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Obijective: To predict the proper depth of placement of endotracheal tubes, oral and nasal.

Material and Method: This was a prospective study of 100 patients who underwent general anesthesia
with oral endotracheal intubation. The cuff of the endotracheal tube was placed 2 cm below the vocal cords.
The positions of the endotracheal tube tip and the airway distances of the patients were measured by
fiberoptic bronchoscope; OC = the distance from the right upper canine to the vocal cords, NC = the
distance from the right external naris to the vocal cords and T = the distance from the vocal cords to the
carina. The correlation between the airway distances and patient’s factors were analyzed. The proper depth
of placement of the endotracheal tube was calculated with the formula OTT = OC+T-2, nasal endotracheal
tube NTT = NC+T-2.

Results: The mean distance from the endotracheal tube tip to the carina was 3.0 + 1.48 cm (ranged 0.7-7.5
cm). The distance from the endotracheal tube tip to the carina of 86 from 100 patients was more than 2 cm.
The mean OC was 9.79 + 1.27 cm. The mean NC was 15.00 + 0.84 cm. The mean T were 13.03 + 1.48 cm in
males and 11.63 + 1.25 cm in females and it also related to the height of the person (Pearson correlation =
0.557, p value < 0.05). These distances did not relate to gender.

Conclusion: The predicted formula of the depth of the endotracheal tube as “Chula formula™;

OTT =4 + (Ht/10) cm (The distance from the right upper canine to the point which is 2 cm above the carina)
NTT =9 + (Ht/10) cm (The distance from the right external naris to the point which is 2 cm above the carina)
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Endotracheal tube (ETT) intubation is one
of the most important procedures performed by
emergency physicians. Improper placement of the
ETT, that is either too shallow or too deep, can lead to
serious complications. It has been shown that in a
patient whose right mainstem brochus was intubated,
the incidence of hypoventilation, pneumothorax and
atelectasis was increased®?®. The proper position of
the ETT is commonly confirmed by the auscultation
of bilateral breath sounds. However, Brunel et al®
reported that 60% of intubations into the mainstem
bronchus occurred despite the presence of equal
breath sounds. Kazuna et al® suggested that the
fiberoptic bronchoscope (FOB) is more reliable than
chest auscultation in confirming endotracheal tube
position. However, FOB is not available in an emer-
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gency situation. Accordingly, the authors measured
the airway distances by FOB and predicted the depth
of ETT placement.

The position of ETT depends on the distance
from the mouth to the vocal cords and the tracheal
length for oral ETT and the distance from the nose to
the vocal cords and the tracheal length for nasal ETT.
The proper placement of ETT must be placed suffi-
ciently below the laryngeal structures to permit ETT
cuff inflation and minimize the risk of unexpected
extubation or mainstem bronchial intubation with the
patient’s head movement. Conrardy et al® demon-
strated flexion and extension of the neck resulted in
mean endotracheal tube tip movement of 1.9 cm toward
and away from the carina respectively. Therefore, the
proximal end of the cuff of the ETT must be placed at
least 2 cm below the vocal cords to reduce impinge-
ment on the vocal cords when the patient moves
his/her neck. The tip of the ETT should be placed at
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least 2 cm cephalad to the carina to reduce the risk of
mainstem bronchial intubation with the patient’s
head movement. In the present study, the proper depth
of ETT placement was calculated that the tip of the
ETT should be placed at 2 cm cephalad to the carina.

Objectives

1. To measure the airway distances and
calculate the proper depth of endotracheal intubation.

2. To analyze the patient factors which
influence the endotracheal tube position.

3. To assess the success rate of proper
position of ETT when the cuff of the ETT passes 2 cm
below the vocal cords.

Material and Method

A prospective observational descriptive
study design was used in the present study. 100
surgical adult Thai patients, who were scheduled for
general anesthesia were studied. 50 patients were
males and 50 patients were females. Their written and
informed consent forms were obtained before they
were recruited into the program. All patients in the
present study were above 18 years old with their
ASA physical status | and 11. The patients who had a
bleeding tendency and respiratory tract abnormality
or pulmonary disease that are unable to tolerate hypo-
xia and had no right upper canine were excluded.

