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ABSTRACT

Background: Our previous study revealed racial differences in the tracheal length
of cardiac paediatric patients between Germany and Japan. The current study was
conducted in two stages, aiming to determine whether the tracheal length differs
between cardiac and non-cardiac paediatric patients and whether the results could
also be generalised to adults.
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Methods: The first stage was a retrospective observational evaluation of 335 cardiac
and 275 non-cardiac paediatric patients in Japan. The tracheal length, the distance
between the vocal cords and carina tracheae, was measured on preoperative chest
radiographs taken in the supine position. The second stage was a validation process
including 308 Japanese patients. Endotracheal intubation was performed based on
the results of the first-stage investigation.

Results: It was revealed that the tracheal length ranged from 7 to 11% of the body height
in both the cardiac and non-cardiac Japanese paediatric patients. None of 308 Japanese
paediatric and adult patients underwent single-lung intubation after the endotracheal
tube was inserted at a depth of 7% of the body height at the vocal-cord level, corre-
sponding to the minimum tracheal length for Japanese patients. The distance between
the endotracheal tube tip and carina tracheae on postoperative chest radiographs was
generally less than 4% of the body height across all paediatric and adult Japanese patients.

Conclusions: The current study demonstrated that endotracheal intubation avoiding
single-lung intubation can be achieved by inserting endotracheal tubes to the mini-
mum tracheal length for a specific ethnic group at the vocal-cord level in paediatric
patients, including neonates and premature infants, as well as adults.
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There is a narrow safe range of endotracheal in-
tubation depth for paediatric patients, particularly
small babies such as neonates and premature in-
fants. Various calculation formulas have long been
proposed for the endotracheal tube (ETT) insertion
length [1-4]. However, they were all formulas for
estimating the ETT insertion depth at the mouth
corners or nasal wings, although the anatomy
of the oral cavity, i.e. the distance from the vocal
cords to the mouth corners or nasal wings, may vary
among patients. In addition, the ETT insertion depth
may be too deep in some cases when these formulas
are applied to neonates and infants [5]. Therefore,
in our previous study [6], we focused on the ETT

insertion length at the vocal-cord level, because
the effects of individual differences in oral and na-
sal anatomy need not be considered, and the vocal
cords are always visualized in all cases during laryn-
goscopy by tracheal intubation. The previous study
aimed at defining the distance between the vocal
cords and carina tracheae as tracheal length in-
volving 425 and 335 cardiac paediatric patients in
Germany and Japan, respectively, and revealed that
the tracheal length in cardiac paediatric patients
ranged from 6 to 10% of the body height in Germa-
ny and from 7 to 11% in Japan, thus revealing ethnic
differences in tracheal length and in the ideal depth
of endotracheal intubation at the vocal-cord level [6].

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International
(CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/)



Ideal intubation depth at the vocal-cord level

The aim of the current study was to determine
whether the tracheal length differs between cardiac
and non-cardiac paediatric patients and whether
the results can be generalised to adult patients, in
order to provide additional information to our pre-
vious study [6].

METHODS
Study protocol and patients

This study was approved by the Ethics Commit-
tee of Niigata University Graduate School of Medi-
cal and Dental Sciences, Niigata, Japan (registra-
tion number: 2019-0362), and was registered with
the UMIN Clinical Trials Registry (registration num-
ber: UMIN000045033). Written informed consent for
general anaesthesia, including endotracheal intuba-
tion, was obtained from the patients undergoing
surgery or their parents or guardians.

The study was conducted in two stages at Niiga-
ta University Medical and Dental Hospital (Niigata,
Japan). The first stage was a retrospective observa-
tional evaluation to compare the tracheal length
between cardiac and non-cardiac paediatric pa-
tients. The second stage was a prospective valida-
tion including four groups: paediatric patients with
congenital heart diseases who underwent cardio-
vascular surgery, paediatric patients without con-
genital heart diseases who underwent non-cardiac
surgery, adult patients who underwent cardiac
surgery, and adult patients who underwent non-
cardiac surgery.

