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 Predicting the size of uncuffed endotracheal tubes for pediatrics is quite 

complicated. Cole formula and Broselow tape are commonly used in 

estimating the size of endotracheal tubes for pediatrics. This study aimed 

to determine the accuracy of Broselow tape measurements compared to 

Cole formula in predicting the size of uncuffed endotracheal tubes in 

Indonesian pediatrics aged 1-6 years old in Cipto Mangunkusumo 

Hospital. A comparative analytic observational study with a cross-

sectional design was conducted among 110 pediatric patients aged 1 to 6 

years old undergoing elective surgery under general anesthesia using 

uncuffed endotracheal tube intubation in Cipto Mangunkusumo Hospital 

from August to October 2018. This study has been approved by Ethics 

Committee. The actual size of the proper uncuffed endotracheal tube was 

recorded. Data were analyzed using the McNemar test. Cole formula 

accurately predicted the uncuffed endotracheal tube size in 62 subjects 

(56.4%) and underestimated it in 43 subjects (39.1%). Broselow Tape 

measurements accurately predicted the uncuffed endotracheal tube size in 

80 subjects (72.7%) and underestimated it in 30 subjects (27.3 %). The 

size of uncuffed endotracheal tube prediction according to Broselow tape 

was significantly more precise than Cole formula (p<0.002). For 

conclusion, prediction of uncuffed endotracheal tube size with Broselow 

Tape was significantly more precise than Cole formula. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Selecting an accurate endotracheal tube in a pediatric patient who undergoes general anesthesia is a crucial 

step in achieving safe and smooth anesthesia. A wrong size endotracheal tube is strongly related to 

morbidity and mortality [1], [2]. Uncuffed endotracheal tube is preferred in pediatrics due to the narrow 

structure of the cricoid ring [3- 5]. An endotracheal tube with appropriate size may provide adequate 

ventilation and oxygenation, also reducing the risk of the airway and pulmonary complications [6]. Cole 

formula is frequently used to predict the appropriate size of an uncuffed endotracheal tube in pediatrics. 

Though this formula has been widely used, its accuracy has often been questioned [2], [7], [8]. Prior 
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research found that the Cole formula's accuracy on pediatrics aged 1-6 years old was 51.7%. Reintubation 

to exchange endotracheal tube with the correct size endotracheal tube after intubation with Cole formula 

predicted size ETT was also relatively high (46% and 48.3%) [9]. Broselow Tape was invented as a tool to 

estimate drug dosage, nasogastric tube size, urine catheter size, the level of shock voltage of defibrillator, 

and endotracheal tube size based on pediatric height and weight. Broselow tape often used in emergency 

department and critical conditions. The pre-calculated drug dosage and equipment size in Broselow Tape 

could save time during pediatric emergency situations [7], [10- 12]. This study aimed to measure the 

accuracy of the Cole formula in predicting the size of an uncuffed endotracheal tube in pediatrics aged 1-6 

years old by using a Broselow tape. 

  

2. FINDINGS AND DISCUSSION 

A total of 110 subjects were included in this study. The demographic characteristic of research subjects can 

be seen in Table 1. 

 

Table 1. Basic Characteristic of Research Subjects 

Characteristics  N (%) 
 1 33 (30)a

 

 2 18 (16.4) a 

 3 18 (16.4) a 

Age (years) 4 13 (11.8) a 

 5 13 (11.8) a 

 6 15 (13.6) a 

Sex Male 71 (64.5) a 

 Female 39 (35.5) a 

Weight (kg)  12.75 (6.8-38) b 

Height (cm)  93.86 + 15 c 

 Poor 0 (0) a 

Nutritional Status Good 110 (100) a 

 Excellent 0 (0) a 

Physical Status 1 29 (26.4) a 

 2 81 (73.6) a 

Surgery Type Pediatric surgery 29 (26.4) a 

 Plastic surgery 24 (21.8) a 

 Urology 21 (19.1) a 

 Ear nose throat 16 (14.5) a 

 Orthopedics 9 (8.2) a 

 Neurosurgery 8 (7.3) a 

 Ophthalmology 2 (1.8) a 

 Mouth surgery 1 (0.9) a 

Mean size prediction of the uncuffed endotracheal tube 
according to Cole formula (mm) 