Age, gender, weight and height were
recorded. After induction, the ETT (Curity) number
7.0 for female and 8.0 for male were orally intubated
into the trachea by the anesthesiologists. They placed
the proximal end of the cuff of the ETT at 2-cm below
the vocal cords (“C” or line marker placed at the vocal
cords). All patients’ heads were at neutral position.
Before the FOB was inserted, the connector of the
ETT connected the 2 opened-ends connector: one was
connected to the ventilator and the other was the tract
for the FOB. Then the fiberoptic bronchoscope (FOB)
was inserted into the ETT. The distances at points on
Fig. 1 were measured. Then the fiberoptic broncho-
scope (FOB) was inserted into the right external naris
and the distance from the external naris to the vocal
cords was measured.

The distances were measured and calculated:

1. The distance from the right upper canine
to the vocal cords (OC).

2. The distance from the right external naris
to the vocal cords (NC).

3. The distance from the vocal cords to the
carina is tracheal length (T).
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4. The distance from the right upper canine
to the carina (O) (OC+T=0).

5. The distance from the right external naris
to the carina (N) (NC + T =N).

6. The distance from the tip of the ETT to
the carina.

Statistical analysis

Data were analyzed by descriptive statistic
SPSS program version 10.0. The numerical data were
presented by mean + SD The correlation between the
patients’ factors and the airway distances were
analyzed by correlation coefficient and regression
analysis. The Pearson correlation value between the
patients’ factors and the airway distances accepted
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Fig. 1 The points of measurement

1. The distance from the right upper canine to the vocal
cords (OC) was measured and calculated (ac-ab = OC).

2. The distance from the right external naris to the vocal
cords (NC) was measured (nc = NC).

3. The distance from the vocal cords to the carina which is
tracheal length (T) was measured and calculated (ae-ac =
T).

4. The distance from the right upper canine to the carina
(O) was calculated (OC + T = 0O).

5. The distance from the right external naris to the carina
(N) was calculated (NC + T = N)

6. The distance from the tip of ETT to the carina (ae-ad)
was measured
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more than 0.500. All data accepted p value < 0.05 was
clinically significant.

Results

The demographic data of the subjects, 50
males and females, are exhibited in Table 1. The
different value the between genders was height.

1. The airway distances and their correlation

The airway distances are shown in Table 2.
The distances from the right upper canine to the vocal
cords (OC) were 10.08 + 1.34 cm in males and 9.50 +
1.45 cmin females. The distances from the right external
naris to the vocal cords (NC) were 15.62 +0.81 cm in
males and 14.98 + 0.74 cm in females. There was no
correlation between OC and the patient’s height
(Pearson correlation = 0.016) and poor correlation
between NC and the patient’s height (Pearson corre-
lation = 0.448).

The tracheal lengths were 13.03 + 1.48 cm in
males and 11.63 + 1.25 cm in females. The shortest
trachea was 9.20 cm. There was moderate correlation
between the tracheal length and the patient’s height
(Pearson correlation 0.577, p <0.01).

The distances from the right upper canine
to the carina (O) were 23.01 + 1.06 cm in males and
21.13 + 0.88 cm in females. The mean distances from

Table 1. The demographic data

the right external naris to the carina (N) were 28.65 +
1.80 cminmalesand 26.61 + 1.32 cm in females. There
was a moderate correlation between O and the patients’
gender, the height and the tracheal length (Pearson
correlation 0.700, 0.707 and 0.611 respectively, p <
0.01) and between N and the patients’ height and the
tracheal length (Pearson correlation 0.654 and 0.899
respectively, p<0.01).

