
M E D I C I N E

 Original Article

Video Versus Direct Laryngoscopy for 
 Inpatient Emergency Intubation in Adults
A Systematic Review and Meta-Analysis of  Randomized Controlled Trials

Tanja Rombey, Mark Schieren, Dawid Pieper

A irway management is a life-saving measure for se-
verely injured and critically ill patients. According 
to the German Trauma Surgery Society (Deutsche 

Gesellschaft für Unfallchirurgie), 22% of severely in-
jured patients admitted to hospitals via the emergency 
room in 2016 were intubated at the site of injury and a 
further 15% in the emergency room itself. Of the patients 
transferred to the intensive care unit, 39% were intubated 
and mechanically ventilated (1). There are no recent data 
revealing the absolute number of emergency intubations 
in the hospital setting in Germany.

The standard procedure for securing the airway is 
endotracheal intubation by means of conventional di-
rect laryngoscopy (DL). Despite the unpredictability 
and urgency of emergency intubation, the success rate 
of DL usually exceeds 85% (2, 3). However, 
 intubation safety may be affected by the short prep-
aration time, the possible lack of control over events 
in the vicinity, the varying degree of training of the 
persons performing the intubation, and the patient’s 
unstable state and lowered cardiorespiratory reserves. 
Compared with elective intubation, emergency intu-
bation is therefore associated with an elevated risk of 
procedure-related complications and severe adverse 
events such as aspiration, a fall in oxygen saturation, 
or even death.

There are indications of a strongly positive corre-
lation between the number of intubation attempts and 
the rate of complications (4, 5). To increase the safety of 
intubation, therefore, the number of intubation at-
tempts should be minimized and the first-pass success 
rate maximized. Video laryngoscopy (VL) may be 
 advantageous in this regard because it visualizes the 
vocal cord level indirectly by means of an inbuilt 
camera and a video screen, thus significantly 
 improving the view of the glottis (6). For this reason, 
VL has proved to be particularly beneficial for less 
experienced users and in patients with difficult air-
ways (7). Moreover, VL can be used in the event of 
failure to achieve intubation with DL (8).

Recent systematic reviews of the use of VL in 
emergency airway management have concerned 
themselves with studies from one of two areas: out-
of-hospital emergency medicine (9) or intensive care 
(10–12). There are no systematic reviews based on 
randomized controlled trials from the emergency 
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room or a combination of the two hospital settings 
(emergency department and intensive care unit). 
Therefore, in order to accurately reflect the complex 
clinical reality of hospital emergency intubation, 
characterized by heterogeneity of settings, devices, 
and levels of training, we included studies from both 
the emergency room and the intensive care unit in our 
review. 

The results of the three recent systematic reviews 
point to superiority of VL. The difference is not statis-
tically significant, however, as only three (10), five 
(11), and four (12) randomized controlled trials were 
included. Some of these studies excluded patients 
with difficult airways and are therefore not represen-
tative of clinical practice.

Our aim was to determine whether or not video 
 laryngoscopy is superior to direct laryngoscopy for 
emergency intubation of adults in the hospital setting.

Methods
This systematic review was performed in line with the 
recommendations of the Cochrane Handbook for 
 Systematic Reviews of Interventions (Cochrane 
 Handbook) (13) and the PRISMA Statement (14). It was 
registered with PROSPERO (CRD42017065015) (15).

Inclusion criteria
We included randomized controlled trials that com-
pared video laryngoscopy and direct laryngoscopy 
for urgent intubation of adults in the hospital setting 
and reported data for at least one of the predefined 

endpoints. Our primary endpoint was successful intu-
bation at the first attempt. The following variables 
were used as secondary endpoints: overall success of 
intubation, number of attempts at intubation, time to 
successful intubation, and complications or serious 
adverse events. 

Literature survey
The databases MEDLINE, Embase, and CENTRAL 
(Cochrane Central Register of Controlled Trials) were 
searched for relevant studies. The search strategy 
 (eTable 1) was formed of relevant keywords and trade 
names and an RCT filter (RCT, randomized controlled 
trial) provided by the Cochrane Collaboration (16). No 
restrictions were imposed on language, publication 
date, or publication type. All searches were last updated 
in November 2017. Additional information on screen-
ing and other sources of data can be found in eBox 1.

Data extraction and assessment of risk of bias
Two authors (TR, DP) independently recorded data on 
study characteristics and results using standardized 
data extraction sheets. The risk of bias for the included 
studies was evaluated by means of the Cochrane 
 Collaboration’s tool for assessing risk of bias in ran -
domized trials (13), and any disagreements were 
 resolved by face-to-face discussion. If further 
 information was needed, the authors of the study 
 concerned were contacted by e-mail.

Data synthesis and analysis
All statistical analyses (for detailed information see 
eBox 2) were carried out with the Review Manager 
software (RevMan, version 5.3; Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 
2014).

The effect sizes for dichotomous endpoints were 
expressed as odds ratios (OR; Mantel–Haenszel 
method) and continuous endpoints as mean differ-
ences (MD; inverse variance method).

