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ABSTRACT

Background: Choosing the correct endotracheal tube (ETT) size is important in pediatrics patients as an
inappropriately large sized tube may cause damage to the airway and subglottic stenosis. On the other hand, a
smaller tube will increase the resistance to gas flow, risk of aspiration, insufficient ventilation, and the need
to re-intubate with a different size of tracheal tube.

Objective: To compare the accuracy of measurement of subglottic transverse tracheal diameter using
ultrasonography and aged based formula for prediction of uncuffed endotracheal tube size in children aged 2-
12 years submitted to general anesthesia.

Patients and Methods: After approval of scientific and ethical committees, 88 children aged 2- 12 years
submitted to general anesthesias in Al-Azhar University Hospitals were enrolled in this study from May 2019
to May 2021. Children were allocated in two groups: Group | where subglottic transvers tracheal diameter,
outer diameter of ETT, inner diameter of ETT, inspiratory tidal volume, expiratory tidal volume, leak volume
and leak % were measured and calculated after induction of general anesthesia and Group Il where inner
diameter of uncuffed ETT was calculated according to cole formula (0.25 (age in years) + 4.

Results: Ultrasonography (USG) was more accurate in prediction of uncuffed ETT size with sensitivity
86.4%, while the sensitivity of the age based formula was 68.2%.

Conclusion: The sensitivity of ultrasonography in prediction of ETT size was superior to age based formula
Ultrasonography was more sensitive in yonger children than in older children.

Keywords: Subglottic transverse tracheal diameter, age based formula, endotracheal tube size, pediatric
patients, general anesthesia.

INTRODUCTION damage to the airway, post extubation
stridor and subglottic stenosis. On the
other hand, a smaller tube increases the
resistance to gas flow, risk of aspiration,

Choosing the correct ETT size is
important in pediatrics patients because an
inappropriately large sized tube may cause
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insufficient ventilation, and the need to re-
intubate with a different size of tracheal
tube (Jagadish et al., 2017).

We usually depend on age based
formulae for selecting appropriate sized
ETT. However, these formulae which are
based on age are often unreliable and may
end up in repeated laryngoscopy for
selecting the correct sized ETT. This
could lead to more chances of airway
trauma and other complications (Paul et
al., 2016).

With the aid of USG, we could
measure the air-column width at the level
of the cricoid cartilage and select the
optimal sized ETT for intubation in less
than 2 minutes (SchrammC et al., 2012).

The aim of this study was to
determine the accuracy of USG to assess
the appropriate ETT size and compare it
with age based formula based on air leak
test.

PATIENTS AND METHODS

After obtaining approval from the
Research / Ethics Committee and written
consents from parents of the children
submitted to elective operations at Al-
Azhar University Hospitals from May
2019 to May 2021, where 88 children
were enrolled in the prospective
observational study and children were
randomly allocated into two equal groups:

Group I: Children scheduled for
prediction of uncuffed endotracheal tube
size via measurement of subglottic
transverse tracheal diameter using USG.

Group Il: Children scheduled for
prediction of endotracheal tube size using
age based formula according to Cole
formulae: uncuffed ETTs size in children

aged 2 yrs. or older the: ID in mm =
0.25(age in years) + 4.

Inclusion criteria: American Society of
Anesthesiologists (ASA) | and Il children
aged 2 to 12 years of both sex scheduled
for various elective surgeries under
general anesthesia with  orotracheal
intubation with uncuffed ETT.

Exclusion criteria: Children with an
anticipated difficult airway, children with
pre-existing laryngeal or pharyngeal
pathology such as tracheostomy and
pharyngeal surgery, children with delayed
milestones,  children  with  unstable
cardiopulmonary conditions, children with
any neck masses, children were submitted
to emergency surgeries, children with any
facial abnormalities, children with body
mass indices above the 85th percentile
(overweight) or below the 5th percentile
(underweight).

Preoperative assessment:
A. Medical history:
1. Current medical illness.

2. Past history of operations or
previous hospitalization.

3. Past anesthetic history with impact
on:

- Previous airway problems during
previous surgeries

- Past history of difficult intubation.
B. Physical Examination:
1. Body weight.

