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Background: Awake intubation with videolaryngoscopy (VL) is a novel method that is drawing 

more and more attention as an alternative to awake intubation with fiberoptic bronchoscope 

(FOB). This meta-analysis is designed to determine the performance of VL compared to the 

FOB for awake intubation.

Methods: The Cochrane Central Register of Controlled Trials, PubMed, Embase, and Web of 

science were searched from database inception until October 30, 2017. Randomized controlled 

trials comparing VL and FOB for awake intubation were selected. The primary outcome was the 

overall success rate. Rev-Man 5.3 software was used to perform the pooled analysis and assess 

the risk of bias for each eligible study. The GRADE system was used to assess the quality of 

evidence for all outcomes.

Results: Six studies (446 patients) were included in the review for data extraction. Pooled analysis 

did not show any difference in the overall success rate by using VL and FOB (relative risk [RR], 

1.00; P=0.99; high-quality evidence). There was no heterogeneity among studies (I2=0). Subgroup 

analyses showed no differences between two groups through nasal (RR, 1.00; P=1.00; high-quality 

evidence) and oral intubations (RR, 1.00; P=0.98; high-quality evidence). The intubation time was 

shorter by using VL than by using FOB (mean difference, -40.4 seconds; P,0.01; low-quality 

evidence). There were no differences between groups for other outcomes (P.0.05).

Conclusion: For awake intubation, VL with a shorter intubation time is as effective and safe 

as FOB. VL may be a useful alternative to FOB.

Keywords: airway management, awake intubation, videolaryngoscopy, fiberoptic bronchoscopy, 

randomized controlled clinical trials, outcomes

Introduction
As difficulties in airway management contribute significantly to severe anesthesia-

related morbidity and mortality,1,2 securing the airway in a safe fashion remains a 

concern for anesthetists. Awake intubation is one recommended option for manage-

ment of difficult airway,3,4 as it can provide patients’ safety by keeping airway patency, 

maintaining gas exchange, and protecting against aspiration during the procedure.5 

Because of its ability to be manually manipulated and see around corners, fiberoptic 

bronchoscope (FOB) is a common choice for awake intubation and has been regarded 

as a “gold standard” tool for managing difficult airway.6

Although awake intubation using FOB should be logically mastered by all anes-

thesiologists, its use is potentially limited by several factors. First, the technique using 

an FOB is difficult to learn and master, as it needs an extensive training and practice.7 

In clinical setting, however, very little cases need awake intubation.5 Even practitioners 
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can learn it through simulated training, such chance is not 

common in most centers, and if rarely used, the competence 

with fiberoptic intubation is difficult to maintain. Second, the 

presence of edema, excess airway tissue, secretions, or blood 

in the airway will obscure the image.8 Finally, it is expensive 

and requires disinfection between two uses.

Awake intubation with videolaryngoscopy (VL) is a new 

method that is drawing more and more attention as an alterna-

tive to awake intubation with FOB. In available literatures, 

there have been many case reports and case series regarding 

the successful use of VL-assisted awake intubation in patients 

with predicted and known difficult airways.9–20 Furthermore, 

several randomized clinical trials (RCTs) have compared per-

formance of VL with FOB for awake intubation.16,17,21–24 This 

systematic review and meta-analysis aimed to assess whether 

VL can be used as a useful alternative to FOB for awake intu-

bation according to the evidence from available RCTs.

Methods
Our review has been registered at PROSPERO (http://www.

crd.york.ac.uk/PROSPERO) and the registration number is: 

CRD42017078280. The PRISMA guidelines were followed.25 

The current issue of the Cochrane Central Register of Con-

trolled Trials (CENTRAL; 2017, Issue 9), PubMed (1946 to 

October 30, 2017), Embase (1974 to October 30, 2017), and 

Web of Science (1900 to October 30, 2017) were searched. 

The search strategies of four electronic databases are provided 

in Supplementary material.26 The reference lists of all eligible 

trials were also screened for additional citations. No language 

restriction was imposed. If necessary, the study authors were 

mailed for additional information.

Only RCTs comparing the VL and FOB for awake intu-

bation in hospital were included. Manikin study, cadaver 

study, simulated study, case series, and observational study 

were excluded. Adult patients (age .18 years) who needed 

an oral or nasal awake intubation for all kinds of reasons 

were included. Awake intubation should be performed under 

airway topical anesthesia and sedation, which aimed for a 

patient sedation equivalent to a Ramsay score of 2–4 with 

spontaneous breathing. Patients in the intervention group used 

a VL. Other maneuvers like the external laryngeal manipula-

tion, adjustment of head and neck position, and the use of 

intubation stylet or introducer could be used as appropriate. 

