
Journal of

Clinical Medicine

Article

Deep vs. Awake Extubation and LMA Removal in
Terms of Airway Complications in Pediatric Patients
Undergoing Anesthesia: A Systemic Review
and Meta-Analysis

Chang-Hoon Koo 1,2, Sun Young Lee 2, Seung Hyun Chung 3 and Jung-Hee Ryu 1,3,*
1 Department of Anesthesiology & Pain medicine, Seoul National University College of Medicine,

Seoul 03080, Korea; vollock9@gmail.com
2 Department of Anesthesiology & Pain medicine, CHA Bundang Medical Center, CHA University School of

Medicine, Seongnam 13496, Korea; syhahaha8787@naver.com
3 Department of Anesthesiology & Pain medicine, Seoul National University Bundang Hospital,

Seongnam 13620, Korea; anejsh@naver.com
* Correspondence: jinaryu74@gmail.com; Tel.: +82-31-787-7497; Fax: +82-31-787-4063

Received: 8 September 2018; Accepted: 12 October 2018; Published: 14 October 2018
����������
�������

Abstract: The purpose of this study was to compare the incidence of airway complications between
extubation under deep anesthesia (deep extubation) and extubation when fully awake (awake
extubation) in pediatric patients after general anesthesia. A systematic review was performed
in accordance with the Preferred Reporting Items for Systematic Reviews and Meta Analyses
(PRISMA) statement standards. The review protocol was registered with the International Prospective
Register of Systematic Reviews (registration number: CRD 42018090172). Electronic databases were
searched, without discrimination of publication year and language, to identify all randomized
controlled trials investigating airway complications following deep or awake extubation after general
anesthesia. The Cochrane tool was used to assess the risk of bias of trials. Randomized trials
investigating airway complications of deep extubation compared with awake extubation after general
anesthesia with an endotracheal tube and laryngeal mask airway (LMA) were sought. Overall airway
complications, airway obstruction, cough, desaturation, laryngospasm and breath holding were
analyzed using random-effect modelling. The odds ratio was used for these incidence variables.
Seventeen randomized trials were identified, and a total of 1881 pediatric patients were enrolled.
The analyses indicated deep extubation reduces the risk of overall airway complications (odds ratio
(OR) 0.56, 95% confidence interval (CI) 0.33–0.96, p = 0.04), cough (OR 0.30, 95% CI 0.12–0.72, p = 0.007)
and desaturation (OR 0.49, 95% CI 0.25–0.95, p = 0.04) in children after general anesthesia. However,
deep extubation increased the risk of airway obstruction compared with awake extubation (OR
3.38 CI 1.69–6.73, p = 0.0005). No difference was observed in the incidence of laryngospasm and
breath-holding between the two groups regardless of airway device. The result of this analysis
indicates that deep extubation may decrease the risk of overall airway complications including cough
and desaturation but may increase airway obstruction compared with awake extubation in pediatric
patients after general anesthesia. Therefore, deep extubation may be recommended in pediatric
patients to minimize overall airway complications except airway obstruction and the clinicians may
choose the method of extubation according to the risk of airway complications of pediatric patients.
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1. Introduction

During general anesthesia, artificial airway devices, including endotracheal tube or laryngeal mask
airways (LMA), are inserted for the maintenance of airway patency to accommodate for the decreased
tone of pharyngeal and laryngeal muscles [1,2]. These devices are removed during emergence from
general anesthesia. However, airway complications are most frequently observed following extubation
and during the subsequent recovery period due to manipulation or intervention of the airways in
light planes of anesthesia. Furthermore, pediatric patients may be vulnerable to airway complications,
such as hypoxemia or laryngospasm compared to adults [3,4], since they have immature alveoli,
increased dead space, and increased metabolic rate [5].

The removal of airway devices is performed in one of two ways: when patients are still in a deep
anaesthetized state (deep extubation), or when in a conscious and awake state (awake extubation).
There is ongoing controversy regarding the optimal timing for extubation in pediatric patients with
increased risk of perioperative airway complications. Some investigators, including Archie Brain who
pioneered LMA, recommend awake extubation to prevent oxygen desaturation and upper airway
obstruction [6]. This camp asserted that there is a higher incidence of oxygen desaturation [7] and
airway complications like upper airway obstruction [8] following early removal of LMA in pediatric
patients. Conversely, others have indeed demonstrated that early removal—deep extubation—of the
LMA was associated with fewer complications than awake extubation [9,10]. Some authors have
found no difference in the incidence of airway complications following awake vs. deep extubation
in pediatric patients. Therefore, the objective of this meta-analysis of RCTs was to compare the
incidence of airway complications between deep extubation and awake extubation in pediatric patients
undergoing general anesthesia.

2. Methods

The review was performed according to a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines [11] and the predefined protocol was registered with
the International Prospective Register of Systematic Reviews (registration number: CRD42018090172).

2.1. Data Sources and Search Strategy (Literature Search)

Randomized clinical trials (RCTs) investigating the airway complications during deep and
awake extubation in pediatric patients after general anesthesia were evaluated using a predefined
protocol. Two authors (C.-H.K., J.-H.R.) independently searched and retrieved relevant studies from
the following electronic databases: MEDLINE, EMBASE, KoreaMed, the Cochrane Central Register of
Controlled Trials (CENTRAL), Cumulative Index of Nursing and Allied Health Literature (CINAHL),
Scopus, and Web of Science. The last search was run on 21 November 2017.

