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ABSTRACT
Background: Cuffed tracheal tubes (CTT) emerge to prevent air leakage despite that most 
anaesthesiologists prefer the uncuffed tracheal tubes (UTT) in the paediatrics. Using recent 
tools for evaluation of endotracheal intubation sequelae may help to prevent airway injury and 
determine the appropriate type and size of endotracheal tube (ETT).
Purpose: The study aimed to detect the early airway changes after using CTT or UTT in 
paediatrics. Also, to find out the correlation between the endoscopic and ultrasonographic 
findings in detection of post intubation sequelae in paediatrics.
Methods: A prospective, randomized study was performed over 80 children aged from two to 
five years, scheduled for abdominal surgeries under the effect of general anaesthesia. Patients 
were assigned into two equal groups: Group C: CTT and Group U: UTT.
Results: There was less statistically significant ETT exchange in the group C (p = 0.020). No 
significant difference could be found as regard to the change in the subglottic diameter, the 
incidence of stridor, laryngospasm and croup, and the occurrence of airway injuries. There was 
a positive correlation between the change in the subglottic diameter and the prevalence of 
airway injuries (P = 0.014). The duration of the endotracheal intubation could not influence the 
incidence of neither the stridor nor the airway injuries in both groups.
Conclusion: There were no difference between the use of CTT or UTT in the paediatrics in 
terms of early airway changes. However, the rate of tube exchange is significantly lower when 
using CTT. A positive correlation is found between the endoscopic and ultrasound findings in 
the detection of post intubation sequelae in paediatrics. Short-term endotracheal intubation 
neither affects the incidence nor the severity of airway injuries. Using the external diameter of 
the endotracheal tube instead of the inner diameter is crucial for proper sizing in paediatrics.
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1. Introduction

Nearly 4.7% of the children had surgical procedures 
annually (average of 3.9 million) [1]. However, cuffed 
tracheal tubes (CTT) emerge for their special ability to 
prevent air leakage; most anaesthesiologists prefer the 
uncuffed tracheal tubes (UTT) especially in the paedia
tric age group based on the concept that the cuff may 
induce airway mucosal damage, tissue edema, and 
fibrosis, which could produce a life-threatening out
come [2,3].

Most of the researchers compared cuffed and 
uncuffed ETT using stridor as the primary end measure 
following extubation. Stridor was considered to repre
sent all pertinent airway injuries. Moreover, no stan
dard best practice for assessing laryngeal injury, 
dysphonia, or dysphagia after extubation has been 
established yet [4–7].

Recently, authors recommended endoscopic airway 
examination which demonstrated a comparable reliabil
ity to 4D-computed tomography examination of the 

upper airway. Also, ultrasonography is being used in 
a widespread manner in the evaluation of the airway [8].

Using recent tools for objective airway evaluation 
like flexible endoscopy and ultrasonography might 
help to prevent airway injury and determine the appro
priate type and size of endotracheal tube.

2. Aim of the work

The primary outcome of this study was to detect the 
early airway changes after using cuffed or uncuffed 
endotracheal tubes in paediatrics.

The secondary outcome of this study was to find out 
the correlation of endoscopic and ultrasound findings 
in detection of post intubation sequelae in paediatrics.

3. Patient and methods

The study was authorized by the Alexandria Faculty of 
Medicine’s Ethical Committee. A signed informed 
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consent was obtained from parents or guardians. 
A prospective, randomized study was performed 
within the Hospitals of Alexandria University on 80 
children aged from two to five years of both sexes, 
with physical status classification ASA I or II and sched
uled for abdominal surgeries lasting from 2 to 4 hours 
under general anaesthesia with endotracheal intuba
tion (Figure 1).

Evaluation of the patients preoperatively through 
proper history taking and clinical examination includ
ing COPUR score.

Patients with known airway anomalies, who 
expected difficult intubation (COPUR score > 12), 
more than one direct laryngoscopy trial to insert the 
endotracheal tube, were excluded.

Oral 0.5 mg/kg of midazolam was given 20–30 min
utes prior to the procedure to facilitate parental 
separation.

When the patient entered the operating room, 
a multi-channel monitor had been secured to them. 
Inhalational induction of general anaesthesia using 
incremental concentrations of sevoflurane was given. 
Intravenous line was inserted and secured. Fentanyl 1  
µg/kg and Rocuronium 0.5 mg/kg were given intrave
nously (IV).