4.62 + 0.52 c 

Mean size prediction of the uncuffed endotracheal tube 
according to Broselow Tape (mm) 

4.70 + 0.61 c 

Mean size of the actual uncuffed endotracheal tube (mm) 4.79 + 0.61 c 

Value in: a: percentage (%), b: median (minimum-maximum value), and c: mean  standard deviation. 

 

2.1 Accuracy in Predicting Uncuffed Endotracheal Tube Size according to Cole formula and Broselow 

Tape 

Prediction of uncuffed endotracheal tube size according to Cole formula was accurate in 62 subjects 

(56.4%), whereas it was underestimated in 43 subjects (39.1%) and overestimated in 5 subjects (4.5%) 

(Table 2). Prediction of the uncuffed endotracheal tube size according to Broselow tape was accurate in 80 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 05, October, 2021 

  

1655 
 

subjects (72.7%), whereas it was underestimated in 25 subjects (22.7%) and overestimated in 5 subjects 

(4.5%) (Table 

2). 

 

Table 2. Accuracy of Cole formula and Broselow Tape in predicting the uncuffed endotracheal tube size 

Methods  N (%) 
 Appropriate 62 (56.4) 

According to Cole 
formula 

Inappropriate 48 (43.6%) 
Too large compared to actual size 5 (4.5) 

 Too small compared to actual size 43 (39.1) 
 Appropriate 80 (72.7) 
 Inappropriate 30 (27.3) 
According to 
Broselow Tape 

Too large compared to actual size 5 (4.5) 

 Too small compared to actual size 25 (22.7) 

 

Prediction of uncuffed endotracheal tube size with Broselow Tape was significantly more precise than Cole 

formula Broselow (p = 0.002, Table 3). 

 

Table 3. Comparison of Cole Formula and Broselow Tape accuracy in predicting endotracheal tube size 

    Cole Formula   Total P-Value 
  Accurate Inaccurate   

Broselow 

Tape 

Accurate 55 (50) 25 (22.7) 80 (72.7)  

Inaccurate 7 (6.4) 23 (20.9) 30 (27.3) 0.002* 

Total  62 (56.4) 48 (43.6) 110 (100)  

* McNemar test 

 

The uncuffed endotracheal tube size predicted with the Cole formula had a significant correlation with 

actual size (r = 0.896, p<0.05, Figure 1a). With the linear regression approach, the actual endotracheal tube 

size can be predicted by the following formula: 

 

Prediction of uncuffed endotracheal tube size according to Broselow Tape provided a significant correlation 

with the actual size (r =0.920, p<0.05, Figure 1b). By using the linear regression approach, the actual 

endotracheal tube size can be predicted using the following formula: 
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Figure 1. Figure 1(a) Graphic describes the correlation between the uncuffed endotracheal tube's size 

according to Cole formula and size of the actual endotracheal tube. The R2 value was 0.79. (b) Graphic 

describes the correlation between the uncuffed endotracheal tube's size predicted by Broselow Tape and the 

actual size. R2 value = 0.846. (c) Graphic describes the correlation between the size of actual uncuffed 

endotracheal tube and the height variable, R2 value = 0.842. 

 

In this research, age, weight, and height significantly correlated with the actual size of the uncuffed 

endotracheal tube (Table 4). 

 

Table 4. Analysis correlation on age, weight, and height variables on size of actual uncuffed endotracheal 

tube 

Variable R- Value P- Value 

Age (years) 0.892 <0.001* 

Weight (kg) 0.863 <0.001* 
Height (cm) 0.917 <0.001** 

* Spearman correlation test; 

**Pearson correlation test; p was significant if <0.0 

 

The most significant correlation was obtained from the subjects' height. The linear regression equation 

between actual uncuffed endotracheal tube size and height can be seen in Figure 1c. 

