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Purpose: Endoscopic submucosal dissection (ESD) has become the primary treatment for early upper gastrointestinal tract lesions.
During endoscopic surgery, endotracheal intubation is generally performed in the patients’ supine position, and patients are shifted to
the left lateral position for endoscopic surgery. This study compared the efficacy of flexible bronchoscope-guided intubation with that
of video laryngoscope-guided intubation in the left lateral position.
Patients and Methods: Forty-eight patients receiving ESD were randomly divided into the flexible bronchoscope group (group F) or
the video laryngoscope group (group V). Tracheal intubation was performed by a trained anesthetist with a flexible bronchoscope
(group F) or unchanneled video laryngoscope (group V) in the left lateral position. Primary outcomes included the intubation duration
and success rate. Secondary outcomes included the ease of intubation technique and the occurrence of complications.
Results: Twenty-four (100%) patients in group F and twenty-three (95.8%) in group V were successfully intubated (P = 1.000). The
median intubation time in group F was 37s (interquartile range, 33.0, 44.5), which was significantly shorter compared to group V (53s
[45.5, 66.5]; P < 0.001). The flexible bronchoscope was significantly easier to manage than the video laryngoscope, as reflected by the
users scoring system (9 [9, 10] vs 8 [7, 8]; P < 0.001). The presence of perioperative adverse events and complications were
comparable between the two groups.
Conclusion: Both flexible bronchoscope- and video laryngoscope-guided intubation in patients’ left lateral position achieved
high success rates and comparable complication rates. However, intubation with the flexible bronchoscope was completed more
quickly.
Keywords: intubation, bronchoscope, laryngoscope, endoscopic submucosal dissection, left lateral position

Introduction
The advances in endoscopic equipment have propelled endoscopic techniques in disease diagnosis and treatment. As
a result, endoscopic submucosal dissection (ESD) is widely used as the primary approach for gastrointestinal disorders.
Compared with traditional surgery, ESD is superior in preserving native organs, minor trauma, quick recoveries, short
hospital stays, and lower complication rates.1–3 General anesthesia with endotracheal intubation is the preferred
anesthetic method for ESD, as it can maintain the airway patency, reduce gastric reflux and pulmonary aspiration risk,
and provide good operative conditions for endoscopists.3

During endoscopic surgery, endotracheal intubation is generally performed on patients in the supine position,
and then they are shifted to the left lateral position, which is required for endoscopic surgery. However, it is
unsafe to change the patient’s position after the induction of anesthesia. Intubation in the left lateral position
avoids the need to change the patients’ position, decreases the stress reaction and physiological interference
caused by the patient’s position shift, and reduces the required time and workforce.4 Furthermore, endotracheal
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intubation may also be necessary in many emergency circumstances, such as accidental extubation during surgery
when the patient is already in the lateral position, which is potentially hazardous.5

The poor glottic view and uncomfortable intubation position in the left lateral position increase the difficulty
of endotracheal intubation by Macintosh laryngoscope and reduce the successful intubation rate.6 With the
implementation of many intubation-assisting optical devices, such as intubating laryngeal mask airway,7

lightwand,8 and video laryngoscope,9,10 endotracheal intubation in the lateral position has become more
feasible.7,8,11,12 The flexible bronchoscope, with the flexibility of the insertion tube and the ability to look around
the corner during intubation, can flexibly guide the tracheal tube into the airway. Therefore, the flexible
bronchoscope was recommended as the gold standard during anticipated complex airway
management.13 Furthermore, for patients already under anesthesia, orotracheal intubation with the flexible
bronchoscope in the lateral position was more effective and time-saving than in the supine position.14 Thus, it
was hypothesized that flexible bronchoscope-guided endotracheal intubation is advantageous over the video
laryngoscope for patients in the lateral position. Therefore, this work explored the safety and effectiveness of
intubation with flexible bronchoscopes for ESD surgery with patients in the left lateral position and evaluated the
potential advantages of the flexible bronchoscope over the video laryngoscope.

Patients and Methods
Trial Design
This investigation was a prospective, randomized controlled study conducted in Liaocheng People’s Hospital
between June 2020 and August 2020. The study was approved by the Ethics Committee of Liaocheng People’s
Hospital (2020018) and was registered at the Chinese Clinical Trial Register (ChiCTR 2000033840). In addition,
written informed consent was obtained from all participants. The same skilled anesthesiologist performed all
endotracheal intubations with the flexible bronchoscope and video laryngoscope with patients in the lateral
position.

Participants
The study population comprised all patients receiving ESD surgery in the left lateral position. The exclusion criteria
included: age > 80 years; American Society of Anesthesiologists (ASA) physical status score > III; high-risk airway
(such as Mallampati score > III, mouth opening < 3 cm, BMI > 30 kg/m2, cervical spine abnormality, severe
maxillofacial deformity.); and presence of an acute respiratory infection.