The transverse subglottic diameter was esti
mated by a secondary investigator using a high- 
resolution B mode ultrasonography. The measured 
subglottic diameter was used to determine the size 
of the ETT that was used for intubation. In group C, 
patients received a CTT 2 mm less than the mea
sured subglottic diameter. In group U, patients 

received an UTT 1 mm less than the measured sub
glottic diameter [9–11].

A proper sized lubricated standard laryngeal mask 
airway (LMA) was inserted. A flexible endoscope (KARL 
STORZ ENDOSKOPE, Germany) was inserted through 
the previously inserted LMA to examine the airway to 
exclude congenital anomalies or previous injuries. The 
LMA was removed, and tracheal intubation was per
formed using direct laryngoscope through the oral 
route.

For the CTTs, cuff pressure manometer was used to 
guide the inflation of the cuff (15–20 cm H2O).

If the ETT had an excessive air leak that prevented 
appropriate ventilation or if there was no air leak pre
sent at a 20 cm H2O inflation pressure, it was deter
mined that it was either too tiny or too large, and the 
patient was excluded.

At the end of surgery, the patient was extubated 
under muscle relaxant effect and lubricated LMA was 
reinserted. The transverse subglottic diameter was esti
mated. Flexible endoscope was introduced through 
the previously inserted LMA to detect recent airway 
injuries.

Muscle relaxant was reversed, the LMA was 
removed awake, and the patient was transferred to 
the PACU.

4. Measurements

Age, gender, and bodyweight (kg) of the patient; 
operation performed (type and duration); COPUR 
score of the patient’s airway; and the subglottic 

Figure 1. 
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diameter were determined after induction of general 
anaesthesia and just after extubation.

Airway injuries assessment was done through flex
ible endoscopy after extubation and was classified into 
four groups: no injury, mild injuries (hyperemia, edema 
less than 50% of subglottic diameter and epiglottic 
edema), moderate injuries (edema more than 50% of 
subglottic diameter, hemorrhage, mucosal lacerations, 
and ulcers), and severe injuries (cricoid splitting, tra
cheal tear, vocal cord tear and arytenoid cartilage 
dislocation).

Presence of laryngospasm, croup, or stridor up to 
24 hours of extubation and the incidence of unplanned 
extubations were found.

5. Statistical analysis of the data

The IBM SPSS software package version 20.0 was used 
to analyze the data. Number and percentage were 
used to describe qualitative data, while the range 
(minimum and maximum), mean, standard deviation, 

and median were used to characterize quantitative 
data. The 5% level was used to determine the signifi
cance of the obtained data.

6. Results

There were 42 patients in group C. Two patients were 
excluded due to the very large tube size resulting in no 
leakage at 20 mm Hg (4.8%) inspiratory pressure so 
tracheal reintubation was done to place a proper size 
ETT, while in group U, there were 51 patients, 11 
patients (21.6%) were excluded due to high leakage 
so tracheal reintubation was done by placing a proper 
size ETT (Figures 1,2).

Statistical analysis showed no significant differences 
between the two groups: age, gender, weight 
(Table 1), surgical intervention (Table 2) and its 
duration.

In group C, the COPUR score ranged from 5 to 11 
with a mean value of 7.70 ± 1.44; meanwhile, in group 
U, the duration of the operations performed ranged 

Table 1. Relation between change in the subglottic diameter with the incidence of stridor and airway injuries in each group.

No.

Change in the subglottic diameter

U pMean ± SD. Median (Min. – Max.)

Airway injuries Cuffed
No 37 0.02 ± 0.10 0.0 (−0.10–0.30) 10.50* 0.014*
Yes (Mild) 3 0.20 ± 0.10 0.20 (0.10–0.30)

Un Cuffed
No 36 0.03 ± 0.06 0.0 (0.0–0.20) 24.00* 0.028*
Yes (Mild) 4 0.28 ± 0.30 0.20 (0.0–0.70)

Stridor Cuffed
No 39 0.03 ± 0.10 0.0 (−0.10–0.30) – –
Yes 1 0.30

Un Cuffed
No 37 0.04 ± 0.07 0.0 (0.0–0.20) 29.5 0.192
Yes 3 0.27 ± 0.38 0.10 (0.0–0.70)

SD: Standard deviation; U: Mann Whitney test. 
p: p value for comparing between the different categories. *: Statistically significant at p ≤ 0.05.

