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Introduction 

 

Pediatric airway management can present many challenges for anesthetists. One such challenge 

is whether to use a cuffed or uncuffed endotracheal tube (ETT) for pediatric patients younger 

than eight years. Practitioners have used uncuffed ETTs for smaller children due to the risk of 

cuffed ETTs causing airway mucosal injury which may lead to subglottic stenosis and stridor.1 In 

recent years, cuffed ETTs have been used more frequently in order to reduce tube exchanges, 

ventilation leak around the tube, unreliable end-tidal carbon dioxide (ETCO2) monitoring, and 

the risk of aspiration.1 The purpose of this evidence based practice analysis is to compare the 

incidence of common airway complications in pediatric patients intubated with a cuffed or 

uncuffed ETT. 

 

Methodology 

 

A population, intervention, comparison, and outcome (PICO) question was developed to aid in 

the research and literature review process. The PICO question posed was “Do pediatric patients 

less than eighteen years of age intubated with a cuffed ETT have a reduced instance of tube 

exchanges and post-extubation stridor compared to patients with an uncuffed ETT ?” 

 

Data was obtained by searching the following databases: CINAHL, Cochrane Collection, 

EBSCO, and PubMed. Keywords used included: cuffed, uncuffed, endotracheal tubes, airway, 

post-extubation, stridor, re-intubation, endotracheal tube exchange, pediatric, and infant. All 

studies published in 2010 or later, written in English, and including the keywords were retrieved 

and analyzed. The inclusion criteria were studies published in a peer review journal which 

evaluated pediatric endotracheal intubation and reported post-extubation stridor and/or ETT 

exchange data. Five studies met inclusion criteria with varying levels of evidence including: 

meta-analysis, randomized control trial (RCT), prospective observational, and retrospective 

review. 

 

 

Literature Review 

 

A meta-analysis by Shi et al. assessed current evidence regarding post-extubation morbidity and 

tracheal tube exchanges in pediatric patients. Four RCTs and prospective cohort studies which 

compared outcomes in pediatric patients intubated with either cuffed or uncuffed ETTs were 

included. Post-extubation stridor was the primary outcome analyzed with stridor found in 94 of 
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1979 (4.75%) in the cuffed ETT group, and 99 of 1803 (5.49%) in the uncuffed group. Shi et al. 

found no statistically significant difference in the incidence of stridor (p=0.36).1 Secondary 

outcomes analyzed included the frequency of ETT exchange, rate of re-intubation following 

planned extubation, and the duration of intubation.  Twenty-seven of 1370 (1.97%) in the cuffed 

ETT group compared to 401 of 1364 (29.40%) in the uncuffed ETT group required an ETT 

exchange (p=0.00001).1 Two RCTs in the meta-analysis compared the incidence of ETT 

exchange and both found that uncuffed ETTs were associated with a clinically and statistically 

significant increase in the frequency of ETT exchanges. Multiple reasons for the exchanges were 

identified including: resistance to passing the ETT, lack of leak at 20cm H2O positive airway 

pressure, and excessive leak during positive pressure ventialation.1 Shi et al. concluded cuffed 

ETTs are associated with a reduced incidence of ETT exchanges, and the rate of post-extubation 

stridor did not significantly differ between the cuffed and uncuffed ETT groups. Two of the 

studies analyzed in the meta-analysis were published some time ago, in 1997 and 1994, and the 

findings may not reflect current practice or ETT design.  

 

A RCT performed by Mukhopadhyay et al. evaluated post-extubation stridor, laryngospasm, sore 

throat and other complications in 110 pediatric patients undergoing a cleft palate repair.3 Patients 

between the ages of 2 and 12 years were randomly assigned to a cuffed or uncuffed group. 