Randomization and Blinding
A total of 48 patients were included in this study. The patients were randomly allocated into the video
laryngoscope group (group V) or the flexible bronchoscope group (group F) in a 1:1 ratio using the sealed
envelope method. The random sequence was generated by a computer. All patients were blinded to their grouping,
and the intubation operator was not involved in observations, documentation, and evaluations of outcome events.

General Anesthesia and Endotracheal Intubation
None of the patients received preoperative medication. Before intubation, the patients were supine on the operating
table, and their heart rate, noninvasive blood pressure, oxygen saturation (SpO2), and bispectral index (BIS) were
monitored. Next, the patients were asked to shift to the left lateral position. A pillow was used to support the head
and neck to maintain the natural horizontal position of the patients’ spines during anesthesia induction and
intubation. A disposable mouthpiece was placed between the incisor teeth to keep the mouth open before
anesthesia induction in group F. After preoxygenation, general anesthesia was induced by intravenous administra-
tion of midazolam (0.03 mg/kg), propofol (1.5–2.0 mg/kg), fentanyl (2 μg/kg), and cisatracurium (0.15–0.2 mg/kg).
Then, manual ventilation was maintained for approximately 3 min with 100% oxygen through a face mask,
followed by intubation. In group V, the anesthetist performed the oral endotracheal intubation using the
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unchanneled video laryngoscope (E.An-II; Tianjin Median Medical Electronic Technology Co. Ltd., Tianjin,
China) with the assistance of an intubation stylet. The position of the patient’s head and neck was adjusted as
necessary. In group F, the oral endotracheal intubation was performed using the flexible bronchoscope (TIC-SD-Ш;
Zhejiang UE Medical Instrument Co., LTD, Zhejiang, China). The assistant applied the jaw-thrust maneuver if
necessary. Reinforced tracheal tubes (7.0 mm internal diameter for men and 6.5 mm for women) were used for all
patients.

During endotracheal intubation, if the patient’s SpO2 dropped below 90%, the intubation was paused immediately,
and face mask-assisted ventilation was performed to raise the SpO2 to 100%. Meanwhile, the intubation was considered
a failure and repeated with the patient in the lateral position. If two intubation attempt failures occurred, the patient was
placed in a supine position to complete the endotracheal intubation, which was recorded as an intubation failure. The
duration of the first and second (if applicable) and the overall intubation process were recorded by the assistant using
a timer. Intubation time was defined as the time from the mask leaving the patient’s face to the exit of the flexible
bronchoscope or video laryngoscope after the catheter was successfully inserted into the trachea. After intubation,
anesthesia was maintained with sevoflurane (2–3%) and remifentanil (0.1–0.3 μg/kg/min). The respiratory frequency was
set to 12–15 breaths/min, and the tidal volume to 6–8 mL/kg. The BIS was maintained at 40–60, and the end-tidal CO2

(PETCO2) at 35–40 mmHg.

Study Outcomes
The primary outcomes included the overall intubation duration and the success rates of the first attempt,
the second attempt, and the overall intubation. The secondary outcomes included the ease of the intubation
technique (10 grades: 1 = very poor, 10 = excellent), and the presence of intubation-dependent complications (oral
mucosal injury, dental injury, hypoxemia [SpO2 < 90%], and esophageal intubation).

Sample Size Prediction
The minimum sample size was estimated based on intubation time. In the pilot study of 15 patients, the mean and
standard deviation (SD) of intubation durations were 46.0 ± 8.53 sec and 65.22 ± 12.64 sec in groups F and V,
respectively. The estimated sample size was calculated using a two-group chi-square test with a statistical power
of 80% and a two-sided significance of 0.05. Based on an estimated 10% dropout rate, 24 patients were required
in each group.

Statistical Analysis
SPSS software (version 23.0, IBM Corp., Armonk, NY, USA) was used for data analysis. The Shapiro–Wilk test
was used to test the normality of continuous variables. Continuous variables were expressed as the mean ± SD
and compared using the Student’s t-test if they were normally distributed or described as median (interquartile
range [IQR]) or the Mann–Whitney U-test if they were non-normally distributed. Categorical variables are
presented as counts (percentage, %) and were compared using the Chi-squared test or Fisher’s exact test as
appropriate. All statistical tests were two-sided. A value of P less than 0.05 was considered statistically
significant.

Results
Study Population
Among the 53 patients enrolled in the trial, five patients were excluded due to the following reasons: patients over
80 years of age (one case), acute upper respiratory tract infection (one case), and refused to join the trial (three
cases). Consequently, 48 patients were included for data analysis, with 24 in each group (Figure 1).
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Demographic and Clinical Characteristics
No significant differences were observed between groups V and F regarding demographic and patient clinical character-
istics, including age, height, body weight, ASA grade, and Mallampati score (Table 1).