Results
Study selection and characteristics
Figure 1 presents the systematic literature search and 
study selection process. The electronic database search 
identified 2379 records; no further records were 
 retrieved from other sources. After removal of dupli-
cates, we screened the titles/abstracts of the remaining 
1098 records and assessed 43 full texts. Of these 43 
publications, 33 articles and 2 abstracts (Janz D, Semler 
M, Lentz R, et al.: Randomized trial of video laryn -
goscopy for endotracheal intubation of critically ill 
adults. Crit Care Med 2015; 43 (12 Suppl. 1): 212–3; 
Silverberg M, Li N, Kory P: Efficacy of video 
 laryngoscopy vs. direct laryngoscopy during urgent en-
dotracheal intubation: a randomized controlled trial. 
Chest 2013; 144 [4 meeting abstract], no pagination) 
were excluded for various reasons (e1–e33), leaving 8 
randomized controlled trials (17–24) with a total of 
1796 patients for analysis. All study authors were 

The clinical perspective
Compared with direct laryngoscopy, video laryngoscopy improves visualization at 
the level of the vocal cords. For this reason, video laryngoscopy has become 
 established as a useful method particularly in patients with difficult airways, in whom 
 visualization of the glottis is limited. However, no fundamental treatment advantage, 
 independent of operator experience, patient group, or specific intubation scenario, 
has yet been demonstrated for video laryngoscopy.

For emergency airway management, conventional direct laryngoscopy is still 
viewed as the gold standard. If both a direct and a video laryngoscope are available 
for urgent intubation in the hospital setting, the staff member carrying out the 
 laryngoscopy should always choose the technique with which they are more familiar 
for the first intubation attempt. It must be borne in mind, however, that video laryn-
goscopy has proved useful in circumstances where direct laryngoscopy is difficult, 
e.g., limited cervical reclination capacity. In such a case, or if intubation with a direct 
laryngoscope has failed, use of a video laryngoscope can be considered.

Should intubation also not be achieved with a video laryngoscope, an algorithm-
based procedure is recommended to ensure adequate oxygenation. A return to 
spontaneous breathing is often not possible in the context of emergency intubation, 
and in this event face-mask ventilation, use of extraglottic airway aids, or surgical 
airway management are temporary alternatives to intubation.

Video laryngoscopes with Macintosh blades can also be used as direct laryngo-
scopes and thus combine the advantages of both procedures. This can be useful for 
training purposes or for rapidly switching from one technique to the other.
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 contacted, but not all ambiguities could be resolved. As 
a result, one study that did not provide absolute 
numbers of patients analyzed per group had to be ex-
cluded from the meta-analysis (24). 

One half of the studies were performed in 
 emergency departments, the other half in intensive 
care units. The intubators’ experience ranged from 
novices to experienced anesthesiologists, and the in-
dications for intubation also varied among the 
studies. Some studies excluded patients who were 
known or could be anticipated to have difficult air-
ways, an immobilized cervical spine, maxillofacial 
trauma, or cardiac arrest (19, 22–24). The patients 
were given sedatives or hypnotics in all studies. In 
all but one study (22) muscle relaxants were admin-
istered. No study was industrially sponsored, but 
most of them were funded by their institution or by 
national funding bodies. Apart from one study (18), 
they were all registered with ClinicalTrials.gov. 
 Detailed information on study characteristics can be 
found in Table 1.

Risk of bias
Overall, the risk of bias of the included studies was 
moderate (eFigure 1). In one study the randomi -
zation sequence was not properly generated and 
group allocation was not concealed (22). However, 
randomization was carried out correctly in all other 
studies, so altogether the risk of selection bias was 
low. Owing to the nature of the intervention, it was 

not possible to blind the intubators or other study per-
sonnel. Hence, the risk of performance bias was high 
for all studies and all endpoints. The risk of detection 
bias was also high, unless waveform capnography was 
used to determine the endpoints objectively. Given the 
short time spans between randomization, intubation, 
and endpoint measurement, no or only very little 
 information regarding endpoints or study discontinu-
ation was missing. The risk of attrition bias was there-
fore low, except in one study that reported relatively 
high rates of missing data (24). The risk of reporting 
bias was low for all studies for which a study protocol 
was provided (20, 21, 23); it remained unclear for the 
remaining studies (17–19, 22, 24). Other sources of 
bias were not found.

Results
There was no difference in first-pass intubation success 
rate between video laryngoscopy and direct laryn -
goscopy (p = 0.14); however, the data point to superior-
ity of video laryngoscopy (OR 0.72, 95% confidence 
interval [CI] [0.47; 1.12], n = 1173 (17–23), I2 = 49%) 
(Figure 2).

Because the overall intubation success rate in four 
(19, 21–23) of the five studies that reported this end-
point was 100% for either one of the two intubation 
techniques, the study results for this endpoint were not 
subjected to meta-analysis. In the remaining study (18), 
92% of patients in the VL group and 96% in the DL 
group were intubated. The number of intubation 

FIGURE 1

PRISMA flow chart

Articles excluded 
(n = 1055)

Articles excluded  
for following reasons 

(n = 35)
– Congress abstract (n = 6) 
– Commentary/letter (n = 7) 
– Preliminary analysis (n = 1) 
– Study protocol (n = 2) 
– Wrong comparison (n = 2) 
– Wrong indication (n = 9) 
– Wrong intervention (n = 1) 
– Wrong endpoints (n = 1) 
– Wrong study design (n = 5) 
– Full text not available (n = 1)

Identification

Screening

Eligibility

Inclusion

Studies included in quantitative synthesis 
(meta-analysis) 

(n = 7)

Full texts scrutinized 
(n = 43)

