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Abstract

Background: Flexible scope intubation is an important airway management skill that requires hands-on training
in a real airway. We compared flexible scope intubation by trainees between patients in the left lateral and supine
positions.

Methods: Forty patients aged 20 to 80 years with American Society of Anesthesiologists physical status class | to

lll were scheduled for elective surgery under general endotracheal anesthesia in Ramathibodi Hospital from Febru-
ary 2020 to June 2020. Patients were randomly assigned to be intubated in one of two positions: supine (Group S)

or left lateral (Group L). Trainees performed flexible scope intubation in sedated patients under the supervision of an
attending anesthesiologist. Intubation success, time to successful intubation, number of attempts, airway adjustment
maneuvers, and hemodynamic changes were compared between groups.

Results: Patient characteristics did not differ between groups except for Mallampati airway classification. The rate
of successful intubation on the first attempt and intubation time did not significantly differ between groups. The
proportion of patients who required a jaw thrust during intubation was significantly lower in Group L (10.5% vs. 85%;
P<0.01). Blood pressure and oxygen saturation declined in both groups after intubation. The relative risk of desatura-
tion in patients in the left lateral position compared with the supine position was 0.44 (0.1649-1.1978).

Conclusion: The rate of successful flexible scope intubation on the first attempt and intubation time did not dif-
fer between the groups. The proportion of patients who required a jaw thrust maneuver was significantly lower in
patients in the left lateral position.

Trial registration: https://www.thaiclinicaltrials.org/ (TCTR20200208001) on 08/02/2020.
Keywords: Airway management, Flexible scope intubation, Flexible bronchoscope, Fiberoptic bronchoscope, Lateral

intubation
Introduction
The flexible bronchoscope has an important role in the
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and be able to use when indicated [3]. Practicing this skill
improves the likelihood of its successful implementation
and reduces the incidence of complications [4]. Although
beginners primarily practice FSI with mannequins, the
rigid and static nature of the mannequin is a limitation.
Trainees need hands-on experience in a real airway [1].
To simulate the difficult airway, the patient should be
spontaneously ventilated after sedation is administered.
Induction of general endotracheal anesthesia is a good
opportunity to practice FSI. The major complications of
ESI are hypoxemia from delayed intubation and soft tis-
sue damage [5], which can lead to bleeding and/or air-
way edema. Unsuccessful FSI can cause complete airway
obstruction and life-threatening oxygen desaturation,
which are potentially catastrophic [6].

During esophagogastroduodenoscopy (EGD), the lar-
yngopharyngeal structure can easily be observed during
scope insertion [7]. Although the surgeon and anesthesi-
ologist must share the airway during the procedure, the
anesthetized patient can usually maintain a patent air-
way without the need for a jaw thrust maneuver [8]. Fur-
thermore, the procedure is commonly performed with
the patient in the left lateral decubitus position [9]. To
approximate this situation, this study compared FSI per-
formed by trainees on patients in the lateral and supine
positions.

Materials and methods

Trial design

This prospective randomized study compared trainees
performing FSI on patients in the lateral position with
trainees performing FSI on patients in the supine posi-
tion. It was conducted in a tertiary care hospital (Ram-
athibodi Hospital, Thailand) from February 2020 to
June 2020. Ethics committee approval was obtained. All
patients provided written informed consent.

Patients

Patients aged between 20 and 80 years with American
Society of Anesthesiologists (ASA) physical status class
I to III who were scheduled to undergo elective surgery
under general endotracheal anesthesia were eligible for
study inclusion. Patients with ASA physical status classes
IV and VI, a history of difficult intubation, poor cardio-
pulmonary reserve, coronary artery disease, cerebrovas-
cular disease, or reactive airway disease were excluded.
We also excluded patients who refused to participate or
were anticipated to have a difficult intubation.

