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Objectives: To assess whether Chula formula can predict the proper length of nasotracheal intubation.
Material and Method: This was a prospective study of 100 patients (50 males and 50 females) who underwent
general anesthesia with nasotracheal intubation (number 8.0 for male and 7.0 for female) between December
2005 and March 2007. The Chula formula was used to calculate the length of endotracheal tube (ETT) at the
right external naris = 9 + (body height/10) cm. After intubation, a fiberoptic bronchoscope was inserted into
the ETT to measure the distance from the tip of ETT to the carina and the distance from the upper border of the
cuff of ETT to the vocal cords.
Results: The mean length of nasotracheal tube at the right external naris calculated by Chula formula was
25.4 cm in males and 24.4 cm in females. The mean distance from the tip of ETT to the carina was 3.9 cm in
males and 3.1 cm in females. The mean distance from the upper border of the cuff of ETT to the vocal cords was
2.6 cm in males and 3.0 cm in females. Ninety-three patients with upper border of the cuff of ETT had it placed
at least 2 cm below the vocal cords, and in seven patients, the distance from the tip of ETT to the carina was
found to be 1 to 1.9 cm. In every patient, it was found that the tip of ETT was placed at least 2 cm cephalad to
the carina.
Conclusion: In the present study, the Chula formula could be used to predict the proper length of nasotracheal
intubation in 93 of 100 patients.
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Nasotracheal intubation has several advan-
tages. Nasal tube is thought to be better tolerated than
oral tube. Nasotracheal intubation could be used as
“first line” treatment in patients with an anticipated
intermediate to long intubation duration such as
patients with asthma, COPD exacerbation, drug over-
dose, CVA, congestive heart failure, trauma, or other
critical care medicine. Nasotracheal intubation is
required in general anesthesia for the patient under-
going operation of lips, mouth, intraoral surgery, and
for patients with temporomandibular joint ankylosis.
The blind intubation is also preferable with the nasal
route.

A malpositioned endotracheal tube (ETT) is
potentially a hazard for an intubated patient. Insertion
of an excessively long ETT may lead to right endo-
bronchial intubation, which is associated with left-sided
atelectasis and right-sided tension pneumothorax(1-3).
On the contrary; insertion of an ETT that is too short
may lead to accidental extubation, vocal cords trauma
and laryngeal paralysis as a result of pressure injury
by the cuff of ETT(4).

Conrardy et al(5) demonstrated that flexion and
extension of the neck might result in a mean movement
of 1.9 cm of the tip of ETT toward and away from the
carina. Therefore, the proper position of ETT has been
determined where the tip of ETT should be located at
the midpoint of the trachea, and it should be placed at
least 2 cm cephalad to the carina to reduce the risk of
mainstem bronchial intubation with the patient’s head
movement; and the proximal end of the cuff of ETT
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should be placed at least 2 cm below the vocal cords to
reduce any impingement on the vocal cords when the
patient moves his/her neck.

Several formulas and other methods have
been proposed to estimate the optimal ETT length for
tracheal intubation(7-13,16,17). The authors’ preliminary
study(6) (Abstract, the Journal of the Medical Asso-
ciation of Thailand 2005, 88; 775-81) found that there
were correlations between the length of 2 cm above the
carina to the right external naris and the body height of
the patient. The relation is formed into a formula named
“Chula formula”:

Length of nasotracheal tube = 9 + Height/10 cm

The aim of the present study was to access
whether the Chula formula could be used to predict the
optimal length of ETT for nasotracheal intubation.

Material and Method
The protocol of this prospective study was

approved by the Ethics Committee of King Chula-
longkorn Memorial Hospital and written informed
consent was obtained from each recruited subject.

One hundred Thai patients, 50 males and 50
females, who required nasotracheal intubation for
general anesthesia were recruited into the present study.
All patients were above 20 yr, ASA physical status I
and II. The patients who had nasal or nasopharyngeal
obstruction, blood-clotting abnormality, severe facial
or head trauma, which was a risk for cranial entry of the
nasotracheal tube through a disrupted cribriform plate,
were excluded from the present study.