Patients assigned to the cuffed group were intubated with a preformed, south facing ETT with a 

high volume, low-pressure cuff. A leak test was performed with no air in the cuff, and the ETT 

was replaced with a 0.5 mm smaller ETT if a leak was not present with < 20 cm H2O positive 

pressure. The cuffed ETT was replaced with a larger size if the cuff pressure required to seal the 

trachea was > 20 cm H2O. A minimal sealing pressure was determined by slowly deflating the 

cuff until a leak occurred, and then slowly reinflating the cuff until the leak disappeared. Cuff 

pressures were monitored with a monometer and limited to 20 cm H2O. A preformed uncuffed 

ETT was placed in those assigned to the uncuffed group. The uncuffed ETT was replaced with a 

0.5 mm smaller ETT if a leak was not present with < 20 cm H2O positive pressure. A wet gauze 

throat pack or placement of a cuffed ETT were utilized in cases of excessive leak. The anesthetic 

protocol included dexamethasone and paracetamol. There was no statistically significant 

difference in the rate of post-extubation stridor between the two groups (p= .15). Five of 53 

(9.4%) patients in the cuffed ETT group developed post-extubation stridor while 5 of 57 (8.8%) 

in the uncuffed ETT group developed post-extubation stridor.3 Mukhopadhyay et al. included 

dexamethasone and paracetamol in the anesthetic protocol which may have influenced the 

occurrence of stridor. Cuff pressures were also carefully established and monitored which may 

be difficult to reproduce in many clinical settings.  

 

Nascimento et al., examined the risk factors for the development of post-extubation stridor in 

pediatric intensive care unit (ICU) patients in a prospective observational study. Factors analyzed 

included sex, age, weight, duration of intubation, duration of mechanical ventilation, admission 

diagnosis, cuffed or uncuffed ETT, and size of ETT. All patients included in the study were 

intubated and mechanically ventilated for more than 24 hours. The study design was prospective 

but the attending clinician determined the choice of an uncuffed or cuffed ETT. Seventy-four 

patients (54%) had a cuffed ETT, but 19 of the cuffed ETTs did not have the cuffed inflated. 

Cuff pressures in inflated cuffed ETTs were monitored and maintained at pressures < 20 cm 

H2O.  
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Nascimento et al. studied 136 patients between 3 days and 17 years of age admitted to the 

pediatric ICU between January 2008 and May 2011. An uncuffed ETT was placed more often in 

infants less than 1 year of age than in older children.  A cuffed ETT was placed in 11 of 45 

infants (24%), in 14 of 24 children between 1 and 2 years of age (60%), and in 23 of 31 children 

between 2 and 6 years (73%). Almost all children >6 years of age had a cuffed ETT placed with 

only 1 of 36 with an uncuffed ETT. The authors defined stridor as any noisy breathing, 

specifically high-pitched in nature, which was associated with obstruction after intubation.2 

Patients were followed for 72 hours post extubation and monitored for any instances of post-

extubation stridor. It was found that 21 of 55 patients (38.2%) in the inflated cuffed ETT, 11 of 

19 (57.9%) in the deflated cuffed ETT, and 24 of 62 (38.7%) in the uncuffed ETT groups 

developed stridor. Nascimento et al. reported no statistically significant difference between the 

cuffed and uncuffed ETT groups and the incidence of stridor. It was found that the two risk 

factors for post-extubation stridor were the duration of mechanical ventilation and the duration of 

intubation.2 Uncuffed ETTs were placed more often in younger children with presumably smaller 

airways which could have an effect on the incidence of stridor in the uncuffed group.  

 

A prospective observational study of 100 pediatric patients undergoing laparoscopic surgery 

under general endotracheal anesthesia with a Microcuff® cuffed ETT was performed by 