Patients in the control group used an FOB. The primary 

outcome was overall success rate. The secondary outcomes 

were intubation time (confirmed by capnography measured 

from the advancement of the studied devices behind the teeth 

until the appearance of a capnography curve), first-attempt 

success rate, rate of low oxygen saturation (SpO
2
 ,90%), 

rate of sore throat after surgery, and the operators’ and 

patients’ satisfaction of the studied techniques. Different 

methods might be used to assess these outcomes. The authors 

of included studies were contacted to try to obtain a binary 

variable, namely the number of satisfaction and dissatisfac-

tion. If this was impossible, we planned to do a qualitative 

systematic review instead of pooling the results.

The titles and abstracts were independently screened by 

two study authors (J.J.; D.X.M.). After retrieving the full 

texts of any potentially relevant studies, their eligibility was 

determined. Any disagreements between the two review 

authors were resolved by discussion with other authors until a 

consensus was obtained. A PRISMA flow diagram was com-

pleted to record the selection process in sufficient detail.27

Data were extracted by two review authors (J.J.; D.X.M.). 

For continuous data, mean, SD, and sample size were 

extracted. Data like median that cannot be used directly were 

converted to SD by using the formula provided in the Cochrane 

Handbook.26 For the dichotomous variables, the number of 

events occurred and the sample size were extracted. Any dis-

agreement on data extraction was resolved by discussion with 

a third author (F.S.X.) until a consensus was reached.

The risk of bias for each eligible study was independently 

assessed by two review authors (J.J.; D.X.M.) by using the 

“risk of bias” assessment tool of the Cochrane Handbook,26 

and a “risk of bias” summary figure was generated by using 

Rev-Man 5.3. If all seven domains were assigned to “low 

risk” of bias, the study was classified as “low risk”; if one 

or more domains were assigned to “unclear risk” of bias, the 

study was classified as “unclear risk”; if one or more domains 

were assigned to “high risk” of bias, the study was classified 

as “high risk”.26 The criteria of the GRADE system (study 

limitations, consistency of effect, imprecision, indirectness, 

and publication bias) were used to assess the quality of the 

body of evidence associated with all outcomes.28,29 Then a 

“GRADE evidence profile” table was developed by using 

the GRADE software (www.guidelinedevelopment.org) 

to rate these outcomes as high, moderate, low, or very low 

quality. The quality of evidence was downgraded by one or 

two levels when serious or very serious deficiencies were 

considered in these criteria.

Weighted mean difference and 95% CI were used for 

continuous data. Relative risk (RR) and 95% CI were used 

for dichotomous data, and P,0.05 was considered statisti-

cally significant. Rev-Man 5.3 software was used to perform 

the pooled analysis for the outcomes from more than one 

study. A chi-squared test with the I2 statistic (with statistical 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
www.guidelinedevelopment.org


Therapeutics and Clinical Risk Management 2018:14 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1957

VL versus FOB for awake intubation

significance set at the level of two-tailed 0.10) was used to 

describe the percentage of the total variance across studies 

from heterogeneity rather than from chance. If I2,40%, 

namely, there was no statistical heterogeneity among studies, 

a fixed-effect model was used; otherwise, a random-effects 

model was used instead. For the results that could not be 

analyzed through meta-analysis, only a qualitative systematic 

review was planned.

The study author of the original report was contacted for 

important missing statistics. If these data still could not be 

obtained, the available data were used. For the participants 

missing because of dropout, if “missing at random”, analy-

sis was performed based on the available data, and if not, 

an available case analysis was performed, and the potential 

bias was discussed in the discussion section. If a study did 

not mention withdrawals, it was assumed that there was no 

dropout.26

Clinical and methodologic heterogeneity was considered 

before performing pooled analysis. In the presence of sta-

tistical heterogeneity (I2.40%) or an indication of clinical 

heterogeneity, subgroup analysis was planned for the primary 

outcome according to the following possible heterogeneous 

factors: different intubation pathways: oral or nasal; opera-

tor’s experience: experienced (certificated anesthesiologist, 

performed more than 50 successful intubations, or according 

to the judgment of authors) or inexperienced. Sensitivity 

analysis was planned to conduct to explore other potential 

sources of heterogeneity if necessary. Reporting bias was 

planned to assess by using funnel plots if the result of the 

primary outcome was from at least ten trials.30

To assess the reliability and conclusiveness of available 

evidence on adverse outcome, trial sequential analysis was 

planned for the rate of low oxygen saturation (SpO
2
 ,90%), 

which was assumed to be a relatively low event.31,32 The 

information size required was calculated for this outcome, 

providing an estimate of how many more patients would 

be required to make a reliable conclusion. A conventional 

calculation for sample size estimation, with conventional 

values for α and β errors (0.05 and 0.20) and assuming a 

two-sided test, was used. The RR reduction was set at 50%. 

