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Abstract: Background: Cuffed and uncuffed endotra-
cheal tubes are commonly used for pediatric patients in 
surgery and emergency situations. It is still controver-
sial which approach should be adopted. The purpose of 
the study was to compare the application of cuffed and 
uncuffed endotracheal tubes in pediatric patients.

Methods: We searched PubMed, Web of Science and 
Cochrane Library for clinical trials, which compared the 
two applications in children. The study characteristics 
and clinical data were summarized by two independ-
ent reviewers. Meta-analysis of the data was done using 
Revman 5.3 software. 

Results: 6 studies with 4141 cases were included in this 
meta-analysis. The pooling analysis showed that more 
patients need tube changes in uncuffed than cuffed tubes 
(OR: 0.07, 95% CI: 0.05-0.10, P < 0.00001). However, there 
were no differences on intubation duration, reintubation 
occurrence, accidental extubation rate, croup occur-
rence and racemic epinephrine use during the intubation 
process. Also we didn’t find any differences on laryngo-
spasm and stridor occurrence after extubation. 

Conclusions: Our study demonstrated that uncuffed 
endotracheal tubes increased the need for tube changes. 
Other incidences or complications between the two 
groups had no differences. Cuffed tubes may be an 
optimal option for pediatric patients. But more trials are 
needed in the future. 

Keywords: Cuffed, Uncuffed, Endotracheal tube, Chil-
dren, Meta-Analysis

1  Introduction
Endotracheal tubes are widely used in pediatric patients 
in emergency department and surgical operations [1]. In 
clinical practice, uncuffed tracheal tubes are preferred 
in children for the fear that the cuff would make airway 
mucosal injury, tissue edema and fibrosis, leading a 
life-threatening result [2]. Cuffed tracheal tubes emerge 
for its unique role in avoiding air leakage and safety use 
during treatment [3]. However, there are still no clear 
preference for the selection of them in these sufferers. 
Although a meta-analysis with 4 included studies was 
undertaken in 2015 [4], those items analyzed in the pre-
vious pooling analysis was relatively limited. Also, new 
studies are being done in recent years. This encourages 
a new pooling of the current evidences. Thus, a new 
meta-analysis is done in the study to demonstrate this 
issue.

2  Materials and Methods

2.1  Search strategy

This meta-analysis was conducted according to PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) standards [5,6]. Institutional review board 
approval then was not needed for this study. A thorough 
search was done in PubMed, Cochrane Library and Web of 
Science for the potential studies which compared cuffed 
and uncuffed endotracheal tubes in children, from the 
inception to November, 2017, without restriction of lan-
guages and article types.
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2.2  Inclusion and exclusion criteria

The study selection was done by two independent review-
ers. Studies meeting the following criteria were included: 
(1) randomized controlled trials, prospective or retro-
spective studies; (2) endotracheal tubes were applied 
in children or pediatric patients without any restriction 
of disease types; (3) outcomes were compared between 
cuffed and uncuffed groups. The exclusion criteria were: 
(1) case reports, editorials, letters, basic studies and 
reviews; (2) articles that lack the original data.

2.3  Data extraction

Data in the included studies were extracted and summa-
rized independently by two authors. Any disagreement 
was resolved by consensus-based discussion among all 
the authors and determined by the corresponding author. 
The study outcomes extracted were classified into peri- 
and post-procedural outcomes. Peri-intubation outcomes 
were tube change, duration of intubation, accidental extu-
bation and reintubation. Post-procedural results included 
racemic epinephrine, croup, laryngospasm and stridor.

2.4  Quality assessment

The quality of observational studies was assessed using 
the Newcastle-Ottawa Quality Assessment Scale [7], which 
consists of three factors: patient selection, comparability 
of the study groups, and assessment of outcome. A score 
of 0–9 was allocated to each study. Studies that achieved 
six or more stars were considered to be of high quality. The 
quality assessment of randomized controlled trial was 
done according to the Cochrane risk of bias tool [8].