Before the present study, the length of nasal
ETT (Portex Profile Cuff, Portex Ltd, Hythe, Kent, UK)
was calculated by Chula formula (9 + body height/10)
and marked on the side of the ETT. With the patient’s
head rested on a standard pillow, general anesthesia
was inducted and muscle relaxation was given. The
ETT number 8.0 for males or 7.0 for females was nasally
intubated by an anesthesiologist. They placed the mark
(that was calculated by Chula formula) on the side of
the ETT that lay at the right external naris of the patient.
Capnography was used to document the placement of
the ETT within the trachea.

After five minutes of ventilation with 2%
isoflurane in 100% oxygen 6 L/min, the ventilator
tubing was disconnected from the ETT and a fiberoptic
bronchoscope (Olympus) was passed through the ETT.
When the bronchoscope tip was positioned at the
carina, the tip of ETT and the vocal cords (the laryngo-
scope was used to identify the light of bronchoscope

at the vocal cords), the consensus about the best
positions were discussed between the two anesthe-
siologists, and the sequential mark with tapes were
performed around the bronchoscope where it entered
the connector of ETT as mark 1, mark 2 and mark 3
(Fig. 1A, 1B and 1C; respectively).

The bronchoscope was then removed, and
ventilation recommenced. Then the authors used a ruler
to measure the distance in centimeters. Three distances
were measured and calculated (Fig. 2):

1. The distance from the tip of ETT to the
carina (mark 1- mark 2).

2. The distance from the vocal cords to the
carina or tracheal length (mark 1- mark 3).

3. The distance from the upper border of the
cuff of ETT to the vocal cords (mark 2- mark 3 - 6.5 for
ETT number 8.0 and mark 2 - mark 3 - 6 for ETT number
7.0, Fig. 3A and 3B; respectively).

The ideal proper position of the ETT was
indicated when the distance from tip of ETT to the
carina and the distance from the upper border of the
cuff of ETT to the vocal cords were found to be at least
2 cm. If the ETT was not found in the proper position,
the ETT should then be adjusted.

Sample size was determined by equation 1.
As for the calculation of the sample size, the authors
estimated 40% incidence of ETT malposition, based on
reported rates of 11-43% from previous studies(6-10).
Regarding significance level was 0.05 (95% confidence
interval (CI), Za/2 = 1.96), successful intubation rate was
40% (p = 0.4, q = 0.6) and acceptable error of estimation
was 0.10; then the sample size estimated that a minimum
of 100 subjects would be needed.

Equation 1 n = (Zα/2)
2(p)(q)

         Δ2

= (1.96)2(0.4)(0.6) = 92.19
        (0.10)2

All statistical analysis was performed with
SPSS version 11.0. The data was presented by mean +
SD, number of patients and percent.

Results
The demographic data of the subjects, 50

males and 50 females, are exhibited in Table 1. The
mean length of nasal ETT that was calculated from the
Chula formula was 25.4 + 0.8 cm in males and 24.4 + 0.5
cm in females (Table 2). The minimum length of nasal
ETT was 23.0 cm and the maximum length of nasal ETT
was 27.0 cm (Fig. 4).
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Fig. 1 The three marks of tapes were performed around
the bronchoscope where it entered the connector of
ETT
1A: When the bronchoscope tip was positioned at
the carina, tapes around the bronchoscope tube were
performed as mark 1
1B: When the bronchoscope tip was positioned at
the tip of ETT, tapes around the bronchoscope tube
were performed as mark 2
1C: When the bronchoscope tip was positioned at
the vocal cords, tapes around the bronchoscope tube
were performed as mark 3
(ETT = endotracheal tube)

1A

1B

1C

Fig. 3 The distance from the upper border of the cuff to
the tip of Portex Profile Cuff ETT (Portex Ltd, Hythe,
Kent, UK):
3A: 6.5 cm for ETT number 8.0
3B: 6 cm for ETT number 7.0
(ETT = endotracheal tube)

