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ABSTRACT 
Three hundred and thirty-four pediatric patients less than 4 years old who underwent 

surgery for congenital heart disease were retrospectively studied to devise a practical formula 
for predicting the appropriate size for an uncuffed endotracheal tube for pediatric cardiac anes
thesia. Furthermore, this formula was compared with that for non-cardiac anesthesia obtained 
from 409 patients without congenital heart disease. A simple regression equation between tube 
size and body length resulted in the simple predictive formula: "tube size= 0.04 x body length+ 
1.6" for pediatric cardiac anesthesia. This formula had the same slope and an approximately 0.3 
mm larger intercept on the Y-axis compared with that for pediatric non-cardiac anesthesia. 
Therefore, a one-size larger endotracheal tube is more suitable for use in pediatric cardiac anes
thesia than in pediatric non-cardiac anesthesia for the same body length. 
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A number of methods have been devised and 
applied to determine the appropriate size for an 
uncuffed endotracheal tube for pediatric 
patients2,5-7,rnl. Anesthesiologists can refer to these 
methods for tube selection in pediatric surgery. 
However, we suspected that the endotracheal 
tubes currently used for cardiac anesthesia in 
pediatric patients were larger than those predict
ed by previous methods2,5-7,rnl, and we reported pre
viously that the tube sizes predicted by Cole's 
formula based on age tended to be smaller than 
practically appropriate tube sizes for pediatric car
diac anesthesia8l. Furthermore, the pediatric 
patients who underwent surgical repair of congen
ital heart disease in our hospital were in many 
cases less than one year old. Therefore, Cole's for
mula, which predicts the size of endotracheal 
tubes for patients more than one year old, is sus
pected not to be the most appropriate method for 
tube selection in pediatric cardiac anesthesia. The 
aim of this study was to devise a new practical for
mula based on body length for predicting the 

appropriate size of an uncuffed endotracheal tube 
for pediatric patients with congenital heart dis
ease, closely examining the current formula 
obtained from data on pediatric patients without 
congenital heart disease. 
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MATERIALS AND METHODS 
The anesthetic records of pediatric patients less 

than 4 years old who underwent surgical repair of 
congenital heart disease in our hospital between 
1990 and 1999 were retrospectively surveyed, and 
334 cases (cardiac group) were used in this study. 
In addition, the anesthetic records of pediatric 
patients less than 4 years old without congenital 
heart disease treated in Hiroshima University 
Hospital between 1992 and 1996 were retrospec
tively surveyed, and 408 cases (non-cardiac group) 
were used. Patients with Down syndrome were 
excluded in both groups. Uncuffed endotracheal 
tubes (Portex Inc., Hythe, Kent, UK) were used in 
all cases. The tube sizes stated represent the 
internal diameters of the tubes in millimeters. In 
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both hospitals, anesthesiologists selected the size 
of the uncuffed endotracheal tube by strictly fol
lowing the general standard that tubes have a 
small gas leak surrounding them at the peak 
inflation pressure of 20-30 cmH20 3l. 

Simple regression equations between body 
length and endotracheal tube size as recorded in 
the anesthetic records were calculated for both 
groups. Pearson's correlation coefficients were 
obtained by simple regression analysis, and the 
regression equations were compared. Differences 
at p < 0.05 were considered to be statistically sig
nificant. 

RESULTS 
The patients in the cardiac group comprised 183 

males and 151 females, and those in the non-car
diac group 238 males and 170 females. The medi
an ages (days from birth) were 314 days (ranging 
from 2 to 1444 days) in the cardiac group and 521 
days (ranging from 1 to 1453 days) in the non-car
diac group. 

The simple regression equation for the cardiac 
group was "tube size = 0.039 x body length + 
1.606, r 2=0.791", and that for the non-cardiac 
group was "tube size = 0.039 x body length + 
1.278, r 2 = 0. 723" (Fig. 1). The correlation between 
body length and tube size was statistically signifi
cant in both groups. The regression line of the car
diac group had the same slope as and a 0.328 
larger intercept on the Y axis than that of the non
cardiac group. 
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Fig. 1. Simple regression equations for the cardiac 
group and the non-cardiac group. 
Circles are data for the cardiac group (n= 334) and 
triangles are data for the non-cardiac group (n=408). 
The solid line is the simple regression equation of the 
cardiac group, that is, "tube size=0.039 x body length 
+ 1.606". The dotted line is for the non-cardiac group, 
that is, "tube size= 0.039 x body length+ 1.278". The 
correlation between body length and tube size is sta
tistically significant for each group. 

DISCUSSION 
The result of the present study was a simple 

new formula, that is, "tube size = 0.04 x body 
length + 1.6" for predicting the appropriate size 
for an uncuff ed endotracheal tube. This resulted 
from a simple regression equation using data on 
body length and endotracheal tube size from 
records of pediatric cardiac anesthesia. In compar
ison with the regression equation for pediatric 
non-cardiac anesthesia, that for pediatric cardiac 
anesthesia had the same slope and a 0.328 mm 
larger intercept on the Y-axis. Therefore, our 
results showed that for pediatric patients with the 
same body length, a larger size of endotracheal 
tube (0.5 mm larger in internal diameter) should 
be used for cardiac anesthesia than for non-car
diac anesthesia. 

The present study was based on retrospective 
analyses of data held in the two hospitals. In a 
sense, these results might be less reliable than 
those of prospective studies by the same anesthe
siologist in a single institute. However, all anes
thesiologists in both hospitals clinically select the 
endotracheal tube size strictly following the same 
standard mentioned above. Clinically, therefore, 
the most appropriate tube sizes were certainly 
selected for all patients. 

The patients used in the present study were less 
than 4 years old, as many pediatric patients 
receiving cardiac anesthesia are less than 2 years 
old and only a few patients undergo surgery for 
congenital heart diseases in our hospital after 4 
years old. The main factors highly correlated with 
tube size have been reported to be age1l and body 
length4,rn. The formula for predicting tube size in 
the present study was based on body length since 
the correlation between body length and tube size 
was higher than that between age and tube size 
(data not shown). 

Down syndrome is associated with congenital 
heart disease. There are some cases with Down 
syndrome who underwent surgical repair of con
genital heart disease in our hospital. Since chil
dren with Down syndrome have smaller airways 
than other children9l, we excluded the cases with 
Down syndrome from our study. 

The present study clarified that endotracheal 
tubes used in pediatric cardiac anesthesia tended 
to be larger than those used in pediatric non-car
diac anesthesia. This suggests that the tracheae of 
pediatric patients with congenital heart disease 
are larger than those of such patients without 
congenital heart disease. This may be due to the 
specific hemodynamic conditions created by 
congenital heart disease. However, the authors 
are unaware of any previous reports indicating 
that the tracheae of patients with congenital heart 
disease are indeed larger than those of patients 
without such disease. Therefore, further clinical 
prospective studies and anatomical studies are 
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needed to clarify the differences in tracheal diame
ter between patients with congenital heart disease 
and those without. 

In conclusion, a new simple formula for predict
ing endotracheal tube size in pediatric patients for 
cardiac anesthesia has been presented. The tube 
used for this .anesthesia tends to be larger than 
that in pediatric patients for non-cardiac anesthe
sia. 
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