
OR I G I N A L R E S E A R C H

Efficacy and Safety of Flexible Laryngeal Mask
Ventilation in Otologic Surgery: A Retrospective
Analysis
Feihong Liu, Chunhua Xi, Xu Cui, Guyan Wang

Department of Anesthesiology, Beijing Tongren Hospital, Capital Medical University, Beijing, People’s Republic of China

Correspondence: Guyan Wang, Department of Anesthesiology, Beijing Tongren Hospital, Capital Medical University, Beijing, People’s Republic of
China, Tel +86-13910985139, Email Guyanwang2006@163.com

Background: Flexible laryngeal mask airways (FLMAs) ventilation have been widely used as airway devices during general
anesthesia, especially in otologic surgery. However, the current literature reports that the clinical success and failure rates for
FLMA usage are quite different, and there remains a paucity of data regarding factors associated with FLMA failure and complications
related to FLMA usage.
Purpose: To evaluate the success and failure rates of FLMA usage in otologic surgery, the factors associated with FLMA failure and
complications related to FLMA usage.
Patients and Methods: All patients who underwent otologic surgery, including middle ear and mastoid procedures, under general
anesthesia at a large tertiary general hospital from 2015 to 2019 were reviewed. The primary outcome was the FLMA failure rate,
defined as any airway event requiring device removal and tracheal intubation, including primary and secondary failure. The secondary
outcomes were specific clinical factors, including patient sex, age, weight, American Society of Anesthesiologists (ASA) classification,
body mass index (BMI) and duration of surgery, which were analyzed as related risk factors.
Results: Among 5557 patients with planned FLMA use, the final success rate was 98.5%. Sixty-seven percent of the failures occurred
during initial introduction of the FLMA, 8% occurred after head and neck rotation, and 25% occurred during the procedures. Two
independent clinical factors associated with FLMA failure were male sex and age. Respiratory complications were observed in 0.61%
of patients, and the rate of severe nerve and tissue damage associated with FLMA use was 0.05.
Conclusion: This study demonstrates a high success rate of 98.5% for FLMA use in adults undergoing otologic surgery with rare
adverse airway events and injuries complications. Two independent risk factors require attention and thorough and accurate manage-
ment is necessary for every clinician.
Keywords: otologic surgery, flexible laryngeal mask airway, safety, efficacy, airway complications

Introduction
The laryngeal mask airway (LMA) was invented in 1981 by Dr Brain.1 Because of its advantages,1 FLMAs are
increasingly used as a substitute for endotracheal tubes in a variety of surgical situations requiring general anesthesia.
With the appearance of various new LMAs that address the limitations of the classic model, not only has their use in
selective operations increased, but the indications for FLMA have also grown.2 FLMAs can be inserted into the
hypopharynx easily without laryngoscopy and neuromuscular blocking agents, and they can also be removed from the
patient’s mouth quickly.3 Decreasing airway irritation during surgery results in fewer hemodynamic changes and airway
accidents from anesthesia and enables wakeup with less coughing and bucking, which could result in less ossicular
replacement prosthesis displacement.4–6 In middle ear/mastoid procedures (MEMs), because the operation involves the
temporal bone, including the surrounding normal nerves and blood vessels, improper manipulation can lead to complica-
tions such as facial paralysis; therefore, the operation needs to be performed carefully. Compared to endotracheal
intubation, FLMAs have little effect on middle ear pressure.7,8 These advantages make anesthesiologists prefer
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FLMAs during otologic surgery. In addition, since FLMAs can reduce the response to upper airway stimulation, they can
be used as an airway device during surgery requiring facial nerve monitoring without the use of muscle relaxants.9

However, the points of contention and primary disadvantages of the use of FLMA are the reduced levels of airway
protection, the increased risk of gastric insufflation, the difficulty of insertion, partial upper airway obstruction and the
possibility of dislocation during the procedure.10,11 To expose the operative field, otologists usually require the patient’s
head be rotated 60°~90° to the healthy side. Some studies have reported that the head and neck position can affect the
sealing and ventilation functions of FLMAs and the fiberoptic view.8,12,13 John et al reported that the incidence of
regurgitation, which could increase the risk of aspiration with FLMA use, varies from 0% to 23% compared with
endotracheal tube (ETT). However, the incidence of regurgitation in the LMA group (20%) was not significantly
different from that in the ETT group (18%), as reported by a systematic review. Brodrick et al reported that approxi-
mately 10% of the participants in the FLMA group had partial airway obstructions, and the possible cause was the
downfolding of the epiglottis. Other complications reported with the use of FLMAs include cranial nerve injury,
arytenoid dislocation, mucosal trauma, postoperative sore throat, hoarseness, and respiratory accidents.14,15