First stage: retrospective observational
evaluation to compare the tracheal length
between cardiac and non-cardiac paediatric
patients

The first stage of the study included 335 pae-
diatric patients with congenital heart diseases who
underwent cardiac surgery and 275 paediatric pa-
tients without congenital heart diseases who under-
went non-cardiac surgery between April 2010 and
March 2020 at Niigata University Medical and Dental
Hospital. Our previous study revealed that the tra-
cheal length is significantly longer in the standing
position than in the supine position and confirmed
the validity of tracheal length measurements using
chest radiographs taken in the supine position, that
is, the intraoperative position [6]. Therefore, we in-
cluded patients whose vocal cords were visible on
preoperative chest radiographs taken in the supine
position. The distance between the vocal cords
and carina tracheae was defined as the tracheal
length, which was measured on chest radiographs
using the Picture Archiving Communication Sys-
tem (Figure 1). All tracheal length measurements
were performed by the same person (T.Y.) to elimi-
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FIGURE 1. Measurement of tracheal length on chest radiographs
using the Picture Archiving Communication System. The distance
between the vocal cords (arrow) and the carina tracheae was de-
fined as the tracheal length. This male participant was 2 years and
4 months old, 77.4 cm tall, weighed 10.1 kg, and underwent sur-
gery for complete atrioventricular septal defect. The tracheal length
was approximately 6.3 cm, which was 8.1% of the body height

nate the variability bias that could be introduced if
the values were measured by different examiners.
The body height (cm), body weight (kg), and age
(months) of the patients were retrospectively re-
trieved from the hospital records. The body height
and body weight were measured in the supine po-
sition in small paediatric patients including infants
who could not yet stand alone, and in the standing
position in patients who could stand alone.

Second stage: validation phase to evaluate
the formula for ideal endotracheal tube
insertion depth at the vocal-cord level

In the second stage, endotracheal intubation
was performed according to the results of the first
stage of the study, and the distance between
the ETT tip and carina tracheae was measured
on postoperative chest radiographs (Figure 2). To
avoid unnecessary exposure of the patients to extra
X-rays in the current study, we only included patients
whose postoperative chest radiographs were essen-
tial and planned to check the remains or confirm
the absence of pneumothorax before waking the pa-
tients from general anaesthesia. Therefore, all post-
operative chest radiographs were taken in the su-
pine position. We included a total of 132 paediatric
patients with congenital heart diseases who under-
went cardiovascular surgery, 14 paediatric patients
without congenital heart diseases who underwent
non-cardiac surgery in the chest area such as Hick-
man catheter implantation, 91 adult patients who
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FIGURE 2. The distance between the endotracheal tube (ETT) tip
and carina tracheae was measured on the postoperative chest radi-
ographs of a male paediatric patient who was 2 years and 4 months
old, with a height of 77.4 cm (the same patient as in Figure 1). The
ETT was inserted at 5.5 cm (approximately 7% of the body height)
from the vocal cords. The measured distance between the ETT tip
and carina tracheae was 1.9 cm (approximately 2.5% of the body
height). The calculated tracheal length was 7.4 cm (approximately
9.5% of the body height)

underwent cardiac surgery, and 71 adult patients
who underwent non-cardiac surgery with central
venous catheter insertion between August 2020 and
May 2021 at Niigata University Medical and Dental
Hospital.

Statistical analyses

Numerical data are presented as the mean + stan-
dard deviation (SD), and their 95% confidence inter-
val (Cl) was calculated. Statistical significance was de-
termined as P < 0.05 by using the f-test. Scatter plots
were drawn and equations and Pearson’s correlation
coefficient (Pearson’s r) were calculated to determine
the relationship between the tracheal length and
the body height in the first stage. Scatter plots were
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used to evaluate variations in the distance between
the ETT tip and the carina tracheae in the second
stage. N indicated the number of patients included.