2. General examination and vital
signs  (blood pressure, pulse,
respiratory rate and temperature).

3. Heart, chest and abdominal

examination.
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C. Airway assessment for
anticipated difficult intubation
Ultrasonographic examination of the
airway: 2 mg/kg propofol and 0.6 mg/kg
rocuronium bromide intravenous were
used to achieve anesthesia induction. The
children were ventilated via facemask
during US measurements. Ultrasound
(US) probe was placed on the anterior
neck, then proceeding in the caudal
direction to visualise the cricoid cartilage
and vocal cords. The cricoid arch was
visualised as a round hypoechoic structure
with hyperechoic edge and the subglottic
airway transverse diameter were measured
in the brightness (B) mode using the linear
probe, while the child was placed in the
supine and neutral head positions. The
transverse air-column diameter was
measured at the lower edge of the cricoid
cartilage which was considered as the
subglottic tracheal diameter. Subglottic
tracheal diameter measured was used to
select the ETT with similar outer
diameter. Since the outer diameter of ETT
differs among different manufacturers,
single type of ETT (ultramed) was used
for our study. Patients were intubated with
uncuffed ETT by size that was pre-
determined by USG. Child was
mechanicaly ventilated by pressure
controlled ventilation that guarantees TV
8-10 ml/kg. Air leak test was used to
choose the optimum size of the ETT. Six
succesive expiratory tidal volumes were
recorded, and the average of the lowest
three expired tidal volumes was calculated
and considered as the exiratory tidal
volume .If the leak volume (difference
between deliverd and expired TV) was

10-15% of the delivered TV, ETT size
was considered optimal. If the leak
volume was less than 10 % of the
delivered TV, ETT size was considered
large and the tube was exchanged with
one that is 0.5 mm smaller. In contrast, if
the leak volume was more than 15% of the
delivered TV, ETT size was considered
small and the tube was exchanged with
one that was 0.5 mm larger. The same
procedures were repeated with the
replaced ETT.

In group I, the trachea of 44 children
were intubated, and ETT size was selected
according to Cole formulae: uncuffed
ETT size in children aged 2 yrs. or older
the: ID in mm = 0.25 (age in years) + 4.

Air Leak test was used to choose the
optimum size of ETT.

A comparison of ETTs size estimated
by USG, and ETTs size estimated by age-
based formulae were done. All ETTs that
were exchanged because it may be small
(high leak volume) or large (low leak
volume). When leak test was repeated, it
was optimum (ranged from 10% to 15%).

Statistical analysis: Statistical
presentation and analysis of the present
study was conducted, using (IBM SPSS
Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp). Quantitative
data used presented as, mean and standard
deviation (SD) , median and interquartile
range were compared by Mann-Whitney
test. Qualitative data were presented as
frequency and percentage and were
compared by Chi-square (X2) test. P value
< 0.05 was considered significant.
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two groups were compared
according to children demographic data
(age, sex and weight) and inner diameter

RESULTS

inner diameter of ETT inserted

of ETT inserted. There was no statically
significant difference between group I and
group Il (Table 1).

Groups Group | Group Il P_value
Parameters (N=44) (N=44)
2-12 (7.5) 2-12 (7)
Age (years) 7244322 6.93+3.08 0.686
Sex
Female 19(43.2%) 21(47.7%) 0.669
Male 25(56.8%) 23(52.3%) '
. 11.95-36.61(23) | 11.50-36.95(21)
Weight (kg) 23.44+7.61 22.65+7.39 0.713
Inner diameter of 4-7 (6) 4.5-7 (5.5) 0463
ETT(mm) 5.67+0.76 5.57+0.80 '

The two groups were compared
according to inspiratory tidal volume,
expiratory tidal volume, leak volume and

leak %. There was no statically significant
difference between group | and group Il
(Table 2).

Table (2): Comparison between the two groups according to inspiratory tidal

volume, expiratory tidal volume, leak volume and leak %

Groups Group | Group Il }
Parameters (N=44) (N=44) P-value
Inspiratory tidal volume(ml) ;820371;(3%0;% 11092738267 i(éggg) 0.548
Expiratory tidal volume (ml) | 222170 ) 91280 g5y
9-59(25.5) 11-65(24)
Leak volume (ml) 27.70+11.85 25.91+11.53 0.387
7-20.2(13) 7.5-20.2(13)
[0)
Leak % 13.16£2.61 12.95+3.04 0.799

In group I, 38 out of 44 children
showed positive leak test with sensitivity
of 86.4% while in group Il, 30 out of 44
children showed positive leak test with
sensitivity 68.2%. There was statistically
significant difference between group | and

group Il. There was no statistically
significant difference between group | and
group Il according to % of positive and
negative leak test in children aged (2-4
years), (5-8 years) and (9- 12 years)
(Table 3).
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Table (3): Comparison between the two groups according to % of positive and
negative leak test in all children and in children aged (2-4 years), (5-8

years) and (9- 12 years)