Randomization

The 40 study patients were randomly assigned position
of intubation (supine, Group S; and left lateral, Group
L) by a data analyst on the day before surgery using a
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computer-generated random code (L or S) that was sent
to the intubating anesthesiologist.

Primary end points

The primary outcome was successful intubation, which
was defined as intubation of the airway on the first
attempt within 5 min. Timing started when the scope
entered the oral airway and ended when the endotracheal
tube was secured in the trachea, as confirmed by end-
tidal carbon dioxide (ETCO,) capnography. The timing
was reviewed by video recording.

Secondary end points

Secondary outcomes included (1) time from insertion to
vocal cord and total time; (2) number of attempts; and
(3) measurements of heart rate, oxygen saturation, and
systolic, diastolic, and mean arterial blood pressure (SBP,
DBP and MAP, respectively), which were recorded before
and within one minute after induction. Postintubation
complications were examined within 24 h.

Anesthesia procedures and quality control

On the day before surgery, all patients underwent a pre-
operative assessment, including airway examination
and routine investigations. Consent was obtained. All
patients fasted more than eight hours prior to intubation.
After standard monitoring was initiated, glycopyrrolate
0.1-0.2 mg was injected intravenously, and 10% xylocaine
spray was applied to the posterior pharynx. Patients were
positioned for intubation in the left lateral or supine posi-
tion as determined by randomization. The anesthetic
trainee performed the intubation under supervision by
an attending anesthesiologist. Patients were preoxygen-
ated with 100% oxygen via facemask for at least three
minutes prior to induction. Sedation with intravenous
propofol 0.5-2 mg/kg and/or fentanyl 0.5-1 mcg/kg and/
or midazolam 0.05-1 mg/kg was administered to main-
tain a Ramsay sedation scale score of 2 to 3.

First, the flexible intubating bronchoscope was intro-
duced through the oral airway and then through the
hypopharynx, vallecula, epiglottis and vocal cords. At
the cords, 10 mg of 2% xylocaine was sprayed through
the tip of the bronchoscope outlet. Then, the scope was
advanced into the trachea, where another 10 mg of 2%
xylocaine was sprayed. After the carina was identified,
propofol 1-2 mg/kg was administered intravenously,
and the endotracheal tube was railroaded during inspi-
ration. The scope was then slowly withdrawn. After con-
firmation of tube placement in the trachea using ETCO,
capnography, nondepolarizing muscle relaxant (atracu-
rium 0.5-0.6 mg/kg intravenous or cisatracurium 0.15—
0.2 mg/kg intravenous) was administered. Intubation
time was obtained from video recordings.
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To maximize patient safety, anesthesiology trainees had
to have practiced FSI with the mannequin in the supine
position at least five times before intubating a patient.
Intubation failure was defined as an intubation that
required more than 10 min or more than two attempts.
Rescue maneuvers included jaw thrust by an assistant
when airway obstruction was noticed. Obstruction is
described as contact between the uvula and the tongue or
contact between the epiglottis and the posterior pharyn-
geal wall [10]. If oxygen saturation was less than 95% for
more than 10 s, desaturation was recorded as a compli-
cation [11]; when this occurred, the trainee stopped FSI
and applied 100% oxygen facemask ventilation. A second
attempt could begin after appropriate desaturation treat-
ment. If a second attempt was required or intubation
required more than 10 min, the patient was immediately
placed in the supine position for intubation by an attend-
ing anesthesiologist using conventional laryngoscopy.

Sample size

Our sample size calculation was based on a previous FSI
study [12]. Li et al. found that the success rate of first-
attempt intubation was significantly higher in the lateral
position group (97%) than in the supine position group
(16%). We estimated that a sample size of at least 14 par-
ticipants in each group was required to detect group dif-
ferences with 80% power and assuming a 5% Type I error.
A 20% dropout rate was estimated. Therefore, 40 partici-
pants (20 in each group) were enrolled.
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Statistical analysis

Statistical analysis was performed using SPSS software
version 18.0 (IBM Corp., Armonk, NY, USA). Patient
characteristics are reported as the means with stand-
ard deviations and ranges, medians with interquartile
ranges, or frequencies with percentages. Intergroup dif-
ferences were evaluated using Student’s t test for nor-
mally distributed continuous variables, the chi-square
test for categorical variables, and the Mann—Whitney U
test for nonnormally distributed continuous variables.
P <0.05 was considered significant.

