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BACKGROUND: The removal of the laryngeal mask airway (LMA®) in children may be associated 
with respiratory adverse events. The rate of occurrence of these adverse events may be influ-
enced by the type of anesthesia. Studies comparing total intravenous anesthesia (TIVA) with 
propofol and sevoflurane are limited with conflicting data whether propofol is associated with a 
lower incidence of respiratory events upon removal of LMA as compared to induction and main-
tenance with sevoflurane. We hypothesized that TIVA with propofol is superior to sevoflurane in 
providing optimal conditions and improved patient’s safety during emergence.
METHODS: In this prospective, randomized, double-blind clinical trial, children aged 6 months 
to 7 years old were enrolled in 1 of 2 groups: the TIVA group and the sevoflurane group. In both 
groups, patients were mechanically ventilated. At the end of the procedure, LMAs were removed 
when patients were physiologically and neurologically recovered to a degree to permit a safe, 
natural airway. The primary aim of this study was to compare the occurrence of at least 1 respi-
ratory adverse event, the prevalence of individual respiratory adverse events, and the airway 
hyperreactivity score following emergence from anesthesia between the 2 groups. Secondary 
outcomes included ease of LMA insertion, quality of anesthesia during the maintenance phase, 
hemodynamic stability, time to LMA removal, and incidence of emergence agitation.
RESULTS: Children receiving TIVA with propofol had a significantly lower incidence (10.8.% vs 36.2%; 
relative risk, 0.29; 95% CI [0.14–0.64]; P = .001) and lower severity (P = .01) of respiratory adverse 
outcomes compared to the patients receiving inhalational anesthesia with sevoflurane. There were 
no statistically significant differences in secondary outcomes between the 2 groups, except for 
emergence agitation that occurred more frequently in patients receiving sevoflurane (P < .001).
CONCLUSIONS: Propofol induction and maintenance exerted a protective effect on healthy chil-
dren with minimal risk factors for developing perioperative respiratory complications, as com-
pared to sevoflurane.  (Anesth Analg 2023;136:25–33)

KEY POINTS
•	 Question: Is total intravenous anesthesia (TIVA) with propofol associated with lower periop-

erative respiratory adverse events compared to inhalational anesthesia with sevoflurane?
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•	 Finding: TIVA with propofol had significantly lower incidence and severity of respiratory 
adverse events compared to sevoflurane.

•	 Meaning: TIVA with propofol is more protective than inhalational anesthesia with sevoflurane 
in healthy children with minimal risk for developing perioperative respiratory adverse events.

GLOSSARY
ASA = American Society of Anesthesiologists; ATP = adenosine 5'-triphosphate; BPM = beats 
per minute; CI = confidence interval; CONSORT = Consolidated Standards of Reporting Trials; 
DBP = diastolic blood pressure; HR = heart rate; IQR = interquartile range; IV = intravenous;  
LMA®, laryngeal mask airway; MAC = minimum alveolar concentration; MRI = magnetic resonance 
imaging; PACU = postanesthesia care unit; PONV = postoperative nausea and vomiting; SBP = systolic 
blood pressure; SD = standard deviation; Spo2 = oxygen saturation; TIVA = total intravenous anesthesia

Perioperative respiratory adverse events are a 
frequent manifestation in pediatric anesthesia. 
von Ungern-Sternberg1 reported an incidence of 

15% in a cohort of 9297 pediatric anesthetics. Although 
the use of the laryngeal mask airway (LMA®) mask in 
children may result in less laryngeal stimulation and 
subsequently a decreased incidence of laryngospasm, 
desaturation, and severe coughing as compared to 
endotracheal intubation,2 respiratory adverse events 
may still occur with LMA devices.

The incidence of airway hyperreactivity and air-
way events after LMA mask  removal was found to 
vary depending on many factors, such as the type 
of anesthetics used,3,4 the plane of anesthesia at time 
of removal,5 the type of surgery,1 as well as a posi-
tive preoperative respiratory history.1 Therefore, the 
reported incidence of respiratory adverse events after 
LMA mask removal in the literature is variable.