2. The linear regression and estimated formula of
airway distances

There was high correlation between the
patients’ height and their gender. The patients’ gender
is a constant variable that can be excluded in a linear
regression analysis. The R square change was only
7% when this variable was excluded. T, O and N were
plotted against the patients’ height in centimeter,
as shown in Fig. 2-4 respectively. The formulas of
linear regression were:

e T=-588+0.114Ht

e 0=1.62+0.1281Ht

o N=143+0.1641Ht

The tip of the ETT placed at 2 cm above the
carina is the proper depth of the ETT. Oral intubation
position was calculated by subtracting 2 cm from
the distance from the right upper canine to the carina
(O-2) which is shown in Fig. 3. Similarly the nasal

Female Total

Male
AGE (yr) 42.24+11.84 (18-62)
WT (kg) 59.19+10.20 (41-85)
HT (cm) 165.12+4.82 (155-175)

45.71+11.94 (18-65)
53.99+8.76 (36-71)
154.23+5.43 (144-166)

43.96+11.96 (18-65)
56.59+9.82 (36-85)
159.68+7.48 (144-175)

Value present mean + SD, (minimum-maximum)

Table 2. The airway distances

Female (n = 50)

Total (n = 100)

Male (n = 50)
OC (cm) 10.08+1.34 (7.0-12.7)
NC (cm) 15.62+0.81 (14.0-17.4)
T (cm) 13.03+1.48 (10.70-17.0)
O (cm) 23.01+1.06 (21.5-27.0)
N (cm) 28.65+1.80 (26.1-33.0)

9.50+1.45
14.98+0.74 (13.5-16.6)
11.63+1.25 (9.20-15.0)
21.13+0.88 (19.0-22.5)
26.61+1.32 (23.5-29.0)

(6.5-11.5) 9.79+1.27 (6.50-12.7)
15.30+0.84 (13.5-17.4)
12.33+1.53 (9.20-17.0)
22.07+1.36 (19.0-27.0)

27.63+1.88 (23.5-33.0)

Value present mean + SD, (minimum-maximum)

OC: The distance from the right upper canine to the vocal cords

NC: The distance from the right external naris to the vocal cords

T: The distance from the vocal cords to the carina is tracheal length
O: The distance from the right upper canine to the carina

N: The distance from the right external naris to the carina
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Fig. 2 The distance from the vocal cords to carina (T) in
cm (Y axis) is plotted against height in cm (X axis)

Fig. 2 shows the dots which plot the tracheal length
against the height of each patient. And the line show the
linear colleration between the tracheal length and the patients’
height. The regression line: y = -5.88 + 0.114 x (T = -5.88 +
0.114 Ht).

intubation position was calculated: subtracting 2 cm
from the distance from the right external naris to the
carina (N-2) (Fig. 4).

e 0-2=-0.379+0.1281Ht

e N-2=-0.569 +0.1641Ht
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Fig. 3 The distance from the right upper canine to the
carina (O) in cm (Y axis) is plotted against height in
cm (X axis)

Fig. 3 shows the dots which are plotted O, the distance
from the right upper canine to the carina, against the height
of each patient

The darker line shows the linear colleration between
the distance from the right upper canine to the carina and the
patient’s height. The regression line: y = 1.62 + 0.1281 x
(O = 1.62 + 0.1281 Ht)

The dotted line (O-2 line) is calculated by subtracting
2 cm from the darker line. The O-2 line equal the formula
0-2 = -0.38 + 0.1281 Ht
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The formulas for the composite regression
lines are not suitable for clinical use. However, they
can replaced by easily remembering the formula was
Ht/10. The Fig. 5 shows dotted lines OTT, NTT and
Tn that approximated in the lines O-2, N-2 and T
respectively. All dotted lines are based on the calcula-
tion of Ht/10 instead of their formulas.

Line O-2 is the distance from the right upper
canine to 2 cm cephalad to the carina. This is very
close to line OTT which is described by the formula:

OTT = Height of subject (cm)/10 + 4

Line N-2 is the distance from the right external
naris to 2 cm cephalad to carina. This is very close to
line NTT, according to the following formula:

NTT = Height of subject (cm)/10 + 9

Line T is the distance from the vocal cords to
the carina. This is very close to line Tn which according
to the following formula:

Tn =Height of subject (cm)/10 - 4

3. The distance from the tip of the ETT to the carina

Fig. 6 shows the distance from the tip of
the ETT to the carina, ranged 0.7-7.5 cm and mean was
3.0 + 1.4 cm. The distance from the tip of the ETT to

ygm
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Fig. 4 The distance from external naris to the carina (N)
and the subtracting 2 cm from this distance in cm (Y
axis) is plotted against height in cm (X axis).