Patterns of use in different geographic regions and the reported incidence of failure and complications vary widely. In
the adult population, a recent observational study revealed a 1.1% incidence of laryngeal mask failure, with 62% of
patients having significant airway complications.14 In this study, we analyzed the independent risk factors for LMA
failure, including male sex, poor dentition, increased body mass index (BMI), and operation table rotation. However,
very few large sample studies have provided definitive data about FLMA failure and airway complications that occur
during otologic surgery.

This study aimed to evaluate the failure and success rates of FLMA usage in otologic surgery, the factors associated
with FLMA failure and complications related to FLMA usage in a large number of patients who underwent otologic
surgery during the period of 2015–2019.

Patients and Methods
Ethical approval for this study (TRECKY2016-020) was provided by the Ethical Committee of Beijing Tongren Hospital,
Capital Medical University, Beijing, China. The requirement for written informed consent was waived since this is
a retrospective study. The study conformed with the Declaration of Helsinki. We included all adult otitis media patients
who underwent MEMs under general anesthesia and positive pressure ventilation from April 1, 2015, to December 31,
2019. Patient information was extracted from an electronic information system (AIMS, Beijing Yifei Huatong
Technology Development Company, Beijing, China), which was available on April 1, 2015. The exclusion criteria
were patients undergoing emergency surgery, children and adolescents (age under 18), patients undergoing simultaneous
laryngeal and neurosurgical procedures requiring tracheal intubation, and patients with other non-MEMs, such as
preauricular fistulas.

General anesthesia for otologic surgery is standardized, regardless of special circumstances, in our department.
Anesthesia was induced with intravenous (I.V.) propofol/etomidate, analgesics (opioids), sedatives (midazolam) and
nondepolarizing neuromuscular blockers. Standard FLMA (Medis, Medical Ltd., Tianjin, China) insertion/endotracheal
intubation was performed by skilled anesthetists with more than 3 years of experience in all cases. The laryngeal mask
model was selected according to weight-based size recommendations (size 3 for 35–50 kg, size 4 for 50–70 kg and size 5
for 70–100 kg). Oxybuprocaine gel was applied at the tip and back of the cuff, and the operator placed his index finger
between the laryngeal capsule and the breathing tube and placed it along the posterior wall of the oropharynx until there
was significant pharyngeal resistance. The FLMA cuff pressure reached 60 mmHg (1 mmHg=0.133 kPa). After
endotracheal intubation or FLMA placement, an oxygen supply was achieved by intermittent positive pressure and
ventilation (IPPV) with a vital volume of 6–8 mL/kg, and the respiratory rate was controlled to maintain the end-tidal
carbon dioxide partial pressure (EtCO2) at 35–40 mmHg. Anesthesia was maintained by inhalation agents and incre-
mental doses of opioids, total intravenous anesthesia (TIVA), or a combination of the two methods. Neuromuscular
blockers were added according to the duration of the operation.

Methods of assessing the FLMA position during manually controlled ventilation were as follows: First, auscultation
was performed to detect whether there were murmurs in the neck and chest and to observe the peak pressure of the
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airway. If there were no murmurs and the peak pressure < 20 cmH2O (1 cmH2O=0.0098 kPa), the oropharyngeal leak
pressure (OLP) continued to be observed; otherwise, the FLMA was reinserted. Second, the OLP was determined: the
valve of the anesthesia machine was closed, fresh gas was applied at 5 L/min, and the increase in airway pressure was
observed via a pressure-time curve. The OLP is when the peak pressure is no longer rising or there is gas leakage. To
ensure the safe use of FLMAs in our clinical practice, FLMA failure was defined as ineffective ventilation or a difference
between the OLP and peak inspiratory pressure (PIP) of less than 5 cmH2O. Three failures occurred, and endotracheal
intubation was immediately applied.

FLMA failure was defined as incorrect FLMA positioning and tracheal intubation, either on induction (primary
failure) or after turning the patient’s head and neck 60°~90° to the healthy side (secondary failure).