Splinter and Reid6 reported an incidence of 8% 
with LMA mask removal in an awake state with non-
standardized anesthesia protocol using halothane or 
propofol. Nonetheless, the incidence of respiratory 
adverse events following LMA mask removal in the 
awake state in pediatric patients was reported to be 
as high as 37% when sevoflurane was used for induc-
tion and maintenance of anesthesia.7 With the wide 

discrepancy in the results of the different studies, it 
is still debatable whether the choice of the anesthetic 
technique affects the incidence of respiratory adverse 
events during emergence and the quality of anesthe-
sia provided with an LMA. In their meta-analysis, 
Ortiz et al8 found a significant difference favoring 
induction and maintenance with propofol versus 
sevoflurane for pediatric outpatient surgery for the 
following outcomes: incidence of postoperative nau-
sea and vomiting (PONV) and postoperative behav-
ioral disturbances. However, there was no difference 
in the risk of intraoperative and postoperative respira-
tory and cardiovascular complications with very low 
quality of evidence and with most of the anesthetics 
conducted with an endotracheal tube.8

Data comparing induction and maintenance of 
anesthesia in children with propofol versus sevo-
flurane with regard to the occurrence of respira-
tory adverse events following removal of the LMA 
mask remain scarce.

This study was designed to compare the incidence 
of respiratory adverse events between total intrave-
nous anesthesia (TIVA) with propofol and sevoflu-
rane in children undergoing minor surgery, following 
removal of the LMA mask  in the awake state. We 
hypothesized that the use of TIVA as the anesthetic 
modality will decrease the respiratory adverse events.

METHODS
This prospective, randomized, double-blind clini-
cal trial was conducted at the American University 
of Beirut Medical Center and at the Rizk Hospital 
Lebanese American University Medical Center and 
adheres to the applicable Consolidated Standards 
of Reporting Trials (CONSORT) guidelines for con-
ducting and reporting clinical trials. This study was 
approved by both medical centers’ universities’ insti-
tutional review boards (center 1 protocol# 2017-0276; 
center 2 protocol# LAUMCRH.VA1.13/Dec/2018), 
and written informed consent was obtained from all 
subjects participating in the trial. The trial was reg-
istered before patient enrollment at clinicaltrials.
gov (NCT03553082, principal investigator, Marie T. DOI: 10.1213/ANE.0000000000005945
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Aouad; date of registration: May 8, 2018). A stan-
dard preoperative anesthesia evaluation was con-
ducted on all patients as per institutional protocol. 
Subsequently, written informed consent was obtained 
from both parents of patients satisfying inclusion cri-
teria before enrollment in the study. Written consent 
was completed in a private setting and following our 
institutional guidelines. Patients were evaluated on 
the day of arrival. If inclusion criteria were met, the 
patient was approached to participate in the study. 
A detailed explanation of the study was provided, 
including explanations of possible side effects and the 
patients’ right to withdraw from the study without 
altering any of their clinical care. Patients were con-
sidered eligible for recruitment if they satisfied the 
following criteria: age 6 months to 7 years old, under-
going minor procedures of <2-hour duration, eligible 
for LMA mask, American Society of Anesthesiologists 
(ASA) status I–III, and parental consent. Patients were 
excluded if they had an acute exacerbation of asthma, 
congenital heart disease or neurologic disorders, full 
stomach, hiatal hernia, known or predicted difficult 
airway, facial or airway malformations, major abdom-
inal or thoracic surgery, and >3 attempts at LMA 
mask insertion.

Patients were assigned to 1 of 2 groups on the day 
of surgery. The assignment was according to a com-
puter-generated table of random numbers. The results 
of the randomization were concealed in opaque enve-
lopes and opened sequentially immediately before 
induction of anesthesia. The research team mem-
ber collecting the data at the end of surgery was not 
involved in the conduct of anesthesia and was blinded 
to the patient’s allocation group; propofol pump was 
removed, and the screen showing end-tidal sevoflu-
rane values was concealed. Also, patients and their 
parents were blinded to the study group allocation.

Patients were assessed as per departmental proto-
col and screened preoperatively for history of asthma, 
passive smoking, or respiratory tract infection within 
2 weeks before the planned surgery. Children did not 
receive premedication, but 1 parent was allowed to 
be present in the operating room until induction of 
anesthesia is completed. After the application of the 
standard ASA monitors (electrocardiography, nonin-
vasive blood pressure, pulse oximetry, and capnog-
raphy), patients allocated to the TIVA group received 
propofol 5 mg/kg and fentanyl 2 µg/kg, whereas 
patients in the sevoflurane group received sevoflu-
rane 8% and fentanyl 2 µg/kg for induction of anes-
thesia. All patients received dexamethasone 0.5 mg/
kg and ondansetron 0.1 mg/kg for PONV prophy-
laxis. For those patients with needle phobia in the 
TIVA group, induction of anesthesia with sevoflu-
rane was allowed for a brief period until the intrave-
nous (IV) catheter was secured, following which the 