Fig. 2 Three distances were measured and calculated:
1 = The distance from the tip of ETT to the carina
2 = The distance from the vocal cords to the carina
or tracheal length
3 = The distance from the upper border of the cuff
of ETT to the vocal cords
(ETT = endotracheal tube)
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The distance from the tip of ETT to the carina
was 3.9 + 0.9 cm in males and 3.1 + 0.8 cm in females; the
minimum distance was 2 cm; the maximum distance
was 6.2 cm. None had the distance from the tip of
ETT to the carina less than 2 cm (Fig. 5). The tracheal
length was 13.0 + 1.0 cm in males and 12.2 + 1.4 cm in
females. The shortest trachea was 10.0 cm in females.
The distance from the upper border of the cuff of ETT
to the vocal cords was 2.6 + 0.5 cm in males and 3.0 +
1.2 cm in females; the minimum distance was 1 cm; the
maximum distance was 7.2 cm. There were 7 patients
that the distance from the upper border of the cuff of
ETT to the vocal cords was less than 2 cm; 1 cm in one
female, 1.5 cm in each sex, 1.6 cm in each sex, 1.8 cm in
one female, and 1.9 cm in one female (Fig. 6).

The proper length of nasotracheal intubation
was defined that the tip of ETT should be placed at
least two cm cephalad to the carina and the upper
border of the cuff of ETT should be placed at least
two cm below the vocal cords. Therefore, the rate of
success for placing ETT to its proper length was 93%
(93 from 100 patients) according to the Chula formula.
There were two male and four female patients whose
ETT cuffs were too close to their vocal cords.

Discussion
According to the ASA Closed Claim Project,

the combination of inadvertent extubation and mainstem

intubation accounts for 2% of adverse respiratory
events in adult patients(14). Unrecognized mainstem
intubation can lead to hypoxemia, so it is emphasized
that an ETT must always be confirmed in the proper
position(15).

In 1976, Conrardy et al reported an average
length of 3.8 cm movement of ETT toward the carina
when the patent’s head was moved from full extension
to full flexion (in some patients this movement reached
as far as 6.4 cm). This resulted in an average movement
of ETT of about 1.9 cm when the head is moved from
its neutral position to full extension. It is unlikely that
extubation would occur if the tip of ETT is placed at
the middle of the trachea or at least 2 cm above the
carina(5).

In the present study, no endobronchial intu-
bation or impingement of the ETT cuff on the vocal
cords was found. The average distances from the tip of
ETT to the carina were 3.9 cm in males and 3.1 cm in
females. The average distances from the vocal cords to
the upper border of ETT cuff were 2.6 cm in males and
3 cm in females. The authors found that there were 7
patients (2 males and 5 females) whose distances from
the vocal cords to the upper border of ETT cuff were
less than 2 cm (1 cm for 1 patient, 1.5 cm for 2 patients,
1.6 cm for 2 patients, 1.8 cm for 1 patient, and 1.9 cm
for 1 patient). This finding suggested that the Chula
formula is accurate about 93% in estimation of the

             Male Female

Age (yr)   54.9 + 13.4 (22-82)   50.6 + 13.8 (26-78)
Weight (kg)   61.1 + 9.8 (43-83)   55.3 + 10.7 (39-92)
Height (cm) 164.5 + 8.2 (145-180) 154.5 + 5.6 (140-170)
Length of nasal ETT that calculated from Chula formula (cm)   25.4 + 0.8 (23.5-27)   24.4+0.5 (23-26)

Table 1. Demographic data and length of nasal ETT calculated from the Chula formula

Value present mean + SD (minimum-maximum)
ETT = endotracheal tube

      Male (n = 50) Female (n = 50)

The distance from the tip of ETT to the carina (cm)     3.9 + 0.9 (2.4-6.2)     3.1 + 0.8 (2-6)
Tracheal length (cm)   13.0 + 1.0 (11-16.2)   12.2 + 1.4 (10-16)
The distance from the upper border of the cuff of ETT     2.6 + 0.5 (1.5-4)     3.0 + 1.2 (1-8)
 to the vocal cords (cm)