The control event rate from our own results was used to do 

calculation.

Results
Using search strategy, a total of 347 papers were identified. 

Of them, 335 were excluded during title and abstract screen-

ing as they were duplicate or irrelevant to our research ques-

tion. Twelve studies were selected for full-text assessment 

using inclusion and exclusion criteria. Five studies were 

further removed because of non-RCTs, volunteer study, 

and intubation after anesthesia induction. Authors of one 

study were contacted for full text to confirm its eligibility;33 

however, no reply was received. Due to no available data 

and seemly unfinished property, this study was excluded.33 

Eventually, six studies with a total number of 446 patients 

were included in the review for data extraction.16,17,21–24 Five 

authors were contacted for unpublished data and detailed 

information on study design,16,17,21–23 and only two of them 

replied.17,21 Process of selection of studies has been shown 

in Figure 1.

Description of included studies
Characteristics of included studies are listed in Table 1. Of the 

six included studies, four were oral intubation and the remain-

ing were nasal intubation. In the VL group, three studies used 

Glidescope, and others applied C-MAC, McGrath Series 5, 

and Airway Scope , respectively. All awake intubations were 

performed by experienced operators because of predicted 

difficult airway or the kind of surgery that may make the 

intubation difficult, such as oral-facial and cervical spine 

surgery. All studies excluded the patients with a restricted 

mouth opening and all intubations were performed under 

airway topical anesthesia and moderate sedation (eg, target 

Ramsay Sedation Scale of 3–4) with spontaneous breathing. 

In one study, patients received airway topical anesthesia with 

transtracheal injection.23

The overall risk of bias of the included studies was 

relatively low. Three of them could be classified as “low 

risk” studies17,21,22 and one as “high risk” studies.23 Detailed 

information regarding the risk of bias of the included studies 

is shown in Figure 2 and summarized in Table S1. A funnel 

plot could not be obtained because of very limited studies. 

The GRADE system showed that the quality of most evi-

dences was high or moderate because of the low level of 

heterogeneity and inclusion of only RCTs. The results of the 

evidence of outcomes are listed in Table S2.

Overall success rate
The data on the overall success rate for all six included studies 

were available. Pooled analysis showed no significant differ-

ence in the overall success rate between VL and FOB (RR, 

1.00; 95% CI, 0.98–1.02; n=446; P=1.00; high-quality evi-

dence). There was no heterogeneity among studies (P=0.99; 

I2=0%) (Figure 3).

Subgroup analysis according to different intuba-

tion pathways showed no significant difference for nasal 
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intubation (two studies; RR, 1.00; n=208; P=1.00; high-

quality evidence) or oral intubation (four studies; RR, 1.06; 

n=238; P=0.98; high-quality evidence). All intubations 

were performed by the experienced operators, so subgroup 

analysis according to operator’s experience was impossible 

(Figure S1).

Secondary outcomes
All six studies reported the intubation time and pooled analy-

sis showed a shorter intubation time in the VL group than 

in the FOB group (mean difference, -40.4 seconds; 95% 

CI, -61.0 to -19.9 seconds; n=388; P,0.01; low-quality 

evidence). There was significant heterogeneity among studies 

(P,0.01; I2=95%) (Figure S2).

There were no significant differences in other secondary 

outcomes (P.0.05). Results of secondary outcomes includ-

ing intubation time, first-attempt success rate, rates of low 

oxygen saturation, and sore throat are summarized in Table 2 

and Figures S3–S5.

Four studies16,17,23,24 reported the patients’ satisfaction 

and three studies17,21,23 reported operators’ satisfaction by 

using quite different scales. Abdellatif et al16 and Wahba 

et al24 used a 3-score scale to assess patients’ satisfaction and 

presented the results as categorical data; Mendonca et al17 

used a 0–100 mm visual analog scale (0 being “worst” and 

100 “best”) to rate the ease of procedure for operators and 

the comfort of patients during procedure; Rosenstock et al23 

also used a similar visual analog scale, but with a reversed 

assessment method (0 expressing “best” and 10 “worst”). 