The medical subject headings (MeSH), text words, and controlled vocabulary terms relating
to deep extubation and awake extubation were sought. Results were combined using the Boolean
operator “AND” with the search terms. A specific search strategy was applied for each database which
is shown in Table S1. No language restrictions were applied in search strategies and randomized trials
published in the English, French, Japanese, and Korean languages were included. The publication
year was not limited. The bibliographic lists of relevant articles and reviews were searched for further
potentially eligible trials. Pediatric patients were considered as participants of interest.

2.2. Study Selection (Trial Selection and Methodological Assessment)

The title and abstract of articles identified from the literature searches were evaluated by two
authors (C.-H.K., J.-H.R.) independently. The full texts of relevant reports were retrieved and those
articles that met the eligibility criteria of our review were selected. Any discrepancies in the study
selection were resolved by discussion between the authors. An independent third author (S.H.C.) was
consulted in the event of disagreement.
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2.3. Data Collection (Data Extraction)

Data was extracted from each study independently by two pairs authors (C.-H.K., J.-H.R.),
and disagreements were resolved by discussion. If no agreement could be reached, a third author
(S.H.C.) was consulted.

Extracted data included: study related data (first author, year of publication, language, study size,
surgery types of the study participants); baseline patient characteristic and clinical information
of the study populations (age, weight); and anesthesia related data (airway device, anesthetics,
neuromuscular blockade). Data collection was performed independently by two authors (C.-H.K.,
J.-H.R.), and disagreements were resolved by discussion. If no agreement could be reached, a third
author (S.H.C.) was consulted.

2.4. Methodological Quality and Risk of Bias Assessment

Two independent authors (C.-H.K., J.-H.R.) evaluated the methodological quality and risk of
bias of the included studies, using the Cochrane Risk of Bias tool for assessing the risk of bias of
randomized trials [12]. The Cochrane tool assesses domains, including selection bias, performance
bias, detection bias, attrition bias, reporting bias, and other sources of bias and, for each individual
domain, classifies studies into low, unclear, and high risk of bias. Disagreements were resolved by
consensus and a third author (S.H.C.) adjusted the discrepancy if agreement could not be achieved.
A risk of bias graph was constructed to present the results.

2.5. Outcomes Assessed

The incidence of overall airway complication was considered the primary outcome measure.
‘Overall airway complications’ is regarded as the complications reported in each study as ‘total’,
‘any’ or ‘overall’ events. The secondary outcome measures included the incidence of airway obstruction
(snoring, stridor, paradoxical chest, and abdominal movement requiring the use of airway adjuncts
or airway support), cough, desaturation (<95 or <90%), laryngospasm (respiratory effort without
airflow despite chin lift and jaw thrust, thus requiring assisted positive pressure ventilation) and breath
holding (apnea longer than five seconds).

2.6. Data Synthesis and Statistical Analyses (Meta-Analysis)

The primary and secondary outcome measures in the present study were dichotomous variables;
therefore, we (C.-H.K., S.Y.L.) calculated the odds ratio (OR) as the summary measure. Individual
patients were used as the unit of analysis. Intention to treat data from the individual clinical studies
were used for the analysis. Revman 5.3 software (Cochrane Collaboration, Oxford, UK) was used for
data synthesis and analysis. The random effects model for analysis was used due to the anticipated
clinical between-study heterogeneity, and the results were reported in a forest plot with 95% confidence
intervals (CIs).

2.7. Predefined Sources of Heterogeneity

Heterogeneity among the studies was assessed using the I2 statistic. We quantified inconsistency
by calculating I2 and interpreted it using the following guide: 0% to 50% may represent low
heterogeneity; 50% to 75% may represent moderate heterogeneity; and 75% to 100% may represent
high heterogeneity.

The variables of interest included endotracheal tube or LMA. Based on the clinical assumption
that this variable will lead to incidences of airway complications, we planned to separately analyze
outcomes according to the type of airway device (endotracheal tube vs. LMA).

Two authors (C.-H.K., S.Y.L.) planned to construct funnel plots and evaluate their symmetry to
visually assess publication bias for outcomes.
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3. Results

3.1. Characteristics of Trials and Patients

Searches of electronic databases retrieved 4442 potentially eligible reports published up to October
2017. After retrieving the full text of the relevant studies, 2345 records were excluded for duplicated
work. A total of 2034 records were excluded after initial screening; by examining titles and another
37 records were excluded because they were not RCT, did not report airway complications, did not
compare between deep and awake status and used different emergence technique. Another seven
trials were excluded since they were studies of adult patients. A total of 17 full-text randomized
trials [7,10,13–27] were included in the final analysis (Figure 1).

Figure 1. Flow diagram of the included and excluded studies.

Figure 1 represents the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) flow diagram and summarizes the reasons for exclusion of records. Data from a total of
1881 pediatric patients including 942 in the awake group and 939 in the deep group, were available for
analysis. Details of the 17 trials and the baseline characteristics of the included study populations are
demonstrated in Table 1.
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Table 1. Baseline charactersitics and population of the included randomized trials (n = 17).

