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Abstract 
Intubation with videolaryngoscopy has become popular in various clinical settings. However, despite the use of a 
videolaryngoscope, difficult intubation still exists and intubation failure has been reported. This retrospective study assessed the 
efficacy of the 2 maneuvers in improving the glottic view during videolaryngoscopic intubation. The medical records of patients 
who underwent videolaryngoscopic intubation and whose glottal images were stored in electronic medical charts were reviewed. 
The videolaryngoscopic images were divided into 3 categories according to the applied optimization techniques as follows: 
conventional method, with the blade tip located in the vallecular; backward-upward-rightward pressure (BURP) maneuver; and 
epiglottis lifting maneuver. Four independent anesthesiologists scored the visualization of the vocal folds using the percentage 
of glottic opening (POGO, 0–100%) scoring system. A total of 128 patients with 3 laryngeal images were analyzed. The glottic 
view was the most improved in the epiglottis lifting maneuver among all the techniques. The median POGO scores were 11.3, 
36.9, and 63.1 in the conventional method, BURP, and epiglottis lifting maneuver, respectively (P < .001). There were significant 
differences in the distribution of POGO grades according to the application of BURP and epiglottis lifting maneuvers. In the POGO 
grades 3 and 4 subgroups, the epiglottis lifting maneuver was more effective than the BURP maneuver in improving the POGO 
score Inadequate visualization of the vocal folds occurred even when intubation was performed using a videolaryngoscope. The 
application of optimization maneuvers, such as BURP and epiglottis lifting by the blade tip, could improve the glottic view.

Abbreviations: BURP = backward-upward-rightward pressure, IQR = interquartile range, POGO = the percentage of glottic 
opening.
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1. Introduction
A difficult unanticipated airway is a critical condition, and intu-
bation failure is a major cause of poor outcomes related to pri-
mary airway problems.[1] In 2015, the Difficult Airway Society 
updated the 2004 guidelines for the management of difficult 
intubation and highlighted the role of videolaryngoscopy.[2] 
Videolaryngoscopy is known to improve the glottal view and 
to reduce tracheal intubation attempts and laryngeal trauma 
compared with conventional laryngoscopy.[3] Furthermore, the 
coronavirus disease 2019 pandemic is threatening healthcare 
professionals involved in the airway management of critically ill 
patients with infection, and using a videolaryngoscope is recom-
mended to reduce the risk of contamination with airway secre-
tions during intubation.[4]

However, there are several limitations to consider when using 
a videolaryngoscope. Despite the use of a videolaryngoscope, 
passage of the endotracheal tube was difficult in 10.5% of cases, 

and 0.5% of intubation failures were reported.[5,6] In addition, 
the definition of difficult intubation has not yet been elucidated, 
and the Cormack and Lehane grading system appears inade-
quate for videolaryngoscopy.[7] Also, it has not known how the 
inadequate visualization of vocal folds can be improved effica-
ciously during videolaryngoscopic intubation.

This retrospective study analyzed glottal images captured 
during videolaryngoscopic intubation. Thereafter, the efficacy 
of 2 maneuvers in improving glottic visualization during vid-
eolaryngoscopy intubation, the backward-upward-rightward 
pressure (BURP) maneuver and the epiglottis lifting maneuver, 
were assessed.

2. Methods
With the approval of the institutional review board 
(B-2104/676–102, March 30, 2021), the electronic medical 
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records from April 2020 to February 2021 were reviewed retro-
spectively. The requirement for informed consent was waived.