Figure 2. 
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from 5 to 11 with a mean value of 7.58 ± 1.53. The 
results showed no significant difference as regard to 
the the COPUR score (p value = 0.708).

In group C, the change in the subglottic diameter 
ranged from −0.1 to 0.3 with a mean value of 0.03 ±  
0.11 mm, while in group U the change in the subglottic 
diameter ranged from 0.0 to 0.7 with a mean value of 
0.05 ± 0.12 mm. No statistical significant difference can 
be detected between the two groups as regard to the 
change in the subglottic diameter (p value = 0.442). 
(Figure 3)

In group C, one (2.5%) patient was complicated by 
stridor, while in group U three (7.5%) patients were 
complicated by stridor (p-value = (0.615). In group C, 
three (7.5%) patients were complicated by mild airway 
injuries, while in group U, four (10.0%) patients were 
complicated by mild airway injuries. No significant 
difference can be detected between the two groups 
regarding the incidence of neither stridor nor airway 
injuries. In both groups no patient showed unplanned 
extubation. (Figure 4)

There was a positive correlation between the 
change in the subglottic diameter and the occurrence 
of airway injuries in the cuffed and uncuffed groups (P  

= 0.014), while there was no relation between the 
change in the subglottic diameter and the occurrence 
of stridor in both groups. Also, no relation detected 
between the duration of endotracheal intubation with 
the incidence of neither stridor nor airway injuries in 
both groups (Table 1).

In group C, the range of the inner diameter of the 
endotracheal tube ranged from 3.5 to 4.5 with a mean 
value of 3.84 ± 0.36 mm, while in group U, the range of 
the inner diameter of the endotracheal tube ranged 
from 4 to 5.5 with a mean value of 4.68 ± 0.37 mm. (P =  
0.001) (Table 2).

7. Discussion

As regarded to the number of excluded patients due 
to tube exchange to overcome the excessive air 
leakage or very large tube size resulting in no leak
age at 20 cm H2O, there was significant lower rate of 
tube exchange in group C (2 patients) than in group 
U (11 patients). It can be explained by the presence 
of the cuff which can be easily modified to establish 
a good seal at 20 cmH2O without the need to 
exchange the TT.

Table 2. Inner and outer diameters of the used endotracheal tubes, cooperative analysis.

Tube size
Cuffed  

(n = 40)
Un cuffed  

(n = 40) t p

Outer diameter
Mean ± SD. 5.42 ± 0.47 6.45 ± 0.51 9.331* <0.001*
Median (Min. – Max.) 5.60 (5.0–6.30) 6.20 (5.50–7.60)

Inner diameter
Mean ± SD. 3.84 ± 0.36 4.68 ± 0.37 10.224* <0.001*
Median (Min. – Max.) 4.0 (3.50–4.50) 4.50 (4.0–5.50)

SD: Standard deviation; t: Student t-test. 
p: p value for comparing between the two studied groups. 
Statistically significant at p ≤ 0.05.

1. Thyroid gland. 
2. Carotid artery. 
3. Strap muscles. 
4. Subglottic diameter. 

Orang……Thyroid gland. 
Red…….... Carotid artery. 
Blue………Strap muscles. 
Green……. Subglottic diameter. 
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These results coincide with De Orange et al. [12] in 
systematic review included three trials (2804 children), 
where endotracheal tube exchange rate was statisti
cally significantly lower in the cuffed group.

Comparable outcomes were reported by Khine 
et al. [13], in a study on the paediatric age group 
up to 8 years of age (total number = 488) requiring 
general anaesthesia and tracheal intubation. In the 
uncuffed tube group, there were significantly more 
patients who needed tracheal reintubation in order 
to insert an appropriate-sized tube (54 of 237 
patients) than in the cuffed tube group (3 of 251 
patients).

In contrast, Thomas et al. [14] conducted a single- 
center cohort study. The rate of changing the endo
tracheal tubes to the proper size did not differ signifi
cantly. However, the selected population (infants <3  
kg) and the subsequent very small internal tracheal 
diameter can explain that result.

In concern to the change in the subglottic diameter 
and the occurrence of stridor, croup or laryngeal 
spasm, no statistically significant difference between 
the two groups could be found.

Many results in agreement with these results 
could be found in the former literature review, for 
example, Dreakers et al. [15], in a study over 282 
sequential endotracheal intubations in the PICU. 
There was no statistical difference found between 
the two groups [13,16–21].