The patient’s sex, age, weight, American Society of Anesthesiologists (ASA) classification, BMI, duration of surgery,
airway management and adverse events associated with the use of FLMA were recorded. Primary failure and secondary
failure were manually reviewed, as were all common indicators of failure of FLMA placement (eg, air leakage,
inadequate ventilation, airway obstruction). Adverse incidents, such as laryngospasm, desaturation (SPO2<90% over
60s), postoperative pulmonary edema, hoarseness, sore throat and nerve and tissue damage, were collected from the
AIMS.

Statistical Analysis
Statistical analyses were carried out with IBM SPSS 24 software (SPSS Inc., Chicago, IL, USA). Qualitative data are
presented as numbers and percentages. Demographic data were evaluated for normality with the Kolmogorov–Smirnov
test. Patients with and without FLMAs were compared according to demographic and clinical characteristics with the chi-
square test for categorical variables and with t-tests (normally distributed) or Mann–Whitney U-tests (nonnormally
distributed) for continuous variables. Univariate logistic regressions were performed to identify potentially significant
factors. Variables considered to be significant with a P-value less than 0.05 in the univariate analysis were entered into
the multiple logistic regression analysis. For the purposes of multivariate analysis, patients were classified according to
BMI into underweight (<18.5 kg/m2), normal (18.5–22. 9 kg/m2), overweight (23–27.4 kg/m2) and obese (≥27.5 kg/m2)
groups according to the WHO recommendations for Chinese people; according to age in 10-year epochs; and according
to ASA classification as either low-grade ASA (ASA I) or high-grade ASA (ASA II and ASA III). Because BMI can be
considered representative of weight, we excluded weight from the regression model. The adjusted odds ratio (OR) with
95% confidence interval (95% CI) was used to describe the effect of each independent variable on the risk of FLMA
failure.

Sample size estimation was performed to define the power of the data analysis as previously described. Based on an
expected FLMA failure rate of 1.5%, a sample size of 5557 would allow the evaluation of at least 7 covariates (six were
included in our study).

Results
A total of 5583 FLMA patients were identified, and 5582 patients were finally included in the analysis. One was excluded
as the surgery was cancelled because of a severe arrhythmia attack before induction. A total of 5557 patients had planned
FLMA use, and 26 were scheduled for ETT. Among the ETT patients, 5 needed emergency hemostasis surgery, 4 had
cleft lip and/or palate, 3 required pharynx surgery and 1 required intracranial surgery simultaneously, 2 had combined
severe pulmonary disease requiring possible postoperative ventilation support, 1 had nasopharyngeal cancer after radio-
therapy, and 1 had yellow oral discharge after anesthesia induction for mask ventilation; no detailed reason was provided
for the remaining 8. Total FLMA failure occurred in nearly 1.5% of FLMA patients. Primary failure occurred in 1% (57/
5557) of patients, with murmurs in the neck and chest in 16/57 (28.1%) patients, airway obstruction in 21/57 (36.8%)
patients and no detailed reasons in 20/57 (35.1%) patients. Secondary failure occurred in 28/5557 (0.5%) patients, after
head and neck rotation in 7 (0.1%) patients and during surgery in 21 (0.5%) patients. Final FLMA success was achieved
in 5472 (98.5%) (Figure 1) patients. In all failed FLMA cases, endotracheal intubation was successfully performed.

Patient demographic and clinical data, including sex, age, weight, ASA classification, BMI, and duration of surgery,
are recorded in Table 1. In the univariate analysis, we found that male sex and age were highly correlated with FLMA
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failure. The two variables were included in the logistic regression analysis, and both were independent predictors of
FLMA failure (male sex (OR 1.66, 95% CI 1.07–2.56) and age (OR 1.21, 95% CI 1.03–1.41) (Table 2).

Related complications occurred in 5472 FLMA patients (Table 3), of which 953 (17.41%) had sore throat. Most
patients had a visual analog scale (VAS) score of less than 3 and recovered the day after surgery. Other patients with
nerve and tissue damage had hoarseness (1 patient, 0.01%), arytenoid dislocation (2 patients, 0.02%), and postpharyngeal
bleeding (1 patient, 0.01%). All of these patients were well treated and recovered well after surgery. Of the FLMA
patients, 34 (0.61%) had respiratory complications. Desaturation occurred before, during and after the surgery in 3
(0.05%), 4 (0.07%), and 7 (0.13%) patients, respectively. Laryngospasm occurred in 18 (0.33%), and in these patients,
two suffered negative pressure pulmonary edema (NPPE). Both of these patients required immediate tracheal intubation
and intensive care management. There was no regurgitation during the use of the FLMAs. Only one patient experienced
regurgitation during induction and mask ventilation.