Mhamane et al.. Goals of the study included evaluation of variations in intracuff pressures and 

post-extubation airway complications. The Microcuff® ETT is designed specifically for 

pediatrics with an ultrathin cuff located near the tip to avoid pressure in the subglottic area.4 The 

size of the ETT was determined by a standard protocol based on the patient’s age. A positive 

pressure leak test following intubation was used to verify an appropriate size. An ETT with no 

leak present at 20 cm H2O pressure was replaced with a 0.5 mm smaller ETT. An ETT with an 

excessive leak interfering with ventilation was replaced with a 0.5 mm larger ETT. Cuff pressure 

was monitored during inflation and continuously during the anesthetic. Cuff pressure was limited 

to 20 cm H2O or less by a pressure release valve connected to the pilot balloon. A minimal 

sealing pressure was determined by reducing the cuff pressure until a leak was detected and then 

increasing the pressure until the leak stopped.4 The mean intracuff pressure was 11.72 cm H2O in 

the supine position, 12.48 cm H2O during pneumoperitoneum, and 13.32 cm H2O in a head down 

position. Mhamane et al. determined the cuff pressure in the Microcuff® cuffed ETT will 

increase with creation of a pneumoperitoneum and repositioning in a head down position but 

remained below 20 cm H2O. No patients in the study had signs and symptoms of stridor after 

extubation.4 The ETT is an alternative to be considered for pediatric patients as long as the cuff 

pressure is carefully monitored. 

 

Lastly, Dorsey et al., retrospectively reviewed operating room intubations performed on patients 

in a pediatric burn ICU. The incident of adverse events including aspiration, post-extubation 

stridor, leak around the ETT, and ETT exchanges were compared between cuffed and uncuffed 

ETT placement. The authors of the study note that the airway of pediatric burn patients presents 

many challenges. One challenge is these patients typically require multiple intubations due to 

multiple surgeries for skin grafting.5 If the rate of ETT exchanges is high, combined with 

multiple procedures requiring intubation, an increased chance for damage to the trachea presents 

itself.  
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The Dorsey study included 228 patients with ages ranging from 0 to 10 years. Data was 

examined for the 10 year time period January 1998 to December 2007. Of the 228 patients 52 

patients needed re-intubation for any reason including an ETT exchange for a leak. In the 

uncuffed ETT group a leak occurred in 23% (27/117) while in the cuffed ETT group 2 of 111 

(1.8%) had a leak around the ETT (<0.001). In the cuffed ETT group, 8 of the 111 (7.2%) 

required a re-intubation.5 The reintubation rate was significantly higher in the uncuffed ETT 

group with 44 of 117 (37.6%) (p<0.001).5 For the second outcome of post-extubation stridor a 

significant difference was not found. In the cuffed ETT group, 8 of 111 patients (7.2%) 

developed stridor and in the uncuffed ETT group, 5 of 117 patients (4.3%) developed stridor 

(p=0.4).5 The choice of ETT size and design was based on clinical judgement of the anesthesia 

provider. Younger children were more likely to have an uncuffed ETT placed which may 

influence the findings.5 It is unknown how many reintubations were done due to an air leak as all 

re-intubations for any reason were reported in a single category. The cuffed ETT group did 

experience a statistically significant lower incidence of air leak around the ETT.    

 

Author, Date Design Sample Tube Exchanges Stridor 

Shi1 et al, 2015 Meta-

analysis 

4 studies 

 2 Randomized 

control trials 

 2 Prospective 

cohort studies 

n= 2734 

Cuffed 

 1.97% 

 n=27/1370 

Uncuffed 

 29.4% 

 401/1364 

p<0.00001 

n= 3782 

Cuffed 

 4.75% 

 n= 

94/1979 

Uncuffed 

 5.49% 

 n= 

99/1803 

p= 0.36 

 

Mukhopadhyay3 

et al, 2016 

RCT Ages 2-12yrs with 

cleft lip 

 

n=110 

No data reported Cuffed 

 9.4% 

 n= 5/53 

Uncuffed 

 8.8% 

 n= 5/57 

p= 0.15 

 