conduct of anesthesia continued as per study proto-
col. LMA mask  insertion was attempted when the 
depth of anesthesia was deemed appropriate by the 
attending anesthesiologist and as evidenced by jaw 
relaxation and lack of reaction to jaw thrust.9 No more 
than 3 attempts at LMA mask insertion were allowed. 
The number of insertions attempts and repositioning 
were recorded. In case of failure, an endotracheal tube 
was used, and the patient was excluded from further 
analysis. Mechanical ventilation was applied using 
pressure control mode. Parameters were adjusted 
to achieve normocarbia. Maintenance of anesthesia 
was initiated using propofol 200 to 300 µg/kg/min 
in the TIVA group and sevoflurane 2% in the sevo-
flurane group. Patients in both groups received incre-
mental doses of fentanyl and had the rate of propofol 
or sevoflurane adjusted to maintain blood pressure 
within 20% of baseline. At the end of surgery, sevo-
flurane and propofol were stopped, and the LMA 
mask  was removed when patients were awake as 
judged by physiologic and neurologic recovery to a 
degree to permit a safe, natural airway demonstrated 
by facial grimace, adequate respiratory rate and 
volume, eye-opening, and purposeful movements. 
During emergence from anesthesia, the occurrence of 
the following airway adverse outcomes was recorded: 
cough, LMA mask  biting or teeth clenching, breath 
holding (apnea longer than 5 seconds), laryngospasm 
(respiratory efforts without airflow despite jaw thrust 
and chin lift and requiring assisted positive pressure 
ventilation), bronchospasm, desaturation (oxygen 
saturation [Spo2] <95%), and upper airway obstruc-
tion (requiring jaw thrust and chin lift). The severity 
of airway hyperreactivity was evaluated using the air-
way hyperreactivity score of Pappas et al,3 accounting 
for the severity of cough, breath holding, and oxygen 
desaturation on a scale from 0 (none) to 4 (severe). 
A score of ≤3 was considered mild, 4 to 8 moderate, 
and ≥9 severe. Also, episodes of excessive salivation 
and retching/vomiting were recorded. Postoperative 
analgesia was left at the discretion of the attending 
anesthesiologist. At the end of surgery, all children 
were transferred to the postanesthesia care unit 
(PACU), from where they were discharged when they 
achieved discharge criteria. The study period ended 
when patients left the PACU.

The primary outcomes of this study included 
occurrence of at least 1 respiratory adverse event, the 
individual adverse events (cough, LMA mask biting/
teeth clenching, breath holding, laryngospasm, bron-
chospasm, desaturation, and upper airway obstruc-
tion), and the airway hyperreactivity score. A child 
was considered positive for airway adverse events if 
at least 1 of the above airway events occurred. The 
secondary outcomes were defined as time to suc-
cessful LMA mask  insertion (from the beginning of 
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the attempt until success of insertion), the number 
of insertion attempts, difficulty at insertion defined 
as the need for repositioning or reinsertion, quality 
of anesthesia during maintenance, defined as lack of 
movement, bucking, or cough, emergence time (from 
discontinuation of the anesthetic agents until LMA 
mask  removal), PONV, emergence agitation using a 
4-point scale (1: calm; 2: not calm but easily consolable; 
3: not easily calmed restless or moderately agitated; 4: 
combative, disoriented, or excited),10 hemodynamic 
parameters (systolic blood pressure [SBP], diastolic 
blood pressure [DBP], heart rate [HR], and Spo2) dur-
ing emergence, as well as duration of PACU stay.

Statistical Analysis
Sample size calculation was based on the assumption 
that the occurrence of airway adverse events during 
removal of LMA mask  in an awake state following 
sevoflurane anesthesia in children (primary outcome) 
was 37%.7 With the assumption of a reduction down 
to 15% in the TIVA group, with α = 0.05 and β = 20%, 
it was calculated that 61 patients would be needed 
in each group. To account for dropout, we aimed to 
enroll 70 patients in each group.

Missing data were handled using a pairwise (avail-
able case analysis) deletion. Continuous data are 
presented as means and standard deviations and ana-
lyzed using a t test for normally distributed variables 
(ie, blood pressure, HR, and Spo2) or Mann-Whitney 
U test for nonparametric variables (ie, time to inser-
tion and emergence time). Categorical data such as 
the incidence of airway adverse events, as well as 
secondary outcomes are presented as numbers and 
analyzed using χ2 or Fisher exact test as appropriate.

Hyperreactivity scores and the number of insertion 
attempts are presented as medians and interquartile 
ranges and analyzed using the Mann-Whitney U 
test. Statistical significance was set at P values <.05. 
Results were analyzed using IBM SPSS Statistics for 
Windows, version 27 (IBM Corp).