RESULTS

First stage: retrospective observational
evaluation to compare the tracheal length
between cardiac and non-cardiac paediatric
patients

Association between tracheal length and body
height in cardiac paediatric patients

Our previous study investigated the relation-
ship between body height, body weight, or pa-
tient age and tracheal length and revealed that
body height exhibited the strongest correlation
with tracheal length in cardiac paediatric pa-
tients, including neonates [6]. Therefore, in this
study, we used a scatter plot to exclusively deter-
mine the association between tracheal length
and body height in cardiac paediatric patients at
Niigata University Medical and Dental Hospital.
The data of 335 patients who were included in
the current study were as follows: male/female pa-
tients, 145/190; body height, 36.0-175.0 cm; body
weight, 1.4-78.8 kg; and age, 0 days to 216 months.
The mean + SD and 95% CI for body height
and age of the cardiac paediatric patients were
724 cm £ 27.4 cm and 69.4-75.3, and 18.4 months
+ 32.0 months and 14.9-21.9, respectively. The asso-
ciation between tracheal length and body height was
evaluated using the scatter plot, and the following
formula was obtained: tracheal length (cm) = 0.0807
X (body height [cm]) + 0.855 (Pearson’s r = 0.971)
(Figure 3A). Although the calculated Pearson’s r
indicates that there is a very strong positive cor-
relation between tracheal length and body height,
this formula is extremely complex to apply in daily
clinical practice, and in addition, it only represented
the average tracheal length of patients, suggesting
that single-lung intubation could occur in some
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FIGURE 3. Association between tracheal length and body height in Japanese cardiac paediatric patients. A) Horizontal axis: body height (cm);
vertical axis: tracheal length (cm). Average tracheal length (cm) = 0.0807 X (body height [cm]) + 0.855 (Pearson’s r = 0.971). B) Horizontal
axis: body height (cm) of the patients; vertical axis: percentage ratio of the tracheal length to body height (%BH tracheal length)



Ideal intubation depth at the vocal-cord level

A 6 —
o Non-cardiac paediatric (n = 275)
14 1y =0.0732x+0.972 —

fg 12 Pearson’s r = 0.955 . o
F

=

8

v

o

=

=)

=

<

40 60 80 100 120 140 160 180

Body height (cm)

B 12 T T T

= o Non-cardiac paediatric (n = 275)

=y

2 Nb——

= o ©° 8 ®.0 N

bS] Sb %

= 10 o5 8| |

s T o v
o,

X et To . R

: ° 2, g e ugo o

S 9 oo 8l E% oo Mo | ° o

% nox?c ?u°;en§ o :‘9 °° ce o

© N oooeof-‘a o #ep I o o J 3:0

%‘ 8 a mmﬁ;io" ° e 2 s 10 . °
° o @a N o P

= gyﬁb 8% Ro °° |o ° a0 do

= Pe © E e @

j=] . & 4@ ° LT PR

5 o e, © © - q o

)

S
[=}
(=2}
o
(=3
o
—_
ok
(=}

Body height (cm)

FIGURE 4. Association between tracheal length and body height in non-cardiac paediatric patients. A) Horizontal axis: body height (cm);
vertical axis: tracheal length (cm). Average tracheal length (cm) = 0.0732 X (body height [cm]) + 0.972 (Pearson’s r = 0.955). B) Horizontal
axis: body height (cm) of the patients; vertical axis: percentage ratio of the tracheal length to body height (%BH tracheal length)

patients when ETTs were inserted at the vocal-cord
level using the length based on this formula. There-
fore, a scatter plot, whose horizontal axis and verti-
cal axis represented the body height and the per-
centage ratio of the tracheal length to body height
(%BH tracheal length; Figure 3B), respectively, was
drawn. The tracheal length ranged from 7 to 11%
of the body height in the cardiac paediatric patients
of this study (minimum, 7.24%; maximum, 11.0%).

Association between tracheal length and body
height in non-cardiac paediatric patients

A total of 275 paediatric patients (male/female:
147/128; body height: 42.0-169.6 cm; body weight:
1.5-100.0 kg; age: 0 days to 216 months) without
congenital heart disease, who were undergoing
non-cardiac surgery at Niigata University Medical
and Dental Hospital, were evaluated. The mean
+ SD and 95% ClI for body height and age of the non-
cardiac paediatric patients were 88.9 cm £+ 30.7 cm
and 85.2-92.5, and 46.5 months + 54.7 months and
40.0-53.0, respectively. The association between
tracheal length and body height was evaluated
using a scatter plot, and the following formula was
obtained: tracheal length (cm) = 0.0732% (body
height [cm]) + 0.972 (Pearson’s r = 0.955) (Figure 4A).
For the same reason as above, a scatter plot with
body height on the horizontal axis and %BH tracheal
length on the vertical axis was drawn (Figure 4B).
The tracheal length ranged from 7 to 11% of the body
height in the non-cardiac paediatric patients (mini-
mum, 7.0%; maximum, 11.0%).

