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Abstract

Introduction: Airway-related problems are the most common

perioperative complications in pediatric anesthesia and, among

them, the most significant is laryngospasm. The type of device

used to secure the airway has been found to be among the factors

responsible for this outcome.

Objective: To determine whether the use of the classic

laryngeal mask (LM) creates a non-inferior risk of laryngospasm

compared with the use of the endotracheal tube (ET) in children.

Method: Non-inferiority, controlled, double-blind clinical trial

with random assignment that included 260 children ages 2 to 14

years, American Society of Anaesthesiology I to III, taken to

surgical procedures under general anesthesia. The primary

outcome was the development of laryngospasm, and the need

to exchange devices, airway trauma, and other respiratory

complications were assessed as secondary outcomes. A 10%

non-inferiority margin was selected for the difference between

the 2 devices.

Results: A total of 270 patients were recruited, and 135 were

assigned to each group. Laryngospasm occurred in 3.3% of the

patients, with an incidence of 5.2% in the LM group versus 1.5% for

the ET group, for a difference of 3.7%anda 95%confidence interval

(�0.7%, 7.9%). No differences were found among bradycardia,

cardiac arrest, and death outcomes.

Conclusion:The use of LM in children 2 to 14 years of age taken

to various surgical procedures is not inferior or superior to ET in

terms of the development of laryngospasm.

Trial Resgistration: Clincaltrials.gov, NCT01288248.

Resumen

Introducción: Los problemas relacionados con el manejo de la vía

aérea son las complicaciones perioperatorias más comunes en la

anestesia pediátrica; de ellos, el laringoespasmo es el principal.

Dentro de los factores de riesgo se ha encontrado que el tipo de

dispositivo empleado para el aseguramiento de la vía aérea puede

ser responsable de este desenlace.
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Objetivo:Determinar si el uso deMáscara Laríngea Clásica (ML)

genera un riesgo no inferior al uso de Tubo Endotraqueal (TET)

para desarrollar laringoespasmo en niños.

Metodología: Ensayo clínico controlado de no inferioridad,

ciego �unico, con asignación aleatoria, que incluyó 260 niños de 2 a

14 años, ASA I-III, sometidos a procedimientos quir�urgicos bajo

anestesia general. El desenlace primario fue el desarrollo de

laringoespasmo y como desenlaces secundarios se evaluaron la

necesidad de cambio de dispositivo, trauma de vía aérea y otras

complicaciones respiratorias. Se estableció un margen de no

inferioridad del 10% para la diferencia entre ambos dispositivos.

Resultados: Se reclutaron 270 pacientes, 135 en cada grupo. El

laringoespasmo se presentó en el 3,3% de los pacientes, con una

incidencia en el grupo de ML de 5,2% vs 1,5% para TET, con una

diferencia de 3,7% un IC del 95%: (�0,7%, 7,9%). No se encontraron

diferencias entre los desenlaces de bradicardia, paro cardiaco y

muerte.

Conclusión: El uso de ML en niños de 2–14 años de edad

sometidos a diversos procedimientos quir�urgicos no es inferior ni

superior al TET para desarrollo de laringoespasmo.

Registro del protocolo: Clincaltrials.gov, NCT01288248.

Introduction

Airway-related problems are the most common perioper-
ative complications in pediatric anesthesia. Incidences in
the literature are as high as 53% in children taken to non-
cardiac procedures under general anesthesia,1 resulting in
higher perioperative morbidity and mortality. In fact,
Bhananker et al reported that out of 193 cardiorespiratory
arrests occurring in children under 18 years of age
between 1998 and 2004 in the United States, 49% were
anesthesia-related and, of those, 27% were associated
with airway complications, laryngospasm being the main
cause (6%).2 Moreover, it has been documented that, in
itself, the treatment of this condition may actually
increase postoperative morbidity.3–5

Growing interest has emerged recently regarding the
potential association between this outcome and the type
of device used for securing the airway during anesthesia.
Although the endotracheal tube (ET) is considered the
standard device for airway management, it has been
found to be associated with an increased incidence of
laryngospasm,6 apparently as a result of direct stimulation
on the larynx and the trachea.7

The increasingly frequent use of the classic laryngeal
mask (LM) in pediatric anesthesia led to consider that it
would remove the main trigger of laryngospasm and that
the incidence of this complication in the pediatric popula-
tionwould improve. However, 3 prospective studies8,9 have
not found a difference in the incidence of laryngospasm
between the 2 devices; and, in contrast, 2 retrospective
studies1,3 showed an increase in this complicationwith the
use of the LM as compared with the use of ET in children.