Author Year
Nomber of Patients

(Deep/Awake)
Language

Age (year) Weight (kg) Airway
Device Anesthetics Neuromuscular

Blockade
Type of Surgery

Deep Awake Deep Awake

Baird 1999 [20] 90 (45/45) English 7.0 7.8 26.9 28.5 LMA Inhalational No Not mentioned
Dolling 2003 [7] 196 (99/97) English 5 5 22 21 LMA Inhalational No Dental surgery

Goyagi 1995 [16] 30 (15/15) Japanese 5.2 5.6 21.7 22.1 ETT Inhalational No T/A, ventilation tube,
or herniotomy

Hong 1997 [17] 49 (25/24) Korean 6.4 5.8 22.4 20.8 ETT Inhalational pancuronium T/A
Ismaili 1999 [21] 40 (20/20) French 5.9 5.7 22.1 22.6 ETT Inhalational No or vecuronium Ophthalmic surgery

Kitching 1996 [9] 60 (27/33) English Not mentioned Not mentioned LMA Inhalational No Urogenital or lower limb
plastic surgery

Laffon 1994 [15] 60 (30/30) English 0.5 0.5 18 19 LMA Inhalational No Minor urologic or lower
abdominal surgery

Lee 2007 [24] 70 (35/35) English 4 3 16.8 17.8 LMA Inhalational No Urologic, orthopedic or
plastic surgery

Pappas 2001 [22] 119 (59/60) English 3.3 2.9 21.5 15 LMA Inhalational No Infra-umbilical surgery

Park 2012 [25] 85 (42/43) English 4.2 3.9 16.2 15.9 LMA Inhalational No Inguinal hernia repair or
hydrocelectomy

Patel 1991 [13] 70 (34/36) English 4.7 4.0 18.4 17.0 ETT Inhalational succinylcholine Strabismus or T/A

Pounder 1991 [14] 100 (50/50) English 2.4 2.2 13.5 13 ETT Inhalational succinylcholine Minor urologic or abdominal
herniotomy

Samarkandi 1998 [19] 165 (82/83) English 3.7 3.6 15.6 15.4 LMA Inhalational No Lower limb or perineal
surgery

Sinha 2006 [23] 125 (66/59) English 2.6 2.7 10.6 11.0 LMA Inhalational No Herniotomy, orchiopexy,
or lower limb plastic surgery

Splinter 1997 [18] 310 (154/156) English 6.1 6.9 24 28 LMA Inhalational No Not mentioned

Thomas-K 2015 [27] 212 (106/106) English 7.7 6.8 Not mentioned
(Only BMI) LMA Inhalational No Pediatric, orthopedic,

ophthalmic or plastic surgery

Von US 2013 [26] 100 (50/50) English 4 5 18 20 ETT Inhalational
Yes, but not

mentioned which
was used

T/A

Age and weight are expressed as the mean. LMA = Laryngeal mask; ETT = Endotracheal tube; T/A = Tonsillectomy and adenoidectomy.
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3.2. Methodological Quality and Risk of Bias (Risk of Bias Assessment)

The summary and results of methodological quality assessment of the included RCTs are
demonstrated graphically in Figure 2. Detailed assessments of the risk of bias for each trial are
in Table S2.
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percentage across studies.

In all studies, patients were randomly assigned to the groups but the method used for
randomization were not described in 5/17 studies. In most studies, there were no descriptions
of allocation concealment (13/17). The risk of performance and detection bias was mostly unclear
(7/17) or high (8/17). Since it is definitely distinguished between deep anesthesia and wakefulness, it is
difficult to blind the observer completely. The majority of trials were assigned low risk of attribution
bias, reporting bias and other bias. Funnel plots for the results are shown in Supplemental Figure 2,
which most outcomes appear symmetrical in shape, indicating a low risk of publication bias.

3.3. Outcome Synthesis

Overall airway complications. Overall airway complications were reported in 11 studies
including 1395 patients (Figure 3) [13–15,17–19,22,23,25–27]. The risk of overall airway complications
were lower in deep extubation group than awake extubation group (OR 0.56, 95% CI 0.33–0.96, p = 0.04).
A moderate level of heterogeneity among the studies existed (I2 = 70%, p = 0.0002).
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Airway obstruction. Airway obstruction was reported in 10 studies including 866 patients
(Figure 4A) [13–17,20,24–27]. The risk of airway obstruction was higher in deep extubation than awake
extubation group (OR 3.38, 95% CI 1.69–6.73, p = 0.0005). A moderate level of heterogeneity among the
studies existed (I2 = 52%, p = 0.03). J. Clin. Med. 2018, 7, x FOR PEER REVIEW  8 of 13 
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Cough. Cough was reported in 12 studies including 1115 patients (Figure 4B) [7,10,13–17,19,20,24–26].
The risk of cough was lower in deep extubation group than awake extubation group (OR 0.30, 95% CI
0.12–0.72, p = 0.007). A high level of heterogeneity among the studies existed (I2 = 82%, p < 0.00001).

Desaturation (<96%). Desaturation was reported in 15 studies including 1791 patients
(Figure 4C) [7,10,13,14,17–27]. The risk of desaturation was lower in deep extubation group than
awake extubation group (OR 0.49, 95% CI 0.25-0.95, P = 0.04). A moderate level of heterogeneity
among the studies existed (I2 = 65%, p = 0.0002).