Results

Study population

Fifty-two patients undergoing elective surgery under
general endotracheal anesthesia were eligible for study
inclusion. Among these, 12 patients did not meet the
inclusion criteria. Therefore, 40 patients were enrolled
and randomly assigned to intubation in the supine
(Group S, n=20) or left lateral position (Group L,
n=20) group. The study flow diagram is shown in the
Consolidated Standards of Reporting Trials flow dia-
gram (Fig. 1).

Overall, patient characteristics were well bal-
anced between the groups (Table 1). Age, sex, weight,
height, and body mass index did not significantly dif-
fer. Although Group L did not have any patients with
a Mallampati class 3 or 4 airway, Group S had 9 (45%).

Undergo elective surgery under general anesthesia

52 patients
(age 20 to 80 years, ASA I-111)

12 patients were excluded
1. Patient refusal
2. ASA V-V (n=5)

3. Poor cardiopulmonary reserve, coronary disease,
cerebrovascular disease, or reactive airway. (n=3)

4. Previous known or anticipated difficult airway (n=4)

40 patients were randomized

Supine position
(GroupS)

n=20

Lateral position
(GroupL)

n=20

ASA, American Society of Anesthesiologists

Fig. 1 Consolidated Standards of Reporting Trials flow diagram
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Table 1 Patient characteristics according to group
Group L Group S Statistic P value
(n=20) (n=20)
Sex, n (%) 0.114* 0.736
Female 14 (70.0%) 13 (65.0%)
Male 6 (30.0%) 7 (35.0%)
Age (years), mean £ SD 543041020 57.10£853 09421 0.352
ASA physical status class, n (%) 5131% 0.081
Class | 4 (20.0%) 2 (10.0%)
Class i 12 (60.0%) 7 (35.0%)
Class Il 4 (20.0%) 11 (55.0%)
Physical examination
Height (cm.), mean £ SD 15936 +9.91 158.88+8.78 0.160 " 0.873
Weight (kg.), mean & SD 62.24£12.06 63.22+1167 02617 0.795
BMI (kg/m), mean£SD 24494423 2559+434 07791 0441
Mallampati class, n (%) 12120% 0.003*
Class 4 0 1 (5.0%)
Class 3 0 8 (40.0%)
Class 2 12 (60.0%) 6 (30.0%)
Class 1 8 (40.0%) 5(25.0%)
Others, n (%) 6.754 F 0.123
Neck precaution 0 3(15.0%)
Thyromental distance 6 cm 1 (5.0%) 1 (5.0%)
Mouth opening 3 cm 0 1 (5.0%)
Mouth opening <3 cm 0 1 (5.0%)
Partial dentition 0 1 (5.0%)
None 19 (95.0%) 13 (65.0%)
SD Standard Deviation, ASA American Society of Anesthesiologists, BMI Body Mass Index
" P<0.05, ® Z value, 't value, *x? value
Trainee experience ) _ i i ) )
The level of training was not significantly different between Table 2 Trainee  experience in  flexible ~ scope  intubation
the groups (P=0.245). Group L included mostly third-year according to group
residents (50%), and Group S included mostly second-year GroupL  GroupS  Statistic Pvalue
residents (55%). Trainee experience prior to performing (n=20)  (n=20)
FSI was also not significantly different (P=0.304) (Table 2). | eve| of training, n (%) 3996% 0245
Some trainees commented that the anatomy was confusing Fellow 0 1(5.0%)
with the patient in the left lateral position. Resident, first year 4000%) 2 (10.0%)
Resident, second year 6 (30.0%) 11 (55.0%)
Primary outcome Resident, third year 10 (50.0%) 6 (30.0%)
Almost all patients (95% in both groups) were success-  Median number of 4(0-9) 3(0-6) -1.028® 0304

fully intubated by FSI. The rates of successful intubation
in Groups L and S were 57.9% and 42.1%, respectively; the
difference was not significant. The proportion of patients
who required a jaw thrust during FSI was significantly
higher in Group S (85% vs. 10.5%; P<0.01) (Table 3).

