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Summary

Background: There is a controversy over using either smaller- or larger-size

endotracheal tubes (ETT) in children undergoing cardiac surgery, and some

anesthesiologists prefer to use ETT sizes different from the formula-based

sizes. The aim of the present study was to compare proper-size cuffed ETT in

children undergoing cardiac vs noncardiac surgeries.

Methods: In an observational prospective study, 80 children planned to

undergo noncardiac elective surgeries (NCS group) and 80 children scheduled

for cardiac surgeries (CS group) were recruited. For intubation, initial cuffed

ETT size was calculated based on the following formula: Tube size (mm

ID) = age (year)/4 + 3.5. The estimated ETT size for each age group and the

size of final utilized tubes for each age range were recorded.

Results: Patients of tube sizes 4.5, 5, and 5.5 in the CS group were of lower

age, weight, height, and body surface area compared with the patients of the

same tube sizes in the NCS group (P < 0.05). The compatibility of the pre-

dicted vs actual required tube sizes was more in the NCS group compared to

the CS group (72.5% vs 56.2%; P = 0.02). Additionally, the cases with under-

estimated tube sizes were significantly more in the CS group compared with

the NCS group (38.8% vs 18.8%, P = 0.01).

Conclusion: Children undergoing cardiac surgeries in relation to their age

and body size do require larger-size ETTs compared with the children sched-

uled for noncardiac surgeries.

Introduction

Since the advent of cuffed endotracheal tubes (ETT),

their placement in children younger than ten years old

has been challenged and a varied range of ages has been

recommended for cuffed tubes (1). The logic behind this

preference stems from the fear of the complications that

could occur following the placement of cuffed ETT

including laryngeal damage followed by overinflated

cuffs (2). Although this is mostly important in situations

where intubation is required for long duration, it seems

to be of less importance in operations with limited dura-

tion provided that the proper cuff placement is achieved

in the mid-trachea (3). The trend, however, is about to

change as many anesthesiologists have challenged the

idea of preferring uncuffed to cuffed ETT (4–6); further
studies comparing cuffed vs uncuffed ETTs are sugges-

tive of equal rates of complications such as subglottic

stenosis (7). In recent years, the privilege of having high-

volume low-pressure cuffed ETTs has led us to use them

in daily practice unconcernedly.

Selection of a proper-sized ETT is of utmost impor-

tance as tubes with smaller sizes could result in insuffi-

cient ventilation, high airway pressure, gas leak to

the operating room, increased risk of aspiration, and

inappropriate endtidal CO2 monitoring (8–10). On the
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other hand, larger-sized tubes could be associated with

upper airway damage such as pressure-induced mucosal

ischemia and related subglottic stenosis (11,12). The

most frequently used age-based formulas for estimation

of the appropriate ETT size have been derived from the

previous studies (4,13,14). These formulas, however, are

useful if the physical status of children correlates to the

standards. Children with chronic medical conditions, for

example, cardiac diseases requiring cardiac surgery, are

mostly believed to be nutritionally compromised and of

different physical and airway characteristics. There is a

controversy over using either smaller or larger tube size

in children undergoing cardiac surgery, and some anes-

thesiologists prefer to use ETT sizes different from the

formula-based sizes (15–17). To the best of our knowl-

edge, no comparison between the appropriate sizes of

cuffed ETT required in children undergoing cardiac and

noncardiac surgeries has been hitherto reported in the

literature. Therefore, the aim of the present study was to

compare proper-size cuffed ETT in children undergoing

cardiac vs noncardiac surgeries.

Methods

The study was approved by the local ethics committee,

and written informed parental consent was obtained for

each subject. In an observational prospective study, we

studied 80 children, American Society of Anesthesiolo-

gists (ASA) physical status I-III, aged 2–12 years old

who were planned to undergo noncardiac elective sur-

geries (NCS group). The types of the surgery performed

in the noncardiac group included inguinal and abdomi-

nal hernia, and adenotonsillectomy. Additionally, 80

children aged 2–12 years old with ASA class II-III who

were scheduled for cardiac surgeries were recruited (CS

group). Exclusion criteria consisted of patients with

Mallampati class of 3 or 4, history of laryngeal surgery

or any operation affecting their airway, diagnosed or

suspicious abnormal airway, need to unusual tube size

according to their history of previous operations and

anesthesia, and present upper respiratory tract infection.

In NCS group, the premedications used for anesthesia

included midazolam 20 lg�kg�1 and fentanyl

1–2 lg�kg�1; anesthesia was induced using propofol 2–
2.5 mg�kg�1, lidocaine 1 mg�kg�1, and cisatracurium

0.1–0.2 mg�kg�1, and maintained by isoflurane 1–1.5%.