Laryngospasm. Laryngospasm was reported in 15 studies including 1672 patients
(Figure 4D) [7,10,13–19,21,23–27]. No significant difference in the risk of laryngospasm between
the deep and awake extubation group was found (OR 1.05 95% CI 0.59–1.86, p = 0.88). A low level of
heterogeneity among the studies existed (I2 = 0%, p = 0.63).

Breath-holding. Breath-holding was reported in 8 studies including 744 patients
(Figure 4E) [13–18,21,25]. There was no difference in risk of breath holding between the deep
and awake extubation group (OR 0.58, 95% CI 0.22–1.49, p = 0.26). A low level of heterogeneity among
the studies existed (I2 = 42%, p = 0.11).

3.4. Subgroup Analysis

Endotracheal Tube vs. Laryngeal Mask Airway (LMA)

Overall airway complications. Overall airway complications were reported in four endotracheal
tube studies [13,14,17,26] including 319 patients and in seven LMA studies [15,18,19,22,23,25,27]
including 1076 patients (Figure 3). For both endotracheal tube and LMA patients, no significant
difference in the risk of overall airway complications between the deep and awake extubation groups
was found (OR 0.62, 95% CI 0.31–1.24, p = 0.17 with low level of heterogeneity (I2 = 47%, p = 0.13) for
endotracheal group; OR 0.5, 95% CI 0.23–1.11, p = 0.09 with a high level of heterogeneity among the
studies (I2 = 78%, p < 0.0001) for the LMA group).

Airway obstruction. Airway obstruction was reported in five endotracheal tube studies [13,14,16,17,26]
including 349 patients and in five LMA studies [15,20,24,25,27] including 517 patients (Figure 4A).
For endotracheal tube patients, the risk of airway obstruction was higher in deep extubation group
than awake extubation group (OR 2.67, 95% CI 1.03–6.94, p = 0.04) with a low level of heterogeneity
among the studies (I2 = 39%, p = 0.16). For LMA patients, the risk of airway obstruction was also
higher in deep extubation group than awake extubation group (OR 3.95, 95% CI 1.50–10.43, p = 0.006)
with a moderate level of heterogeneity among the studies (I2 = 50%, p = 0.06)

Cough. Cough was reported in 6 endotracheal tube studies [13,14,16,17,21,26] including
389 patients and in seven LMA studies [7,10,15,19,20,24,25] including 726 patients (Figure 4B).

For endotracheal tube patients, the risk of cough was lower in deep extubation group than awake
extubation group (OR 0.25, 95% CI 0.10–0.60, p = 0.002) with a moderate level of heterogeneity among
the studies (I2 = 57%, p = 0.04). However, for LMA patients, there was no significant difference in the
risk of cough between the deep and awake extubation (OR 0.32, 95% CI 0.08–1.32, p = 0.12) with a high
level of heterogeneity among the studies (I2 = 86%, p < 0.00001).

Desaturation (<96%). Desaturation was reported in 5 endotracheal tube studies [13,14,17,21,26]
including 379 patients and in 10 LMA studies [7,10,18–20,22–25,27] including 1432 patients (Figure 4C).
For both groups, no significant difference in the risk of desaturation between the deep and awake
extubation was found (OR 0.54, 95% CI 0.18–1.63, p = 0.27 with a moderate level of heterogeneity
(I2 = 68%, p = 0.01) for endotracheal group; OR 0.43, 95% CI 0.17–1.09, p = 0.08 with a moderate level of
heterogeneity among the studies (I2 = 68%, p = 0.001) for the LMA group.

Laryngospasm. Laryngospasm were reported in 6 endotracheal tube studies [13,14,16,17,21,26]
including 389 patients and in 9 LMA studies [7,10,15,18,19,23–25,27] including 1283 pediatric patients
(Figure 4D). There was no significant difference in the risk of laryngospasm between the deep and
awake extubation regardless use of airway device (OR 0.86, 95% CI 0.27-2.74, P = 0.80 with a low level
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of heterogeneity (I2 = 0%, p = 0.59) for endotracheal group; OR 1.12, 95% CI 0.57-2.17, p = 0.75 with a
low level of heterogeneity (I2 = 0%, p = 0.44) for LMA group).

Breath holding. Breath holding were reported in 5 endotracheal tube studies [13,14,16,17,21]
including 289 patients and in 3 LMA studies [15,18,25] including 455 pediatric patients (Figure 4E).
No significant difference in the risk of breath holding between the deep and awake extubation groups
was found (OR 0.36, 95% CI 0.05-2.47, P =0.30 with a moderate level of heterogeneity among the
studies (I2 = 68%, p = 0.02) for endotracheal group; OR 0.77, 95% CI 0.27–2.18, p = 0.62 with a low level
of heterogeneity (I2 = 0%, p = 0.62) for LMA group.

4. Discussion

This meta-analysis included 17 randomized trials (1881 patients) that assessed airway
complications between awake and deep extubation in pediatric patients after general anesthesia.
It combined all data available for treatment comparisons. Meta-analysis suggests that deep extubation
in pediatric patients reduced the risk of overall complications including cough and desaturation
compared with awake extubation. On the other hand, the risk of airway obstruction was increased
in deep extubation compared with awake extubation, and no difference was observed in the risk of
laryngospasm and breath holding between awake and deep extubation.