Kramer et al21 used a 6-score scale to rate the operators’ 

satisfaction that was expressed as median and IQR. All the 

authors were contacted, but no original data were obtained. 

Thus, these data could not be transformed into a binary vari-

able as planned. In all original reports, however, there was 

no significant difference in operators’ or patients’ satisfac-

tion (P.0.05).

Data for the rate of low oxygen saturation (SpO
2
 ,90%) 

were available from five trials, with 26 events and 333 par-

ticipants, which gave a control event rate of 9.52%. Pooled 

analysis showed no significant difference between groups 

(RR, 0.47; 95% CI, 0.21–1.06; P=0.07; moderate-quality 

evidence). A 50% RR reduction would lower this event rate 

to 4.76%. Sample size calculation (with α=0.05 and β=0.20) 

gave a sample size of 919 participants (Figure S6).

Discussion
As we know, this is the first meta-analysis and systematic 

review of available RCTs comparing the VL and FOB 

for awake intubation. Pooled analysis showed that the 

overall success rate and the first attempt success rate were 

similar with two devices for awake intubation. However, 

the use of VL could provide a decreased intubation time by 

Figure 1 Searching process of identified records.
Abbreviation: RCTs, randomized clinical trials.
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about 40 seconds. Although no significant difference was 

obtained, the use of VL showed a trend of lower rate of low 

oxygen saturation during the procedure.

Even though our results show that VL has a similar 

success rate to the FOB for awake intubation, VL has the 

following advantages. First, the use of FOB requires a long 

learning process. To obtain the competence with fiberoptic 

intubation (.90% success rate within 3 minutes), anesthetists 

need to perform at least 25 intubations.7 Once learned, more-

over, regular practice is still required to maintain this skill. 

However, in clinical practice, there are very few opportuni-

ties for practical exercise. A 2003 survey of anesthetists 

found that only 59% of anesthetists reported to have skills in 

fiberoptic intubation.34 It should be noted that all the intuba-

tions included in our analysis are performed by experienced 

operators who probably have same experience in the use 

of VL and FOB. For novices, however, the result might be 

different. In fact, VL has been proved to be easily learned 

by inexperienced operators with a steep learning curve and 

a high success rate (.90%).35–37 Therefore, inexperienced 

users may find awake intubation with VL easier than awake 

FOB in patients with a difficult airway. Second, during the 

intubation, VL can create space within the upper airway, 

allowing effective aspiration of secretions and blood from 

the airway, and facilitating airway topical anesthesia under 

direct vision; Third, in contrast to blind passage of the tra-

cheal tube through the FOB, the tracheal tube placement 

can be observed with VL, reducing the risks of the tube 

impingement on the glottis and airway trauma. Furthermore, 

the magnified airway views on VL screen help recognition 

of distorted airway anatomy.8,38–40 Fourth, VL is portable and 

more accessible and easier to set up. Fifth, most institutions 

still use the standard FOB, which requires disinfection after 

each use, delaying the device’s availability for further use 

and might have increasing cost.41 Finally, for the patients 

with an unstable cervical spine, although the use of FOB 

for awake intubation is always preferred as it minimizes 

the cervical movement, the introduction of FOB may cause 

further cervical spine movement because it requires some 

degree of jaw thrust.42,43

On the other hand, it should be emphasized that awake VL 

is not suitable for all types of difficult airways and thus can-

not fully replace awake fiberoptic intubation for management 

of difficult airways.5,44 Although a slim designed McGrath 

Figure 2 Risk of bias summary: review authors’ judgements about each risk of bias 
item for each included study.

χ

Figure 3 VL vs DL for overall success rate.
Abbreviations: FOB, fiberoptic bronchoscope; M–H, Mantel-Haenszel method; VL, videolaryngoscopy.
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MAC X-blade can be used in patients with restricted mouth 

opening,45 a very limited mouth opening can make the use 

of VL impossible, as “an inter-dental distance of at least 

18–20 mm is required to insert even the narrow blades”.46,47 

Moreover, some pathologic conditions of the upper airway 

may prevent success with VL. A large retrospective study 

of patients with predicted difficult airways showed that the 

strongest predictors of failed VL were “altered neck anatomy 

with the presence of a surgical scar, radiation changes, or 

mass”.48 This suggests that VL may not make intubation 

easier in severe upper airway distortion caused by malignancy 

or extensive oropharyngeal infection. Interestingly, in our 

included studies, the two approaches were nearly equivalent 

and complementary; that is, a failed attempt could be intubated 

with the alternative technique.16,21 Furthermore, awake intuba-

tion by combined VL and FOB has been successfully used in 

some more complicated difficult airway conditions.39,49,50 All 

these mean that airway training should be diversified so that 

there could be an alternative when one method fails.

