantly higher in the VL group than in the DL 
group (21 studies; RR, 1.11; 95% CI 1.04–1.19; n = 5,026; 
p < 0.01, very low certainty) (Figure S2).

Subgroup analysis
In the pre-hospital subgroup, VL shows a trend towards 
reduced first-attempt intubation success rates, but 
without statistical significance (6 studies; RR, 0.75; 
95% CI 0.56–1.00; n = 1395; p = 0.05, very low cer-
tainty) (FigureS3). In the in-hospital subgroup, the VL 
group had a significantly higher first-attempt intuba-
tion success rate than the DL group (19 studies; RR, 
1.12; 95% CI 1.04–1.22; n = 4441; p < 0.01, very low 
certainty) (Figure S3). In the main difficult airway sub-
group, only one report showed that the VL group had 
a higher first-attempt intubation success rate than the 
DL group (1 study; RR, 1.22; 95% CI 1.02–1.47; n = 97; 
p = 0.03; low certainty) (Figure S4, Table 2). In the less 
difficult airway subgroup, no statistical difference in 
the first-attempt intubation success rate was found 
between VL and DL groups (22 studies; RR, 1.02; 95% 
CI 0.94–1.11; n = 4,976; p = 0.59; very low certainty) 
(Figure S4, Table  2). In the main-cardiac arrest sub-
group, the VL group had a lower risk of first-attempt 
intubation success than the DL group, but without 
a statistical difference (6 studies; RR, 0.85; 95% CI 
0.68–1.08; n = 1,323; p = 0.18; very low certainty) (Fig-
ure S5, Table  2). In the less-cardiac arrest subgroup, 
VL improved the first-attempt intubation success rate 



Page 5 of 18Yuan et al. European Journal of Medical Research          (2025) 30:282  

of patients compared with DL (19 studies; RR, 1.09; 
95% CI 1.00–1.18; n = 4,513; p = 0.04; very low cer-
tainty) (Figure S5, Table  2). No statistical difference 
in the first-attempt intubation success rate was found 
between VL and DL groups in the Lower 2011 sub-
group (2 studies; RR, 0.73; 95% CI 0.37–1.41; n = 835; 
p = 0.34, low certainty), 2011–2014 subgroup (8 studies; 

RR, 1.02; 95% CI 0.81–1.28; n = 1177; p = 0.85; very low 
certainty) and the 2015–2018 subgroup (11 studies; RR, 
1.06; 95% CI 0.97–1.16; n = 2040; p = 0.19) (Figure S6, 
Table  2). VL significantly increased the first-attempt 
intubation success rate in the Higher 2018 subgroup (4 
studies; RR, 1.16; 95% CI 1.06–1.26; n = 1784; p < 0.01; 
low certainty) (Figure S6, Table  2). No significant 

Fig. 1 Literature screening flowchart
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statistical difference in the first-attempt intubation suc-
cess rate was observed between the VL and DL groups 
in the experienced operator subgroup (14 studies; RR, 
0.98; 95% CI 0.89–1.08; n = 3841; p = 0.64; very low 
certainty) (Figure S7, Table  2). In the -inexperienced 
operator subgroup, there was an upward trend in the 
first-attempt intubation success rate in the VL group, 
but without a statistical difference (10 studies; RR, 
1.11; 95% CI 0.99–1.24; n = 1852; p = 0.09; very low cer-
tainty) (Figure S7, Table  2). No significant difference 
was found between the VL and DL groups in the VL 
inexperienced subgroup (13 studies; RR, 0.99; 95% CI 
0.84–1.15; n = 2553; p = 0.87, very low certainty) (Fig-
ure S8 Table  2). Similarly, there was an upward trend 
in first-attempt intubation success rate in the VL group 
in the VL experienced subgroup (6 studies; RR, 1.18; 
95% CI 1.08–1.30; n = 2119; p < 0.01; very low certainty) 
(Figure S8, Table 2). VL reduced the first-attempt intu-
bation success rate in the subgroup of operator profi-
ciency with DL over VL (4 studies; RR, 0.65; 95% CI 
0.49–0.88; n = 810; p < 0.01; very low certainty). VL 
increased the first-attempt intubation success rate in 
the operator proficiency without difference between 
the VL and DL subgroup (16 studies; RR, 1.14; 95% CI 

1.06–1.23; n = 3971; p < 0.01; very low certainty) (Figure 
S9, Table 2).