In the CS group, premedication was performed using

midazolam 20 lg�kg�1; anesthesia was induced using

midazolam 0.05–0.15 mg�kg�1, fentanyl 2–5 lg�kg�1,

and cisatracurium 0.1–0.2 mg�kg�1, and maintained by

infusion of midazolam 1 lg�kg�1�min�1, fentanyl 0.5–
1 lg�kg�1�min�1, cisatracurium 1–2 lg�kg�1�min�1, and

isoflurane 0.5–1%. For intubation, cuffed ETTs (SUPA

Medical Devices, Tehran, Iran) were used by a same

anesthesiologist in each study group. Initial tube size

was calculated based on the following formula: Tube

size (mm ID) = age (year)/4 + 3.5 (14). Later, cuff pres-

sure was measured using Cuff Pressure Gauge (VBM

Medizintechnik GmbH, Sulz, Germany), and conse-

quently, the cuff pressure was set at 25 � 2 cmH2O.

Existence of any probable air leakage from around the

cuff was diagnosed by auscultation over the larynx while

gradual filling of the cuff. The ETT was exchanged with

a smaller size tube if there was air leakage auscultated at

peak inspiratory pressure (PIP) > 30 cmH2O and with a

larger-size tube if the air leakage occurred at the

PIP < 20 cmH2O. Correct tube placement was con-

firmed using capnography and auscultation. At the end

of the surgery, all noncardiac patients were extubated

and transferred to the recovery unit, whereas all cardiac

patients were transferred to ICU remaining intubated.

They were extubated after waking up and maintaining

the required criteria for being extubated under the

supervision of an ICU specialist. None of the cases in

the noncardiac group required ICU admission.

The estimated ETT size for each age group and the

size of final utilized tubes for each age range were

recorded by a second anesthesiologist while the intubat-

ing anesthesiologist was not informed about these sizes.

As it was not practical to provide some sizes of ETT, the

closest sizes to the estimated values were selected. For

estimated sizes of X-X.24, a smaller size (X); for esti-

mated sizes of X.25-X.49, a bigger size (X.5); for esti-

mated sizes of X.5-X.74, a smaller size (X.5); and for

estimated sizes of X.75-X.99, a bigger size (X + 1) were

selected. For instance, for sizes 3–3.24, size 3; for sizes

3.25–3.49, size 3.5; for sizes 3.5–3.74, size 3.5; and for

sizes 3.75–3.99, size 4 were selected.
To achieve a power of 80% while considering the

selection of 0.3- and 0.6-mm larger sizes in the studies of

Shiroyama et al. (16,18) and a = 0.05 and b = 0.2, the

sample size was calculated as eighty patients for each

group. To determine the sample size, online software

was used (please see: http://www.stat.ubc.ca/~rollin/

stats/ssize/). Data were presented as mean � standard

deviation (SD). Quantitative data were analyzed using

independent samples t-test. The comparison of the qual-

itative data was performed using Fisher’s exact test or

chi-square test depending on the condition. Pearson’s

correlation test was used to study the correlation

between ETT size with age, height, weight, body mass

index (BMI), and body surface area (BSA) of the

patients in each study group. Based on the previous

studies on linear regression analysis models (19), a for-

mula for cardiac group was designed in which age and

initial formula (age (year)/4 + 3.5) were considered as
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independent and dependent factors, respectively. Statis-

tical analysis was performed with SPSS for Windows

version 18.0 (SPSS Inc, Chicago, IL, USA). A P value

� 0.05 was considered statistically significant.

Results

Data from 160 children were analyzed: 80 in the CS

group and 80 in the NCS group. There were no differ-

ences in gender, BMI, and the mean tube size between

the groups (Table 1, P > 0.05). The patients in the CS

group were of lower age, weight, height, and BSA com-

pared with the NCS group (Table 1, P = 0.001). There

was no significant difference regarding age, gender,

height, weight, BMI, and BSA between CS and NCS

patients in whom tube sizes 4, 6, 6.5, and 7 were used

(P > 0.05, Table 2). Patients of tube sizes 4.5, 5, and 5.5

in the CS group were of lower age, weight, height, and

BSA compared with the patients of the same tube sizes

in the NCS group (Table 2, P < 0.05).

In both the CS andNCS groups, age, height, weight, and

BSA were positively correlated with the tube size (P =
0.001, Table 3). In the NCS group, BMI was positively

correlated with the tube size (r = 0.26, P = 0.01, Table 3);

however, there was no correlation between BMI and tube

size in the CS group (r = 0.06,P = 0.55, Table 3).