Discussion
In this retrospective study, we demonstrate that FLMAs can be effectively and safely used in patients undergoing otitis
media surgery after prudent preoperative evaluation. Among 5557 patients with planned FLMA use, the final success rate
was 98.5%, and the incidence of FLMA failure was 1.5%. The total FLMA failure rate is slightly higher than the LMA
failure rates of 0.86–1.1% from large observational non-ENT studies16,17 and significantly lower than the 7.4% FLMA
failure rate previously reported for ENT surgery.18 The relatively low failure rate in our study supports the safety of
FLMA use for intraoperative airway management during otologic surgery. 67% of the failures occurred during initial
introduction of the FLMA, 8% occurred after head and neck rotation, and 25% occurred during the procedures.
Presenting features of primary FLMA failure included leakage (28.1%, with murmurs in the neck and chest) and
upper airway obstruction (36.8%); detailed reasons for primary failure were not recorded for some patients (35.1%).

Figure 1 Study, methodology and main results in FLMA airway management. Out of 5583 patients included in the analysis, 5557 were scheduled for FLMA use, and 5427
(98.5%) experienced successful insertion. FLMA failure was defined as incorrect FLMA positioning and tracheal intubation, either on induction (primary failure) or after
turning the patient’s head and neck 60°~90° to the healthy side (secondary failure).
Abbreviations: FLMA, flexible laryngeal mask airway; ETT, Endotracheal tube.
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Table 1 Patient Demographics in Successful and Failed LMA

Total Success Failure p-value*

Patients (n [%]) 5557 (100) 5472 (98.5) 85 (1.5) -
Male sex (n [%]) 2572 (46.3) 2523 (46.1) 49 (57.7) 0.037

Age (years) 45 (33–55) 45 (32–55) 49 (34–60) 0.040

Weight (kg) 65 (56–75) 65 (56–75) 65 (53–78) 0.920
BMI 23.9 (21.6–26.3) 23.9 (21.6–26.3) 23.4 (20.9–27.0) 0.800

ASA grade 0.160

I 2872 (51.7) 2835 (51.8) 37 (43.5)
II–III 2685 (48.3) 2637 (48.3) 48 (56.5)

Comorbidities (n [%])
Hypertension 840 (15.1) 831 (15.2) 9 (10.6) 0.240

Cardiovascular disease 160 (2.9) 156 (2.9) 4 (4.7) 0.310

Diabetes 258 (4.6) 255 (4.7) 3 (3.5) 0.623
Cerebrovascular disease 94 (1.7) 91 (1.7) 3 (3.5) 0.173

Respiratory Disease 106 (1.9) 104 (1.9) 2 (2.4) 0.678

OSAHS 30 (0.5) 30 (0.5) 0 (0) 1.000
Liver and kidney disease 18 (0.3) 17 (0.3) 1 (1.2) 0.243

Surgical time (min) 104 (72–137) 104 (71–137) 95 (77–135) 0.160

Average length of stay (day) 11.1±3.2 11.1±3.2 11.7±3.1 0.09

Notes: Data are presented as n (%) or median (25th and 75th percentile). All 5557 patients were included in the
regression model. *P values were calculated by Chi-square or Fisher’s exact test for categorical variables and the Mann–
Whitney U-tests for nonnormally distributed continuous variables.
Abbreviations: FLMA, flexible laryngeal mask airway; ASA, American Society of Anaesthesiologists Physical Status; BMI,
body mass index, OSAHS, Obstructive sleep apnea hypopnea syndrome.

Table 2 Independent Risk Factors for FLMA Failure

Risk Factor P value Adjusted Odds Ratio 95% Confidence Interval

Lower Upper

Male sex* 0.023 1.655 1.072 2.557

Age* 0.018 1.206 1.033 1.408

Note: *Any variable with a P value of less than 0.05 was considered an independent predictor of failed FLMA.
Abbreviation: FLMA, flexible laryngeal mask airway.