Secondary outcomes
No statistically significant difference in the overall 
intubation success rate was found between VL and 
DL groups (19 studies; RR, 0.98; 95% CI 0.93–1.03; 
n = 4261; p = 0.34; very low certainty) (Figure S10, 
Table  S4). Similarly, there was no significant differ-
ence in the intubation time between the two groups 
(21 studies; SMD, − 0.05; 95% CI − 0.29–0.18; n = 5273; 
p = 0.65; very low certainty) (Figure S11, Table S4). The 
esophageal intubation rate of the VL group was signifi-
cantly lower than that of the DL group, with a statisti-
cally significant difference (13 studies; RR, 0.36; 95% CI 
0.21–0.61; n = 3376; p < 0.01; moderate certainty) (Fig-
ure S12, Table S4). No statistically significant difference 
in the aspiration rate was observed between the two 
groups (7 studies; RR, 0.88; 95% CI 0.51–1.54; n = 2463; 
p = 0.66; low certainty) (Figure S13, Table  S4). No sta-
tistically significant difference in the hospital mortality 
rate was found between VL and DL groups (6 studies; 
RR, 1.04; 95% CI 0.93–1.18; n = 2591; p = 0.47; low cer-
tainty) (Figure S14, Table S4).

Fig. 2 Risk of bias summary
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Discussion
In this study, VL did not significantly increase the first-
attempt intubation success rate compared with DL. 
However, there was marked heterogeneity in the results. 
Meta-regression analysis with an unadjusted model 
showed that the primary sources of heterogeneity were 
the time of the study, whether intubation was performed 
in-hospital, cardiac arrest, and differences in operator 
proficiency in the application of DL and VL. Multivariate 
meta-regression analysis shows the result is influenced 
by the operator proficiency with DL over VL, study site. 
Sensitivity analysis excluding studies of operator profi-
ciency with DL over VL showed that the VL group had a 
higher first-attempt intubation success rate than the DL 
group. In the in-hospital subgroup, less-cardiac arrest 

subgroup, main-difficult airway subgroup, higher 2018 
subgroup, VL experienced subgroup, and operator profi-
ciency with no difference between VL and DL subgroup, 
VL increased the first-attempt intubation success rate. 
Meanwhile, VL reduced the probability of esophageal 
intubation.

VL is a laryngoscope blade with a high-definition 
camera mounted on the front end, which transmits the 
image in front of the laryngoscope to a monitor [38]. 
VL has a better view than the traditional laryngoscope. 
While the operator’s field of view is only 10–15 degrees 
under DL, the VL expands the field of view to about 
60–80 degrees, significantly improving the visibility of 
the glottis [39]. VL has achieved good results in sur-
gical anesthesia applications, increasing the patient’s 

Fig. 3 VL vs. DL for first-attempt intubation success rate. VL Video laryngoscopy, DL direct laryngoscopy, RR relative risk, CI confidence interval
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one-time intubation success rate and reducing the risk 
of esophageal intubation, ultimately achieving better 
results in difficult airway patients and inexperienced 
doctors [40, 41].

Critical patients often have difficulty in effective pain 
relief and sedation, hemodynamic instability, severe air-
way contamination, severe hypoxemia, and other con-
ditions. Tracheal intubation of critically ill patients is 
more difficult than that of surgical patients. Critically 
ill patients have hypoxia, and rapid establishment of the 
airway can help reduce hypoxia time and complications 
such as atrial fibrillation, hypotension, aspiration, bleed-
ing, etc. [42]. The clinical application of VL in critically 
ill patients remains controversial. Trimmel et  al. and 
Arima et  al. reported that VL reduced the first-attempt 
intubation success rate [13, 33, 37]. However, some RCTs 
reported that VL can increase the first-attempt intuba-
tion success rate of critically ill patients [12, 24, 26, 36]. 
The discrepancies between the results may be attributed 
to variations in in-hospital intubation rates, study time, 

difficult airway ratio, respiratory cardiac arrest ratio, and 
operator proficiency.