Inviewof thesecontradictingfindingsandbearing inmind
the absence of any prior clinical trials, a non-inferiority

clinical trialwasundertakenwith the aimof determining the
riskofdeveloping laryngospasmwith theuseofETversusLM
asmethods for securing the airway in a pediatric population
taken to surgery under general anesthesia in a referral
healthcare centre in the city of Medellin, Colombia.

Methods

Study design

Non-inferiority, single-blind, controlled clinical trial of
parallel groups with 1 to 1 random assignment. The study
was submitted for evaluation and approval by the bioethics
committees of Antioquia University and San Vicente
Fundación University Hospital in Medellín, Colombia,
through approval certificate No. 009 of June 7, 2018.

Study subjects

The study population included children 2 to 14 years of age,
AmericanSociety ofAnaesthesiology (ASA) classification I to
III, scheduled for elective surgery under general anesthesia
in the San Vicente Fundación University Hospital, whose
parents agreed to their participation in the study. Excluded
werepatientsgoing toheadandneck, thoracic, or abdominal
surgery; positions other than supine decubitus; surgeries of
more than 3hours; high risk of aspiration such as gastroin-
testinal bleeding, gastroparesis, and gastroesophageal re-
flux; difficult airway criteria; and anticipated mechanical
ventilation in the immediate postoperative period.

Interventions

Patients were assessed in the pre-anesthetic preparation
area and following a medical history and verification of
compliance with eligibility criteria, the patients and their
parents were invited to participate in the study, and the
informed consent was signed.

In the operating room, basic ASA monitoring was
instituted (electrocardiogram, capnography, oximetry,
and non-invasive blood pressure measurement) and
anesthetic induction was performed either with inhala-
tion agents, intravenous, or mixed anesthesia, depending
onwhether the subject arrivedwith a peripheral or central
access line, and in accordance with the anesthetist’s
preference regarding the use of opioids and nitrous oxide.

In general, doses used for intravenous induction were
the following: fentanyl 1 to 2mg/kg, lidocaine 1mg/kg,
propofol 2 to 5mg/kg and dexamethasone 0.15 to 0.2mg/
kg. For inhalation induction, 6% sevoflurane was used in
oxygen flowmixed or not with 50% nitrous oxide, fentanyl
1 to 2mg/kg and dexamethasone 0.15 to 0.2mg/kg.

Later, the patient was assigned to 1 of the 2 groups: LM,
Laryngeal Mask Device (LMA Classic Airway, Teleflex
Medical Europe Ltd, Dublin Road, Westmeath, Ireland);
and ET (Well LeadOral Endotracheal Tube, SSEMMthembu
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Medical Ltd, Wynberg, Johannesburg, Republic of South
Africa) (Kendall Carity, Well Lead Medical, Medite), assigning
the size and use of the balloon cuff according to age.

Outcomes

The main outcome was laryngospasm, clinically man-
ifested in the form of inspiratory or expiratory stridor,
absence of respiratory sounds, and paradoxical thoracic/
abdominal movement.

The secondary outcomes were: arterial desaturation
lower than 90% and bardycardia, defined as heart rate
below the 5th percentile for the age; additionally, any
other related complication was assessed, for example,
cardiac arrest and death.

Sample size

The sample size was calculated using the method
described by Christensen10 for non-inferiority clinical

trials, taking as a basis an expected incidence of
laryngospasm of 12% in both groups, which is the mean
incidence reported by Bordet et al,7 and is the annual
incidence standard in the healthcare center where the
study was conducted.

In addition, a 10% non-inferiority margin between the 2
interventions was considered. With these data and an
alpha error of 0.05 and 80% power, a sample size of 130
patients per groupwas obtained, for a total of 260 patients.
Given the type of intervention, no losses to follow-upwere
considered.