Secondary outcomes
The average total intubation time in Groups L and S
was 209.37 £80.05 s and 202.47 +91.48 s, respectively

experience(s), attempt(s)
(range)

" P<0.05,®Z value, ' t value, ¥ x? value

(Table 4). The difference was not significant. Follow-
ing successful intubation, all hemodynamic param-
eters (SBP, DBP, MAP, and heart rate) immediately
responded in the same way in both groups. However,
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Table 3 Intubation times, success rates, and proportions of patients who required a jaw thrust during flexible scope intubation
according to group

Group L Group S Statistic Pvalue
(n=20) (n=20)
Intubation time
Identify vocal cord (seconds) 70.0 (35.0, 95.0) 60.0 (23.0, 65.0) -0.760® 0.447
Pass vocal cord (seconds) 130.0 (90.0, 194.0) 122.0(75.0,184.0) -0482° 0.630
Pass ETT, identify ETCO, (seconds) or total ~ 209.37 +80.05 202.47 49148 02471 0.806
time (seconds)
Success rate, % (n/N)
All attempts 95 (19/20) 95 (19/20) - -
The first attempt 57.9(11/19) 42.1(8/19) 0.947* 0330
The second attempt 42.1(8/19) 57.9(11/19)
Jaw thrust, n (%) 216317 <0001"
Yes 2(10.5%) 17 (85.0%)
No 17 (89.5%) 3(15.0%)

ETT Endotracheal tube, ETCO,, End-Tidal Carbon Dioxide

" P<0.05,° Z value, T t value, ¥ x? value

Table 4 Vital sign measurements during flexible scope intubation according to group

Item Group L Group S Statistic P value
(n=20) (n=20)

Intubation data (vital signs)
SBP (mm Hg), mean£SD

Baseline 13640+ 25.26 148.35+2227 15871 0.121

After intubation within 1 min 104.204+25.51 120.60 4 28.25 19271 0.062

Difference in SBP -32.204+£23.92 -27.754+20.20 0636 " 0.529
DBP (mm Hg), mean +SD

Baseline 80.80+1237 89.10+15.51 18717 0.069

After intubation within 1 min 66.05+15.93 7650+ 18.67 -1.904 1 0.064

Difference in DBP -14.754+12.23 -1260419.36 0420" 0.677
MAP (mm Hg), mean£SD

Baseline 94.85+15.04 107.60+15.96 2600 " 0013"

After intubation within 1 min 76.75+16.49 903542144 22497 0.030"

Difference in MAP -18.10+£15.65 -17.25+£21.19 0.144 1 0.886
HR (beats/min), mean +SD

Baseline 82.65+11.93 89.05+18.50 -1300° 0.203

After intubation within 1 min 83.80+£14.49 89.20£14.94 -1.160 0.253

Difference in HR 1.15+£8.87 01541257 029171 0.773
Sp0, (%), mean+£SD

Baseline 99.60+1.10 100.0+£2.22 07217 0475

After intubation within 1 min 97804347 08.9541.88 -1303 7 0.203

Difference in SpO, -1.80+3.49 -1.05+£2.74 0756 " 0454

SD Standard Deviation, SBP Systolic Blood Pressure, DBP Diastolic Blood pressure, MAP Mean Arterial Pressure, HR Heart Rate, SpO, Oxygen Saturation