Subgroup analyses revealed that the risk of overall airway complications was similar between the
deep and awake extubation groups with respect to both endotracheal tube and LMA. Random effects
models were mainly used to analyze the outcomes, due to the observed heterogeneity among the
study populations and the variability in interventional treatments. Overall, a low to high level of
between-study statistical heterogeneity was identified.

Pediatric patients are more irritable and sensitive to airway stimulation than adults [28].
Airway irritation may cause airway complications such as cough, laryngospasm, or excessive secretion.
We found a reduction in the overall airway complications associated with deep extubation, which was
discordance with the results of subgroup analysis. This finding might be explained by heterogeneity.
As mentioned above, ‘overall airway complication’ is defined as ‘total or overall events’ in each study.
Individual outcomes included in ‘total events’ are slightly varies among the studies. For examples,
desaturation was excluded from ‘total events’ in some study [17], while laryngospasm was excluded
from ‘overall events’ in another study [22]. This may explain the moderate to high level of heterogeneity
of the overall airway complications.

Airway obstruction is a preventable complication that should be considered during the emergence
from general anesthesia. The risk of airway obstruction was found to be higher after deep extubation
than awake extubation with both LMA and endotracheal intubation since laryngeal reflex is not
sufficiently recovered in deep plane of anesthesia [29]. It is consistent with the findings from previous
meta-analysis [30].

Among airway complications, laryngospasm and desaturation pose life-threatening risks.
The prevention of these complications is essential to improve safety and minimize risk during general
anesthesia. The incidence of laryngospasm is reported to be 0.78–5% [31], but it is more frequent in
children, smokers, or patients with airway infection [32]. In this study, the incidence of laryngospasm
is shown to be about 3.7%, whereas several previous studies have reported that the incidence of
laryngospasm is as high as 21–26% after tonsillectomy and adenoidectomy [33]. In order to prevent
this complication, it was recommended to remove airway devices under deep anesthesia or virtually
conscious state since laryngospasm can occur under light anesthesia [33]. In the current meta-analysis,
no significant difference in the risk of laryngospasm and desaturation between the deep and awake
extubation groups was found, and therefore, there is no conclusive evidence supporting one status
over the other for minimizing the risk of laryngospasm in this study.

The definition of desaturation varies between studies. Most trials defined desaturation as
SpO2 < 90% [13,14,18,21,22,24,27] or < 95% [7,10,23,25,26]. One trial reported both < 90% and < 95%
separately [17]. Another trial reported the incidence of desaturation according to SpO2 < 91%, < 94%,
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and < 96% [20]. In the current study, desaturation was defined as SpO2 < 96% to include as much data
as possible. Desaturation may occur for several reasons. As mentioned above, deep extubation may
lead to airway obstruction, which disturbs sufficient ventilation and results in desaturation. However,
the risk of desaturation was found to be lower after deep extubation than awake extubation, though
deep extubation significantly increased airway obstruction. This may be explained by the assumption
that airway obstruction can easily be noticed by anesthesiologists and managed by jaw lifting or oral
airway insertion. Cough that was more common in awake extubation group, may be another reason
for desaturation. Persistent cough may increase intrathoracic pressure, leading to perfusion-ventilation
mismatch [25]. Tube biting also may lead to desaturation. In previous meta-analysis, tube biting was
higher in awake extubation group compared with deep extubation group [30]. Tube biting makes
ventilation obstructive or restrictive, which may cause excessive negative intrathoracic pressure, which
could result in pulmonary edema. This finding may be consistent with the fact that the degree of
wakefulness does not necessarily correlate with the occurrence of oxygen desaturation in pediatric
patients [34].

Cough may irritate airway passage, and the risk of cough was lower in the deep extubation
group than in the awake extubation group. This result was applied only with endotracheal
tube. It is in close agreement with recent meta-analysis which reported that LMA reduces cough
compared to endotracheal tube [35]. Cough is a reflex response to protect respiratory tract
from irritants. Airway devices, especially endotracheal tube, can provoke cough by stimulating
the larynx or trachea. Excessive cough may cause hypertension, tachycardia, increased ocular
pressure, and increased intracranial pressure [36]. Furthermore, sustained cough may lead to
secondary complications, such as hoarseness, postoperative bleeding, hypoxia and secretions [25,26].
Therefore, these complications might be relevant in terms of the overall complications and affect the
quality of recovery. Deep extubation may be recommended for patients with intraocular surgery or
cerebral aneurysm with the advantage of hemodynamic stability [37].

There are several limitations in this study. First, more than half of the included studies in
the current meta-analysis were conducted and published in 1990s. The result of current clinical
practice could not be reflected in this study. For example, studies using desflurane was not found.
Second, it may be controversial that cough was regarded as a complication. It is a protective mechanism
to protect the respiratory tract from various irritants. However, as mentioned above, excessive and
sustained cough may be harmful and lead to secondary complications. Furthermore, coughs observed
in the awake group were not protective responses, but rather reactions caused by airway device
stimulus. Third, it would have been more relevant for the clinician if the observed complications
were chosen or weighed according to the severity of complication. A brief episode of laryngospasm,
bronchospasm, or desaturation could be resolved instantly whereas laryngospasm or bronchospasm
leading to long episodes of hypoxia are of significant clinical implication. However, this may be
possible when the available data was analyzed objectively. This meta-analysis could only analyze the
presented data and categorizing presented data arbitrarily can undermine the objectivity of the study.