Randomization

The random sequence was generated by an outside
research assistant, using the RADN (Random Number
Generator Software; Steven Piantadosi MD, Ph.D, Jhons
Hopkins Oncology Center, Baltimore, Maryland, United
States) software package by means of variable-size block
permutations (4, 6, and 8). The sequence was veiled using

Assessed for selection
(n = 934)

Randomised
(n = 270)

Excluded (n = 664) 
• Did not meet inclusion criteria

(n = 257) 
• Head, neck, thoracic or

abdominal, or airway surgery
(n = 311)

• Prone position ( n = 42) 
• Difficult airway (n = 3) 
• VM during postoperative

period( n = 13) 
• Surgery longer than 3 hours

(n = 27)
• No consent (n = 11)

Assigned
Endotracheal tube group

(n= 135) 

Received the intervention
(n = 135) 

Assigned
Laryngeal mask Group

(n =135) 

Received the intervention
( n = 135) 

Change in intervention (n = 1) 

- Not scheduled admission to the
ICU, intubated (n = 1)

Change in intervention (n = 1) 

- Change to endotracheal tube

due to poor ventilation (n = 1)

Analysed per protocol

(n = 134) 
Analysed by intention to

treat (n=135)  

Analysed per protocol

(n = 134) 
Analysed by intention to

treat (n=135)

Figure 1. Patient flowchart.
Source: Authors.
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numbered opaque sealed envelopes, opened by the
treating anesthetist once the patients met the eligibility
criteria.

Blinding

The studywas blinded for the patient and for the person in
charge of determining outcomes. Given the nature of the
intervention, blinding of the anesthetist who performed
the intervention was not possible, Once the treating
anesthetist introduced the device in the airway, a second
anesthetist, blinded to the intervention, made the clinical
assessment of the presence of the outcome during
induction, maintenance and, postoperatively, once the
device was removed. Blinding to the intervention for the
second anesthetist wasmaintained bymeans of the use of
the screen to block viewing of the device on the patient’s
face.

Statistical analysis

Baseline characteristics of the subjects were described as
frequencies and percentages for qualitative variables, and
as central trend and scatter for quantitative variables.
Normality forquantitativevariableswasanalyzedusingthe
Olmogorov–Smirnov test. Normal variables were reported
as means and standard deviation; non-normal variables
were reported as means and interquartile ranges.

Proportion differences in the 2 groups were evaluated
for the laryngospasm endpoint and the Chi square test
was used to determine statistical significance. Each result
was reported with its respective 95% confidence interval
(CI) and P value, and a P value of less than 0.05 was
considered statistically significant. No subgroup analyses
or interim goodness analysis were performed. Per protocol
and intention to treat analyses were performed. All the
analyseswere carried out using the IBMSPSS 20.0 software
package (IBM SPSS Statistics; IBM Corporation, Armonk,
New York, United States).

Results

During the patient recruitment time period between
October 2013 and May 2014, 934 patients were evaluated
for selection and, of them, 270 were randomized to
participate in the study (Fig. 1). One patient in the ET
group had to be taken, intubated, to the intensive care unit
due to perioperative complications not related to anes-
thesia, and 1 patient assigned to the LM group had to be
intubated due to poor ventilation resulting from leaks in
the device.

Baseline clinical and demographic characteristics of the
patients are shown in Table 1. Characteristically, the
majority of the patients in the studywere healthy patients
(62.2%) taken to orthopedic surgery and pediatric surgery
(58%). There was a personal history of prior respiratory

Table 1. Baseline characteristics of the patients enrolled in the
study.

Characteristic

Endotracheal
tube group
(n=135)
n (%)

Lanryngeal
mask group
(n=135)
n (%)

Age
∗
(years):

mean (SD)
7.15 (3.5) 6.4 (3.6)

Sex

Female 86 (65.7%) 83 (61.5%)

Male 49 (34.3%) 52 (38.5%)

Weight
∗
(kg):

mean (SD)
28.2 (21.1) 22.8 (10.5)

ASA Classification

ASA I 84 (62.2%) 84 (62.2%)

ASA II 44 (32.6%) 44 (32.6%)

ASA III 7 (5.2%) 7 (5.2%)

Type of surgery

Orthopedic 56 (41.5%) 44 (32.6%)

Plastic,
non-facial

29 (21.5%) 28 (20.7%)

General
pediatric
surgery

15 (11.1%) 24 (17.8%)

Urologic 7 (5.2%) 9 (6.7%)

Others 28 (20.7%) 30 (22.2%)

Comorbidities

Asthma 14 (10.4%) 9 (6.7%)

Neurologic
disease

8 (5.9%) 5 (3.7%)

Corrected
congenital
heart disease

1 (0.7%) 1 (0.7%)

Other 21 (15.6%) 22 (16.3%)

None 91 (67.4%) 98 (72.6%)

Preoperative medication

Antibiotics 17 (12.6%) 18 (13.3%)

1 (0.7%) 6 (4.4%)
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infections in 21% of patients and of passive cigarette
smoking in 28.5%.

