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ABSTRACT 
Background: There exists various physical indices formulas to select the appropriate size of endotracheal tube (ETT) for 
pediatric patients. To our knowledge, no study exists examining the accuracy of any of these formulas in Turkish children. 
This study aimed to investigate the homogeneity and accordance of commonly used Khine formula for size with the applied 
Turkish pediatric population. 

Methods: One hundred and twenty-five patients from 2 to 12 years of age, undergoing general anesthesia were enrolled into 
the study. We recorded demographic data. The used endotracheal tube sizes together with the calculated ones were noted. Air 
leak test was performed for validation of the size of the used tube. 

Results: In this study, we examined a total of 125 children, with a mean age of 6,6 ± 3,1 (min: 2 - max: 12) years and a mean 
body mass index (BMI) of 17,1 ±2,9 kg.m-2. The size of the tube calculated by Khine formula was compatible with Turkish 
children’s tracheal size in %96 crudely. A strong intraclass correlation (0.992) was found between Khine formula-based tube 
diameter and the used ones. 

Conclusion: Our findings support the practice of routinely selecting a cuffed endotracheal tube size based on Khine formula 
for Turkish children. 
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The clinical study's registration number is: 23.12.2015-250 received from the Ethics Committee of Yıldırım Beyazıt 
University Medical Faculty. 

INTRODUCTION 

Selection of an appropriate endotracheal tube (ETT) is very 
important in intraoperative settings and critical care. 
Increased risk of airway trauma caused by either under or 
oversized ETT’s makes tube size selection quite crucial, 
especially in pediatric anesthesia procedures [1]. In the 
estimation of the appropriate size ETT, there exists various 
formulas based on factors, such as the patient’s age, sex, 
body mass index (BMI), and the purpose and duration of 
intubation. However, there are some conflicts about the 
compatibility of these formulas especially in young ages, as 
obvious variations in physical development and tracheal 
dimensions exist. 

In 1997, Khine [2] reported the favorable advantages of their 
formula against Cole et al. for selecting cuffed ETT (cETT) 
[2]. Recently, cETTs have been popular again, as a result of 

acceptance of changes in the pediatric airway from conical or 
circular to elliptical shape [3]. Despite these developments, 
the role of ethnicity in these measurements, is still unknown. 
Mostly, methods developed according to the observations 
and experiences in Caucasian populations guide the selection 
of the tubes [4]. In one of the recent studies, however, the  
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authors couldn’t support the perception of requirement of a 
smaller sized ETT in Chinese adults, in contrary to what is 
expected [4,5]. Nevertheless, there has been no 
comprehensive study interpreting accuracy of any of the 
formulas in the aspect of ethnicity in pediatric patients. 

Thus, we aimed to evaluate the accordance of age-based 
Khine formula in a small Turkish pediatric population for 
cETT size estimation. 

MATERIALS AND METHODS 

After obtaining institutional ethical committee approval, and 
written informed consent of parents, children (ASA I-II) aged 
between 2-12 years who received general anesthesia at 
Atatürk Training and Research Hospital were enrolled in this 
study. Based on a study by Duracher [6], a sample size of 
109 patients was calculated to achieve 80% power [6]. Thus, 
we selected a sample size of 125 participants in this study. 

The patients with an ASA score >3, requirement of 
prolonged mechanical ventilation, anticipated difficult 
airway, growth retardation, or preexisting 
laryngeal/pharyngeal pathology were excluded. 

All patients were premedicated with oral midazolam of 0.5 
mg.kg-1, and standard monitoring (EKG, SpO2, noninvasive 
arterial pressure) was applied. General anesthesia was 
induced by intravenous propofol 2-3 mg.kg-1, and 
remifentanil 1µg.kg-1, and rocuronium bromide 0.6 mg.kg-1 
was administered to facilitate mask ventilation and 
intubation. The maintenance of anesthesia was provided by 
inhalation of sevoflurane at 2-2.5% in O2/N2O (50/50%) 
mixture. 