5. Conclusions

This meta-analysis demonstrated that deep extubation in pediatric patients may reduce the risk
of overall airway complications including cough and desaturation compared with awake extubation.
However, deep extubation may increase airway obstruction in children after general anesthesia
regardless use of endotracheal tube or LMA. Therefore, deep extubation may be recommended
in pediatric patients to minimize overall airway complications except airway obstruction and the
clinicians may choose the way of extubation according to the risk of airway complications of
pediatric patients.



J. Clin. Med. 2018, 7, 353 12 of 14

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/7/10/353/s1;
Figure S1: Risk of bias summary, Review author’s judgment about each risk of bias item for each included
study; Figure S2: Funnel plot of comparison, deep extubation (experimental) vs. awake extubation (control)
outcome: (A) overall complications, (B) airway obstruction, (C) cough, (D) desaturation, (E) laryngospasm,
(F) breath-holding; Table S1. Search strategy for each database; Table S2: Details for judgment for each risk of bias.

Author Contributions: C.-H.K. and J.-H.R. performed literature search, study selection, data extraction, bias
assessment, and wrote the manuscript. S.H.C. contributed to study selection and data acquisition. S.Y.L.
contributed to the analysis.

Funding: This research received no external funding.

Acknowledgments: None. No funding to declare.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Stone, D.J.; Gal, T.J. Airway management. In Miller’s Anesthesia, 4th ed.; Churchill Livingstone: New York,
NY, USA, 1994; pp. 1403–1436.

2. Von Ungern-Sternberg, B.S.; Boda, K.; Chambers, N.A.; Rebmann, C.; Johnson, C.; Sly, P.D.; Habre, W. Risk
Assessment for Respiratory Complications in Paediatric Anaesthesia: A Prospective Cohort Study. Lancet
2010, 376, 773–783. [CrossRef]

3. Mc Donnell, C. Interventions guided by analysis of quality indicators decrease the frequency of laryngospasm
during pediatric anesthesia. Paediatr. Anaesth. 2013, 23, 579–587. [CrossRef] [PubMed]

4. Orestes, M.I.; Lander, L.; Verghese, S.; Shah, R.K. Incidence of laryngospasm and bronchospasm in pediatric
adenotonsillectomy. Laryngoscope 2012, 122, 425–428. [CrossRef] [PubMed]

5. Kanaya, A.; Kuratani, N.; Nakata, Y.; Yamauchi, M. Factors affecting extubation time following pediatric
ambulatory surgery: An analysis using electronic anesthesia records from an academic university hospital.
JA Clin. Rep. 2017, 3, 38. [CrossRef] [PubMed]

6. Brain, A.I.J. The Intavent Laryngeal Mask: Instruction Manual, 2nd ed; Brain Medical Limited:
Henley-on-Thames, England, UK, 1993.

7. Dolling, S.; Anders, N.R.; Rolfe, S.E. A comparison of deep vs. awake removal of the laryngeal mask
airway in paediatric dental daycase surgery. A randomised controlled trial. Anaesthesia 2003, 58, 1224–1228.
[PubMed]

8. Nunez, J.; Nunez, J.; Hughes, J.; Wareham, K.; Asai, T. Timing of removal of the laryngeal mask airway.
Anaesthesia 1998, 53, 126–130. [CrossRef] [PubMed]

9. Kitching, A.J.; Walpole, A.R.; Blogg, C.E. Removal of the laryngeal mask airway in children: Anaesthetized
compared with awake. Br. J. Anaesth. 1996, 76, 874–876. [CrossRef] [PubMed]

10. Varughese, A.; McCulloch, D.; Lewis, M.; Stokes, M. Removal of laryngeal mask airway (LMA) in children:
Awake or deep? Anesthesiology 1994, 81. [CrossRef]

11. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. J. Clin. Epidemiol. 2009, 62, 1006–1012. [CrossRef] [PubMed]

12. Higgins, J.P.; Altman, D.G.; Gotzsche, P.C.; Juni, P.; Moher, D.; Oxman, A.D.; Savovic, J.; Schulz, K.F.;
Weeks, L.; Sterne, J.A. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ
2011, 343, 1–9. [CrossRef] [PubMed]

13. Patel, R.I.; Hannallah, R.S.; Norden, J.; Casey, W.F.; Verghese, S.T. Emergence airway complications in
children: A comparison of tracheal extubation in awake and deeply anesthetized patients. Anesth. Analg.
1991, 73, 266–270. [CrossRef] [PubMed]

14. Pounder, D.R.; Blackstock, D.; Steward, D.J. Tracheal extubation in children: Halothane versus isoflurane,
anesthetized versus awake. Anesthesiology 1991, 74, 653–655. [CrossRef] [PubMed]

15. Laffon, M.; Plaud, B.; Dubousset, A.M.; Ben Haj’Hmida, R.; Ecoffey, C. Removal of laryngeal mask airway:
Airway complications in children, anaesthetized versus awake. Paediatr. Anesth. 1994, 4, 35–37. [CrossRef]