Table 3 Incidence of Complications Associated the Use of
FLMA

Complications N Percent (%)

Nerve and tissue damage

Postoperative sore throat 953 17.41
Hoarseness 1 0.01

Arytenoid dislocation 2 0.03

Postpharyngeal bleeding 1 0.01
Respiratory airway events

Perioperative desaturation 14 0.25

Postoperative pulmonary edema 2 0.03
Laryngospasm 18 0.33

Regurgitation 0 0

Total 991 18.11

Note: Desaturation was defined as SPO2 ≤ 90% on two consecutive readings
with an interval of 60s.
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Two independent clinical factors were associated with FLMA failure: male sex and age. Respiratory complications were
observed in 0.61% of patients, and the rate of severe nerve and tissue damage associated with FLMA was 0.05.

The primary disadvantage and greatest concern with the use of LMAs is the inability to isolate the airway and protect
against the risk of aspiration. The sealing mechanism of the laryngeal mask is affected by the following: the shape of the
laryngeal mask cuff being consistent with the pharyngeal anatomy (ie, the position and size of the laryngeal mask) and
whether the resultant force forming the end-to-end seal can maintain equilibrium (ie, the volume of air bag). Current
studies on the effect of airway sealing mainly focus on the influence of the OLP. OLP mainly depends on the following
factors: mucous membrane stress; oropharyngeal anatomy; scuff volume, pressure, throat mask size; head and neck
position; anesthetic; demographic factor; pathological change; and airway technique. It is generally believed that
effective positive pressure ventilation can be achieved when the OLP is greater than 20 cmH2O. The difference between
the OLP and PIP should also be considered, and a higher differential pressure may be considered to reduce airway
sealing. Based on years of clinical experience and related clinical research reports, we routinely ensure that the difference
between the OLP and PIP is more than 5 cmH2O. In our study, no severe respiratory event was associated with FLMA
failure related to airway protection. Usually, in our clinical practice, to avoid gastric insufflation, auscultation over the
epigastrium was performed before OLP was achieved when the FLMA inserted,19 however, it is not continuously
monitored, thus, asymptomatic gastric insufflation might be underestimated in our study. All these findings support that
the conventional method of using FLMAs in ear surgery can basically meet the need for intraoperative airway sealing and
maintain safe and effective ventilation in the volume-controlled ventilation mode. Because there are many factors
affecting OLP, which may affect the value of the critical pressure difference, the optimal critical pressure difference
still needs to be further studied in clinical trials with large sample sizes.

Otologic surgery involves turning the head to the healthy side. Changes in the position of the head and neck, such as
flexion, extension and rotation, alter the geometric structure of the pharyngeal cavity, and might affect the sealing
effectiveness of the laryngeal mask accordingly. When the head and neck are in the flexed position, the laryngeal mask is
closely attached to the laryngopharynx due to compression of the pharyngeal cavity, and the OLP is increased.20 When
the head and neck are in extension, the laryngeal mask and laryngopharynx are not close enough because of the
enlargement of the pharyngeal cavity, and the OLP is decreased. In the study conducted by Keller and Brimacombe,
patients were mechanically ventilated with a laryngeal mask and placed in four head and neck positions: median, anterior
flexion, extension, and rotation. OLP was measured, and the anatomical position of the cuff was graded by fibrobroncho-
scopy. The results showed that the OLPs of the four head and neck positions were ranked as flexion >midline >extension,
and there was no significant difference between the rotation position and midline position. The results of a study in our
department showed that in the case of good ventilation in the midline position, turning the head laterally 60~90° can
improve the placement of the FLMA in otologic surgery but has no significant effect on the ventilation of the laryngeal
mask. In this study, there were only 7 cases where the laryngeal mask failed due to head and neck rotation. The exact
reason for this is unknown, but one possible reason is that the FLMA may not have been in good alignment when the
head was in the midline right position. Another reason may be that the change in head and neck position caused the
FLMA to rotate in the oropharyngeal cavity, resulting in increased inspiratory pressure and decreased airtightness. This is
also an area that we need to pay more attention to in the future. In clinical work, at the end of ear surgery, increased
inspiratory pressure and poor ventilation may occur, which may be due to the reduced anteroposterior diameter of the
pharyngeal cavity caused by head and neck flexion, the compression of perilaryngeal tissues against the mask body,
resulting in partial airway obstruction, and even a shallower depth of insertion and displacement of the inserted mask.