RESULTS
One hundred and seventy-one patients were screened 
for eligibility from 2 medical centers, from May 2018 
to July 2021, out of which 35 patients were initially 
excluded. Two additional patients were excluded from 
further analysis because of failed LMA mask insertion. 
As such, 134 patients completed the intended inter-
vention and were analyzed. All primary outcome data 
were complete. Missing data in baseline variables and 
secondary outcomes (namely emergence time and time 
to insertion) were <5%. A flow diagram summarizing 
the recruitment strategy and reasons for exclusion 
is depicted in the Figure. Demographic and baseline 
hemodynamic variables, surgery type, average dura-
tion of anesthesia and surgery, as well as preoperative 

respiratory risk factors were evenly distributed with no 
significant differences (Table 1). Three patients in the 
TIVA group had needle phobia and were induced with 
sevoflurane for a brief period until an IV catheter was 
secured. In all other patients in the TIVA group, an IV 
catheter  was secured before induction or a polysite 
was accessed. Hemodynamic parameters during emer-
gence from anesthesia are depicted in Table  2. Only 
Spo2 values following LMA mask  removal were sig-
nificantly lower in the sevoflurane group.

Respiratory adverse outcomes occurred more fre-
quently in patients allocated to the sevoflurane group 
(Table 3). The overall incidence was 10.8% in the TIVA 
group versus 36.2% in the sevoflurane group (relative 
risk, 0.29; 95% confidence interval [CI] [0.14–0.64];  
P = .001), due to significantly lower incidences of 
cough, laryngospasm, and desaturation in the TIVA 
group. A significantly lower incidence of moderate 
and severe hyperreactivity scores and lower median 
score was reported in the TIVA group. In addition, 
excessive salivation occurred more frequently in the 
sevoflurane group compared to the TIVA group (12 
[17.4%] vs 2 [3.1%], respectively, P = .009). All airway 
events occurred in the operating room during emer-
gence from anesthesia. The PACU stay was unevent-
ful for all studied outcomes except for PONV and 
emergence agitation. Two patients in the sevoflurane 
group experienced PONV, and significantly more 
patients in the sevoflurane group experienced emer-
gence agitation (Table 4).

Secondary outcomes are detailed in Table 4. Quality 
of anesthesia was not significantly different between 
the two groups at the time of LMA mask insertion and 
during maintenance. Moreover, PACU stay was not 
statistically different between the 2 groups.

DISCUSSION
Our study showed that the incidence of airway 
adverse events during awake state removal of the 
LMA mask  and up until discharge from PACU is 
significantly higher in children anesthetized with 
sevoflurane as compared to TIVA with propofol, 
as manifested by significantly more cough, laryn-
gospasm, and desaturation. The severity of airway 
adverse events was also significantly higher, as evi-
denced by the airway hyperreactivity score.

The incidence of perioperative respiratory adverse 
events of 36% in the sevoflurane group in our study 
is in line with the other studies5,7 where figures rang-
ing between 37% and 45% were reported in children 
who had their LMA mask removed in an awake state 
following sevoflurane anesthesia. This incidence was 
reduced to 10.8% when we used TIVA with propofol, 
which largely matches our a priori sample size calcula-
tion. Both sevoflurane and propofol are potent bron-
chodilators—the first acting through a reduction in 
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parasympathetic tone, and the latter predominantly 
through a reduction in serotonin 5-hydroxy-trypt-
amine receptor activity and inhibition of adenosine 
5'-triphosphate (ATP)-induced contraction of bron-
chial smooth muscle.11,12 However, propofol is supe-
rior to sevoflurane in suppressing laryngeal reflex 
responses. A clinical trial using an experimental 
model studied the difference in laryngeal responsive-
ness to sevoflurane and propofol at different levels of 
hypnosis in children aged 2 to 6 years. It showed that 
apnea with laryngospasm occurred more frequently in 

patients anesthetized with sevoflurane, with a greater 
incidence of longer lasting events than in patients 
anesthetized with propofol, irrespective of the level of 
hypnosis.13 In contrast, cough and expiration reflexes 
significantly occurred more frequently in children 
anesthetized with propofol.13 In our study, both cough 
and laryngospasm and subsequently desaturation 
were significantly less in the propofol group.