In the present study, 38.8% of the children in the CS

group required tubes with larger sizes to be replaced and

the age-based formula underestimated the required tube

size (r = 0.75, Figure 1, P = 0.01). Four patients (5%)

in the CS group required tubes with smaller sizes to be

replaced, and the age-based formula overestimated the

required tube size (r = 0.75, Figure 1, P = 0.01). Tube

sizes predicted using age-based formula were in accor-

dance with actual required tube sizes in 56.2% of the CS

patients (r = 0.75, Figure 1, P = 0.01).

Fifteen patients (18.8%) in the NCS group required

tubes with larger sizes to be replaced, and the age-based

formula underestimated the required tube size (r = 0.79,

Figure 2, P = 0.01). Seven patients (8.7%) in the NCS

group required tubes with smaller sizes to be replaced,

and the age-based formula overestimated the required

tube size (r = 0.79, Figure 2, P = 0.01). Tube sizes pre-

dicted using age-based formula were similar to actual

required sizes in 72.5% of the NCS patients (r = 0.79,

Figure 2, P = 0.01). The compatibility of the predicted

vs actual required tube sizes was more in the NCS group

compared to the CS group (72.5% vs 56.2%; P = 0.025).

Additionally, the cases with underestimated tube sizes

were significantly more in the CS group compared with

the NCS group (38.8% vs 18.8%, P = 0.01).

Further statistical studies were performed on the lin-

ear correlation coefficient between actual tube size and

age in the cardiac group resulting in a linear formula for

the patients in the cardiac group: Tube size = 0.16*
(age) + 4.39.

Table 1 General variables of both cardiac and noncardiac groups

(mean � SD)

CS group

(n = 80)

NCS group

(n = 80) P value

Gender (M/F) 33 : 47 40 : 40 0.34

Age (year) 6.31 � 3.0 7.80 � 2.4 0.001*

Height (cm) 110.64 � 21.1 124.26 � 14.4 0.001*

Weight (kg) 19.45 � 8.1 24.57 � 8.5 0.001*

BMI 15.47 � 3.2 15.51 � 2.9 0.88

BSA (m2) 0.77 � 0.22 0.91 � 0.20 0.001*

Tube size (ID mm) 5.40 � 0.64 5.57 � 0.62 0.09

CS, cardiac surgery; NCS, noncardiac surgery; BMI, body mass

index; BSA, body surface area; ID, internal diameter.

*Statistically significant (P < 0.05).

Table 2 Age and anthropometric variables in different tube size subgroups of CS and NCS groups (mean � SD)

Tube

Size

(ID mm)

Age (year) Height (cm) Weight (kg) BMI (kg�m�2) BSA (m2)

CS group NCS group CS group NCS group CS group NCS group CS group NCS group CS group NCS group

4.0 2a 3a 70–76b 93a 8.0–8.3b 13.0a 16.3–14.4b 15.0a 0.39–4.2b 0.5–8b

4.5 3.0 � 0.9 4.8 � 1.0* 83 � 14 110 � 2* 13.0 � 3.6 18.1 � 4.7* 19.3 � 5.4 15.0 � 3.4 0.54 � 0.12 0.74 � 1.00*

5.0 4.8 � 1.5 5.7 � 1.2* 103 � 12 111 � 9* 15.1 � 3.2 18.4 � 5.6* 14.1 � 1.6 14.6 � 3.1 0.66 � 0.10 0.75 � 0.13*

5.5 6.4 � 2.0 7.8 � 1.7* 111 � 13 124 � 9* 19.7 � 5.8 23.5 � 5.3* 15.7 � 2.6 15.2 � 2.9 0.78 � 0.15 0.89 � 0.12*

6.0 9.0 � 2.5 9.0 � 1.5 128 � 13 129 � 7 25.7 � 8.2 27.4 � 4.4 15.3 � 2.7 16.4 � 2.7 0.95 � 0.19 0.99 � 0.09

6.5 9.5 � 3.5 10.9 � 1.3 133 � 20 141 � 10 26.7 � 3.2 34.2 � 10.0 14.7 � 1.4 16.7 � 3.0 0.99 � 0.22 1.2 � 0.21

7.0 11a 11–12b 154a 138–163b 45a 35–55b 18.9a 16.3–19.4b 1.39a 1.07–1.50b

CS, cardiac surgery; NCS, noncardiac surgery; BMI, body mass index; BSA, body surface area; ID, internal diameter.

*Statistically significant (P < 0.05).
aIncludes one patient.
bIncludes two patients.
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Discussion

The findings of the present study revealed no statistically

significant difference between two studied groups

regarding the mean tube size. However, age, weight,

height, and BSA in children of the CS group were signif-

icantly in lower values compared with the NCS group.