Many of the studies included in this analysis chose intu-

bation time as the primary outcome, probably because the 

success rate was not supposed to be different between VL 

and FOB for the experienced operators. Although our pooled 

analysis showed a shortened intubation time of 40 seconds 

by using VL, clinically significant of this time difference 

for patients undergoing awake intubation was still unclear. 

Certainly, for a sedated patient performed airway topical 

anesthesia, reducing intubation time must be always borne 

in mind to decrease the risk of aspiration.

Our analysis showed that a longer intubation time did not 

result in a higher incidence of hypoxemia with FOB. This 

may be because the included studies are carried out in elec-

tive surgical patients with a good ability to tolerate hypoxia. 

However, according to the trial sequential analysis, this “no 

difference” needs more researches to verify and there is 

still a trend of lower incidence of low oxygen saturation for 

VL. In addition, it should be noted that for less experienced 

intubators, the time gap may be much longer, which may 

result in more complications in the FOB group, such as a 

mild-to-severe glottis damage.

Our study only included RCTs. Although blinding was 

not adopted in most studies, we judged “no blinding” as “low 

risk”, as it seems impossible to blinding the personnel and the 

results are unlikely to be changed. Risk assessment of bias for 

the included studies showed that three of six studies could be 

classified as “low risk” studies and only one was classified 

as “high risk”. The study by Rosenstock et al had “a striking 

imbalance between the groups in the number of excluded 

patients” (two of 45 from the FOB group and seven of 48 from 

the VL group, most of which are due to impossible transtra-

cheal injection).23 The postrandomization exclusions may bias 

or distort the conclusion of this study.51 Anyway, this kind of 

invasive airway topical anesthesia has been abandoned in most 

cases. The quality of most evidences was high or moderate 

because of only RCT included and very low heterogeneity.

Limitations
First, almost all included studies were performed in surgical 

patients by excluding patients with upper airway emergen-

cies. Thus, we are not sure how the results might be affected 

when performing emergent intubations in more stressful 

circumstances. The use of VL in emergent intubation does 

not show any advantage over DL,52,53 whether VL is superior 

to FOB for awake emergent intubation is unclear; second, 

all the operators are experienced, and the results may not be 

applicable to less experienced operators; third, although all 

participants in our included studies need awake intubation for 

“difficult” situations, the situations are different substantially, 

including oropharyngeal cancer, limited neck extension, lim-

ited jaw protrusion, high Mallampati score, or a requirement 

to maintain the cervical spine (eg, cervical spine fixation) in 

the neutral position during intubation. Different intubation 

devices may be suitable for different “difficult” situations. 

Moreover, all included studies excluded the patients with 

restricted mouth opening, and this might underestimate 

the role of FOB in managing difficult airways. Finally, the 

Table 2 Results of meta-analysis for subgroup analysis and secondary outcomes between VL and FOB

Outcomes Studies, N Participants, N Heterogeneity Heterogeneity statistical 
method

Effect estimate, 
(95% CI), (P-value)

Overall success rate (nasal) 2 208 P=1.00; I2=0% Risk ratio (M–H, fixed, 95% CI) 1.00 (0.97–1.03) (1.00)

Overall success rate (oral) 4 238 P=0.80; I2=0% Risk ratio (M–H, fixed, 95% CI) 1.00 (0.96–1.04) (0.98)

First-attempt success rate 4 252 P=0.45; I2=0% Risk ratio (M–H, fixed, 95% CI) 1.03 (0.90–1.17) (0.71)

Rate of low oxygen saturation 5 333 P=0.90; I2=0% Risk ratio (M–H, fixed, 95% CI) 0.47 [0.21–1.06) (0.07)

Rate of sore throat 3 167 P=0.59; I2=0% Risk ratio (M–H, fixed, 95% CI) 1.02 (0.59–1.77) (0.94)

Abbreviations: FOB, fiberoptic bronchoscope; VL, videolaryngoscopy.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2018:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1962

Jiang et al

results on complications remain unreliable because of limited 

participants, which need a much larger population.

This review concludes that when awake intubation is 

performed by experienced operators, VL with a shorter 

intubation time is as effective and safe as FOB.
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