Our study is one of the rare studies in children 
comparing head-to-head sevoflurane anesthesia to 
TIVA with propofol, for the whole duration of LMA 

Figure. CONSORT flow diagram. CONSORT indicates Consolidated Standards of Reporting Trials; LM, laryngeal mask; TIVA, total intravenous 
anesthesia.
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Table 2. Hemodynamic Parameters During Emergence From Anesthesia
Variable TIVA group (n = 65) Sevoflurane group (n = 69) P value
Pre-LMA mask removal
  SBP (mm Hg) 91.82 ± 8.84 94.16 ± 11.66 .20
  DBP (mm Hg) 50.09 ± 10.05 49.38 ± 10.67 .70
  HR (BPM) 106.15 ± 14.12 112.93 ± 19.39 .06
  Spo2 (%) 99.69 ± 0.64 99.57 ± 0.79 .31
Post-LMA mask removal
  SBP (mm Hg) 98.91 ± 8.81 102.28 ± 16.94 .16
  DBP (mm Hg) 54.63 ± 11.04 56.25 ± 14.78 .48
  HR (BPM) 119.98 ± 17.31 121.7 ± 19.18 .60
  Spo2 (%) 99.45 ± 0.85 98.12 ± 2.61 <.001

Data presented as means ± SD.
Abbreviations: BPM, beats per minute; DBP, diastolic blood pressure; HR, heart rate; LMA, laryngeal mask airway; SBP, systolic blood pressure; SD, standard 
deviation; Spo2, oxygen saturation; TIVA, total intravenous anesthesia.

Table 3. Respiratory Adverse Outcomes
Variable TIVA group (n = 65) Sevoflurane group (n = 69) Relative risk (95% CI) P value
Occurrence of at least 1 respiratory adverse event 7 (10.8) 25 (36.2) 0.29 (0.14–0.64) .001
Cough 1 (1.5) 15 (21.7) 0.07 (0.01–0.52) <.001
LMA mask biting/teeth clenching 2 (3.1) 6 (8.7) 0.35 (0.07–1.69) .17
Breath holding (apnea longer than 5 s) 4 (6.2) 10 (14.5) 0.43 (0.14–1.28) .12
Laryngospasm 1 (1.5) 7 (10.1) 0.15 (0.02–1.19) .04
Bronchospasm 1 (1.5) 1 (1.4) 1.06 (0.07–0.95) .10
Desaturation (Spo2 <95%) 3 (4.6) 11 (15.9) 0.29 (0.09–0.99) .03
Upper airway obstruction 6 (9.2) 12 (17.4) 0.53 (0.21–1.33) .17
Airway hyperreactivity score
  Mild 63 (96.9) 56 (81.2)  .01
  Moderate 1 (1.5) 9 (13)  
  Severe 1 (1.5) 4 (5.8)  
Airway hyperreactivity score 0 (0–0) 0 (0–1.5) 2.27a (−0.86 to −0.172) .004

Data presented as numbers (%) or median (IQR).
Abbreviations: CI, confidence interval; IQR, interquartile range; LMA, laryngeal mask airway; TIVA, total intravenous anesthesia.
aCohen’s d is reported because the sample size is >60.

Table 1. Baseline Characteristics
Variable TIVA group (n = 65) Sevoflurane group (n = 69)
Age (mo) 43.75 ± 22.46 42.01 ± 23.43
Female 35 (53.8) 36 (52.2)
Male 30 (46.2) 33 (47.8)
Weight (kg) 16.53 ± 5.42 15.99 ± 5.3
ASA
  I 34 (52.3) 40 (58)
  II 31 (47.7) 27 (39.1)
  III 0 (0) 2 (2.9)
Type of surgery
  Polysite removal 24 (36.9) 17 (24.6)
  Strabismus surgery 26 (40) 31 (44.9)
  Eye examination under anesthesia/laser treatment/cryotherapy 10 (15.4) 13 (18.8)
  Circumcision 2 (3.1) 2 (2.9)
  Other 3 (4.6) 6 (8.6)
Duration of anesthesia (min) 49.05 ± 18.23 47.50 ± 17.29
Duration of surgery (min) 28.54 ± 16.52 26.85 ± 15.06
SBP (mm Hg) 94.02 ± 12.83 94.82 ± 14.32
DBP (mm Hg) 51 ± 10.55 51.23 ± 11.94
HR (BPM) 112.23 ± 15.99 119.1 ± 22.37
Spo2 (%) 99.43 ± 0.97 99.59 ± 0.71
History of asthma 2 (3.1) 1 (1.4)
Passive smoker 21 (32.3) 26 (37.7)
History of respiratory infection within 2 wk before surgery 4 (6.2) 8 (11.6)

