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Accuracy of a New Body Length-based Formula for Predicting
Tracheal Tube Size in Chinese Children

Ming-Hung Shih, MD; Chin-Yang Chung, MD; Bai-Chuan Su, MD;
Chao-Tsen Hung, MD; Shu-Yam Wong, MD; Teresa Kit-Man Wong, MD

Background:

Methods:

Results:

Conclusions:

Variations in body weight and length (height) in children in the same age
group have increased. Traditional age-based formulas often fail to predict the
correct endotracheal tube (ETT) size. In our previous study, we devised a
new length-based formula as follows: ETT internal diameter (ID) (mm) = 2
+ (body length in cm/30). The current study was undertaken to assess the
accuracy of this formula in Chinese children.

The ETT size was selected according to this length-based formula for 336
children who required tracheal intubation during general anesthesia.
Incidences of tube change were recorded. Statistical analysis was performed
using the chi-square test for differences in accuracy between age groups and
body length groups.

The length-based formula predicted a suitable ETT size in 277 (82.4%) of
336 subjects. There were 59 (17.6%) reintubations. Only 5 (1.49%) patients
needed two tube changes when the correct ETT size was 1 mm larger or
smaller than predicted. There were no statistically significant differences
between age groups or length groups.

The length-based formula ID (mm) = 2 + body length in cm/30 has high
accuracy in predicting the appropriate ETT size in Chinese children.

(Chang Gung Med J 2008,31:276-80)
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In general anesthesia and critical care practice for
children, accuracy in selection of an endotracheal
tube (ETT) size is important. Failing to predict a
suitable ETT may increase the number of intubation
attempts and prolong the intubation time. Multiple
intubation interventions and use of an oversized ETT
may induce airway trauma and increase the inci-
dence of postoperative croup.’? A prolonged intuba-
tion time may cause hypoxemia and complications.
In children, a proper size ETT allows easy ven-

tilation, and an air leak at a pressure of 20-25 cmH,O
helps avoid airway morbidity."” Using an under-size
uncuffed ETT may increase the potential for aspira-
tion, lead to erratic delivery of the preset tidal vol-
ume during mechanical ventilation, and also increase
anesthetic gas pollution in the operating room.

The size of a child’s trachea,® age,*” height,*'"
weight, and fifth finger diameter"? have been used
clinically as prediction parameters for ETT size. In
our previous study of 533 Chinese children, body
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length had the best correlation with the size of an
uncuffed oral ETT. We obtained the following for-
mula: internal diameter (ID) (mm) = 2+ length
(cm)/30.%

Variations in body weight and length (height) in
children in the same age group have increased.
Traditional age-based formulas frequently fail to pre-
dict the correct ETT size. In addition, body length is
the easiest parameter to obtain under emergency con-
ditions. This new length-based formula has been
used clinically in our daily practice in general anes-
thesia for children. The current study was undertaken
to assess the accuracy of this length-based formula.

METHODS

From August 2003 to February 2004, 336 physi-
cal status I or II (American Society of
Anesthesiologists) children, aged 1.5 months to 6
years, who were undergoing general anesthesia with
oral endotracheal intubation for minor pediatric
surgery were enrolled in the study. The study proto-
col was approved by our Ethics Committee and
informed consent was signed by parents or
guardians. Premature children and those with abnor-
mal airways, abnormal growth, and upper respiratory
tract disease were excluded.

All children were fasting and had no premedica-
tion. Anesthesia was induced by mask ventilation
with oxygen, nitrous oxide and sevoflurane.
Intubation of the trachea was facilitated with intra-
venous rocuronium bromide 0.6 mg/kg. Polyvinyl
chloride ETTs (Mallinckrodt Laboratories, Athlone,
Ireland), ranging in size from ID 4 to 6.5 mm were
used. The ETT size was selected with a reference
chart (Table 1) based on the following formula: ID
(mm) = 2+ length (cm)/30.

Immediately following confirmation of tracheal
placement of the tube, an anesthesiologist was
assigned to monitor air leakage by auscultation on
the skin over the larynx with a stethoscope using the
method described by Finole et al."¥ The ETT size
was regarded as suitable when it smoothly passed
though the glottis and provided minimal air leakage
as the ventilation circuit was subjected to 20-25
cmH,0. An ETT one half-size larger was used to
replace the first ETT if there was air leakage at 10
cmH,0. A one half-size smaller tube was used if the
former could not pass easily though the cricoid carti-
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Table 1. Reference Chart for ETT Size Selection

Length (cm) Predicted uncuffed ETT size (mm)
52.5-67.5 4
> 67.5-82.5 4.5
>82.5-97.5 5
>97.5-112.5 55
> 112.5-127.5 6
> 127.5-142.5 6.5

lage of the trachea. Incidences of reintubation
because of incorrect ETT size were recorded.

Statistical analysis was done using the chi-
square to test for differences in accuracy of the
length-based formula between age groups and length
groups. A p value of < 0.05 was considered signifi-
cant.

RESULTS

The study included 336 patients ranging in age
from 1.5 months to 6 years, with a body length from
53 cm to 124 cm. There were 269 boys and 67 girls.
The age and gender distribution of the patients are
shown in Table 2.

The length-based formula predicted the appro-
priate ETT size in 277 (82.4%) of 336 patients.
There were 59 (17.6%) reintubations. Of these, 10
(16.9%) subjects were reintubated using a smaller
ETT size and 49 (83.1%) subjects using a larger ETT
size than predicted. Only 5 (1.49%) of the 336 sub-
jects needed to be reintubated twice because the best-
fit ETT size was 1 mm larger or smaller than predict-

Table 2. Age and Gender Distribution of Patients

Age Boys Girls Subtotal
1.5 mo-1 yr 36 8 44
>1yr-2yr 81 10 91
>2 yt-3 yr 59 12 71
>3 yr-4yr 40 14 54
>4 yr-5yr 29 14 43
>5yr-6 yr 24 9 33

Total 269 67 336




ed by the length-based formula. No patients were
taller than 127.5 cm so the ETT size ID = 6.5 mm
was not used.