Our study found that VL did not increase the first-
attempt intubation success rate but with high levels of 
heterogeneity. This result is consistent with that reported 
in a previous study [10]. In contrast, Azam et  al. found 
that VL is a more effective and safer strategy than DL in 
terms of improving the first-attempt intubation success. 
This difference observed with our findings is likely due 
to the inclusion of observational studies in Azam’s study 
[43]. Meta-regression analysis with an unadjusted model 
showed that this result was affected by different factors 
such as in-hospital intubation, study time, respiratory 
cardiac arrest ratio, and operator proficiency of VL and 
DL. VL reduced the first-attempt intubation success rate 
in the pre-hospital emergency subgroup (p = 0.05) but 
increased the first-attempt intubation success rate in 
the in-hospital intubation patients. This result is similar 
to the meta-analysis results of Jing et  al. and Kim et  al. 
[9, 10]. Pre-hospital emergency intubation often faces 

Table 2 VL vs. DL for first-attempt intubation success rate

VL Video laryngoscopy, DL direct laryngoscopy, RCT  Randomized controlled trials, RR relative risk, CI confidence interval, M-H Mantel–Haenszel

First outcome Studies Patients Heterogeneity Heterogeneity statistical method Effect estimate (p value)

First-attempt intubation 
success rate

25 5836 87%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.03 [0.96–1.11] (p = 0.37)

Sensitivity analysis 21 5026 86%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.11 [1.04–1.19] (p < 0.01)

Subgroup analysis

 Intubation site

 Pre-hospital 6 1395 94%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.75 [0.56–1.00] (p = 0.05)

 In-hospital 19 4441 87%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.12 [1.04–1.22] (p < 0.01)

Difficult airway

 Less 22 4976 89%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.02 [0.94–1.11] (p = 0.59)

 Main 1 97 _ Risk ratio (M-H, random, 95% CI) 1.22 [1.02–1.47] (p = 0.03)

Cardiac arrest

 Less 19 4513 88%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.09 [1.00–1.18] (p = 0.04)

 Main 6 1323 93%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.85 [0.68–1.08] (p = 0.18)

Study time

 Lower2011 2 835 98%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.73 [0.37–1.41] (p = 0.34)

 2011–2014 8 1177 92%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.02 [0.81–1.28] (p = 0.85)

 2015–2018 11 2040 80%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.06 [0.97–1.16] (p = 0.19)

 Higher2018 4 1784 53%, p = 0.10 Risk ratio (M-H, random, 95% CI) 1.16 [1.06–1.26] (p < 0.01)

Operator proficiency for intubation

 Experienced 14 3841 92%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.98 [0.89–1.08] (p = 0.64)

 Unexperienced 10 1852 63%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.11 [0.99–1.24] (p = 0.09)

Operator proficiency for VL

 Experienced 6 2119 68%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.18 [1.08–1.30] (p < 0.01)

 Unexperienced 13 2553 87%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.99 [0.84–1.15] (p = 0.87)

Operator proficiency was higher for DL than for VL

 No 16 3971 71%, p < 0.01 Risk ratio (M-H, random, 95% CI) 1.14 [1.06–1.23] (p < 0.01)

 Yes 4 810 85%, p < 0.01 Risk ratio (M-H, random, 95% CI) 0.65 [0.49–0.88] (p < 0.01)
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a series of problems. Trimmel et  al. reported that the 
main reason for the failure of VL intubation was oral 
contamination, leading to insufficient light source and 
lens fogging, as well as environmental light, which leads 
to insufficient display brightness [13, 37]. Although VL 
can better expose the glottis, it further complicates the 
intubation process because the mouth, pharyngeal axis, 
and laryngeal axis are not in a straight line, offsetting the 
benefits of sufficient exposure [3, 22]. In-hospital intuba-
tion has some advantages over pre-hospital intubation, 
such as adequate staff and external environment, timely 
treatment of oral contamination, reduced camera fog-
ging, and sufficient analgesia and sedation for patients. 
The different outcomes of pre-hospital and in-hospital 
intubation may also be influenced by factors such as 
study time and operator proficiency. Some studies in 
the pre-hospital subgroup were completed before 2019, 

and meta-regression analysis showed that the results 
were more favorable to the VL group as the study year 
increased. Additionally, in the pre-hospital subgroup, 
although Trimmel et al. studies had operators with more 
tracheal intubation experience, they only used VL for 2–5 
cases under the operating room [13, 37]. In the study by 
Arima et al. [33], half of the operators had VL experience 
but significantly less than DL. It is likely that these opera-
tors may have some mastery of DL but to a lesser degree 
compared with VL. After excluding studies with this phe-
nomenon [11, 13, 33, 37], sensitivity analysis showed that 
VL increased the first-attempt intubation success rate of 
critically ill patients. Whether VL can increase the first-
attempt intubation success rate of pre-hospital intubation 
patients warrants further exploration.