2.1. Videolaryngoscopic intubation practice

General anesthesia was administered conventionally. Tracheal 
intubation was performed using a KoMAC videolaryngoscope 
(KoMAC Co., Ltd., Seoul, Republic of Korea) by experienced 
anesthesiologists familiar with the videolaryngoscope. The 
KoMAC videolaryngoscope has adjustable curved MAC blades 
(size 3 or 4). Unless otherwise specified, 3 and 4 blades were 
used for laryngoscopy in female and male patients, respectively. 
Experienced anesthesiologists were defined as having at least 5 
years of experience in anesthesia and having performed at least 
100 intubations with this device.[8]

When it was necessary to improve the glottic view during 
videolaryngoscopic intubation, an optimization maneuver, such 
as BURP or direct lifting of the epiglottis using a blade tip, was 
used. The images were divided into the following 3 categories 
according to the applied maneuvers: Conventional method with 
the blade tip located in the vallecula; BURP maneuver, and; 
Epiglottis lifting maneuver. It was not recorded whether lifting 
traction was applied during the entire intubation process.

2.2. Inclusion and exclusion criteria

The medical records of adult patients who underwent intuba-
tion using a KoMAC videolaryngoscope and whose 3 glottal 
images with descriptions were stored in an electronic medical 
chart were used in this study. The exclusion criteria were patients 
whose glottal images did not exist in the medical records, 
patients whose intubation was performed by an inexperienced 
anesthesiologist, or patients with any disease with alterations in 
the laryngeal anatomy.

2.3. Assessment of vocal cord visualization and outcome 
variables

With the recorded videolaryngoscopic images, visualization 
of the glottis was scored using the percentage of glottic open-
ing (POGO, 0–100%) scoring system[9] by 4 anesthesiologists 
with 5 to 10 years of work experience skilled in laryngoscopy. 
The numerical averages of the 4 scores were recorded for each 
image. Subsequently, the scores were classified as follows: grade 
1, POGO ≥ 75%; grade 2, 50% ≤ POGO < 75%; grade 3, 

25% ≤ POGO < 50%; and grade 4, POGO < 25%. The main 
outcomes were the POGO scores of the groups and proportion 
of each grade based on the POGO score.

2.4. Statistical analysis

The data were analyzed using SPSS for Windows (ver. 25; IBM 
Corp., Armonk, NY). After the normality check of variables 
using the Shapiro–Wilk test, the Friedman test was used to com-
pare the mean POGO scores with each manipulation technique. 
To compare the differences among the 3 groups, a Wilcoxon 
signed-rank test using Bonferroni correction was employed. A 
P value of < .017 (0.05/3) was considered statistically signifi-
cant because of multiple comparisons. Categorical data were 
analyzed using Cochran’s Q test, and the McNemar test was 
used as a Bonferroni correction tool to identify differences in 
the POGO grade distribution. Statistical significance was con-
sidered when a P value < .017 (0.05/3) was observed in the com-
parison among the 3 groups and a P value < .008 (0.05/6) was 
observed in the comparison within groups. The obtained data 
are expressed as median (interquartile range) and number (%).

3. Results
A total of 128 patients had all 3 glottic images: 1 image recorded 
during the conventional method and 2 images recorded after 
applying the BURP and epiglottis lifting maneuver, respectively. 
These 128 sets composed of 3 images were analyzed to iden-
tify the effect of optimization maneuvers on the improvement 
in glottal views. (Fig.  1). The characteristics of patients were 
presented in Table 1. When the images observed using the con-
ventional videolaryngoscopic method were analyzed, the distri-
butions of POGO grades 1, 2, 3, and 4 were 0%, 11%, 23%, 
and 66%, respectively.

The POGO scores (median interquartile range) were 11.3 
(0.00–32.5), 36.9 (15.6–63.4), and 63.1 (45.3–77.5) in the 
conventional method, BURP, and epiglottis lifting maneuvers, 
respectively (Fig. 2A; P < .001). Figure 2B showed the distribu-
tion of POGO grades according to maneuver application. The 
proportion of grade 1 was 0% in the conventional method, 
which increased to 13% during the BURP maneuver and 34% 
during the epiglottis lifting maneuver. The incidence of grade 
2 was also higher in the BURP (30%, P = .001) and epiglot-
tis lifting maneuvers (39%, P < .001) than in the conventional 
method (11%). While the proportion of POGO grade 4 in the 
conventional method was the highest (66%), it decreased in the 

Figure 1. Flowchart of patient recruitment.
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BURP (35%) and epiglottis lifting maneuver (4%) (P < .001). 
The incidence of a POGO score of 0, which meant invisi-
ble vocal folds, was 26%, 2%, and 0% in the conventional 
method, BURP, and epiglottis lifting maneuvers, respectively.