In contrast, Veder et al. [21], in a study over 150 
infants. Although there was no cuff pressure monitor
ing, the usage of cuffed ETT was linked to a statistically 
higher risk of airway injuries and subsequently high 
incidence of stridor.

In the terms of airway injuries, the current study 
showed only mild airway injuries after extubation 
(8.75%) in both groups with no significant difference 
in between, despite the significant statistical differ
ence found regarding the outer diameter of the ETT. It 
can be justified by good monitoring of cuff pressure 
(below 20 cmH2O) and unified anaesthetist perform
ing the endotracheal intubation.

In agreement with that Brodsky et al. [22], in 
a systematic review, concluded that grade I injuries 
were the most common occurring airway complication 

Figure 4. 
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found with a prevalence ranging (9− 84%) across 9 
(45%) studies.

On the other side, many studies [23–25] counter 
these results. Schweiger et al. [26] in a study over 
infants where flexible laryngoscopy was done after 
extubation. The prevalence of subglottic stenosis was 
11.38% and was associated with history of severe air
way injuries during extubation.

However, most of the former studies [23–26] were 
performed within the intensive care units, where many 
factors can influence the prevalence of airway injuries, 
for example, the prolonged time of intubation (more 
than 24 hours) compared to (2 to 4 hours) the current 
study, usually no proper cuff pressure monitoring is 
used and no proper monitoring of the sedation level or 
the degree of muscle relaxation is used and that most 
of endotracheal intubation done in emergency situa
tions increasing the risk of iatrogenic airway trauma.

In the present research, an obvious difference 
between the two groups as regard the inner diameter 
of the TT is demonstrated. Consecutively and accord
ing to Hagen – Poiseuille equation for laminar flow, it is 
expected that the work of breathing is higher in the 
CTT group than the UTT group. However, in the setting 
of general anaesthesia, the patient is already on 
a controlled mechanical ventilation which in turn alle
viates the work of breathing resulting from the small 
inner diameter of the endotracheal tube [27].

Also, there was a positive correlation between the 
change in the subglottic diameter before and after the 
intubation process and the incidence of airway injuries 
discovered through the endoscopic examination indi
cating that ultrasonographic measured subglottic dia
meter is a sensitive non-invasive objective tool for 
early detection of airway injuries after endotracheal 
intubation.

In concordance with that Kundra et al [28], per
formed research about perioperative use of ultrasound 
in anaesthesia especially in the field of airway assess
ment. It was concluded that ultrasonographic exami
nation of the airway has become the first noninvasive 
and simple airway assessment tool with comparable 
sensitivity to computed tomography and magnetic 
resonance scanning.

The current study cannot demonstrate any relation 
between the duration of endotracheal intubation with 
neither the incidence of airway injuries nor the inci
dence of stridor. It might be justified by the selected 
short-term endotracheal intubation period (surgeries 
lasting from 2 to 4 hours) and the adopted proper cuff 
monitoring.

In concordance with that, Veder et al [21] in a study 
to detect the relation between prolonged intubation 
and post-extubation stridor. Statistical analysis of the 
derived data did not demonstrate any significant rela
tion between the duration of endotracheal intubation 
and post-extubation stridor despite that the data 

collected showed a trend towards significance in 
developing stridor after intubation for more than 
a week (P = 0.05).

However, Brodsky et al. [22] in a systematic review 
including 21 studies and 6140 patients demonstrated 
that the duration of endotracheal intubation was 
a main risk factor in developing laryngeal injury espe
cially if the duration of endotracheal intubations 
exceeds 2 hours.

8. Conclusion

(1) No difference is found between the usage of 
cuffed or uncuffed tracheal tubes in the paedia
tric age group in terms of early airway changes. 
However, the rate of tube exchange is signifi
cantly lower when using cuffed endotracheal 
tubes.

(2) There is a positive correlation between the 
endoscopic and ultrasound findings in the 
detection of post-intubation sequelae in 
paediatrics.

(3) Short-term endotracheal intubation (2 to 4  
hours) neither affects the incidence nor the 
severity of paediatric airway injuries.

(4) Cuffed endotracheal tubes cause high work of 
breathing due to the smaller inner diameter 
compared to the uncuffed endotracheal tubes 
that can be compensated by using automatic 
tube compensation.

(5) Using the external diameter of the endotracheal 
tube instead of the inner diameter is crucial for 
proper sizing especially in the paediatrics.
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