" P<0.05,° Z value, T t value, * x? value

blood pressure (SBP, DBP and MAP) declined in both L patients and nine Group S patients. The relative risk
groups. Oxygen saturation also declined in both groups  of desaturation in patients in the left lateral position
after intubation but remained above 95%. Desaturation =~ compared with patients in the supine position was 0.44
below 95% occurred during intubation in four Group  (0.1649-1.1978). No patient experienced harm.
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Discussion

This prospective randomized trial compared anesthesi-
ology trainees performing FSI on patients in the supine
position with trainees performing FSI on patients in the
left lateral position. The rate of successful intubation on
the first attempt and the time of intubation did not sig-
nificantly differ between the positions. However, the pro-
portion of patients who required a jaw thrust for airway
assistance was significantly lower in the left lateral posi-
tion group.

When practicing difficult airway intubation with a
flexible scope, using sleeping patients who are breathing
spontaneously provides two advantages. First, the flexible
scope can be introduced into the airway without causing
discomfort, and laryngospasm risk is minimized. Second,
if airway obstruction develops or spontaneous ventilation
is not maintained, the anesthetic drugs can be stopped
immediately [1]. Induction of general endotracheal anes-
thesia provides a good opportunity for FSI practice. In a
previous study [12], muscle relaxants were used, and the
intubation time was limited to 120 s. In our study, the
intubation time for nonparalyzed patients was expanded
to within 10 min.

During EGD, sedated patients can maintain their air-
way without the need for a jaw thrust maneuver, and the
vocal cords can usually be visualized [9]. Furthermore,
the lateral or semilateral position provides a better glot-
tis view without any assistance or need to displace the
tongue [13]. Our study found that FSI in the left lateral
position can be achieved mostly without performing the
jaw thrust maneuver, but the side, left or right, might
not affect the upper airway. In anesthetized patients
in the supine position, the tongue or soft tissue of the
throat can sag downward, which can obstruct the opera-
tor’s view [12]. The lateral position structurally improves
maintenance of the passive pharyngeal airway and is
associated with a lower degree of upper airway obstruc-
tion compared with the supine position [14, 15]. The jaw
thrust maneuver can produce a significant sympathetic
response [16], jaw pain [17], patient discomfort [18], and
bruising [19]. It can also narrow the spinal canal [20],
which may cause spinal cord injury in patients with cervi-
cal spine injury.

Our study demonstrated similar FSI success rates
between patients in the left lateral and supine positions.
The results are comparable to success rates after light
wand-assisted intubation in the lateral decubitus posi-
tion [21], video laryngoscope intubation in the left lat-
eral position [22], and laryngeal mask intubation in the
supine, right lateral, and left lateral positions [23].

In contrast, Li et al. [12] reported that intubation time
was shorter in the lateral position group and that the
first-attempt success rate was higher (97%) than that in
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the supine position group (16%). However, in their study,
all patients were paralyzed, and FSI was performed by
experienced anesthesiologists. Relaxation of muscle tone
due to paralysis may have seriously affected their ability
to intubate supine patients. Intubation in patients in the
left lateral position is significantly effective in paralyzed
patients but ineffective in nonparalyzed patients.

Moreover, some trainees in our study commented that
they were unfamiliar with the view of the airway anatomy
with the patients in the left lateral position. McCaul et al.
reported deterioration of the laryngoscopic view in the
left lateral position in 35% of patients [24]. Two trainees
in our study were unable to complete FSI with the patient
in either the supine or left lateral positions; multiple fac-
tors may be involved, including their skill and experience.

Intubation of patients in the left lateral position may
have benefits. First, in patients undergoing surgery in
the lateral position (e.g., endoscopic retrograde cholan-
giopancreatography), there is no need to reposition the
patient after induction of general anesthesia, which may
decrease the incidence of complications such as nerve
injury, cervical spine injury, and accidental dislodgement
of the endotracheal tube. Moving the patient may also
cause loss of airway patency, change in endotracheal cuff
pressure, tracheal mucosal damage, and microaspiration
[25]. Second, this could be an alternative airway access in
unavoidable circumstances, such as penetrating wounds
at the back or cervical spine, in which the patient could
not be positioned in the supine position [26].