16. Goyagi, T.; Kihara, S.; Harukuni, I.; Sato, S. Comparison of airway complications on tracheal extubation in
deeply sevoflurane anesthetized versus awake children. Masui 1995, 44, 1242–1245. [PubMed]

http://www.mdpi.com/2077-0383/7/10/353/s1
http://dx.doi.org/10.1016/S0140-6736(10)61193-2
http://dx.doi.org/10.1111/pan.12070
http://www.ncbi.nlm.nih.gov/pubmed/23145821
http://dx.doi.org/10.1002/lary.22423
http://www.ncbi.nlm.nih.gov/pubmed/22252947
http://dx.doi.org/10.1186/s40981-017-0108-3
http://www.ncbi.nlm.nih.gov/pubmed/29457082
http://www.ncbi.nlm.nih.gov/pubmed/14705688
http://dx.doi.org/10.1046/j.1365-2044.1998.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/9534633
http://dx.doi.org/10.1093/bja/76.6.874
http://www.ncbi.nlm.nih.gov/pubmed/8679367
http://dx.doi.org/10.1097/00000542-199409001-01321
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://dx.doi.org/10.1213/00000539-199109000-00006
http://www.ncbi.nlm.nih.gov/pubmed/1867418
http://dx.doi.org/10.1097/00000542-199104000-00005
http://www.ncbi.nlm.nih.gov/pubmed/2008945
http://dx.doi.org/10.1111/j.1460-9592.1994.tb00119.x
http://www.ncbi.nlm.nih.gov/pubmed/8523658


J. Clin. Med. 2018, 7, 353 13 of 14

17. Hong, J.Y.; Han, S.J.; Kil, H.K.; Kim, W.O. Airway—Related Complications and SpO2 Changes of Deeply
Anesthetized Versus Awake Extubation in Children. Korean J. Anesthesiol. 1997, 32, 384–389. [CrossRef]

18. Splinter, W.M.; Reid, C.W. Removal of the laryngeal mask airway in children: Deep anesthesia versus awake.
J. Clin. Anesth. 1997, 9, 4–7. [CrossRef]

19. Samarkandi, A. Awake removal of the laryngeal mask airway is safe in paediatric patients. Can. J. Anaesth.
1998, 45, 150–152. [CrossRef] [PubMed]

20. Baird, M.; Mayor, A.; Goodwin, A. Removal of the laryngeal mask airway: Factors affecting the incidence of
post-operative adverse respiratory events in 300 patients. Eur. J. Anaesthesiol. 1999, 16, 251–256. [CrossRef]
[PubMed]

21. Ismaili, M.H.; Faroudy, M.; Kabbaj, S.; Maazouzi, W. Tracheal extubation of children after ophthalmologic
surgery: Halothane vs. oxygen. Cah. Anesthesiol. 1999, 47, 391–393.

22. Pappas, A.L.; Sukhani, R.; Lurie, J.; Pawlowski, J.; Sawicki, K.; Corsino, A. Severity of airway hyperreactivity
associated with laryngeal mask airway removal: Correlation with volatile anesthetic choice and depth of
anesthesia. J. Clin. Anesth. 2001, 13, 498–503. [CrossRef]

23. Sinha, A.; Sood, J. Safe removal of LMA in children–at what BIS? Paediatr. Anaesth. 2006, 16, 1144–1147.
[PubMed]

24. Lee, J.; Kim, J.; Kim, S.; Kim, C.; Yoon, T.; Kim, H. Removal of the laryngeal tube in children: Anaesthetized
compared with awake. Br. J. Anaesth. 2007, 98, 802–805. [CrossRef] [PubMed]

25. Park, J.S.; Kim, K.J.; Oh, J.T.; Choi, E.K.; Lee, J.R. A randomized controlled trial comparing Laryngeal Mask
Airway removal during adequate anesthesia and after awakening in children aged 2 to 6 years. J. Clin. Anesth.
2012, 24, 537–541. [CrossRef] [PubMed]

26. Von Ungern-Sternberg, B.S.; Davies, K.; Hegarty, M.; Erb, T.O.; Habre, W. The effect of deep vs. awake
extubation on respiratory complications in high-risk children undergoing adenotonsillectomy: A randomised
controlled trial. Eur J. Anaesthesiol. 2013, 30, 529–536. [CrossRef] [PubMed]

27. Thomas-Kattappurathu, G.; Kasisomayajula, A.; Short, J. Best position and depth of anaesthesia for laryngeal
mask airway removal in children: A randomised controlled trial. Eur. J. Anaesthesiol. 2015, 32, 624–630.
[CrossRef] [PubMed]

28. Peat, J.K.; Gray, E.J.; Mellis, C.M.; Leeder, S.R.; Woolcock, A.J. Differences in airway responsiveness between
children and adults living in the same environment: An epidemiological study in two regions of New South
Wales. Eur. Respir. J. 1994, 7, 1805–1813. [CrossRef] [PubMed]

29. Baijal, R.G.; Bidani, S.A.; Minard, C.G.; Watcha, M.F. Perioperative respiratory complications following
awake and deep extubation in children undergoing adenotonsillectomy. Paediatr. Anaesth. 2015, 25, 392–399.
[CrossRef] [PubMed]