Data presented as means ± SD or numbers (%).
Abbreviations: ASA, American Society of Anesthesiologists; BPM, beats per minute; DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure; 
SD, standard deviation; Spo2, oxygen saturation; TIVA, total intravenous anesthesia.
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mask anesthesia including induction and maintenance 
and focusing on airway adverse events. Ramgolam 
et al4 investigated LMA mask  inhalational anesthe-
sia with sevoflurane versus IV propofol on the rate of 
occurrence of perioperative respiratory adverse events. 
In their study, propofol was limited to the induc-
tion phase on which they focused. In addition, they 
enrolled children 0 to 8 years of age having at least 2 
clinically relevant risk factors for perioperative respi-
ratory adverse events. They found that induction with 
propofol followed by maintenance with sevoflurane 
resulted in a significantly lower incidence of 26% as 
compared to 43% in the group that was induced and 
maintained with sevoflurane.4 Bryan et al14 compared 
sevoflurane induction and maintenance to propofol 
induction and maintenance in children aged 18 months 
to 7 years undergoing magnetic resonance imaging 
(MRI) scans. They reported a low incidence of respira-
tory complications of 2% and 3%, respectively, in the 
2 groups. Of note, in this study, children in the sevo-
flurane group had an LMA mask while children in the 
propofol group were spontaneously breathing through 
a face mask. Differences in the protocols, definitions, 
and the characteristics of the enrolled subjects may 
explain the wide discrepancy of the reported rates of 
respiratory complications among the different studies.

In our study, we applied standard departmen-
tal screening before surgery. From a respiratory 

standpoint, we routinely check for passive smoking, 
asthma, and recent respiratory tract infection. The lat-
ter risk factor is more often accepted in children with 
adenotonsillar hypertrophy/infection scheduled for 
tubes and/or tonsillectomy with or without adenoid-
ectomy based on the assumption that surgery often 
relieves their symptoms. We tend to postpone all other 
elective surgeries for at least 2 weeks in the presence 
of recent respiratory tract infection or exacerbation of 
asthma. Therefore, and in contrast with the Ramgolam 
study,4 few of our children who underwent minor 
surgeries had significant risk factors for perioperative 
respiratory adverse events, except for passive smok-
ing, and these risk factors were equally distributed 
between the 2 groups. Our study provides insight 
regarding the influence of the anesthetic agents dur-
ing LMA mask anesthesia on the risk of perioperative 
respiratory complications in a group of children with 
minimal risk factors and shows that propofol is also 
superior to sevoflurane in this context. Our results are 
generalizable since our study mimics routine practice 
among pediatric anesthesiologists.

Aside from the anesthetic agents used, it is well 
known that many factors may impact the rate of occur-
rence of perioperative respiratory adverse events fol-
lowing LMA mask removal in children. The presence 
of preoperative risk factor, particularly respiratory risk 
factors, increases the risk of airway complications.1 

Table 4. Secondary Outcomes
Variable TIVA group (n = 65) Sevoflurane group (n = 69) P value
Quality of anesthesia at the time of LMA mask insertion

  Time to insertion (s) 43.97 ± 71.34 59.66 ± 88.6 .15
  Number of insertion attempts 1 (1–1) 1 (1–1) .80
  Difficult insertion 10 (15.4) 8 (11.6) .52
  Reinsertion/repositioning 12 (18.5) 11 (15.8) .66
Quality of anesthesia during maintenance
  Movement
    None 57 (87.7) 52 (75.4) .08
    Minimal 6 (9.2) 16 (23.2)
    Moderate 2 (3.1) 1 (1.4)
    Severe 0 (0) 0 (0)
  Bucking
    None 61 (93.8) 59 (85.5) .20
    Minimal 4 (6.2) 8 (11.6)
    Moderate 0 (0) 2 (2.9)
    Severe 0 (0) 0 (0)
  Coughing
    None 64 (98.5) 69 (100) .30
    Minimal 1 (1.5) 0 (0)
    Moderate 0 (0) 0 (0)
    Severe 0 (0) 0 (0)
Emergence time (min) 11.17 ± 4.26 10.72 ± 7.83 .02
Quality of anesthesia after LMA mask removal
  Emergence agitation
    Calm 51 (78.5) 26 (37.7) <.001
    Not calm but easily consolable 11 (16.9) 19 (27.5)
    Not easily calmed, restless, or moderately agitated 3 (4.6) 24 (34.8)
    Combative, disoriented, or excited 0 (0) 0 (0)
PACU stay duration (min) 60.57 ± 13.01 62.61 ± 12.67 .36

Data presented as means ± SD, numbers (%), or median (IQR).
Abbreviations: IQR, interquartile range; LMA, laryngeal mask airway; PACU, postanesthesia care unit; SD, standard deviation; TIVA, total intravenous anesthesia.
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Older children are known to have a lower incidence 
than younger children.1 Otorhinolaryngology carries 
a higher risk than other surgeries, as well as premedi-
cation with midazolam.1,15 In our study, all LMs were 
removed when children were awake. However, the 
depth of anesthesia at the time of LMA mask removal 
may also impact the rate of airway complications. 
While some studies favor removal of the LMA mask at 
>1  minimum alveolar concentration (MAC) end-tidal 
sevoflurane as compared to the awake state,7 the differ-
ence was not statistically significant in other studies.5,6 
The impact of the depth of anesthesia during a propofol 
anesthetic was not previously investigated; future stud-
ies could clarify this point. Other confounding factors 
could be the use or not of muscle relaxant or the use of 
mechanical ventilation versus spontaneous breathing.