Studies included in qualitative synthesis 
(n = 8)

Records from other sources 
(n = 0)

Records from databases 
(n = 2379)

Articles after removal of all duplicates 
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 attempts was lower for video laryngoscopy than for 
 direct laryngoscopy in intensive care studies (MD 
−0.28 [−0.42; −0.14], n = 678, I2 = 25%), but not in 
emergency room studies (MD −0.04 [−0.13; 0.06], 
n = 345, I2 = 19%). Overall, however, the number of in-
tubation attempts was lower for video laryngoscopy 
than for direct laryngoscopy (MD −0.17 [−0.31; 
−0.03], n = 1023 (17, 19–23), I2 = 71%) (Figure 3). No 
effect of video laryngoscopy was observed on the time 
to successful intubation (MD −8.99 s [−24.00; 6.01], 
n = 975 (18–23), I2 = 64%) (eFigure 2).

The following complications were reported in at 
least two studies: airway trauma, dental injuries, 
 aspiration, cardiac arrest, death during intubation, 
esophageal intubation, hypoxemia, and hypotension 
(eTable 2). However, the number of studies with 
 adequate reporting of data on airway trauma, dental 
injuries, aspiration, cardiac arrest, and death during 
intubation was not high enough for meta-analysis. 
 Because the threshold values for the occurrence of 
hypoxemia and hypotension varied across studies, 
only the role of video laryngoscopy in esophageal 
 intubation could be analyzed. Video laryngoscopy 
 lowered the incidence of this complication (OR 0.27 
[0.10; 0.75], n = 782 [18, 20–22], I2 = 0%) (Figure 4).

No differences for any endpoint were found among 
different video laryngoscopy devices (C-MAC, 
 GlideScope, McGrath; data not shown) or among 

 intubators with differing amounts of experience 
(eFigures 3–5).

In the course of the planned sensitivity analysis, one 
study was excluded from meta-analysis because it had a 
high risk of selection bias and was also the only study in 
which patients did not routinely receive muscle relaxants 
and for which the first-pass intubation success rate of di-
rect laryngoscopy was strikingly low (22). Exclusion 
of this study had no impact on statistical significance 
(not shown), but the heterogeneity of first-pass intu-
bation success rate was reduced to I2 = 0%.

In an additional sensitivity analysis, the study ex-
cluded due to persisting ambiguities (24) was included 
in the meta-analysis under the assumption of even 
 distribution of the missing data. However, the overall 
 results were not significantly altered (OR for first-pass 
intubation success rate 0.79 [0.55; 1.13], MD of time 
to successful intubation −2.49 s [−14.48; 9.49]).

Because fewer than 10 studies were analyzed, pub-
lication bias was assessed only by visual evaluation of 
the funnel plot (eFigure 6). The distribution of results 
for the primary endpoint seemed to be relatively sym-
metrical, but nevertheless the risk of publication bias 
remains unclear.

Discussion
We evaluated the results of eight randomized con-
trolled trials that compared video laryngoscopy to 

Meta-analysis of first-pass intubation success: studies divided by setting.
DL, direct laryngoscopy; M-H, Mantel–Haenszel method; OR, odds ratio; VL, video laryngoscopy; 95% CI, 95% confidence interval
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Test for overall effect: Z = 1.46 (p = 0.14)
Test for subgroup differences: chi² = 0.04; df = 1 (p = 0.84), I² = 0%

VL group
Events
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47
73

215

8
51

126
41

226

441

Overall

103
75
74

252

20
74

186
57

337

589

DL group
Events

82
44
73

199

7
50

130
24

211

410

Overall

95
75
73

243

20
76

185
60

341

584

Weighting

13.0%
18.6%

1.7%
33.4%

8.5%
18.0%
24.3%
15.9%
66.6%

100.0%

OR [95% CI] 
M-H, random [95% CI]

0.53 [0.21; 1.34]
0.85 [0.44; 1.63]

3.00 [0.12; 74.85]
0.75 [0.44; 1.28]

0.81 [0.22; 2.91]
0.87 [0.44; 1.72]
1.13 [0.72; 1.75]
0.26 [0.12; 0.56]
0.69 [0.35; 1.36]

0.72 [0.47; 1.12]

OR [95% CI] 
M-H, random [95% CI]

in favor of VL in favor of DL
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 direct laryngoscopy in adult patients who required 
emergency airway management in the emergency 
room or intensive care unit. These studies included a 
total of 1796 patients, in most of whom there was no 
reason to expect difficult airways. The risk of bias 
was moderate.

No statistically significant difference was found 
between video laryngoscopy and direct laryngoscopy 
with regard to the primary endpoint of this systematic 
review, the first-pass success rate for intubation. How-
ever, video laryngoscopy reduced the number of intu-
bation attempts and the rate of esophageal intubation: 
in every sixth patient, an additional intubation attempt 
was avoided. The number of treatments needed to 
prevent one esophageal intubation was 24.

Strengths and limitations
One strength of our review is its systematic, predeter-
mined nature. Clinical heterogeneity among the studies 
as a result of different settings or use of different de-
vices for video laryngoscopy was assessed in subgroup 
analyses. With regard to the primary endpoint, how-
ever, the effect size for emergency room studies (OR 
0.75) scarcely differed from that for studies in the 
 intensive care unit (OR 0.69). Furthermore, the 
 calculated effect sizes were not decisively altered by 
supplementary sensitivity or subgroup analyses, which 
speaks for their robustness.