Furthermore, comparing the predicted (using Motoy-

ama’s formula) and actual tube sizes revealed that the

compatibility between the predicted and actual sizes was

more in the NCS group (72.5%) compared with the car-

diac group (56.2%). Additionally, the cases with under-

estimated tube sizes were significantly more in the CS

group compared with the NCS group (38.8% vs 18.8%,

P = 0.01). Therefore, it seems that the patients undergo-

ing cardiac surgeries in relation to their age and body

size require bigger-size ETT compared with the children

of normal cardiac status. Infants with congenital heart

disease are usually small, underweight, and have a

reduced energy intake. Serum IGF-1 and IGFBP-3

concentrations are significantly reduced. Decreased IGF-

1 and IGFBP-3 levels can be observed in nutritional defi-

ciency; similar findings in congenital heart disease suggest

that undernutrition leads to the poor growth of these

infants (20). Unequal growth of the different parts of their

body might contribute to the different size of larynx com-

pared to their body in children with congenital cardiac

disease. To the best of our knowledge, the present study is

the first investigation orchestrated to compare the appro-

priate sizes of cuffed ETT required in children undergoing

cardiac and noncardiac surgeries. The proposed formula

derived from our study could be used specifically in the

patients undergoing cardiac surgeries and is different

from the previously proposed formulae regarding it being

age-based and designed for cuffed ETTs.

Bunchungmongkol and Pipanmekaporn (15) sug-

gested that the age-predicted ETT size matched the

actual size exactly in almost 62% of the children under-

going cardiac surgery, which is similar to the corre-

sponding finding in our study (~56%). While the

age-based formula underestimated the actual size in

17%, it overestimated the actual ETT size in 22% (15).

Bunchungmongkol and Pipanmekaporn (15) concluded

that the age-based prediction of the ETT size, that is,

Morgan–Steward formula, can be applied for most chil-

dren with underlying heart disease. In a retrospective

study on children with congenital heart diseases, Shiroy-

ama et al. reported that the uncuffed ETT sizes were lar-

ger than those estimated by Cole’s formula in one-third

of patients (13,16). In spite of difference in types of

ETTs (uncuffed vs cuffed) used in two studies, this find-

ing parallels the results obtained from our study. In a

similar retrospective study conducted by Chumpathong

et al., (17) it was revealed that the tube size predicted by

age-based formula could be more applied to NCS

Table 3 The correlation between variables and tube size in CS and

NCS groups

CS group (n = 80) NCS group (n = 80)

r P value r P value

Age (year) 0.75 0.001* 0.79 0.001*

Height (cm) 0.77 0.001* 0.80 0.001*

Weight (kg) 0.70 0.001* 0.71 0.001*

BMI (kg�m�2) 0.06 0.55 0.26 0.01*

BSA (m2) 0.75 0.001* 0.76 0.001*

CS, cardiac surgery; NCS, noncardiac surgery; BMI, body mass

index; BSA, body surface area.

*Statistically significant (P < 0.05).

Figure 1 The correlation between predicted and actual required

tube sizes in the CS group.

Figure 2 The correlation between predicted and actual required

tube sizes in the NCS group.
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patients. Likewise, compatibility of the predicted vs

actual required tube sizes was more in the NCS group of

the present study. The ETT with larger internal diameter

than the predicted size was more often used in CS

patients than NCS patients (17). Consequently, they

concluded that children with cardiac diseases tend to

require one size larger ETT than the children with non-

cardiac diseases (17). Nonetheless, different anesthesiol-

ogists intubated the patients in their study resulting in

probable selection bias. Altogether, these studies suggest

that different ETT sizes are required in CS patients com-

pared with NCS patients. However, their retrospective

nature and use of uncuffed ETT make these investiga-

tions different from the present study.

Most available formulae are derived from the data

obtained from children with normal growth pattern.

Children with cardiac diseases, however, often have

delayed growth and development. Predicting appropri-

ate ETT size based on the formula for normal popula-

tion may not appropriately estimate proper ETT size in

this population. Additionally, anthropometric factors

such as height and weight could influence airway size.

Several studies reported the influence of height and

weight on the appropriate ETT size in children (21,22).

On the other hand, published data on the existing for-

mulae have been based on populations with normal

growth pattern, and children with different body struc-

tures and growth patterns would require different guide-

lines (4,13,14,23).

In conclusion, children undergoing cardiac surgeries

in relation to their age and body size do require larger-

size ETTs compared with the noncardiac surgeries.

Based on the findings of the present study, a new for-

mula for the selection of a proper cuffed ETT specifi-

cally devised for children undergoing cardiac surgeries is

proposed. However, further prospective studies are

required to confirm the compatibility and generality of

this formula.
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