 

3. Conclusion 

One hundred and ten Indonesian pediatrics aged 1-6 years old were included in this study, most of them 

were one year old. The Cole formula is only used for children above one year old. Likewise, Broselow tape 

is only recommended for predicting uncuffed endotracheal tube size in children up to 6 years of age. Hence, 

in this study, only children age 1-6 years were included. Growth disorders and underweight or obese 

subjects were excluded from the study because patients with poor or excess nutritional status or growth 

disorder might have smaller or larger tracheal size compared to patients of the same age and good 

nutritional status [13], [14]. Nutritional status was determined using CDC Curve 2000. Age was a practical 

variable that had been widely used to predict endotracheal tube size in children. Cole formula also included 

age as a part in the formula by compiling epidemiology data of children aged 1 to 8 years old [15]. The 

uncuffed endotracheal tube size based on the Cole formula was accurate in subjects 62 subjects (56.4 %), 

underestimate in 43 subjects (39.1 %), and overestimate in 5 subjects (4,5 %). Found that the Cole formula's 

accuracy was only 41% from the total of 904 subjects aged 6-11 years old [7] even found that the Cole 

formula was accurate for 34.9% of the whole 665 subjects.11 in Japan showed an accuracy of 60% while 

obtained an accuracy of 43.2%.16 also got similar results (44.9%) [12], [17]. The difference in these results 

might be caused by genetic factors or the age range of subjects included in each study. Differences in 

anatomical structure and trachea diameter are found among children on different continents. However, the 
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accuracy in predicting the size of the endotracheal tube of Cole Formula was still relatively low, less than 

60%. Broselow tape is a measuring tape that predicts a child's weight, drug dosage, and size of resuscitation 

equipment based on the child's height. This tape is made based on the 50th percentile of weight curves. In 

this study, the accuracy in predicting uncuffed endotracheal tube size according to Broselow tape 

measurements was accurate in 80 subjects (72.7%), underestimate in 25 subjects (22.7%), and overestimate 

in 5 subjects (4.5%). 

 

Also found similar results, in which accuracy in predicting uncuffed endotracheal tube size was 71.3%, and 

24% was underestimated [16] found that accuracy in predicting uncuffed endotracheal tube size was 55%, 

and underestimate in 39% subjects [7] also found that accuracy in predicting endotracheal tube size was 

relatively high, about 86.9%, and underestimate in 12.3% of subjects. Those studies indicated that accuracy 

in predicting endotracheal tube size with Broselow tape was quite good, above 50%. Broselow Tape 

prediction also have a higher correlation coefficient compared to Cole Formula prediction of uncuffed 

endotracheal tube size (0.920 vs. 0.896). This result was also in line with the pattern of data distribution, 

where in Figure 1b, the data distribution was more clustered, and it was closer to the y = x line than in 

Figure 1a. It can be concluded that the prediction of the size of the endotracheal tube according to Broselow 

tape was closer to the size of the actual endotracheal tube, compared to the Cole formula prediction. 

Prediction of uncuffed endotracheal tube size according to Broselow Tape was found to be significantly 

more accurate than according to Cole formula (Table 3). These results were also in line with results 

obtained from other studies [7], [11]. This was in line with stating that prediction of endotracheal tube size 

based on the length-based formula was superior to the age-based formula [1], [18]. 

 

A simple linear regression analysis was performed for the height variable that had the most significant 

correlation due to collinearity between variable age, weight, and height. The equation to predict uncuffed 

endotracheal tube size is a linear regression analysis equation based on the height developed in this study 

also had an excellent R2 value. This research only included subjects with a good nutritional status. Subjects 

with poor or excessive nutritional status were excluded in the study, which might have different results. It 

was necessary to perform further studies by including subjects with poor and extreme nutritional status. 

 

Prediction of uncuffed endotracheal tube size with Broselow Tape was significantly more accurate than 

Cole formula. 
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