We identified two independent clinical factors associated with FLMA failure: male sex and age. This finding is
consistent with the increased incidence of increased upper airway resistance in men. Men had a higher prevalence of
obstructive sleep apnea (OSA) syndrome than women (an estimated 10% vs 3%).21 This leads to a higher rate of upper
airway narrowing and obstruction in men.22,23 Age was identified as an independent predictor of FLMA failure.
A possible reason is that tooth loss in elderly individuals affects the structure of the oropharyngeal cavity, and the
muscles and tissues in the oropharyngeal cavity become looser with age, resulting in a relatively narrow throat. These
two independent factors are consistent with the results of previous studies. Despite previous studies showing that a high
BMI is associated with laryngeal mask failure, however, such a conclusion could not be drawn in this study, possibly
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because the basic condition of ear patients in the study was relatively good, and there were relatively few obese patients,
which was also reflected in the ASA classification.

With regard to secondary failure, in addition to the reasons for head and neck rotation, operation table rotation during
surgery and the disappearance of muscle relaxation may lead to a change in the laryngeal mask position, resulting in
increased PIP, air leakage or even ventilation failure. Once this happens, we first quickly change the ventilation mode to
manual and check the entire respiratory line to rule out changes in the position of the laryngeal mask caused by
impingement, twisting and stretching of the respiratory loop due to rotation of the operation table If not, muscle
relaxations are added, and breathing parameters are adjusted to determine if mechanical ventilation can be achieved. If
there is no improvement after the above treatment, we may request the deferment of surgery, adjustment or replacement
of the laryngeal mask, or even change to endotracheal intubation.

In the 5557 FLMA patients, 34 (0.61%) had respiratory complications. Desaturation occurred before, during and after
the surgery in 3 (0.05%), 4 (0.07%), and 7 (0.13%) patients, respectively. The causes included insufficient ventilation due
to leakage of the laryngeal mask, obstruction of the upper airway due to poor alignment of the laryngeal mask, and
laryngospasm or bronchospasm, which usually occurs during induction or recovery. Laryngospasm occurred in 18
(0.33%), and in these patients, two suffered NPPE. Both of these patients required immediate tracheal intubation and
intensive care management, and the clinical manifestations and X-ray findings improved within 12 to 24 hours.
Historically, the incidence of laryngospasm has been 0.78%-0.94%.24 With refinements in anesthesia and surgical
techniques, the rate of laryngospasm has decreased to 0.48%-0.1%.25 In our study, the incidence of laryngeal spasms
was also low, supporting this view. A meta-analysis showed that there were no statistically significant differences
between the FLMA and ETT groups in laryngospasm following the removal of the airway in either the adult or pediatric
subgroups during adenotonsillectomy.14 However, Seung H Yu reported that the incidence of laryngospasm during
emergence was greater in the LMA group (1.7%) than in the ETT group (7.5%).26 The incidence of laryngospasm
associated with FLMAs also remains controversial. The laryngeal mask can induce severe laryngospasm when the
anesthesia is too light. Stimulation, such as surgery or sputum suction, causes a laryngeal reflex, which can cause
laryngospasm. Controlling the depth of anesthesia and the use of muscle relaxants can reduce or prevent laryngospasm.
In this study, two patients with planned FLMA use experienced serious laryngospasm and hypoxemia; with the
application of succinylcholine, laryngospasm relieved, and the patients immediately underwent endotracheal intubation
and mechanical ventilation for respiratory support. However, blood flowed from the endotracheal tube intraoperatively,
and after pink foam was secreted, bronchial vascular rupture was determined to be the cause of the hemorrhaging; it was
thought to be associated with severe laryngospasm caused by forced inspiration due to the negative pressure, leading to
NPPE. In healthy adults undergoing general anesthesia, the incidence of NPPE is 0.05 to 0.1%. It is even less common
with the use of LMAs.27 In this study, which collected cases for five years, the incidence of NPPE was 0.03%. The direct
cause of NPPE is upper airway obstruction, which usually occurs immediately after tracheal catheter removal in patients
under general anesthesia but can also occur several hours after extubation. The favorable outcome was likely due to early
recognition and appropriate NPPE-specific therapy. Although the incidence of NPPE reported to be associated with LMA
use in the current study was low, the increasing use of LMAs in the administration of anesthetics will provide more
scenarios where NPPE can manifest. We encourage our colleagues to be vigilant in the recognition of NPPE when using
LMAs and to be aware of the diagnosis and treatment of NPPE. In particular, the timing of removal should be carefully
selected, and symptomatic treatment should be conducted in a timely manner once NPPE appears. There was no visible
regurgitation during or after surgery. Only one patient experienced regurgitation during induction and mask ventilation,
because of Insufficient time of fasting water. These findings again demonstrate the safety of laryngeal mask use.
However, the guideline of laryngeal masks usage should be strictly regulated. For example, a laryngeal mask should
not be used in patients with a full stomach.