Despite our extensive literature search, we found 
only a small number of relevant randomized 
 controlled trials. Moreover, no ongoing or not yet 
published studies were registered at ClinicalTrials.gov. 

The risk of bias of the eight studies included was elevat -
ed by the fact that it would hardly have been feasible to 
blind the study personnel to the type of laryngoscope 
used. While the risk of other forms of bias was relatively 
low, the risks of performance bias and detection bias 
were classed as high for most of the endpoints. Given the 
particularly critical circumstances in the case of emer -
gency intubation, despite the lack of blinding it is un-
likely that the patients were treated dissimilarly or the 
endpoints systematically measured differently. Apart 
from the training level of the operator, the setting, and 
the type of video laryngoscopy device used, there were 
also other differences among the studies for which no 
adjustment was possible. Therefore, the findings of 
our analysis may have been influenced by differences 
in intubation practice (e.g, in preoxygenation or 
 neuromuscular blockade), by the indication for 
 intubation, or by the definitions of the endpoints. 
 Furthermore, the patients’ basic characteristics were 
comparable only to a limited degree. The proportion 
of patients with difficult airways, for instance, was 
not reported by all studies, which prevented 
 systematic comparison of this variable. Among the 
studies that reported it, however, there was no differ-
ence between the VL and DL groups.

Only one study (24) reported how long video 
 laryngoscopy had already been in use in the authors’ 
institution. In common with regular airways training, 
however, duration of use is a factor that may influence 
individual performance, but could not be considered 
in our analysis because the available data did not 
 permit quantification. Furthermore, the meta-analyses 

Meta-analysis of number of intubation attempts: studies divided by setting.
DL, direct laryngoscopy; IV, inverse variance method; SD, standard deviation; VL, video laryngoscopy; 95% CI, 95% confidence interval

FIGURE 3 

Study or
 subgroup

1.2.1 Emergency room
Driver 2016 (17)
Sulser 2016 (23)
Subtotal [95% CI]
Heterogeneity: tau² = 0.00; chi² = 1.24; df = 1 (p = 0.27); I² = 19%
Test for overall effect: Z = 0.72 (p = 0.47)

1.2.2 Intensive care unit
Griesdale 2012 (19)
Janz 2016 (20)
Lascarrou 2017 (21)
Silverberg 2015 (22)
Subtotal [95% CI]
Heterogeneity: tau² = 0.01; chi² = 4.00; df = 3 (p = 0.26); I² = 25%
Test for overall effect: Z = 3.97 (p < 0.0001)

Total [95% CI]
Heterogeneity: tau² = 0.02; chi² = 17.13; df = 5 (p = 0.004); I² = 71%
Test for overall effect: Z = 2.39 (p = 0.02) –1 –0.5 0 0.5 1
Test for subgroup differences: chi² = 7.99; df = 1 (p = 0.005); I² = 87.5%

VL group
Mean

1.09
1.01

1.8
1
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 SD

0.36
0.12
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0.5
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1.11

Overall
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74
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20
74
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DL group
 Mean

1.18
1

1.75
1.33

2
1.93

 SD

0.55
0.5
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0.74
1.11

Overall 

95
73

168

20
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Weighting

22.2%
23.0%
45.1%

7.0%
17.3%
22.0%

8.5%
54.9%

100.0%

Mean difference
IV, random [95% CI]

– 0.09 [– 0.22; 0.04]
0.01 [– 0.11; 0.13]

– 0.04 [– 0.13; 0.06]

0.05 [– 0.41; 0.51]
– 0.33 [– 0.54; –0.12]

– 0.25 [– 0.38; 0.12]
– 0.54 [– 0.94; –0.14]

– 0.28 [– 0.42; – 0.14]

– 0.17 [– 0.31; – 0.03]

Mean difference
IV, random [95% CI]

in favor of VL in favor of DL
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included no correction for multiple testing, because 
there is currently no established standard method for 
tackling this problem. Possible solutions are being 
 debated (25).

Comparison with other systematic reviews
Huang et al. (11) and Zhao et al. (12) have recently 
published meta-analyses of randomized controlled 
trials carried out in intensive care units. Their results 
are in accordance with ours: the first-pass intubation 
success rate was not significantly improved (p = 0.35 
and 0.27) or the time to successful intubation 
 shortened (p = 0.08 and 0.69) by video laryngoscopy, 
but the incidence of esophageal intubation was 
 reduced (p = 0.03 in both meta-analyses). Neither 
study investigated the effect of video laryngoscopy 
on the overall intubation success rate or the number 
of intubation attempts.

Summary
Video laryngoscopy seems to reduce the number of 
intubation attempts and the rate of esophageal intu-
bation, so its use in emergency airway management 
could potentially increase patient safety. Video laryn-
goscopy also tended to be superior to direct laryngos -
copy in terms of first-pass intubation success rate, but 
the difference was not statistically significant. More-
over, this finding was for patients who in most cases 
exhibited no evidence of difficult airways. Conse-
quently, no conclusions can be drawn with regard to 
patients with difficult airways. Neither can routine 

use of video laryngoscopy be definitively recom-
mended for urgent intubation of adults in the hospital 
setting, at least until future research, e.g., randomized 
controlled trials, provides unequivocal evidence.