2.5  Statistical analysis

Meta-analyses were conducted using Review Manager 5.3. 
The weighted mean difference (WMD) and odds ratio (OR) 
were used to compare continuous and dichotomous varia-
bles, respectively. All results were reported with 95% con-
fidence intervals (CIs). Statistical heterogeneity between 
trials in this analysis was assessed using the I2 values and 
χ2 statistics with p value < 0.1, which is significant being 
set at I2 > 50% according to the Cochrane Reviewer’s 
Handbook. Random effects and fix effects models were 
used for the meta-analysis. The risk of publication bias 

was planned to be assessed using funnel plot. All statisti-
cal tests were two-sided.

3  Results

3.1  Description of the study selection

The study flow of this meta-analysis was displayed in 
Figure 1. The initial electronic search in PubMed, Cochrane 
Library and Web of Science from inception to November, 
2017 yielded 2179 articles. After removal of the duplicates, 
1293 articles were further analyzed. A following thorough 
review of the titles and abstracts excluded 1260 studies. 
We then evaluated the full-texts of the remaining studies, 
with a final inclusion of 6 records. The study characteris-
tics were shown in Table 1. There were 4141 cases in total, 
with 2078 in cuffed and 2063 in uncuffed group. There 
were 2 randomized controlled trials [9,10] and 4 cohort 
studies [11-14] in the pooling analysis. 3 studies came from 
USA, 2 were undertaken in Switzerland, and 1 was from 
Turkey. 3 of them gave the precise study period, 1 only 
give the investigation duration, and this information was 
not applicable in 2 studies. Other information, including 
gender, age, weight, endotracheal pathway, peri-intuba-
tion, post-extubation variables and quality assessment 
were shown in detail in Table 1.

3.2  Outcome of interest

We collected and summarized the data into two sections: 
peri- and post-procedural. For parameters during proce-
dure, we found that more patients in uncuffed group need 
tube changes than cuffed group (OR: 0.05, 95% CI: 0.03-
0.07; P < 0.00001) (Figure 2). But the duration of intuba-
tion (Supplemental Figure 1), the incidence of accidental 
extubation (Supplemental Figure 2), tube reintubation 
(Supplemental Figure 3) and racemic epinephrine use 
(Supplemental Figure 4) were not significantly different 
between the two groups (Table 2). For post-extubation 
events, we collected data of the incidence of croup (Sup-
plemental Figure 5), stridor (Supplemental Figure 6) and 
laryngospasm (Supplemental Figure 7). And we didn’t 
find any differences of them between uncuffed and cuffed 
groups in pooling results (Table 3).
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Table 2: The meta-analysis results of peri-procedure parameters.

Study heterogeneity

Peri-intubation OR/WMD (95% CI) P df χ2 P-Q test I2

tube change 0.05 (0.03, 0.07) <0.00001 1 0.08 0.77 0

duration of intubation 0.02 (-0.13, 0.09) 0.58 3 10.41 0.02 71

accidental extubation 0.93 (0.45, 1.95) 0.86 1 1.02 0.31 2

reintubation 0.77 (0.20, 2.93) 0.7 3 0.69 0.41 0

Figure 1: The study flow of the meta-analysis.
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3.3  Quality Assessment, sensitivity and pub-
lication bias analysis

A description of the quality of the included trials was pro-
vided in Table 1. All the study quality were relatively high, 
indicating the reliability of the pooling analysis. As there 
were less than 5 studies in each comparison, the sensitiv-
ity analysis cannot be performed accurately. Publication 
bias was not assessed using funnel plot as the number of 
studies in each category was too small to make an appro-
priate inference.

4  Discussion
This meta-analysis compared the application of cuffed with 
uncuffed endotracheal tubes among pediatric patients. 
We found that more patients need tube changes in the 
uncuffed group than those with cuffed tubes. However, 
no significant differences were found between the two 
groups on intubation duration, reintubation occurrence, 
accidental extubation rate, croup occurrence and racemic 
epinephrine use during the intubation process. Also we 
didn’t find any differences on laryngospasm and stridor 
occurrence after tube extubation.

We are fully aware of a previous meta-analysis which 
was done on the same topic [4]. The conclusions in the two 
studies were quite similar, but the parameters analyzed 
in that article were limited. The outcomes in the current 

meta-analysis were displayed as peri- and post-proce-
dural. For parameters during procedure, tube change, 
duration of intubation accidental extubation, tube reintu-
bation and racemic epinephrine use were compared. For 
post-extubation events, we collected data of the incidence 
of croup, stridor and laryngospasm. This increased the 
evidence level of our study. Also, a few studies have been 
published in recent years. Two more studies were included 
in this analysis, compared with the previous one. 