Intubation Status
A total of 24 (100%) patients in group F and 23 (95.8%) in group V were successfully intubated. The overall
success rates between the two groups were comparable (P = 1.000; Table 2). Notably, the results showed that the
median intubation time in group F was 37s (IQR: 33.0, 44.5), which was significantly shorter than that in group
V (53 s [IQR: 45.5, 66.5]; P < 0.01; Figure 2). Moreover, in group V, one patient (4.2%) was successfully
intubated during the second attempt by adjusting the tracheal tube molding after the initial failure. Furthermore,
one patient (4.2%) was successfully intubated in the supine position after two failed intubation attempts in the

Figure 1 Flow diagram of the study. Group F: flexible bronchoscope group; Group V: video laryngoscope group.
Abbreviation: ESD, endoscopic submucosal dissection.

Table 1 Demographic and Clinical Assessment Data

Group V (n = 24) Group F (n = 24) P value

Age (y) 61.2 ± 8.6 61.2 ± 9.8 0.990*

Height (cm) 162.7 ± 17.9 161.7 ± 22.7 0.841*

Weight (kg) 61.3 ± 16.1 66.5 ± 14.2 0.626*

ASA grade (I/II/III) 2/16/6 5/15/4 0.372Δ

Mallampati score (I/II/III) 2/17/5 4/18/2 0.060Δ

Notes: Data were presented as mean ± standard deviation, or median (interquartile range). ΔFisher’s exact test, *t-test. Group F: flexible
bronchoscope group; Group V: video laryngoscope group.
Abbreviation: ASA, American Society of Anesthesiologists.
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lateral position. Therefore, the success rate of the first intubation was 100% in group F and 91.7% in group V (P
= 0.234; Table 2). In addition, the user’s evaluation revealed that the flexible bronchoscope was significantly more
manageable than the video laryngoscope (9 [9, 10] vs 8 [7, 8]; P < 0.001; Table 2).

Complications and Adverse Events
During the trial, two (8.3%) cases of intubation-related oral mucosal injury were reported in group V, but no cases were
noted in group F. No dental injury cases were found in either group. In addition, at the first intubation attempt, hypoxemia
occurred in the two failed intubation cases, and oxygen saturation was recovered upon its immediate supply. Moreover,
the analysis revealed no significant difference in perioperative adverse events or complications between the two groups
(P > 0.05; Table 3).

Table 2 Success Rates and the User’s Evaluation in Both Groups

Group V (n = 24) Group F (n = 24) P value

Overall intubation success 23 (95.8) 24 (100) 1.000Δ

Success at 1st attempt 22 (91.7) 24 (100) 0.234Δ

Success at 2nd attempt 1 (4.2) 0 0.5Δ

Ease of intubation 8 (7, 8) 9 (9, 10) 0.000▲

Notes: Data were presented as number (%) or median (interquartile range), ▲Mann–Whitney U-test, ΔFisher’s exact test. Group F:
flexible bronchoscope group; Group V: video laryngoscope group.

Figure 2 Intubation time in groups F and V. Data are shown as median (Q1, Q3). The median intubation time was significantly shorter in Group F than in Group V (P <
0.001). Group F (n = 24): flexible bronchoscope group; Group V (n = 23): video laryngoscope group.
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Discussion
This study investigated the advantage of endotracheal intubation under the guidance of a flexible bronchoscope over that
of a video laryngoscope for patients in the left lateral position for ESD surgery. This study did not find significant
differences in complications or adverse events caused by endotracheal intubation guided by either of the two intubation
tools. The results also suggested that flexible bronchoscope- and video laryngoscope-guided intubation achieved more
than 95% success rates. However, it should not be omitted that the duration of flexible bronchoscope-assisted intubation
was significantly less than that of the video laryngoscope. More importantly, this study further revealed that endotracheal
intubation guided by a flexible bronchoscope is safer and easier to use.

Although unconventional in clinical practice, endotracheal intubation in the lateral position is particularly valuable for
perioperative airway management, such as establishing artificial airways for patients in restricted positions, sudden
respiratory depression, and accidental loss of the tracheal tube during an operation.5,15–17 Meanwhile, endotracheal
intubation in the lateral position is safer for patients with a full stomach since the peak inspiratory pressure of mask
ventilation in the lateral decubitus position is lower than in the supine position,12,17,18 and oropharyngeal secretions are
easier to clear. In addition, endotracheal intubation in the lateral decubitus position may avoid related complications
caused by position change and save time and the workforce needed to move patients.