Groups Group | Group Il
Parameters i N | % N | % P-value
(All children N= 44)
Positive Leak 38 86.4 30 68.2
Negative Leak 6 13.6 14 31.8 0.042
Sensitivity 86.4 68.2
(2-4 years)
Positive Leak 12 92.3 11 84.6
Negative Leak 1 7.7 2 154 0.539
Sensitivity 92.3 84.6
(5-8 years)
Positive Leak 14 93.3 13 72.2
Negative Leak 1 6.7 5 27.8 0.117
Sensitivity 93.3 72.2
(9-12 years)
Positive Leak 12 75.0 6 46.2
Negative Leak 4 25.0 7 53.8 0.111
Sensitivity 75 46.2

There was no statistically significant
difference between group | and group Il
according to % of high and low leak test

in all children and in children aged (9-12
years) (Table 4).

Table (4): Comparison between the two groups according to according to % of high
and low leak test in all children and in children aged (9-12 years)

Groups Group I Group Il i
Parameters N | % N | % P-value
Negative Leak test
Low leak 1 16.7 7 50
High leak 5 833 | 7 50 0.378
9-12 years
Low leak 0 0.0 3 42.9
High leak 4 100.0 4 57.1 0.308
DISCUSSION 10%) and the other 5 children showed
P high leak test (leak % was more than
In group I, our study's findings

indicated that the leak test was positive
(leak % was 10 -15%) in 38 children and
was negative (leak % was below 10% or
above 15%) in 6 children with total
sensitivity 86.4%. Only one child of the 6
children with the negative leak test
showed low leak test (leak % was below

15%%).

This result was consistent with a study
done by Demet et al. (2016) in which,
fifty children aged (1-10 years) were
enrolled in the study. The success rate of
the USG was 86.4% and the ETT was
replaced in five children with a tube one
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size larger and in two patients with a tube
one size smaller. They concluded that the
subglottic transverse airway diameter
measured by USG was a reliable predictor
in estimating the appropriate pediatric
ETT size.

Jagadish et al. (2017) reported that
USG predicted the optimal ETT in
children 89.33 %of children.

Rahul, et al. (2018) stated that the
success rate of USG was 87.8% while the
success rate of age based formula was
26.5%.

Essam Mahran and Suzan Adlan
(2017) did not justify the routine use of
ultrasound for calculating ETT size for
intubation in pediatric patients.

In group 11, the leak test was positive in
30 children and was negative in 14
children with total sensitivity 68.2. 50% of
the children with negative leak test (7
children) showed high leak test and the
other 50% showed low leak test.

These results were against a study done
by Demet et al. (2016) who concluded that
Ultrasonographic estimation of subglottic
diameter is useful for optimal pediatric
ETT size selection than age based
formula. The difference in the sample size
may be the cause of this disagreement.

Our study's findings indicated that the
sensitivity in subgroup A in group | was
92.3% while the sensitivity in the
subgroup A in group Il was 84.6% .There
was no statistically significant relation
between the two groups.

Rekha et al. (2020) concluded that
USG-derived measurement can predict
the correct size of ETT in 70.7% of
children. Rekha et al. (2020) also stated

that the rate of agreement with age based
formula was 65.8%.

In the subgroup B in group I, the
sensitivity was 93.3%, while in the
subgroup B in Group Il, the sensitivity
was 72.2%. There was no statistically
significant relation between the two
groups.

Singh, et al. (2019) found that, the
sensitivity of USG was more than 98 %
and the sensitivity of age based formula
was 95%.

In the subgroup C in group |, the
sensitivity was 75%, while in the
subgroup C in group Il, the sensitivity was
46.2%. There was no statistically
significant relation between the two
groups.

All the children with negative leak test
in subgroup C in group | showed high leak
test, while in subgroup C in group Il 42.9
% of children showed low leak test and
57.1% showed high leak test. There was
no statistically significant  relation
between the two groups.

CONCLUSION

Using USG of the airway was a very
useful, easy and reliable tool for
prediction of ETT size in pediatric
population. The sensitivity of USG in
prediction of endotracheal tube size was
superior to age based formula. The
sensitivity of USG in prediction of ETT
size was higher in younger than older
children.
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