Meta-analysis of esophageal intubation: studies divided by setting.
DL, direct laryngoscopy; M-H, Mantel–Haenszel method; OR, odds ratio; VL, video laryngoscopy; 95% CI, 95% confidence interval

FIGURE 4 

Study or
 subgroup

1.5.1 Emergency room
Goksu 2016 (18) 
Subtotal [95% CI]
Number of events
Heterogeneity: not applicable
Test for overall effect: Z = 1.91 (p = 0.06)

1.5.2 Intensive care unit
Janz 2016 (20)
Lascarrou 2017 (21)
Silverberg 2015 (22)
Subtotal [95% CI]
Number of events
Heterogeneity: tau² = 0.00; chi² = 0.92; df = 2 (p = 0.63); I² = 0%
Test for overall effect: Z = 1.96 (p = 0.05)

Total [95% CI]
Number of events
Heterogeneity: tau² = 0.00; chi² = 2.21; df = 3 (p = 0.53); I² = 0% 0.005 0.1 1 10 200
Test for overall effect: Z = 2.51 (p = 0.01)
Test for subgroup differences: chi² = 1.18; df = 1 (p = 0.28); I² = 14.9%
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OR [95% CI] 
M-H, random [95% CI]

0.06 [0.00; 1.08]
0.06 [0.00; 1.08]

0.25 [0.03; 2.26]
0.48 [0.12; 1.96]
0.11 [0.01; 2.07]
0.33 [0.11; 1.00]

0.27 [0.10; 0.75]

OR [95% CI] 
M-H, random [95% CI]

in favor of VL in favor of DL

Acknowledgment
The authors thank Kirsten Hüllebrand for her expert clinical advice.

Conflict of interest statement
The authors declare that no conflict of interest exists.

Manuscript submitted on 13 September 2017, revised version accepted on 
21 February 2018

Translated from the original German by the authors and David Roseveare

References
1.  Deutsche Gesellschaft für Unfallchirurgie: TraumaRegister DGU 

 Jahresbericht 2017. www.traumaregister-dgu.de/fileadmin/
user_upload/traumaregister-dgu.de/docs/Downloads/TR-DGU-
Jahresbericht_2017.pdf (last accessed on 30 November 2017).

2.  Sakles JC, Mosier JM, Chiu S, Keim SM: Tracheal intubation in the 
emergency department: a comparison of GlideScope(R) video laryn-
goscopy to direct laryngoscopy in 822 intubations. J Emerg Med 
2012; 42: 400–5.

3.  Mosier JM, Whitmore SP, Bloom JW, et al.: Video laryngoscopy im-
proves  intub ation success and reduces esophageal intubations com-
pared to direct laryngo scopy in the medical intensive care unit. Crit 
Care 2013; 17: R237.

4.  Mort TC: Emergency tracheal intubation: complications associated 
with repeated laryngoscopic attempts. Anesth Analg 2004; 99: 
607–13.

5.  Sakles JC, Chiu S, Mosier J, Walker C, Stolz U: The importance of 
first pass success when performing orotracheal intubation in the 
 emergency department. Acad Emerg Med 2013; 20: 71–8.

6.  Lewis SR, Butler AR, Parker J, Cook TM, Smith AF: Videolaryngos -
copy versus direct laryngoscopy for adult patients requiring tracheal 
intubation. Cochrane Database Syst Rev 2016; 11: Cd011136.

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2018; 115: 437–44 443



M E D I C I N E

7.  Griesdale DEG, Liu D, McKinney J, Choi PT: Glidescope video- laryngoscopy 
 versus direct laryngoscopy for endotracheal intubation: a systematic review and 
meta-analysis. Can J Anesth 2012; 59: 41–52.

8.  Aziz MF, Brambrink AM, Healy DW, et al.: Success of intubation  rescue techniques 
after failed direct laryngoscopy in adults. Anesthesiology 2016; 125: 656–66.

9.  Savino PB, Reichelderfer S, Mercer MP, Wang R, Sporer KA: Direct versus video 
laryngoscopy for prehospital intubation: a systematic  review and meta-analysis. 
Acad Emerg Med 2017; 24: 1018–26.

10.  De Jong A, Molinari N, Conseil M, et al.: Video laryngoscopy versus direct laryn-
goscopy for orotracheal intubation in the intensive care unit: a systematic review 
and meta-analysis. Intensive Care Med 2014; 40: 629–39.

11.  Huang HB, Peng JM, Xu B, Liu GY, Du B: Video laryngoscopy for  endotracheal 
 intubation of critically ill adults: a systemic review and meta-analysis. Chest 2017; 
152: 510–7.

12.  Zhao BC, Huang TY, Liu KX: Video laryngoscopy for ICU intubation: a meta-analysis 
of randomised trials. Intensive Care Med 2017; 43: 947–8.

13.  Higgins JPT, Green S (eds.): Cochrane handbook for systematic  reviews of inter-
ventions version 5.1.0 [updated March 2011]. The Cochrane Collaboration, 2011. 
www.cochrane-handbook.org (last accessed on 30 November 2017).

14. Moher D, Liberati A, Tetzlaff J, Altman DG: Preferred reporting items for systemat -
ic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol 2009; 62: 
1006–12.

15. Rombey T, Pieper D: Video versus direct laryngoscopy for emergency endo -
tracheal intubation of adults in a hospital setting: a systematic  review and meta-
 analysis of randomized controlled trials. www.crd.york.ac.uk/prospero/display_rec
ord.php?RecordID=65015  (last accessed on 30 November 2017).