POGO grades 2, 3, and 4 in the conventional method were 
observed in 14, 29, and 85 patients, respectively, and they were 
classified into 3 subgroups. BURP and epiglottic lifting maneu-
ver significantly improved the POGO scores in all subgroups 
(Fig.  3A–C). In particular, in the POGO grades 3 and 4 sub-
groups, the epiglottis lifting maneuver was more effective than 
the BURP maneuver in improving the POGO score (Fig. 3B and 
C).

4. Discussion
In the present study, inadequate visualization of the glottis was 
observed despite the use of a videolaryngoscope, which was 
improved by applying optimization maneuvers, such as BURP 
and the direct epiglottis lifting maneuver. The most effective 
technique for improving the glottic view was the epiglottis lift-
ing maneuver.

Videolaryngoscopy is recommended for the management 
of difficult airways.[2] Furthermore, it has been reported that 

videolaryngoscopy is advantageous for the intubation of nondif-
ficult airways.[10] However, even if a videolaryngoscope is used, 
an appropriate glottic view cannot be secured in some cases.[11]

The optimization maneuvers used in this study to improve 
glottic visualization were BURP and direct epiglottic lifting. The 
BURP maneuver was first described by Knill in 1993 in a case of 
difficult laryngoscopy to improve the view of the glottis.[12] This 
technique can be easily applied during intubation by manip-
ulating the larynx with 3 pressures: backward, upward, and 
rightward. During videolaryngoscopic intubation, the BURP 
maneuver forces the larynx downward, thereby bringing the 
vocal cords into view. Thus, the BURP maneuver provides better 
glottic visualization than conventional videolaryngoscopy, and 
may be a useful technique for difficult videolaryngoscopy.

In the present study, a more effective technique than BURP 
was to lift the epiglottis directly using the blade tip of the vid-

eolaryngoscope to improve the glottic visualization. In general, 
direct lifting of the epiglottis with a straight blade is used in 
pediatric intubation because of the long and floppy epiglottis.[13] 
Conventionally, proper head positioning is required for the 3 
airway axes to be as straight as possible, and a curved laryn-
goscope blade in the vallecula pulls the epiglottis forward to 
expose the larynx. While using a videolaryngoscope, a camera 
lens is located near the end of the blade at an angle of 50° to 
60° in the pharynx area.[14] When viewing the glottis through the 
videolaryngoscope camera lens, the epiglottis can be a represen-
tative barrier that needs to be removed from the view. Therefore, 
the POGO score of the epiglottis lifting group was significantly 
higher in patients who initially had an inadequate glottic view.

Similarly, Oh et al[15] also reported that direct lifting of the 
epiglottis provided a better glottic view than indirect lifting 
when intubating using a videolaryngoscope. The first differ-
ence in this study was that the BURP maneuver was addition-
ally evaluated, and we found that the greatest improvement in 
the glottal view was observed in the epiglottis lifting maneuver 
compared to the conventional method and BURP maneuvers. 
The second difference is that more patients with a difficult air-
way seemed to be included in the present study. when compar-
ing the initial POGO score between the 2 studies, the median 

Table 1

The characteristics of 128 patients.

Age (yr) 59 (53–67) 
Male/female 59/70 (46%/54%)
Weight (kg) 63(57–73)
Height (cm) 161 (154–170)
BMI (kg/m2) 25 (22–26)
ASA 1/2/3 49/78/1 (38%/61%/1%)
POGO grade 1/2/3/4* 0/14/29/85 (0%/11%/23%/66%)
POGO 0* 33 (26%)

Data are expressed as median (IQR) and number (%). 128 patients who had 3 videolaryngoscope 
images of the conventional method, BURP, and the epiglottis lifting maneuver. Grade 1, 75%≤ 
POGO; grade 2, 50%≤ POGO < 75%; grade 3 25%≤ POGO < 50%; grade 4, POGO < 25%.
ASA = American society of anesthesiology physical status, BMI = body mass index, 
BURP = backward-upward-rightward pressure, POGO = percentage of glottic opening.
* Results observed in the conventional method with the blade tip located in the vallecula.