Nascimento2 et 

al, 2015 

Prospective 

cohort study 

Ages 3 days- 17yrs 

ICU admission with 

mechanical 

ventilation for >24 

hours 

 

n= 136 

No data reported Cuffed 

 43.2% 

 n= 32/74 

p= 0.953 

Uncuffed 

 38.7% 

 n= 24/62 

p= 0.605 
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Mhamane4 et al, 

2015 

Prospective 

observational 

study 

Ages 8mo- 9yrs 

Laparoscopic surgery 

with Microcuff® 

cuffed ETT 

 

n= 100 

No data reported Cuffed 

 0% 

 n=0/100 

Dorsey5 et al, 

2010 

Retrospectiv

e review 

Age 0-10yrs 

Burn patient operating 

room intubations 

 

n= 228 

Cuffed 

 7.2% 

 n= 8/111 

Uncuffed 

 37.6% 

 n= 44/117 

p<0.001 

Cuffed 

 7.2% 

 n= 8/111 

Uncuffed 

 4.3% 

 n= 5/117 

p= 0.4001 

 

Conclusions 

 

A wide range of ages of pediatric patients was included in the study. The airway anatomy of an 

adolescent has matured and differs from the airway anatomy of the younger child. This limitation 

must be kept in mind when considering the conclusions.   

 

Cuffed ETTs were not associated with an increased risk of post-extubation stridor in the studies 

reviewed. Four of the studies compared the incidence of stridor and none found a statistically 

significant difference between cuffed and uncuffed ETT groups. The incidence of stridor in the 

ICU patients was increased in both cuffed and uncuffed ETTs compared to the three studies of 

surgical patients with shorter durations of intubation. Stridor was reported in more than 40% of 

the ICU patients who were intubated for > 24 hours. The incidence of stridor in the surgical 

patients with a cuffed ETT ranged from 4.75% to 9.4% compared to a range of 4.3% to 8.8% in 

the uncuffed groups. The available data found no statistically significant difference between 

cuffed and uncuffed ETTs with post-extubation stridor occurring with both types of ETTs. 

 

There was a significant difference found between cuffed and uncuffed ETTs and the incidence of 

reintubation. It has been found that cuffed ETTs have a lower incidence of ETT exchange in 

contrast to uncuffed ETTs that more frequently need to be exchanged. Two studies reported 

reintubation rates with 1.97% to 7.2% of cuffed ETTs requiring replacement compared to 29.4% 

to 37.6% of uncuffed ETTs. One of the studies reporting reintubation rates involved pediatric 

burn patients. Burn patients in general are subject to multiple ETT exchanges due to airway 

edema related to their disease process. The disease process could be implicated in the statistically 

significant difference reported. 

 

Implications for future practice include the need for vigilant monitoring of cuff pressures when 

using cuffed ETTs. It was found that over 60% of pediatric practitioners surveyed do not monitor 

cuff pressures in a recent survey by Sathyamoorthy et al..6 Monitoring cuff pressures is one 

important factor in maintaining adequate blood flow to tracheal mucosa. Maintaining adequate 

blood flow is ensured when cuff pressures are below the capillary perfusion pressure of the 

tracheal mucosa. It has been noted via endoscopic examination that obstruction to mucosal blood 
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flow occurred at a lateral pressure above 30cm H2O. Intracuff pressure should therefore be 

maintained between 20 and 30 cm H2O.7 Blood flow to the tracheal mucosa can be compromised 

due to pressure with either cuffed or uncuffed ETTs. Cuffed ETTs allow measurement of the 

pressure exerted by the inflated cuff.  Gopalakrishnan et al. proposed a novel method to 

continuously monitor ETT cuff pressure by attaching the cuff pilot balloon to an invasive 

pressure monitoring setup. Anesthesia providers can reduce damage to the trachea by 

continuously monitoring cuff pressures and maintaining adequate blood flow to the mucosa.8 

 

Future research needs include studies with greater numbers of participants as well as studies 

performed in multiple clinical settings which will increase the generalizability of the results. The 

neonatal anatomy is unique and research in this population is lacking. Future research to 

determine a reliable and cost effective method to monitor ETT cuff pressures would be helpful to 

increase the utilization of cuff monitoring by the clinical practitioner.6 Cuff pressure monitoring 

will become especially important if the trend continues to move towards the widespread use of 

cuffed ETTs in the pediatric population.6,7 
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