16. The Cochrane Collaboration: RCT filters for different databases. www.work.coch
rane.org/pubmed (last accessed on 30 November 2017).

17. Driver BE, Prekker ME, Moore JC, Schick AL, Reardon RF, Miner JR: Direct ver-
sus video laryngoscopy using the C-MAC for tracheal intubation in the emergency 
department, a randomized controlled trial. Acad Emerg Med 2016; 23: 433–9.

18. Goksu E, Kilic T, Yildiz G, Unal A, Kartal M: Comparison of the C-MAC video la-
ryngoscope to the Macintosh laryngoscope for intubation of blunt trauma patients 
in the ED. Turk J Emerg Med 2016; 16: 53–6.

19. Griesdale DE, Chau A, Isac G, et al.: Video-laryngoscopy versus  direct laryn -
goscopy in critically ill patients: a pilot randomized trial. Can J Anaesth 2012; 59: 
1032–9.

20.  Janz DR, Semler MW, Lentz RJ, et al.: Randomized trial of video laryngoscopy for 
endotracheal intubation of critically ill adults. Crit Care Med 2016; 44: 1980–7.

21. Lascarrou JB, Boisrame-Helms J, Bailly A, et al.: Video laryngoscopy vs direct la-
ryngoscopy on successful first-pass orotracheal intubation among ICU patients: a 
randomized clinical trial. JAMA 2017; 317: 483–93.

22.  Silverberg MJ, Li N, Acquah SO, Kory PD: Comparison of video laryngoscopy 
 versus direct laryngoscopy during urgent endotracheal in tubation: a randomized 
controlled trial. Crit Care Med 2015; 43: 636–41.

23. Sulser S, Ubmann D, Schlaepfer M, et al.: C-MAC videolaryngoscope compared 
with direct laryngoscopy for rapid sequence intubation in an emergency depart-
ment: a randomised clinical trial. Eur J Anaesthesiol 2016; 33: 943–8.

24. Yeatts DJ, Dutton RP, Hu PF, et al.: Effect of video laryngoscopy on trauma pa-
tient survival: a randomized controlled trial. J Trauma Acute Care Surg 2013; 75: 
212–9.

25.  Simmonds M, Salanti G, McKenzie J, Elliott J: Living systematic  reviews: 3. Statis-
tical methods for updating meta-analyses. J Clin  Epidemiol 2017; 91: 38–46. 

Corresponding author 
Tanja Rombey 
Institut für Gesundheitsökonomie und Klinische Epidemiologie 
Universität zu Köln 
Gleueler Str. 176 
50935 Köln, Germany 
tanja.rombey@uni-wh.de 

►Supplemantary material 
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www.aerzteblatt-international.de/18m0437

Key messages
●  Airway management is a life-saving measure in severely injured and 

seriously ill patients. However, it is associated with an increased risk of 
complications.

●  This is the first systematic review and meta-analysis of randomized 
 controlled studies from intensive care units and emergency rooms.

●  No statistically significant difference was found between the different 
kinds of video laryngoscopy devices.

●  The first-pass intubation success rate was not statistically significantly 
 improved by video laryngoscopy. However, video laryngoscopy was as-
sociated with fewer intubation attempts and a lower rate of esophageal 
intubation and might thus enhance patient safety.

●  Since some of the studies analyzed did not report the proportion of 
 patients with difficult airways, or excluded such patients, the efficacy of 
video laryngoscopy in this group could not be explicitly assessed.
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eTABLE 1

Search strategies for database search

Database
(date of first search)

MEDLINE 
(24 May 2017)

Embase 
(24 May 2017)

CENTRAL 
(24 May 2017)

Search strategy

(Video[TiAb] OR Video-laryngoscopy[TiAb] OR videolaryngoscopy[TiAb] OR videolaryngoscope[TiAb] OR 
 videolaryngoscopies[TiAb] OR videolaryngoscopes[TiAb] OR video laryngoscopy[TiAb] OR 
 video-laryngoscope[TiAb] OR video laryngoscope[TiAb] OR video-laryngoscopes[TiAb] OR 
 video  laryngoscopes[TiAb] OR video-laryngoscopies[TiAb] OR video laryngoscopies[TiAb] OR GlideScope[TiAb] OR 
 Verathon[TiAb] OR C-MAC[TiAb] OR CMAC[TiAb] OR AWS-S200[TiAb] OR McGrath[TiAb] OR STORZ[TiAb] OR 
“McGrath MAC”[TiAb] OR MAC[TiAb] OR EMS[TiAb] OR “Infinium ClearVue”[TiAb] OR UESCOPE[TiAb] OR 
 “UE Medical”[TiAb] OR  IntuBrite[TiAB] OR Marshall[TiAb] OR “VLS 6630”[TiAB] OR MEDAN[TiAb] OR 
 APA[TiAb] OR Coopdech[TiAb] OR VLP-100[TiAb] OR Venner Medical[TiAb] OR Kanlife[TiAb] OR 
 PENTAX[TiAb] OR  Novamed[TiAb] OR Pentax-AWS[TiAb] OR “King Vision”[TiAb] OR CoPilot[TiAb] OR 
 Rusch[TiAb] OR Airtraq[TiAb] OR “Truview PCD”[TiAb]) AND (laryngoscop*[TiAb] OR 
 “laryngoscopy”[MeSh Terms] OR direct laryngoscopy[TiAb] OR direct  laryngoscope[TiAb] OR 
 direct  laryngoscopies[TiAb] OR direct laryngoscopes[TiAb] OR macintosh[TiAb] OR 
 standard  laryngoscope[TiAb] OR standard laryngoscopes[TiAb] OR standard laryngoscopy[TiAb] OR 
 conventional  laryngoscopy[TiAb] OR conventional laryngoscope[TiAb] OR conventional laryngoscopes[TiAb]) AND 
(randomized controlled trial[Publication Type] OR controlled clinical trial[Publication Type] OR randomized[TiAb] OR 
 randomised[TiAb] OR placebo[TiAb] OR “drug therapy”[Subheading] OR randomly[TiAb] OR trial[TiAb] OR 
groups[TiAb] NOT (“animals”[MeSh terms] NOT “humans”[MeSh terms]))