30. Mathew, P.J.; Mathew, J.L. Early versus late removal of the laryngeal mask airway (LMA) for general
anaesthesia. Cochrane Database Syst. Rev. 2015, 8. [CrossRef] [PubMed]

31. Visvanathan, T.; Kluger, M.T.; Webb, R.K.; Westhorpe, R.N. Crisis management during anaesthesia:
Laryngospasm. Qual. Saf. Health Care 2005, 14, e3. [CrossRef] [PubMed]

32. Olsson, G.L.; Hallen, B. Laryngospasm during anaesthesia. A computer-aided incidence study in 136,929
patients. Acta Anaesthesiol. Scand. 1984, 28, 567–575. [PubMed]

33. Tsui, B.C.; Wagner, A.; Cave, D.; Elliott, C.; El-Hakim, H.; Malherbe, S. The incidence of laryngospasm with a
“no touch” extubation technique after tonsillectomy and adenoidectomy. Anesth. Analg. 2004, 98, 327–329.
[CrossRef] [PubMed]

34. Soliman, I.E.; Patel, R.I.; Ehrenpreis, M.B.; Hannallah, R.S. Recovery scores do not correlate with
postoperative hypoxemia in children. Anesth. Analg. 1988, 67, 53–56. [CrossRef] [PubMed]

35. Carvalho, A.L.R.; Vital, R.B.; Lira, C.C.S.; Magro, I.B.; Sato, P.T.S.; Lima, L.H.N.; Braz, L.G.; Modolo, N.S.P.
Laryngeal Mask Airway Versus Other Airway Devices for Anesthesia in Children With an Upper Respiratory
Tract Infection: A Systematic Review and Meta-analysis of Respiratory Complications. Anesth. Analg. 2018,
127, 941–950. [CrossRef] [PubMed]

http://dx.doi.org/10.4097/kjae.1997.32.3.384
http://dx.doi.org/10.1016/S0952-8180(96)00217-6
http://dx.doi.org/10.1007/BF03013254
http://www.ncbi.nlm.nih.gov/pubmed/9512850
http://dx.doi.org/10.1097/00003643-199904000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10234495
http://dx.doi.org/10.1016/S0952-8180(01)00318-X
http://www.ncbi.nlm.nih.gov/pubmed/17040303
http://dx.doi.org/10.1093/bja/aem070
http://www.ncbi.nlm.nih.gov/pubmed/17416908
http://dx.doi.org/10.1016/j.jclinane.2012.03.004
http://www.ncbi.nlm.nih.gov/pubmed/22999984
http://dx.doi.org/10.1097/EJA.0b013e32835df608
http://www.ncbi.nlm.nih.gov/pubmed/23344124
http://dx.doi.org/10.1097/EJA.0000000000000286
http://www.ncbi.nlm.nih.gov/pubmed/26086281
http://dx.doi.org/10.1183/09031936.94.07101805
http://www.ncbi.nlm.nih.gov/pubmed/7828689
http://dx.doi.org/10.1111/pan.12561
http://www.ncbi.nlm.nih.gov/pubmed/25370474
http://dx.doi.org/10.1002/14651858.CD007082.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26258959
http://dx.doi.org/10.1136/qshc.2002.004275
http://www.ncbi.nlm.nih.gov/pubmed/15933300
http://www.ncbi.nlm.nih.gov/pubmed/6496018
http://dx.doi.org/10.1213/01.ANE.0000097185.70171.89
http://www.ncbi.nlm.nih.gov/pubmed/14742363
http://dx.doi.org/10.1213/00000539-198801000-00010
http://www.ncbi.nlm.nih.gov/pubmed/3337345
http://dx.doi.org/10.1213/ANE.0000000000003674
http://www.ncbi.nlm.nih.gov/pubmed/30059398


J. Clin. Med. 2018, 7, 353 14 of 14

36. Guler, G.; Akin, A.; Tosun, Z.; Eskitascoglu, E.; Mizrak, A.; Boyaci, A. Single-dose dexmedetomidine
attenuates airway and circulatory reflexes during extubation. Acta Anaesthesiol. Scand. 2005, 49, 1088–1091.
[CrossRef] [PubMed]

37. Suppiah, R.K.; Rajan, S.; Paul, J.; Kumar, L. Respiratory and hemodynamic outcomes following exchange
extubation with laryngeal mask airway as compared to traditional awake extubation. Anesth. Essays Res.
2016, 10, 212–217. [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1399-6576.2005.00780.x
http://www.ncbi.nlm.nih.gov/pubmed/16095449
http://www.ncbi.nlm.nih.gov/pubmed/27212749
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Data Sources and Search Strategy (Literature Search) 
	Study Selection (Trial Selection and Methodological Assessment) 
	Data Collection (Data Extraction) 
	Methodological Quality and Risk of Bias Assessment 
	Outcomes Assessed 
	Data Synthesis and Statistical Analyses (Meta-Analysis) 
	Predefined Sources of Heterogeneity 

	Results 
	Characteristics of Trials and Patients 
	Methodological Quality and Risk of Bias (Risk of Bias Assessment) 
	Outcome Synthesis 
	Subgroup Analysis 

	Discussion 
	Conclusions 
	References