Our study groups did not differ in patient character-
istics except for Mallampati class. Group S had multiple
patients with a class 3 or 4 Mallampati score. The Mal-
lampati score is used to predict the ease of endotracheal
intubation [27]. However, previous meta-analyses con-
cluded that this score alone is inadequate for predicting
difficult intubation [28]. Nonetheless, we found no differ-
ence in the success rate between the groups.

Overall, FSI in either position resulted in a transient
decline in blood pressure. Because FSI causes less sympa-
thetic stimulation than conventional direct laryngoscopic
intubation [29] and propofol was administered to prevent
the gag reflex prior to railroading of the endotracheal
tube, FSI may require fewer doses of anesthetic drugs to
attenuate the sympathetic response. Therefore, the inci-
dence of drug side effects is expected to be lower.

To improve patient comfort and acceptance of FSI,
sedation should be administered appropriately [30]. In
moderate to deep sedation, respiratory depression and/
or upper airway obstruction usually occur, which leads to
hypoxemia. The reported incidence rates of hypoxemia
during moderate to deep sedation range between 12 and
33% [31-34]. The incidence of oxygen desaturation in
our study was 36.84%. To avoid any participant harm, we
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defined desaturation as oxygen saturation <95% for>10 s
[11]. In other studies, it was defined as a saturation lower
than 95% [31-34]. The incidence of desaturation in our
study was lower in patients in the left lateral position;
however, the difference was not significant. Future stud-
ies should include a greater number of participants to
enhance statistical power and further examine the inci-
dence of desaturation in sedated patients undergoing FSI
in the left lateral position.

Some trainees in our study reported difficulty with per-
forming FSI in patients in the left lateral position. The
main reason for this appears to be unfamiliarity and con-
fusion with the view, which can cause esophageal intuba-
tion. Practice is required to become proficient. All levels
of trainees should occasionally practice FSI with patients
in positions other than the traditional supine position.

Conclusion

When performed by anesthesiology trainees in spon-
taneously breathing patients, the rate of successful FSI
on the first attempt and intubation time did not differ
between patients in the left lateral position and those in
the supine position. The incidence of desaturation was
lower in patients in the left lateral position. Furthermore,
the proportion of patients who required a jaw thrust
maneuver was significantly lower in patients in the left
lateral position. However, trainees were more confused
with the view, and esophageal intubation was more fre-
quent in patients in the left lateral position. Anesthetic
drugs should be carefully titrated during FSI induction to
reduce hemodynamic fluctuations and drug side effects.

Limitations

This study has several limitations. First, the examin-
ers could not be blinded, as the intubation position was
clearly visible. Second, the sample size is small. It was
obtained from a previous study that had a significantly
higher first-attempt intubation success rate in the lat-
eral position group [12], but their design was dissimilar,
as described earlier. A larger sample size may provide
a more reliable estimate of the success rate of lateral
intubation.

Abbreviations
FSI: Flexible scope intubation; ETCO,: End-tidal carbon dioxide; SpO2: Oxygen
saturation.

Acknowledgements
We thank Edanz (https://www.edanz.com/ac) and AJE (https.//www.aje.com/)
for editing a draft of this manuscript.

Page 7 of 8

Authors’ contributions

PC and NS contributed to the design and implementation of the study. PC
and TP collected data and analyzed the results. PC, PL and TP worked on the
manuscript. All authors discussed and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethics committee approval was obtained from the Human Research Ethics
Committee, Faculty of Medicine, Ramathibodi Hospital, Mahidol University
(COA. MURA2020/418). All experiments and methods were performed in
accordance with relevant guidelines and regulations. Informed consent was
obtained from all subjects and/or their legal guardian(s).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 January 2022 Accepted: 28 March 2022
Published online: 02 April 2022

References

1. Wong J, Lee JSE, Wong TGL. Fibreoptic intubation in airway manage-
ment: a review article. Singapore Med J. 2019;60(3):110-8.