The anesthetic management of the patients taken to
different surgical procedures is described in Table 2 and
Fig. 2.

Laryngospasm occurred in 3.3% of all patients evaluat-
ed; 7 patients (5.2%) in the LM group, and 2 patients (1.5%)
in the ET tube group developed laryngospasm, with a
difference in risk of 3.7%, 95% CI (�0.7% a 7.9%), and a P
value of 0.147 (Fig. 3). The per protocol analysis did not
reveal any difference as compared with the results of the
intention-to-treat analysis.

The majority of laryngospasm cases occurred during
emergence from anesthesia (85.7%). No statistically
significant differences were found for the other outcomes
evaluated (Table 3).

Discussion

In this study, laryngospasm occurred in 3.3% of the
children taken to surgical procedures under general
anesthesia. This incidence is within the ranges published
in previous studies, which vary between 0.04% and
14%.7,11,12 Due to incidence found was much lower than

Characteristic

Endotracheal
tube group
(n=135)
n (%)

Lanryngeal
mask group
(n=135)
n (%)

Inhaled
steroids

Inhaled
bronchodilators

4 (3%) 4 (3%)

H1/H2 blockers 4 (3%) 8 (5.9%)

None 109 (80.7%) 99 (73.3%)

Passive smoker (smoker parents)

Yes 38 (28.1%) 39 (28.9%)

No 97 (71.9%) 96 (71.1%)

Recent respiratory infection (<15 days)

Yes 30 (22.2%) 27 (20%)

No 105 (77.8%) 108 (80%)

Surgical time
∗

(min), mean
(SD)

85.4 (45.8) 76.8 (46.2)

ASA=American Society of Anaesthesiology, SD=standard deviation.
∗
Exhibit normal distribution.

Source: Authors.

Table 2. Anesthetic management of the patients enrolled in the
study.

Anesthetic
management

Endotracheal
tube group
(n=135)
n (%)

Lanryngeal
mask group
(n=135)
n (%)

Type of induction

Inhaled—
sevoflurane

41 (30.4%) 46 (34.1%)

Intravenous 32 (23.7%) 28 (20.7%)

Mixed 62 (45.9%) 61 (45.2%)

Use of N2O

Yes 52 (38.5%) 61 (45.2%)

No 83 (61.5%) 74 (54.8%)

Dose of propofol
used (mg), mean
(SD)

52.9 (46.2) 46. 6 (38.6)

Ventilation modes employed

Volume control 70 (51.9%) 75 (55.6%)

Pressure control 58 (43%) 47 (34.8%)

Volume support 6 (4.4%) 11 (8.1%)

Pressure assist 1 (0.7%) 2 (1.5%)

Peak inspiratory pressures PICO>25cmH2O

Yes 1 (0.7%) 2 (2.2%)

No 134 (99.3%) 132 (97.8%)

Regional analgesia

Yes 22 (16.3%) 21 (15.6%)

No 113 (83.7%) 114 (84.4%)

Aspiration of secretions before device removal
∗

Yes 112 (83%) 14 (10.4%)

No 23 (17%) 121 (89.6%)

State of consciousness on removal of the device
∗

Awake 108 (80%) 24 (17.8%)

Asleep 27 (20%) 111 (82.2%)

N2O=nitrous oxide, SD=standard deviation.
∗
Chi-square test with a P<0.0001.

Source: Authors.

Table 1. (Continued).
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the reported in the same institution, the authors decided
to modify the non-inferiority margin by using the
synthetic method,13 which allows to establish the margin
according to the data thrown by the study and the clinical

judgment of these. In this case, it is decided to generate a
delta of 2% (see Figure 3). According to the above, and
taking into account the incidences difference between
them was 3.7% with a 95% CI(-0.7 to 7.9%), it can not be

Type of
device

Pe
rc

en
ta

ge

Anaesthetist experience

Laryngeal mask
Endotracheal tube

More than 3 years Less than 3 years Staff in training

Figure 2. Experience of the treating anesthetist.
Source: Authors.