To evaluate age factors in tube size selection,
study candidates were allocated into 6 age groups.
(Table 3) The accuracies between age groups were
compared using chi-square statistical analysis. The
difference was not statistically significant (p = 0.94).

According to the reference chart for ETT size,
the subjects were divided into 5 different body length
groups (Table 4). The case numbers in two groups,
>52.5-67.5 cm" and >112.5-127.5 ¢cm,®” were
much smaller than in the other groups. In the > 52.5-
67.5 cm group, the formula predicted the correct
ETT size in 11 (73.3%) of 15 subjects. In the
>112.5-127.5cm group, the formula predicted the
appropriate ETT size in 25 (83.3%) of 30 subjects.
The accuracies between body length groups were
compared using chi-square statistical analysis. The

Table 3. Reliability between Age Groups*

Age Correct tube size Tube changed
1.5 mo-1yr 84.1% (37/44) 15.9% (7/44)
>1yr-2yr 80.2% (73/91) 19.8% (18/91)
>2yt-3yr 81.7% (58/71) 18.3% (13/71)
>3 yr-4 yr 87.0% (47/54) 13.0% (7/54)
>4 yr-5 yr 81.4% (35/43) 18.6% (8/43)
> 5 yr-6 yr 81.8% (27/33) 18.2% (6/33)

Total 82.4% (277/336) 17.6% (59/336)

Groups were compared using chi-square analysis. p value = .94
*: Data are given as percentages (number of cases/total).

Table 4. Reliability between Length Groups™

Length (cm) Correct tube size Tube changed
52.5-67.5 73.3% (11/15) 26.7% (4/15)
>67.5-82.5 75.9% (63/83) 24.1% (20/83)
>82.5-97.5 85.0% (102/120) 15.0% (18/120)
>97.5-112.5 86.4% (76/88) 13.6% (12/88)
>112.5-127.5 83.3% (25/30) 16.7% (5/30)

Total 82.4% (277/336) 17.6% (59/336)

Groups were compared using chi-square analysis. p value = .308
*: Data are given as percentages (number of cases/total).
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difference was not statistically significant (p =
0.308).

DISCUSSION

Selecting an ETT with an appropriate diameter
is a major task for successful tracheal intubation in
pediatric patients. A proper size ETT is vital for the
prevention of perioperative and postoperative com-
plications due to the unique structure of the pediatric
airway. A suitable fitting ETT helps prevent aspira-
tion of stomach contents and provides a better sys-
tem for controlled or assisted ventilation. An ETT
that is too tight may induce mucosal damage,
ischemic injury, and edema within the subglottic
structures, and could lead to postextubation croup.

In western countries, the Broselow tape is a
well-known tool designed to estimate body weight
and ETT size based on body length in emergency
pediatric patients. The Broselow tape has been vali-
dated for selection of ETT size in pediatric patients
in the U.S. and Europe."*'® It is recommended in
Pediatric Advanced Life Support courses (PALS).
The accuracy of the Broselow tape in estimating
ETT size has ranged from 55% to 77%. The accura-
cy of our length-based formula was 82.4%. This for-
mula predicted the appropriate ETT size within +/-
0.5 mm in 331 (98.5%) candidates. A tape designed
from the reference chart for ETT size selection
(Table 1) could be very helpful in general anesthesia
and critical care practice in Chinese children.

Although the predictability of this formula is
quite satisfactory, some tube replacements are still
needed. One possible alternative may be the use of
cuffed endotracheal tubes instead of uncuffed tubes.
The studies of Deakers et al. and Newth et al.
showed no differences in the incidences of post-extu-
bation complications between cuffed and uncuffed
ETT in pediatric intensive care."”*” A recent report
by Dullenkopf et al. proved that using an ETT with a
high volume-low pressure polyurethane cuff is not
associated with a higher incidence of postextubation
complications.®” The sizes of cuffed ETT still need
to be carefully selected and cuff pressures must be
meticulously monitored to remain at “just seal” or
“minimal occlusion pressure”. However, all cuffed
pediatric tubes have a smaller inner diameter, and
they are more expensive. The smaller diameter can
cause higher resistance to gas flow, increasing the
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work of breathing and difficulty in tracheal suction-
ing. The use of a cuffed ETT would not eliminate the
need to choose the correct size, but may reduce the
number of tube exchanges.

This study showed no differences in accuracy
between age groups or length groups. Children
between 1.5 months and 6 years old, and between 53
cm and 124 cm tall, can benefit from this length-
based formula to select a suitable ETT size. For chil-
dren in emergency situations, body length/height is
the most convenient and accurate measurement.!®
This length-based formula is easy to remember and
has a high accuracy for ETT size estimation in these
situations.

In conclusion, the length-based formula, ID =
2+ length (cm)/30, has a high accuracy (82.4%) in
predicting the best-fit ETT size in Chinese children.
The formula also has a high success rate (98.5%) in
predicting the appropriate ET tube size within +/—
0.5 mm, with no differences in accuracy for children
of different ages and lengths.

For a faultless tracheal intubation, we recom-
mended that three ETT sizes be available for each
intubation attempt. one which is the actual predicted
size, one 0.5 mm smaller and one 0.5 mm larger.
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