Figure 2. POGO grades and scores of 128 patients. (A) The distribution of POGO grade and (B) the POGO scores in each optimization maneuver. The top 
3 representative images (B) were obtained from 1 patient. Grade 1, POGO ≥ 75%; grade 2, 50% ≤ POGO < 75%; grade 3, 25% ≤ POGO < 50%; grade 4, 
POGO < 25%. *P < .017 compared with the conventional method. †P < .017 compared with BURP maneuver. BURP = backward-upward-rightward pressure, 
POGO = percentage of glottic opening.
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POGO score of the present study was 11.3% during the conven-
tional approach by a videolaryngoscope, while the mean POGO 
score was 64.4% before the direct lifting of the epiglottis.[15] 
The reason why is that a videolaryngoscope has been primar-
ily used for patients with a previous history or any potential 
risk of difficult intubation in our institution. Specifically, in the 
POGO grade 3 or 4 subgroups, the epiglottis lifting maneuver 
was better than the BURP maneuver in terms of improving 
the glottic view. However, epiglottis lifting was not superior to 
BURP maneuver in the POGO grade 2 subgroup. This means 
that the epiglottis lifting maneuver is more effective than the 
BURP maneuver in improving glottic visualization in patients 
with a difficult airway. Further studies should evaluate whether 
the concurrent application of BURP and epiglottis lifting causes 
additional changes in POGO scores.

It is not clear whether the POGO score is directly related to 
intubation difficulty. Gu et al[16] reported that intubation was 
faster and easier in a deliberately restricted laryngeal view. 
However, it is generally considered that the better the glottic 
view of the POGO score or the Cormack and Lehane grading 
system, the easier the intubation. At present, the difficulty of 
intubation, such as the time required for intubation and the 
number of attempts, could not be investigated, which is the first 
limitation of this study. Considering that the median POGO 
score was 11.3% and the incidence of POGO score 0 was 
25.8%, a large number of patients with difficult airways were 
included. It is necessary to confirm whether an improvement in 
the glottic view leads to an increase in the intubation success 
rate or an improvement in intubation quality. Second, only the 
KoMac videolaryngoscope was used. Because various types of 
videolaryngoscopes are currently used, our results cannot be 
generalized to these devices. The length, width, and curvature 
of the videolaryngoscope blade varied slightly between manu-
facturers. The height and weight of the patient should be con-
sidered when selecting blade size. Whether similar results can 
be obtained when other videolaryngoscopes are used should be 
confirmed. Third, because of its retrospective nature, we could 
not collect detailed data regarding airway complications, such 
as sore throat, hoarseness, bleeding, or other trauma. It is pre-
sumed that there were no serious postintubation complications, 
as there were no cases in which additional management or 
extension of hospitalization was required owing to intubation 
or airway problems. Finally, the selection bias of retrospective 
data cannot be overlooked. BURP and epiglottis lifting would 
have been additionally performed for patients with a low POGO 
score in a conventional view, and it was highly likely that they 
were included in this study. This is the reason why patients pre-
sented relatively low POGO scores in the conventional view. In 
addition, several types of videolaryngoscopes have been used in 
our center. Some do not have a picture capturing function, and 
all of these data using other videolaryngoscopes could not be 
included in this study.

In conclusion, inadequate visualization of the glottis may 
occur during videolaryngoscopic intubation, and the applica-
tion of an optimization maneuver can improve visualization. 
When using the KoMac videolaryngoscope, the lifting epiglottis 
maneuver was more effective in improving the glottic view than 
the BURP maneuver in patients expected to have a difficult air-
way. Larger clinical trials using various types of videolaryngos-
copy are required to generalize our findings.
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