0 %6%5%1- 1% 2% 3% 4% 7% 8% 9% 10% 

Non-inferiority

margin

Laryngeal mask – Endotracheal tube

3,7% 7,9%-0,7%

LM better             ET Better

Figure 3. Laryngospasm, LM vs. ET (proportion difference and 95% confidence interval). LM=Laryngeal Mask; ET=Endotracheal Tube.
Source: Authors.
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declared non-inferiority between the devices used, laryn-
geal mask and endotracheal tube. Additionally, and given
that the confidence interval crosses zero, it is not possible
to declare superiority of one device over another (see
Figure 3). These results show consistency when intention
to treat or per protocol analyses are performed, the latter
being the right analysis to declare non-inferiority of 1
group compared with the other.13

In terms of the other outcomes, no differencewas found
for themain complications derived from the development
of laryngospasm, including bradycardia or oxygen desa-
turation. However, it is important to report that one of the
patients in the LM group went into cardiac arrest due to
sustained bradycardia, but with no fatal outcome or
secondary neurological complications. This single finding
does not allow to arrive at conclusions of superiority of 1
group over the other in terms of morbidity.

Our study found that more than half of the cases of
laryngospasmoccurreduponawakening,while the remain-
ing were divided equally between induction and mainte-
nance. These results are in contrast with a case–control
study in pediatric patientswhich found a greater frequency
of laryngospasm during anesthesia induction.14 When the
ETwas used, laryngospasmoccurredmore frequently upon
awakening, while with the use of the LM, it occurred more
frequently during induction or maintenance.15 It may be
that the highest risk moment depends both on the
anesthetic technique as well as on airway management.

Another striking aspect of our results is that the
incidence of this outcome is far lower than expected,
evenmuch lower than the range of 15% to 7% found in this
type of population in our hospital, where staff in training
participate quite actively in the management of the
pediatric airway (Fig. 2). This situation may be attributed
to 2 possible explanations: the way the airway was
managed, in particular during emergence from anesthe-
sia, when the recommendations for this setting were used
in the majority of patients: ET removal with the patient
fully awake, and removal of the LM with the patient still
asleep but under spontaneous ventilation (Table 2).16–21

In fact, this hypothesis is reinforced by the fact that the 2
patients in the ET group who developed laryngospasm did
sowhile still asleep, and 5 of the 7 patients of the LM group
developed laryngospasm long after emergence. A second
explanation, very much related to the first one, is the
potential Hawthorne effect of the treating anesthetist or
student.

The blind, randomized design of this study is one of its
strengths, considering that it allowed control of some
confounding factors such as a history of acute infectious
or chronic respiratory disease and patient exposure to
cigarette smoking. In addition, several concomitant
interventions were controlled from the beginning of the
exposure to the evaluated factor (Tables 1 and 2). Another
aspect worth highlighting is that the age range described
in the inclusion criteria and the multiple surgical
procedures evaluated allow extrapolation of these results
to a large proportion of patients in the common pediatric
anesthesia practice. Finally, the sample size, although it
may have been small for the incidence found, is among
the largest reported in the literature for these types of
studies.

The study has several limitations, the most important
being that the incidence found was much lower than
expected. This result may lead to an oversized difference
between the 2 groups based on which the adequate non-
inferiority margin was determined, without disregarding
the fact that a difference between the 2 groups as low as
3.7%may eventually be sustained in larger studies. For this
reason, a study with a larger sample size may be required
to demonstrate this difference. This study being a
perioperative management study, it has the additional
limitation of the inability to blind the treating anesthe-
tists, whichmay explain the results. Finally, the studywas
conducted in a level IV university hospital where
perioperative management may be different than in level
II or III hospitals that serve this type of population.
Consequently, our results may need to be confirmed in a
multicenter study with a wider range of pediatric clinics
and hospitals.

Table 3. Clinical outcomes.

Outcome LM group ET group Relative risk 95% CI P

Desaturation 5/135 2/135 2.5 0.49–12.67 0.187

Bradycardia 1/135 0/135 – – 0.261

Airway trauma 2/135 1/135 2 0.18–21.80 0.513

Gastric inflation 3/135 0/135 – – 0.082

Cardiac arrest 1/135 0/135 – – 0.368

Death 0/135 0/135 – – –

CI=confidence interval, ET=endotracheal tube, LM= laryngeal mask.
Source: Authors.
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Conclusion

This study did not show that, in pediatric patients taken to
surgical procedures under general anesthesia, airway
management using LM is not inferior or superior to the
ET in terms of the occurrence of laryngospasm. Greater
morbidity ormortality secondary to the use of either of the
devices used was not demonstrated. A larger sample size
study may be needed to confirm non-inferiority in the
outcomes studied.
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