The subgroup analysis on time demonstrated that 
studies after 2018 tended to show that VL increased the 

Fig. 4 Leave-one-out sensitivity analysis forest plot for first-attempt intubation success rate. VL Video laryngoscopy, DL direct laryngoscopy, RR 
relative risk, CI confidence interval
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first-attempt intubation success rate. This may be related 
to the increased experience of using VL after 2018. VL 
was increasingly applied during the COVID-19 epidemic 
to increase the distance between physicians and patients 
and reduce the risk of infection [44]. Meanwhile, based 
on the studies included in the analysis, the proportion of 
experienced physicians in the VL group increased sig-
nificantly after 2018. In a multifactorial meta-regression 
model, no significant difference in the study time was 
found between the two groups, but there was a signifi-
cant statistical in operator proficiency between VL and 

DL. The high effect of research time on the outcome may 
be ascribed to the increase in VL usage experience.

Subgroup analysis suggested that patients with a lower 
proportion of cardiopulmonary arrest were more likely 
to benefit from VL. This result was different from that of 
Kim et al. [10], mainly due to the inclusion of a study by 
Prekker et  al. [3], a large-sample, multi-center study in 
which VL showed better performance than DL [3, 10].

Cox et  al. and Jing et  al. reported that VL can reduce 
the rate of esophageal intubation [9, 45], which corre-
sponds with our results. This may be related to the better 

Fig. 5 Meta-regression analysis bubble plot of study time and first intubation success rate

Table 3 The results of meta-regression analysis of unadjusted model

VL Video laryngoscopy, DL direct laryngoscopy, CI confidence interval

Factor Tau2 Estimate 95%CI p

Site-prehospital 0.02 − 0.37 − 0.53 ~ − 0.21 < 0.001

Study time 0.02 0.03 0.01 ~ 0.05 < 0.001

Difficult airway-Main 0.03 0.18 − 0.20 ~ 0.56 0.347

Cardiac arrest-Main 0.02 − 0.21 − 0.38 ~ − 0.05 0.009

Operator proficiency for intubation-Unexperienced 0.02 0.13 − 0.03 ~ 0.29 0.102

Operator proficiency for VL -Unexperienced 0.03 − 0.18 − 0.39 ~ 0.03 0.084

Operator proficiency was higher for DL than for VL 0.01 − 0.52 − 0.69 ~ − 0.35 < 0.001
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visual exposure of VL. Intubation under direct vision can 
reduce the possibility of the tube entering the esophagus.

Although we found that VL did not improve the first-
attempt intubation success rate, the quality of evidence 
is low due to the high heterogeneity among populations 
enrolled in the respective studies and methods used. Pro-
ficiency is a major factor influencing the success rate of 
first-attempt intubation. As clinicians become familiar 
with the use of VL, its adoption will increase in multi-
ple institutions. Although the results do not support the 
utility of VL in pre-hospital emergency care, the results 
regarding the benefits of DL and VL differ across stud-
ies due to differences in operator proficiency. Therefore, 
further studies are needed to clarify whether VL can 
improve the success rate of first-attempt intubation in 
prehospital emergency care.

Limitations
Firstly, due to the complexity of the study design, each 
subgroup included different patients, differing in whether 
they were intubated in the hospital, blade types, channel-
type VL, difficult airway proportion, cardiopulmonary 
arrest proportion, and operator proficiency. These fac-
tors may bias the study results. In the subgroup analysis, 
it was difficult to control other factors while controlling 
for one factor, resulting in results with a high level of 
heterogeneity. Secondly, there is no accurate and quan-
titative indicator for assessing operator proficiency, and 
thus, the intubation level varied even among operators 
who were rated as experienced. Moreover, it was difficult 
to determine the number of VL in most studies, which 
might reduce the robustness of results of the VL profi-
ciency subgroup.

Conclusions
In this study, VL did not improve the first-attempt intu-
bation success rate compared with DL, but this finding 
may be affected by the high heterogeneity across studies, 
the operator proficiency with DL over VL, and in-hos-
pital intubation. In addition, VL can improve the first-
attempt intubation success rate in in-hospital intubation, 
difficult airway, non-respiratory cardiac arrest, and rich 
experience in VL operation subgroups.
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