2. Carin A Hagberg CA. Flexible scope intubation for anesthesia. Available
at: https://www.uptodate.com/contents/flexible-scope-intubation-for-
anesthesia. Accessed 28 Dec 2020.

3. Heidegger T. Management of the Difficult Airway. N Engl J Med.
2021;384(19):1836-47.

4. Crosby E, Lane A. Innovations in anesthesia education: the develop-
ment and implementation of a resident rotation for advanced airway
management. Can J Anaesth. 2009;56(12):939-59.

5. AsaiT, Shingu K. Difficulty in advancing a tracheal tube over a fibre-
optic bronchoscope: incidence, causes and solutions. Br J Anaesth.
2004;92(6):870-81.

6. McGuire G, el-Beheiry H. Complete upper airway obstruction during
awake fibreoptic intubation in patients with unstable cervical spine
fractures. Can J Anaesth. 1999;46(2):176-8.

7. Park KS. Observable laryngopharyngeal lesions during the upper
gastrointestinal endoscopy. Clin Endosc. 2013;46(3):224-9.

8. Chumpathong S, Tscheikuna J, Boonsombat T. Incidence and risk
factors of hypoxemia during interventional rigid bronchoscopy under
spontaneous-assisted ventilation. J Bronchology Interv Pulmonol.
2017;24(4):268-74.

9. Lee SH, Park YK, Cho SM. Technical skills and training of upper gas-
trointestinal endoscopy for new beginners. World J Gastroenterol.
2015;21(3):759-85.

10. Durga VK, Millns JB, Smith JE. Manoeuvres used to clear the airway dur-
ing fibreoptic intubation. Br J Anaesth. 2001;87(2):207-11.

11. Uakritdathikarn T, Chongsuvivatwong V, Geater AF. Perioperative
desaturation and risk factors in general anesthesia. J Med Assoc Thai.
2008;91(7):1020-9.

12. LiH,Wang W, Lu YP. Evaluation of endotracheal intubation with a flexible
fiberoptic bronchoscope in lateral patient positioning: a prospective
randomized controlled trial. Chin Med J (Engl). 2016;129(17):2045-9.

13. Adachi YU, Satomoto M, Higuchi H. Tracheal intubation in the lateral posi-
tion. Anesth Analg. 2004;99(3):952.


https://www.edanz.com/ac
https://www.aje.com/
https://www.uptodate.com/contents/flexible-scope-intubation-for-anesthesia
https://www.uptodate.com/contents/flexible-scope-intubation-for-anesthesia

Charoenkoop et al. BMC Anesthesiology

20.

21.

22.

23

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

(2022) 22:93

Litman RS, Wake N, Chan LM. Effect of lateral positioning on upper
airway size and morphology in sedated children. Anesthesiology.
2005;103(3):484-8.

Isono S, Tanaka A, Nishino T. Lateral position decreases collapsibility of the
passive pharynx in patients with obstructive sleep apnea. Anesthesiol-
0gy. 2002;97(4):780-5.

Park SJ, Kim BS, Jee DL. Jaw-thrust induces sympathetic responses during
induction of general anesthesia. Korean J Anesthesiol. 2013;65(2):127-31.
Brimacombe J, Holyoake L, Keller C. Pharyngolaryngeal, neck, and jaw
discomfort after anesthesia with the face mask and laryngeal mask air-
way at high and low cuff volumes in males and females. Anesthesiology.
2000;93(1):26-31.

Reber A, Paganoni R, Frei FJ. Effect of common airway manoeuvres on
upper airway dimensions and clinical signs in anaesthetized, spontane-
ously breathing children. Br J Anaesth. 2001,86(2):217-22.