For this study, we also assessed the complications related to nerve and tissue damage. The incidence of sore throat
(17.4%) was consistent with that of the P P Higgins study (17.5%), lower than that of the endotracheal intubation group
(45.4%) and higher than that of the mask ventilation group (3.3%).28 Most patients had a VAS score of less than 3 and
recovered the day after surgery. Many factors including the intracuff pressure, the methods and times of laryngeal mask
placement, the material of the laryngeal mask and whether the surface is coated with lubricant may also impact the
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incidence of sore throat.29,30 Increased awareness of these factors can help to avoid this complication and improve patient
satisfaction. Other complications included hoarseness in 1 patient (0.01%), arytenoid dislocation in 2 patients (0.02%),
and postpharyngeal bleeding in 1 patient (0.01%). All of these patients were well treated and recovered well after
surgery. Generally, laryngeal mask placement does not require the use of a laryngoscope and does not involve entering
the glottis. Correct laryngeal mask placement can reduce and avoid the stimulation of pharyngeal soft tissue, and
postoperative complications such as sore throat, laryngeal edema, hoarseness, vocal cord injury, recurrent laryngeal nerve
palsy and soft tissue injury are less likely to occur. However, forcibly or incorrectly repeated and overinflated placement
can cause soft tissue swelling or even damage; pressure on nerves in the laryngeal wall can also cause hoarseness.
Therefore, we must master correct use of laryngeal masks and be alert to the occurrence of related complications.

This study has several limitations. First, this study was a retrospective observational study with the inherent
limitations of retrospective studies, such as the lack of control for random and undetermined confounding factors.
However, our data provide meaningful insights into the safety of FLMA use in otitis media surgery because airway
management during surgical anesthesia is fairly standardized at our institution and we reviewed our experience over
many years; in addition, the clinical outcomes of this study rely on objective measurements. Second, our statistical results
were mainly dependent on the clinical judgment of the anesthesiologist at the time. In the search strategy, cases in which
the laryngeal mask involved subsequent endotracheal intubation and cases in which the unstable laryngeal mask was
adequately addressed by other anesthesia interventions were not considered to represent failure of the laryngeal mask.
Third, patients selected for this study included those who underwent middle ear surgery only and had an FLMA applied.
The study did not include data on laryngeal mask type and did not analyze the relationship between mask failure rate and
mask type. Fourth, our data are all derived from electronic records, whose accuracy and comprehensiveness affect the
statistical results. Fifth, for the determination of the position of the laryngeal mask, we did not obtain fiberoptic and
ultrasound scores. However, several studies have demonstrated that the laryngeal mask position can achieve ventilation
in some cases, but there are relatively high fiberoptic bronchoscopy and ultrasound scores indicating suboptimal LMA
positioning that may indicate an increased risk for further displacement during surgery, including head and neck
transposition, recovery of muscle relaxation, or changes in operation table rotation. The literature reports that the
frequency of suboptimal LMA positioning was 12.8% to 49% despite clinically successful ventilation.31,32 This condition
increases the secondary failure rate. In the future, we can use fiberoptic bronchoscopy and ultrasound to locate the
position of the laryngeal mask, assist in appropriate repositioning of the device and increase the success rate of the
laryngeal mask. Finally, otorhinolaryngology is a key discipline in our hospital, both the surgeon and the anaesthesiol-
ogist are familiar with FLMA and each other’s surgical approaches. Differences in anaesthetic and surgical techniques
should be considered when interpreting our results. Despite these limitations, our results provide evidence for the safety
and effectiveness of laryngeal masks used by anesthesiologists during middle ear surgery.

Conclusion
In conclusion, this retrospective study demonstrates a high success rate of 98.5% for FLMA use in adults undergoing
otologic surgery with rare adverse airway events and injuries complications. Two independent risk factors require
attention. To avoid serious complications, thorough and accurate management can enable early detection33 and diagnosis
of problems so that they can be actively addressed. In the future, with the help of fiberoptic bronchoscopy and ultrasound,
laryngeal masks could be used more widely and safely.
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