Fig. 4 shows the dots which are plotted N, the distance
from the right external naris to the carina, against the height
of each patient

The darker line shows the linear colleration between
the distance from the right external naris to the carina and
the patient’s height. The colleration line equal the formula
y = 1.43 + 0.1641 x (N = 1.43 + 0.1641 Ht)

The dotted line (N-2 line) is calculated by subtracting
2 cm from the darker line. The N-2 line equal the formula
N-2 = -0.57 + 0.1641 Ht
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Fig. 5 Calculated regression line and their comparison
formula are shown. The Y axis is the distance in cm

and the X axis is the height of the subject in cm

Each dark line equal linear equation that shows the
linear colleration between each distance and the patient’s
height

The “N-2 line” equal -0.57 + 0.1641 Ht

The “O-2 line” equal -0.379 + 0.1281 Ht

The “T line” equal -5.88 + 0.114 Ht

Each dotted line shows the closed line of the darker line
The “NTT line” equal 9 + (Ht/10).

The “OTT line” equal 4 + (Ht/10).

The “T line” equal -4 + (Ht/10)
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Fig. 6 Show the frequency (n) of distances between the tip
of the ETT and carina (cm)

the carina of 86 from 100 patients were more than
2 cm. Therefore, the success rate of the placing ETT
to its proper depth is 86% when the cuff of ETT was
passed 2 cm below vocal cords.

J Med Assoc Thai Vol. 88 No.6 2005

Discussion

The proper depth of the ETT was confirmed
by several methods. First, auscultation of bilateral
equal breath sounds is a common technique but 60%
of this technique presented bronchial intubation®,

Subhash C et al® described the cuff palpa-
tion technique for suitable depth of ETT intubution
by palpating the cuff of the ETT at the jugular notch.
The effectiveness of this method was confirmed by
Richard J et al®. This method should not be used to
verify the location of the ETT in the trachea. Injury
to the vocal cords by the cuff cannot be ruled out in
the cuff palpation technique.

Confirmation of using a 21-cm tube mark for
women and 23-cm tube mark for men by chest radio-
graphies showed that the tip of the ETT was more
than 2 cm cephalad to the carina®. Roberts JR et al®
concluded these tube marks can be used for general
oral intubation. However, these tube marks did not
guarantee the cuff which impinged on the vocal cords.

In outlining the procedure for oral intubation,
standard emergency medicine texts generally
described passing the tube such that the cuff just
passes the vocal cords, or advancing the tube an addi-
tional 2-3 cm beyond the vocal cords®®. A movement
of the patients’ head resulted in the movement of
the ETT about 1.9 cm®. Therefore, the correct ETT
position should be the placement of the tip at least 2
cm above the carina. In the present study, the proximal
end of the cuff of the ETT be was placed 2 cm below
the vocal cords in all patients. Then they would be
safe from impingement of the cuff on their vocal
cords if their heads were extended. The distance from
the tip of the ETT to the carina in 86% of the present
study was more than 2 cm. That meant 86% of the
present study would be safe from bronchial intuba-
tion if their heads were flexed.

The authors predicted the proper depth of
the oral ETT by subtracting 2 cm from the distance
which was measured from the right upper canine to
the carina and the proper depth of the nasal ETT by
subtracting 2 cm from the distance which was
measured from the right external naris to the carina.
The estimated formula of these distances is shown in
Fig 3, 4. However, these formulas were difficult to
remember. In 1969, Dr. Morgan® suggested a formula
of the length of the oral endotracheal tube (cm) to be
(Height of Patient (cm)/10) + 5. Fig. 5 shows the esti-
mated lines of proper depth ETT (O-2 and N-2) and
their closed lines (OTT and NTT) that used (Height
of patient (cm)/10) to substitute the old formula. The
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new formula for length of oral ETT (cm) = Ht/10 + 4
and nasal ETT (cm) = Ht/10 + 9. The authors name the
new formula that was found to be “Chula formula”.