(‚video‘:ti,ab OR ‚video-laryngoscopy‘:ti,ab OR ‚videolaryngoscopy‘:ti,ab OR ‚videolaryngoscope‘:ti,ab OR 
 ‚videolaryngoscopies‘:ti,ab OR ‚videolaryngoscopes‘:ti,ab OR ‚video laryngoscopy‘:ti,ab OR 
 ‚video-laryngoscope‘:ti,ab OR ‚video laryngoscope‘:ti,ab OR ‚video-laryngoscopes‘:ti,ab OR 
 ‚video  laryngoscopes‘:ti,ab OR ‚video-laryngoscopies‘:ti,ab OR ‚video laryngoscopies‘:ti,ab OR ‚glidescope‘:ti,ab OR 
 ‚verathon‘:ti,ab OR ‚c-mac‘:ti,ab OR ‚cmac‘:ti,ab OR ‚aws-s200‘:ti,ab OR ‚mcgrath‘:ti,ab OR ‚storz‘:ti,ab OR 
‚mcgrath mac‘:ti,ab OR ‚mac‘:ti,ab OR ‚ems‘:ti,ab OR ‚infinium clearvue‘:ti,ab OR ‚uescope‘:ti,ab OR 
‚ue  medical‘:ti,ab OR  ‚intubrite‘:ti,ab OR ‚marshall‘:ti,ab OR ‚vls 6630‘:ti,ab OR ‚medan‘:ti,ab OR ‚apa‘:ti,ab OR 
 ‚coopdech‘:ti,ab OR ‚vlp-100‘:ti,ab OR ‚venner medical‘:ti,ab OR ‚kanlife‘:ti,ab OR ‚pentax‘:ti,ab OR 
 ‚novamed‘:ti,ab OR ‚pentax-aws‘:ti,ab OR ‚king vision‘:ti,ab OR ‚copilot‘:ti,ab OR ‚rusch‘:ti,ab OR ‚airtraq‘:ti,ab OR 
‚truview pcd‘:ti,ab) AND  (‚laryngoscop*‘:ti,ab OR ‚laryngoscopy‘/de OR ‚direct laryngoscopy‘:ti,ab OR 
 ‚direct  laryngoscope‘:ti,ab OR ‚direct  laryngoscopies‘:ti,ab OR ‚direct laryngoscopes‘:ti,ab OR ‚macintosh‘:ti,ab OR 
‚standard laryngoscope‘:ti,ab OR  ‚standard laryngoscopes‘:ti,ab OR ‚standard laryngoscopy‘:ti,ab OR 
 ‚conventional laryngoscopy‘:ti,ab OR  ‚conventional laryngoscope‘:ti,ab OR ‚conventional laryngoscopes‘:ti,ab) AND 
(‚crossover procedure‘:de OR  ‚double-blind procedure‘:de OR ‚randomized controlled trial‘:de OR 
 ‚single-blind  procedure‘:de OR random*:de,ab,ti OR factorial*:de,ab,ti OR crossover*:de,ab,ti OR 
(cross NEXT/1 over*):de,ab,ti OR placebo*:de,ab,ti OR (doubl*  NEAR/1 blind*):de,ab,ti OR 
(singl*  NEAR/1 blind*):de,ab,ti OR assign*:de,ab,ti OR allocat*:de,ab,ti OR volunteer*:de,ab,ti)

#1 MeSH descriptor: [Laryngoscopy]
#2 “video”:ti,ab
#3 Video-laryngoscopy:ti,ab
#4 „videolaryngoscopy“:ti,ab
#5 videolaryngoscope:ti,ab
#6 videolaryngoscopies:ti,ab
#7 videolaryngoscopes:ti,ab
#8 video laryngoscopy:ti,ab
#9 video-laryngoscope:ti,ab
#10 video laryngoscope:ti,ab
#11 video-laryngoscopes:ti,ab
#12 video laryngoscopes:ti,ab
#13 video-laryngoscopies:ti,ab
#14 video laryngoscopies:ti,ab
#15 GlideScope:ti,ab
#16 Verathon:ti,ab
#17 C-MAC:ti,ab
#18 CMAC:ti,ab
#19 AWS-S200:ti,ab
#20 McGrath:ti,ab
#21 STORZ:ti,ab
#22 McGrath MAC:ti,ab
#23 “MAC EMS”:ti,ab
#24 UE Medical:ti,ab
#47 (#3 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46) and (#1 or #2 or #4 or #5 or #6 or #7 or #8 or #9 or 
#10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 
or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38)
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eBOX 1

Other sources and literature screening
The reference lists of relevant systematic reviews and 
studies were hand-searched for further potentially 
 eligible randomized controlled trials. Furthermore, 
 ClinicalTrials.gov was searched for ongoing or not yet 
published studies, and Google Scholar was scrutinized 
for gray  literature.