There were no major differences between the 
2 groups with regard to our secondary outcomes, 
except for a significantly higher incidence of emer-
gence agitation in the sevoflurane group. The hemo-
dynamic parameters during the emergence phase 
were comparable between the 2 groups. Only Spo2 
was significantly higher in the TIVA group due to the 
fact that less desaturation episodes occurred in that 
group. The emergence time was also statistically lon-
ger in the TIVA group. However, this difference of 
less than a minute is not clinically significant. Quality 
and time to successful insertion of the LMA mask as 
well as quality of anesthesia during the maintenance 
phase, and discharge time from PACU were similar. 
This is in line with Picard et al16 results who found 
no difference in time to extubation and discharge 
from PACU between sevoflurane and propofol, and 
in contrast to Kol et al17 who concluded that propofol 
was associated with a longer induction time, slower 
recovery, and more frequent interruptions during the 
procedure as compared to sevoflurane in children 
undergoing LMA mask anesthesia for MRI imaging. 
However, Kol’s results as well as our results confirm 
the protective effect of propofol as compared to sevo-
flurane against emergence agitation in children, and 
there seems to be a wide agreement about this finding 
among the different studies.8

Our study has a few limitations. We did not use 
a monitor for the depth of anesthesia, but we rather 
relied on indirect clinical signs to adjust the anes-
thetic agents. However, we used recommended and 
standardized dosing regimens, and we included 
patients undergoing minor surgeries. Therefore, we 
believe that it is unlikely that major differences in the 
depth of anesthesia between the 2 groups could have 
occurred. Furthermore, our results may not be valid 
for other types of surgery, such as otorhinolaryngol-
ogy surgery, and should be interpreted in the context 
of our methodology. Although blinding was secured 
by an independent observing anesthesiologist for 

the collection of our primary outcome, investigator 
bias cannot be ruled out for our secondary outcomes. 
Finally, we did not account for multiple testing of our 
secondary outcomes.

In conclusion, based on the results of our study, 
inhalational anesthesia with sevoflurane as compared 
to TIVA with propofol resulted in a significantly higher 
rate and severity of respiratory adverse events in chil-
dren aged 6 months to 7 years, following removal of 
the LMA mask during an awake state. These adverse 
events were, namely, cough, laryngospasm, and 
desaturation. Propofol was protective in our group of 
healthy children with minimal risk factors for periop-
erative respiratory complications. This protective effect 
could be even more relevant in high-risk pediatric 
patients. E

DISCLOSURES
Name: Cynthia Karam, MD.
Contribution: This author helped in the study conception and 
design, proposal writing, data interpretation, as well as draft-
ing and approving the final version of the manuscript.
Name: Carine Zeeni, MD.
Contribution: This author helped in the study conception and 
design, proposal writing, data interpretation, as well as draft-
ing and approving the final version of the manuscript.
Name: Vanda Yazbeck-Karam, MD.
Contribution: This author helped in data collection, data inter-
pretation, as well as revising and approving the final version of 
the manuscript.
Name: Fadia M. Shebbo, MSc.
Contribution: This author helped in data collection, data man-
agement and analysis, as well as drafting and approving the 
final version of the manuscript.
Name: Amro Khalili, MD.
Contribution: This author helped in data collection, data inter-
pretation, as well as revising and approving the final version of 
the manuscript.
Name: Sarah G. Raad, MD.
Contribution: This author helped in study design, data inter-
pretation, as well as revising and approving the final version 
of the manuscript.
Name: Jean Beresian, MD.
Contribution: This author helped in data collection, data inter-
pretation, as well as revising and approving the final version of 
the manuscript.
Name: Marie T. Aouad, MD.
Contribution: This author helped in the study conception and 
design, proposal writing, data interpretation, as well as draft-
ing and approving the final version of the manuscript.
Name: Roland Kaddoum, MD.
Contribution: This author helped in the study conception 
and design, proposal writing, data analysis, data interpreta-
tion, as well as drafting and approving the final version of the 
manuscript.
This manuscript was handled by: James A DiNardo, MD. 