By using the level of 2 cm above the carina
to predict the proper depth of placement of the ETT,
12% of the male and 16% of the female subjects in
the present study were exposed to an increased risk
of laryngeal trauma, the cuff impinge on vocal cords,
when their heads were in extension. The distances
from the proximal end of the cuff to the tip of the
ETT (Curity) were approximately 7.5cm in ETT size
8.0-8.5(Fr) and 6.5cmin ETT size 7.0-7.5(Fr). When
the cuff of ETT was placed 2cm below the vocal cords,
9.5cm fromthe tip of ETT size 8.0-8.5 (Fr)and 8.5¢cm
from the tip in ETT size 7.0-7.5 (Fr) were placed into
the trachea. The risk of mainstem bronchus intuba-
tion increased when the length of the patient’s trachea
was shorter than 11.5 cm (12%) in males and 10.5 cm
(16%) in females in the present study because the
distance from the vocal cords to the proximal end of
the cuff of the ETT was lower than 2 cm.

Because flexion and extension of the
patient’s head resulted in the movement of the ETT
about 1.9 cm toward and away from the carina respec-
tively®, therefore, the proximal end of the cuff of the
ETT should be placed 1.9 cm below the vocal cords
and the tip of the ETT should be placed 1.9 cm above
the carina. The proper placement of the ETT not only
depends on the tracheal length but also the length of
the cuff of the ETT or the distance from the proximal
of the cuff to the tip of the ETT. The suitable length of
the cuff of the ETT should reduce the risks of vocal
cords injury and mainstem bronchial intubation when
the patient moves his/her neck. The long cuff (or the
long distance of proximal of the cuff to tip of the ETT)
could not only injure the a vocal cords but could also
lead to mainstem bronchial intubation in a patient who
has a short trachea.

The the relationship between the distance
from the proximal end of the cuff to the tip of the ETT
and the tracheal length, the distance from the vocal
cords to the carina, effects to the safe placement of
the ETT. The trachea length must be longer than the
distance from the proximal end of the cuff to the tip of
the ETT approximately 3.8 cm, laryngeal trauma and
mainstem bronchial intubation would disappear
when the patient’s head was moved. For example, if
the trachea length is 10 cm, the distance from the
proximal end of the cuff to the tip of the ETT will be
shorter than 6.2 cm (10-3.8 cm). But in fact the dis-
tances from the proximal end of the cuff to the tip of
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the ETT (Curity) were 7.5cm in ETT size 8.0-8.5(Fr)
and 6.5cmin ETT size 7.0-7.5(Fr).

From the formula of tracheal length (cm) =
height of subject (cm)/10-4, that meant the tracheal
length varied according to the subject’s height. The
subjects who were short had a short trachea and
should be intubated by the shorter distance from the
proximal end of the cuff to the tip of the ETT which
decreases the risk of brochial intubation. The distance
from the proximal end of the cuff to the tip of the ETT
varies according to the ETT size and brand such as
the distance from the proximal end of the cuff to the
tip of the ETT (Mallinckrodt) is approximately 5.7 cm.
Therefore, the shorter distance from the proximal
end of the cuff to the tip of the ETT appropriates with
patients who are short.

Conclusion

The mean tracheal lengths in Thai patients
are 13+ 1.48cminmalesand 11.63 + 1.25 cm in females.
Tracheal length varies according to the patient’s
height.

The patient’s height influences the proper
depth of oral and nasal endotracheal intubation.
Therefore the estimated “Chula formula” of oral endo-
tracheal intubation is (Ht/10) + 4 cm and nasal
endotracheal intubation is (Ht/10) + 9 cm.

The success rate of proper positioning of
the ETT is achieved when the cuff of the ETT passes
2 cm below the vocal cords, which accouted for 86%
in the present study.
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