Two authors (TR, DP) independently examined the 
titles and abstracts of the identified records, reading the 
full text if necessary, to determine whether the publi-
cations fulfilled the inclusion criteria. Discrepancies were 
resolved by face-to-face discussion. All eligible studies 
were selected for qualitative synthesis. Those in which 
the results regarding the endpoints were reported in a 
fashion suitable for statistical analysis were also selected 
for quantitative synthesis (meta-analysis). If any necess-
ary data were missing, the authors of the study 
 concerned were contacted by e-mail.

eBOX 2

Statistical analysis
Preplanned subgroup analyses were conducted for all 
endpoints for which the studies were analyzed sepa -
rately according to setting or type of video laryngoscope 
used. Moreover, a subgroup analysis was carried out to 
compare studies with self-defined experienced operators 
(at least second-year resident) to those with less well 
trained users. Furthermore, a sensitivity analysis exclud-
ing studies with a high risk of bias was performed to 
 verify the robustness of the findings.

A random-effects model was used for analysis, and 
95% confidence intervals (CI) were calculated for all 
 effect sizes. The I2 statistic was used to measure 
 heterogeneity among the results of the different studies. 
Broadly, values of 0 to 40% indicated low, 30 to 60% 
moderate, 50 to 90% high, and 75 to 100% very high 
heterogeneity. A funnel plot was generated to assess the 
risk of publication bias.
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Assessment of the risk of bias in the included studies. n.a., not applicable
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Meta-analysis of time to successful intubation in seconds: studies divided by setting.
DL, direct laryngoscopy; IV, inverse variance method; SD, standard deviation; VL, video laryngoscopy; 95% CI, 95% confidence interval

eFIGURE 2 

Study or
 subgroup

1.3.1 Emergency room
Goksu 2016 (18)
Sulser 2016 (23)
Subtotal [95% CI]
Heterogeneity: tau² = 27.12; chi² = 2.19; df = 1 (p=0.14); I² = 54%
Test for overall effect: Z = 0.43 (p = 0.66)

1.3.2 Intensive care unit
Griesdale 2012 (19)
Janz 2016 (20)
Lascarrou 2017 (21)
Silverberg 2015 (22)
Subtotal [95% CI]
Heterogeneity: tau² = 1087.47; chi² = 8.45; df = 3 (p = 0.04); I² = 64%
Test for overall effect: Z = 0.97 (p = 0.33)

Total [95% CI]
Heterogeneity: tau² = 153.13; chi² = 13.96; df = 5 (p = 0.02); I² = 64%
Test for overall effect: Z = 1.18 (p = 0.24) –100 –50 0 50 100
Test for subgroup differences: chi² = 0.74; df = 1 (p = 0.39); I² = 0%
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Mean difference
IV, random [95% CI]

in favor of VL in favor of DL

Subgroup analysis of first-pass intubation success: studies divided by intubators’ level of training.
DL, direct laryngoscopy; M-H, Mantel–Haenszel method; OR, odds ratio; VL, video laryngoscopy; 95% CI, 95% confidence interval

eFIGURE 3 

Study or
 subgroup

3.1.1 Experienced intubators
Driver 2016 (17)
Janz 2016 (20)
Silverberg 2015 (22)
Sulser 2016 (23)
Subtotal [95% CI]
Total events
Heterogeneity: tau² = 0.26; chi² = 6.35; df = 3 (p = 0.10); I² = 53%
Test for overall effect: Z = 1.66 (p = 0.10)

3.1.2 Less experienced intubators
Goksu 2016 (18)
Griesdale 2012 (19)
Lascarrou 2017 (21)
Subtotal [95% CI]
Total events
Heterogeneity: tau² = 0.00; chi² = 0.63; df = 2 (p = 0.73); I² = 0%
Test for overall effect: Z = 0.06 (p = 0.95)

Summe [95% CI]
Total events
Heterogeneity: tau² = 0.15; chi² = 11.85; df = 6 (p = 0.07); I² = 49% 0.05 0.2 1 5 20
Test for overall effect: Z = 1.46 (p = 0.14)
Test for subgroup differences: chi² = 2.32; df = 1 (p = 0.13); I² = 56.9%
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Subgroup analysis of number of intubation attempts: studies divided by intubators’ level of training
DL, direct laryngoscopy; IV, inverse variance method; SD, standard deviation; VL, video laryngoscopy; 95% CI, 95% confidence interval

eFIGURE 4 

Study or
 subgroup

3.2.1 Experienced intubators
Driver 2016 (17)
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Subgroup analysis of time to successful intubation: studies divided by intubators’ level of training
DL, direct laryngoscopy; IV, inverse variance method; SD, standard deviation; VL, video laryngoscopy; 95% CI, 95% confidence interval
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eFIGURE 6

Funnel plot of study results with regard to successful first-pass 
 intubation; studies divided by setting.  

ICU, intensive care unit; ER, emergency room; OR, odds ratio
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