Nicoll SJ. An unusual complication of a jaw thrust. Anaesthesia.
2007,62(4):423.

Donaldson WF 3rd, Heil BV, Donaldson VP. The effect of airway maneuvers
on the unstable C1-C2 segment. A cadaver study. Spine (Phila Pa 1976).
1997,22(11):1215-8.

Cheng KI, Chu KS, Chau SW. Lightwand-assisted intubation of patients in
the lateral decubitus position. Anesth Analg. 2004;99(1):279-83.
JinY,Ying J, Zhang K. Endotracheal intubation under video laryngoscopic
guidance during upper gastrointestinal endoscopic surgery in the left
lateral position: a randomized controlled trial. Medicine (Baltimore).
2017,96(52):e9461.

Panwar M, Bharadwaj A, Chauhan G. Intubating laryngeal mask airway

as an independent ventilatory and intubation device. A comparison
between supine, right lateral and left lateral. Korean J Anesthesiol.
2013;65(4):306-11.

McCaul CL, Harney D, Ryan M. Airway management in the lateral posi-
tion: a randomized controlled trial. Anesth Analg. 2005;101(4):1221-5.
Athiraman U, Gupta R, Singh G. Endotracheal cuff pressure changes

with change in position in neurosurgical patients. Int J Crit Ilin Inj Sci.
2015;5(4):237-41.

Prasad MK, Sinha AK, Bhadani UK. Management of difficult airway in
penetrating cervical spine injury. Indian J Anaesth. 2010;54(1):59-61.
Mallampati SR, Gatt SP, Gugino LD. A clinical sign to predict dif-

ficult tracheal intubation: a prospective study. Can Anaesth Soc J.
1985,32(4):429-34.

Lundstrom LH, Vester-Andersen M, Moller AM. Poor prognostic value

of the modified Mallampati score: a meta-analysis involving 177 088
patients. Br J Anaesth. 2011;107(5):659-67.

Gill N, Purohit S, Kalra P. Comparison of hemodynamic responses to
intubation: Flexible fiberoptic bronchoscope versus McCoy laryngoscope
in presence of rigid cervical collar simulating cervical immobilization for
traumatic cervical spine. Anesth Essays Res. 2015;9(3):337-42.
Mellin-Olsen J, Staender S, Whitaker DK, Smith AF. The Helsinki
Declaration on Patient Safety in Anaesthesiology. Eur J Anaesthesiol.
2010;27(7):592-7.

van Loon K, van Rheineck Leyssius AT, van Zaane B. Capnography during
deep sedation with propofol by nonanesthesiologists: a randomized
controlled trial. Anesth Analg. 2014;119(1):49-55.

Park CH, Park SW, Hyun B. Efficacy and safety of etomidate-based seda-
tion compared with propofol-based sedation during ERCP in low-risk
patients: a double-blind, randomized, noninferiority trial. Gastrointest
Endosc. 2018;87(1):174-84.

Behrens A, Kreuzmayr A, Manner H. Acute sedation-associated complica-
tions in Gl endoscopy (ProSed 2 Study): results from the prospective
multicentre electronic registry of sedation-associated complications. Gut.
2019;68(3):445-52.

Cote GA, Hovis RM, Ansstas MA. Incidence of sedation-related complica-
tions with propofol use during advanced endoscopic procedures. Clin
Gastroenterol Hepatol. 2010;8(2):137-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Anesthesiology trainees performing flexible scope intubation in spontaneously breathing patients in the left lateral position and the supine position: a prospective randomized trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Materials and methods
	Trial design
	Patients
	Randomization
	Primary end points
	Secondary end points
	Anesthesia procedures and quality control
	Sample size
	Statistical analysis

	Results
	Study population
	Trainee experience
	Primary outcome
	Secondary outcomes

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References