Comparison of the distribution of the percentage
ratio of the tracheal length to body height
(%BH tracheal length) between cardiac
and non-cardiac paediatric patients

The distribution of the %BH tracheal length was
compared between cardiac and non-cardiac paedia-
tric patients. The mean + SD and 95% CI for %BH
tracheal length of the cardiac paediatric patients

were 9.38% + 0.84% and 9.29-9.47, respectively.
The mean + SD and 95% Cl for %BH tracheal length
of the non-cardiac paediatric patients were 8.57%
+ 1.00% and 8.45-8.69, respectively (Figure 5).
The f-test proved that the distribution of %BH
tracheal length as well as body height and age
of the cardiac and non-cardiac paediatric patients
included in the current study were not statistically
equally distributed (P < 0.05). Nevertheless, the tra-
cheal length ranged from 7 to 11% of the body
height in both cardiac and non-cardiac paediatric
patients, as shown above.

Second stage: prospective evaluation
of the formula for ideal endotracheal tube
insertion depth at the vocal-cord level

The first stage of the study revealed that the tra-
cheal length was 7-11% of the body length in
Japanese paediatric patients with or without con-
genital heart diseases. Therefore, we hypothesized
that single-lung intubation in paediatric patients
could be avoided by inserting ETTs with the mini-
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FIGURE 5. Comparison of the tracheal length between cardiac and
non-cardiac paediatric patients. Horizontal axis: body height (cm)
of the patients; vertical axis: percentage ratio of the tracheal length to
body height (%BH tracheal length). The tracheal length ranged from
7t0 11% of the body height in cardiac (n = 335) and non-cardiac
(n=275) paediatric patients
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mum tracheal length of their specific racial group at
the vocal-cord level. To verify this hypothesis, ETTs
were inserted at a depth of 7% of the body height
at the vocal-cord level in paediatric patients with
congenital heart diseases who underwent cardio-
vascular surgery (N = 132, male/female: 64/68, body
height: 44.0-173.3 cm, age: 0 days to 216 months)
and paediatric patients without congenital heart dis-
eases who underwent non-cardiac surgery (N = 14,
male/female: 8/6, body height: 50.0-157.5 cm,
age: 0 days to 149 months) at Niigata University
Medical and Dental Hospital. The distance between
the ETT tip and the carina tracheae was measured
on postoperative chest radiographs taken in the su-
pine position (Figure 2). Furthermore, to confirm
that the results of the first stage were also applica-
ble to adults, a verification phase was conducted us-
ing the same method in adult patients undergoing
cardiac surgery (N = 91, male/female: 49/42, body
height: 139.5-183.3 cm, age: 22 years 5 months to
83 years 4 months) or non-cardiac surgery (N =71,
male/female: 44/27, body height: 137.0-178.4 cm,
age: 23 years 7 months to 91 years 6 months) at
Niigata University Medical and Dental Hospital.
None of the 308 paediatric and adult patients under-
went single-lung intubation after insertion of ETTs at
a depth of 7% of the body height at the vocal-cord
level. The distance between the ETT tip and carina
tracheae was generally within approximately 4% or
less of the body height for all body height ranges.
The minimum and maximum values of the distance
between the ETT tip and carina tracheae were as
follows: cardiac paediatric patients, 0.232% and
4.219%; non-cardiac paediatric patients, 0.284% and
4.241%; adult cardiac patients, 0.393% and 4.331%;
non-cardiac adult patients, 0.482% and 4.290%.

The tracheal length is calculated using the fol-
lowing formula:

“tracheal length” = “ETT insertion length at
the vocal-cord level (= 7% of body height)” + “dis-
tance between the ETT tip and the carina tracheae”.

That is, the length of the trachea for each group
included in the second stage was calculated as fol-
lows: cardiac paediatric patients, 7.232-11.219%;
non-cardiac paediatric patients, 7.284-11.241%;
adult cardiac patients, 7.393-11.331%; non-cardiac
adult patients, 7.482-11.290%. This result agrees
with the result of the first stage that the tracheal
length generally ranges from 7 to 11% of the body
height in paediatric patients and it can be applied
to adult patients as well.