In this trial, performing endotracheal intubation with the flexible bronchoscope (37.0 s [33.0, 44.5]) was faster
compared to the video laryngoscope (53.0 s [45.5, 66.5]) in the left lateral position. On the other hand, Wahdan et al19

compared elective endotracheal intubation in the lateral position using the laryngoscopic-assisted video stylet with the
fiberoptic bronchoscope. They found that the average time taken for intubation was significantly less in the video stylet
group (39.5 ± 10.0 s) than in the fiberoptic bronchoscope group (75.6 ± 16.2 s). Two considerations may explain these
contradictory results. First, the video stylet was different from the laryngoscope; during intubation with the video stylet,
the endotracheal tube could be placed over the stylet before the timer started, which might shorten the time. Second,
a mouthpiece rather than an assistant was used in this study to keep the patient’s mouth open. Single-person intubation
(no assistant was needed in group F) saved communication time between operators and likely made the operation more
convenient.

Of note, previous studies have demonstrated that the video laryngoscope could provide a better laryngoscopic view,
a high success rate, and a shorter intubation time in a lateral position than the Macintosh laryngoscope.9,11 As the most
widely used intubation-assisting tool in clinical practice, a video laryngoscope can significantly reduce the airway
grading since its visual technology makes the laryngoscope blade more consistent with the physiological curvature of
the pharynx. Some scholars have even proposed video laryngoscopy as the standard tool for intubation.20 However, in
this study, the success rate of video laryngoscope-guided intubation in the lateral decubitus position was 91.7% at the first
attempt, which is lower than that of a recent study, where the first intubation success rate was 96.72%.12 The lower
success rate could be caused by improper shaping of the endotracheal tube, which is considered an independent risk
factor for intubation failure.21 In addition, the tube used in video laryngoscope-guided endotracheal intubation in a lateral
position needs to be adjusted to align with the glottis, and an assistant is needed to remove guide wires. This might
explain why video laryngoscope-assisted intubation has a lower success rate and longer duration.

Table 3 Complications and Adverse Events

Group F Group V P

Oral mucosal injury 0 2 (8.33) 0.490

Dental injury 0 0 NA

Esophageal intubation 0 0 NA

Hypoxemia 0 2 (8.33) 0.490

Notes: Data were presented as numbers (%). Group F: flexible bronchoscope group; Group V: video laryngoscope group.
Abbreviation: NA, not applicable.
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It should be noted that tracheal intubation is an empirical procedure. Each operator’s clinical experience and personal
habits vary with different intubation tools. In this study, the tracheal intubation operator had the clinical experience of
more than 200 cases of intubation with the flexible bronchoscope with patients in both the supine and lateral positions.
The endotracheal intubation operator in this study preferred the flexible bronchoscope compared with the video
laryngoscope. The user’s satisfaction with a flexible bronchoscope (9 [9, 10]) was higher than with the video laryngo-
scope (8 [7, 8]). Of course, it cannot be denied that some anesthesiologists may prefer a video laryngoscope over
a flexible bronchoscope.

There was no significant difference in intubation complications between the two groups. There was no injury to the
oral mucosal during intubation in group F because the flexible bronchoscope’s body is softer than the laryngoscope blade.
The two cases with oral mucosa injury in group V were healed before discharge. It was also noted that three patients from
group F and four from group V experienced irritation during tracheal intubation. The stimulation caused by endotracheal
intubation can primarily be attributed to glottis exposure and tube placement. Although the flexible bronchoscope’s
flexibility reduces stimulation during glottis exposure, it cannot be completely avoided. In addition, since all ESD
patients need to drink Dyclonine prior to surgery to remove the foam in the digestive tract, its anesthetic effect, and
surgical operations would affect the analysis of a sore throat. Therefore, this study did not analyze sore throat, a common
adverse reaction to tracheal intubation.

This study has several limitations. Firstly, this study included a relatively small sample size. Clinical studies involving
a larger population and multiple centers are required to confirm the findings of this study. Secondly, to avoid any bias
from lack of proficiency, the procedures in this study were only performed by a single trained resident. The results might
differ if the operator were a senior or consultant anesthesiologist. Thirdly, only single models of the flexible broncho-
scope and video laryngoscope were used in this study. The performance and comfort of different brands and models of
flexible bronchoscopes and laryngoscopes are known to differ, and anesthesiologists’ preferences for intubation instru-
ments may also affect the results. Last but not least, during our clinical management, patients with high airway risk, such
as obese patients or patients with BMIs over 30, were managed in their supine position throughout the treatment.
Therefore, those patients were excluded from our current study. Thus, our findings may not apply to this group of
patients. In future studies, we will try to investigate the airway management for these patients.

Conclusion
Both intubation methods achieved high intubation success rates. Meanwhile, no significant differences in complications
of intubation were observed between the two groups. Importantly, in this study, it took less time to guide endotracheal
intubation in the left lateral position with a flexible bronchoscope than with a video laryngoscope. Therefore, flexible
bronchoscope-guided endotracheal intubation in the left lateral position may be an effective and safe approach for ESD
patients.
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