The trachea was intubated by a cETT (Bıçakcılar®, Türkiye), 
whose size was calculated based on the Khine formula (size 
of cETT: Age/4 + 3). The calculated size was rounded to the 
nearest 0.5 mm. Following intubation, cuff pressure was 
monitored by cuff pressure manometer (Mallinckrodt, 
Germany). If an airway pressure >25 cmH20 was required to 
detect an audible leak, the endotracheal tube was replaced by 
another tube with a 0.5 mm smaller size. If there was an 
audible leak at airway pressure <10 cmH2O, the tube was 
changed by 0.5 mm larger one. The need for endotracheal 
tube replacement and peak airway pressures were recorded. 

Mechanical ventilation was initiated with 10 mL. kg-1 tidal 
volume and a frequency to keep ETCO2 between 34 and 38 
mmHg. The need for ETT replacement was recorded. For 
standardization, air leak test was done in the supine position 
with the head in the neutral position, in each patient. At the 
end of the operation, the patients were extubated with 
atropine 0.5 mg and neostigmine 0.03 mg.kg-1 injected 
intravenously to reverse the muscle relaxation. Afterwards, 
they were transported to post anesthesia care unit for further 
observation. 

STATISTICAL ANALYSIS 

Data analysis was performed using IBM SPSS Statistics 
version 17.0 software (IBM Corporation, Armonk, NY, 
USA). Descriptive statistics for continuous variables were 
expressed as mean ± SD. Categorical data were shown as 
number of cases with (%). Bland-Altman plot analysis was 
applied for determining the agreement levels between 
expected and observed endotracheal tube sizes. Mean 
differences (bias), lower and upper limits of agreement were 
also calculated. Whether the mean bias levels differ from 
reference value of zero was evaluated One-sample t-test. 
Intraclass correlation coefficients (ICC) and 95% confidence 
intervals (CI) was also calculated to determine the agreement 
levels between expected and used endotracheal tube sizes. 
p<0.05 was considered statistically significant. 

RESULTS 

Demographic data and surgical interventions performed in 
125 children are presented in Table 1. Among the children 
aged 2-12 years (mean 6,6 ± 3,1 years), 65 were male and 60 
were female. The mean weight and height of the children 
were 24,9 ± 10,9 kg, and 118,4 ± 19,8 respectively. 
Originally inserted tube size was the same as calculated by 
Khine formula in 96 % of children. According to the current 
results, the intraclass correlation coefficient (ICC) level for 
the calculated and used endotracheal tube sizes is 0.992 (95% 
CI: 0.988 – 0.994), and it can be noted that these 
measurements are almost one-on-one compatible. 

In 5 children where the size of the tube used was not 
compatible with the size calculated, the tube was replaced to 
a 0.5 mm larger tube (Figure 1). In three of these children, 
stridor was observed at 0-2 h postoperatively. Among the 
rest, only two children experienced throat pain. 

Table 1. Demographic data and type of surgical interventions 
of the patients. Mean (min-max) and number of patients (%). 

Number of patients 125 

Age (years) 6,6 ± 3,1 (2-12) 

Gender (F/M) (n) 56/69 

Body weight (kg) 24,9 ± 10,9 

Type of surgical 

interventions (n) (%) 

ENT 

Ophthalmology 10 (8,0) 

Urology 6 (4,8) 

Orthopedics 4 (3,2) 

Plastic and Reconstructive 

Surgery 
2 (1,6) 

Neurosurgery 1 (0,8) 
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Figure 1. Agreement between calculated and used ETT size. 

Figure 1 is a Bland-Altman diagram showing the magnitude 
of the difference between expected endotracheal tube (ETT) 
size and observed (surgical) tube sizes [n=125, mean 
bias=0.020 mm (solid line); SD=0.0984]. The dashed lines 
represent the lower and, upper limits of agreement: LoA=-
0.173 mm and, UoA=0.213 mm; respectively. 

DISCUSSION 

In the present study, for the first time to our knowledge, we 
lightened the accuracy of Khine formula in selection of 
appropriately-sized cETT in Turkish children. This age-based 
formula for cETT was an adequate guide for prediction of 
optimal size in this population. Our goal in conducting this 
study was to investigate the role of racial differences in 
anesthesia applications and draw attention to this issue. 