Endotracheal intubation is a frequent procedure in 
pediatric emergency and surgery department. The intuba-
tion in children may be performed by staff in emergency 
department, intensive care unit, anesthesia and general 
pediatric staff [15]. Once the decision for intubation has 
been made, the choice should be between the cuffed or 
uncuffed endotracheal tubes [16]. Cuffed tubes provide a 
leak-proof connection between the patient’s lung and the 
bag or ventilator without causing undue pressure to laryn-
geal or tracheal structures [17]. However, an uncuffed 
endotracheal tube usually causes air leakage or laryn-
geal injury. The unappropriate size of the tube might be 
the main cause, leading to an increased number of tube 
exchanges in these patients [18]. From the pooling anal-
ysis we found that patients with uncuffed endotracheal 
tubes had a higher incidence of tube changes. This is con-
sistent with the previous meta-analysis by Shi et al. [4]. 
They demonstrated that cuffed tubes may be safely used 
in children. There was also no significance of post-proce-
dural stridor. Although the conclusion was quite similar 

Figure 2: The meta-analysis of tube changes between cuffed and uncuffed groups.

Table 3: The meta-analysis results of post-extubation parameters.

Study heterogeneity

After extubation OR/WMD (95% CI) P df χ2 P-Qtest I2

racemic epinephrine 0.69 (0.39, 1.20) 0.18 1 0.2 0.65 0
croup 0.80 (0.27, 2.43) 0.7 NA NA NA NA

laryngospasm 1.27 (0.86, 1.88) 0.23 1 0.04 0.84 0
stridor 1.04 (0.74, 1.45) 0.82 3 2 0.57 0
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between the two studies, our study provided more sub-
jects, indicating a reliable basis.

We then didn’t reveal any significance of duration of 
intubation. The intubation time should be determined by 
the disease severity and surgery method. From this point, 
the option of tube types didn’t affect it. Accidental extuba-
tion is a potentially life-threatening event, which leads to 
emergent, less-controlled endotracheal reintubation [19]. 
Sometimes, the unwillingness or unconsciousness of the 
children usually make the intubation failed. The repeated 
intubations increase the risk of laryngeal or tracheal injury 
or scarring, pulmonary injury and ventilator-related pneu-
monia. In this study, both accidental extubation and rein-
tubation between cuffed and uncuffed groups shared no 
differences. Croup, laryngospasm and stridor are common 
adverse events occurring after extubation [20-22]. Reintu-
bation is needed in serious condition of them. The pooling 
analysis identified no differences of them between the two 
groups. Racemic epinephrine is used to produce vasocon-
striction which markedly decreases blood flow to capillary 
beds, especially in the mucosal surfaces [23]. It alleviates 
the airway resistance, decreasing the risk of respiratory 
insufficiency and extubation failure.

Also, there were some limitations in this study. First, 
although it is an updated meta-analysis for the previous 
one, the number of the included studies was relatively 
small. This hindered the operation of the sensitivity and 
publication bias analysis. Second, because of the limited 
information, not all the peri-intubation and postextuba-
tion incidences were recorded. More studies were needed 
in the future to assist a thorough comparison of cuffed and 
uncuffed endotracheal tubes application.

Our study demonstrated that uncuffed endotracheal 
tubes increased the need for tube changes. Other inci-
dences or complications between the two groups had no 
differences. Cuffed tubes may be an optimal option for 
pediatric patients. But more trials are needed in the future.
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Supplemental Figure 1: The meta-analysis of duration of intubation between cuffed and uncuffed groups.

Supplemental Figure 2: The meta-analysis of accidental extubation between cuffed and uncuffed groups.

Supplemental Figure 3: The meta-analysis of tube reintubation between cuffed and uncuffed groups.

Supplemental Figure 4: The meta-analysis of racemic epinephrine use between cuffed and uncuffed groups.
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Supplemental Figure 5: The meta-analysis of croup between cuffed and uncuffed groups.

Supplemental Figure 6: The meta-analysis of stridor between cuffed and uncuffed groups.

Supplemental Figure 7: The meta-analysis of laryngospasm between cuffed and uncuffed groups.