REFERENCES
	 1.	 von Ungern-Sternberg BS, Boda K, Chambers NA, et al. Risk 

assessment for respiratory complications in paediatric anaes-
thesia: a prospective cohort study. Lancet. 2010;376:773–783.

	 2.	 Liu X, Cao H, Tan X, Qiao L, Zhang Q, Shi L. Comparison 
of the effect of laryngeal mask airway versus endotracheal 



Copyright © 2022 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E  Original Clinical Research Report

January 2023 • Volume 136 • Number 1	 www.anesthesia-analgesia.org	 33

tube on airway management in pediatric patients with ton-
sillar hypertrophy. J Perianesth Nurs. 2021;36:142–146.

	 3.	 Pappas AL, Sukhani R, Lurie J, Pawlowski J, Sawicki K, 
Corsino A. Severity of airway hyperreactivity associated 
with laryngeal mask airway removal: correlation with vola-
tile anesthetic choice and depth of anesthesia. J Clin Anesth. 
2001;13:498–503.

	 4.	 Ramgolam A, Hall GL, Zhang G, Hegarty M, von Ungern-
Sternberg BS. Inhalational versus intravenous induction 
of anesthesia in children with a high risk of perioperative 
respiratory adverse events: a randomized controlled trial. 
Anesthesiology. 2018;128:1065–1074.

	 5.	 Ramgolam A, Hall GL, Zhang G, Hegarty M, von Ungern-
Sternberg BS. Deep or awake removal of laryngeal mask 
airway in children at risk of respiratory adverse events 
undergoing tonsillectomy-a randomised controlled trial. Br 
J Anaesth. 2018;120:571–580.

	 6.	 Splinter WM, Reid CW. Removal of the laryngeal mask 
airway in children: deep anesthesia versus awake. J Clin 
Anesth. 1997;9:4–7.

	 7.	 Park JS, Kim KJ, Oh JT, Choi EK, Lee JR. A randomized con-
trolled trial comparing Laryngeal Mask Airway removal 
during adequate anesthesia and after awakening in chil-
dren aged 2 to 6 years. J Clin Anesth. 2012;24:537–541.

	 8.	 Ortiz AC, Atallah AN, Matos D, da Silva EM. Intravenous 
versus inhalational anaesthesia for paediatric outpatient 
surgery. Cochrane Database Syst Rev. 2014;2:CD009015.

	 9.	 Dinesh Kumar KK, Bhardwaj N, Yaddanapudi S. 
Comparison of trapezius squeeze test and jaw thrust as 
clinical indicators for laryngeal mask airway insertion 

in spontaneously breathing children. J Anaesthesiol Clin 
Pharmacol. 2017;33:71–75.

	10.	 Aono J, Ueda W, Mamiya K, Takimoto E, Manabe M. Greater 
incidence of delirium during recovery from sevoflurane anes-
thesia in preschool boys. Anesthesiology. 1997;87:1298–1300.

	11.	 Regli A, von Ungern-Sternberg BS. Anesthesia and ventila-
tion strategies in children with asthma: part II–intraoperative 
management. Curr Opin Anaesthesiol. 2014;27:295–302.

	12.	 Regli A, von Ungern-Sternberg BS. Anesthesia and ventila-
tion strategies in children with asthma: part I - preoperative 
assessment. Curr Opin Anaesthesiol. 2014;27:288–294.

	13.	 Oberer C, von Ungern-Sternberg BS, Frei FJ, Erb 
TO. Respiratory reflex responses of the larynx differ 
between sevoflurane and propofol in pediatric patients. 
Anesthesiology. 2005;103:1142–1148.

	14.	 Bryan YF, Hoke LK, Taghon TA, et al. A randomized trial 
comparing sevoflurane and propofol in children undergo-
ing MRI scans. Paediatr Anaesth. 2009;19:672–681.

	15.	 von Ungern-Sternberg BS, Erb TO, Habre W, Sly PD, 
Hantos Z. The impact of oral premedication with mid-
azolam on respiratory function in children. Anesth Analg. 
2009;108:1771–1776.

	16.	 Picard V, Dumont L, Pellegrini M. Quality of recovery in 
children: sevoflurane versus propofol. Acta Anaesthesiol 
Scand. 2000;44:307–310.

	17.	 Kol IO, Egilmez H, Kaygusuz K, Gursoy S, Mimaroglu C. 
Open-label, prospective, randomized comparison of pro-
pofol and sevoflurane for laryngeal mask anesthesia for 
magnetic resonance imaging in pediatric patients. Clin Ther. 
2008;30:175–181.