Recently, ETTs with a thin, high-volume, low-pressure 
polyurethane cuff increased the popular use of cETTs in 
children. Khine formula is frequently used for determining 
the correct tube size. However; many factors such as 
structural variations, disproportionate spread of age and body 
weight in children, lead to discrepancy in predicting the 
optimum ETT diameter [7-9]. Thus, different factors 
influencing the recommendations have been investigated. 
Naina [10] emphasized the importance of collection of data 
from different populations to support the absence of racial 
variations in tracheal dimensions, since the role of ethnic 
phenotype in correct choice of ETT remains unknown [10]. 
Tai [11] reported that most of the results were obtained from 
the Western populations [11]. The author mentioned about 
the perception of requirement of smaller diameter ETT in 
Chinese patients, due to altered body build and also 
systematic craniofacial differences detected in patients with 
sleep apnea. However, he showed that tracheal diameters of 

adult Chinese and Caucasian populations weren’t clinically 
different from each other. According to Tai [11], age wasn’t 
a predictive factor in tracheal diameter in adults S15). Both 
Coordes [12] and Brodsky [13] also reported that, age in 
adults didn’t influence tracheal diameter, in two different 
studies S15-10,16). In a small, healthy Japanese population, 
Sakai [14] couldn’t report a significant effect of age in 
tracheal sizes analyzed by computed tomography (CT) after 
adjusting the other factors [14]. However, in another study, 
CT detected changes were shown in cross-sectional areas of 
tracheas in 0-20 years of age range [15]. 

Actually; gender and body surface area (BSA) have been 
suggested to influence the sizes in body build. Namely, 
height showed a good correlation with ETT size, in Asian 
infants and children [16]. 

Unfortunately, the number of studies conducted in Turkish 
children is very limited. Gollu [17], demonstrated a 
significant difference between ultrasound measured tracheal 
diameter and anesthesiologist predicted tube size and age-
based formulas. They advised to confirm the ETT size by 
ultrasound as an objective technique [17]. In another Turkish 
study, the authors compared cETT sizes selected by age-
based formulas or with ultrasound measurements. Similar to 
Gollu [17], they demonstrated a significant difference in 
favor of ultrasound [18]. A study comparing age and height-
based formulas with ultrasound, demonstrated high 
predictive effect of ultrasound in different age groups of 
children [19]. Both Altun [18] and Shibasaki [1], 
demonstrated that age-based formulas resulted in larger 
diameter tubes. Gupta [20] suggested that the size of ETT 
predetermined by ultrasound showed high correlation to 
clinically used ETT in comparison to ETT predicted by age-
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based formula, but in their study, the ETT used wasn’t 
specified in the aspect of cuff. Stugatti [21], showed a 
comparable correlation by Khine’s formula and ultrasound 
for cuffed ETT [21]. Furthermore, other studies derive an 
appropriate tube size by ultrasound at rates ranging between 
47% and 77% [22]. This wide range of appropriateness might 
be due to different age groups and either cuffed or uncuffed 
tubes used in the studies. Ultrasound, MRI or CT aren’t 
always easily applicable methods and all require training and 
skill of the physician [23]. That’s why most of the 
anesthesiologists commonly use age-based formulas, as it is 
considered as an objective solution [20,22]. This requires 
well experience, as in our study, all intubations were 
performed by an anesthesiologist with at least 5 years of 
experience. Thus, originally inserted tube sizes were fit with 
Khine formula in 96 % of children in our population. Also, 
we didn’t experience a significant intraoperative or early 
postoperative airway complication. Apparently, there are 
several reports describing complications related to 
inappropriately chosen ETT [1,19,20,24]. 

The study had limitations. We didn’t include newborn and 
infants in the study. The results might have been evaluated 
by stratification of age groups. Secondly, all the patients 
were from one hospital in Ankara. For more accurate 
opinions about ethnicity, data from different centers and 
cities should have been collected. Also sample size was small 
to interpret the results to all population. 

Nevertheless, our final report supports that Khine formula is 
accurate for Turkish children, when performed by an 
experienced clinician. However, ethnic influence in this area 
must be resolved by further studies. 
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