DISCUSSION

Determination of the appropriate depth of endo-
tracheal intubation and simple and reliable endotra-
cheal intubation procedures are very important for

safe airway management. This is particularly impor-
tant in small babies, including neonates or prema-
ture infants, who have a shorter tracheal length and
less reserve capacity for hypoxia than adults.

Our previous study [6] involving 425 cardiac pae-
diatric patients, including neonates, showed that
body height had the strongest correlation with tra-
cheal length. This result is in agreement with other
reports that identified body height as the most
strongly correlated parameter with tracheal length
in paediatric patients including neonates [7-10].
Therefore, we investigated only the association
between the tracheal length and body height
in the first stage of the current study involving
335 cardiac and 275 non-cardiac Japanese paediatric
patients. The findings showed that the tracheal
length ranged from 7 to 11% of the body heightin
Japanese paediatric patients both with and without
congenital heart diseases (Figures 3 and 4).

In the second stage (prospective validation)
of the study, ETTs were inserted at a length equiva-
lent to 7% of the body height at the vocal-cord level
in 146 paediatric patients (132 paediatric patients
with congenital heart diseases and 14 without con-
genital heart diseases), since it corresponded to
the shortest tracheal length in Japanese paediatric
patients, whose tracheal length ranged from 7 to
11% of the body height. It was confirmed that no
patient experienced single-lung intubation at this
insertion depth, and that the distance between
the ETT tip and carina tracheae was within 4%
of the body height for all body height ranges.

Based on the results of the current study and
our previous study [6], which revealed a clear eth-
nic difference in the tracheal length of cardiac
paediatric patients including neonates, between
patient groups from Germany (ranging from 6 to
10% of the body height) and Japan (ranging from
7 to 11% of the body height), we hypothesized that
the tracheal length of non-cardiac paediatric pa-
tients from Germany would also range from 6 to 10%
of the body height. That is, single-lung intubation
can be avoided by inserting ETTs at a length of 6%
of the body height (the minimum tracheal length for
German paediatric patients) at the vocal-cord level in
German paediatric patients both with and without
congenital heart diseases.

The most important condition when assessing
the ETT depth on chest radiographs is that the ETT,
which is inserted at the minimum tracheal length at
the vocal-cord level for the population groups, ap-
pears to be shallow on chest radiographs in patients
with a relatively long trachea in a population group.
This never means increase in the accidental extu-
bation risk, because the ETT is inserted at the mini-
mum tracheal length from the vocal cords for
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the ethnic group of the patient (i.e., 6% of the body
height in Europeans and 7% of the body height in
Asians). This suggests that the ETT should be insert-
ed at a sufficient length from the vocal cords; thus,
if the ETT appears to be shallow on the chest radio-
graphs, it should be interpreted that it is not a mat-
ter of the ETT insertion length but of the length
of the patient’s trachea.

By inserting ETTs at a length of 7% of the body
height (the minimum tracheal length for Japanese)
at the vocal-cord level in the second stage (pro-
spective validation), we showed that the distance
between the ETT tip and the carina tracheae as
well as the calculated percentage ratio of the tra-
cheal length to body height in adults were similar
to the corresponding values in paediatric patients.
Hence, the results obtained in the first stage inves-
tigation with paediatric patients can also be genera-
lized to adult patients.

CONCLUSIONS

The current study demonstrated that endotra-
cheal intubation at an adequate depth could be
achieved by inserting ETTs at the minimum tracheal
length for the specific ethnic group at the vocal-
cord level. This would help avoid unnecessary pro-
cedures, such as withdrawing an ETT from the carina
tracheae after single-lung intubation, in paediatric
patients [11], including neonates and premature
infants, as well as adults. Further, the ETT depth at
the mouth corner or nasal wing is only an outcome
of the anatomical differences of the oral and nasal
cavity among patients and is not an appropriate
indicator of the ETT insertion length. The insertion
depth at the vocal-cord level should be calculated
to confirm whether the position of the vocal-cord
marker on the ETT, which differs among prod-
ucts, is adequate for each patient (Figure 6). If not,
an appropriate insertion depth should be marked
on the ETT in advance before initiating the endotra-
cheal intubation procedure.
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