Table 2. Three measured and calculated distances

Value present mean + SD (minimum-maximum)
ETT = endotracheal tube
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proper position for nasotracheal intubation, similar to
a reference from Conrardy et al. In the 7 cases whose
cuff of ETT was just below the vocal cords (1-1.9 cm),
the medical physician should be aware or prohibit the
extending patient’s head that the ETT cuff would
positioned more distally and a sump would be opened
up between the vocal cords. Therefore, the event
might allow either inadvertent laryngeal extubation or
vocal cord injury.

There is a variety of techniques suggested to
confirm the proper placement of the ETT. Subhash et al
described the cuff palpitation at the suprasternal notch
to confirm that the tip of ETT is not in the mainstem
bronchus; however, this may occur with an inadvertent
esophageal intubation(7,8). Ford et al described a tech-
nique of passing ETT so that its cuff advanced 2 cm

beyond the vocal cords, but this maneuver should be
attempted when the intubation is performed under
direct laryngoscope(9). Brunel et al reported that 60%
of mainstem bronchial intubations occurred despite
the presence of equal breath sounds from the bilateral
chest(10). Schwartz et al verified the proper position
with an auscultation of bilateral breath sounds, sym-
metrical chest expansion and palpitation of the cuff at
the suprasternal notch; however, in 15.5% of the cases
according to radiological assessment ETT malposition
was found with a higher incidence in females than
males(11). Eagle had determined the height (cm)/10 + 8
formula as a distance from nose to midpoint of trachea
but this formula has no foolproof in the clinical
setting(12). Kazuna et al suggested that the fiberoptic
bronchoscope is more reliable than chest auscultation

Fig. 5 The frequency (n) of the distance from the tip of
ETT to carina (cm) in males and females (ETT =
endotracheal tube)

Fig. 4 The frequency (n) of the length of nasal ETT that
calculated from the Chula formula (cm) in males and
females (ETT = endotracheal tube)
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to confirm the position of ETT but it is not routinely
performed(13).

In the conventional method, a nasotracheal
tube should be advanced until the cuff is 2 cm below
the vocal cords(16) or until the external markings are 24
cm for females and 26 cm for males (3 cm more than oral
tube) at the nares(17).

The proper placement of ETT does not only
depend on its tip and its upper border should be at
least 2 cm away from the carina and the vocal cords,
but also on the relationship between the tracheal length
and the distance from the upper border of the cuff to
the tip of ETT (approximately 6-6.5 cm in Portex ETT,
Fig. 3). The tracheal length must be approximately 4 cm
longer than the distance, so that laryngeal trauma and
mainstem bronchial intubation will not occur. A patient
who has a short trachea but was chosen to have a
longer distance from the upper border of the cuff to the
tip of ETT, the cuff of ETT may impinge on the vocal
cords if the anesthesiologist intends to place the tip of

ETT above the carina at least 2 cm. On the other hand,
if the anesthesiologist intends to place the cuff of ETT
at least 2 cm below the vocal cords, the tip of ETT
could be close to the carina. For example, in a patient
whose tracheal length is about 11 cm, the distance from
the upper border of the cuff to the tip of ETT must be
shorter than 7 cm. In fact, the distance from the upper
border of the cuff to the tip of ETT varies between 5.3-
7.0 cm, according to the size, model and the brand of
ETT(18) (for example, the distance from the upper border
of the cuff to the tip of Portex Profile Cuff, Portex Ltd,
Hythe, Kent, UK ETT number 7.0-8.0 is approximately
6-6.5 cm; Fig. 3).

From the authors’ previous study of measure-
ment the airway distances with fiberoptic bronchoscope
in Thai patients, it was found that there were correla-
tions between the distance from the right external naris
to the carina and the body height (Pearson correlation
0.654; p < 0.01). Furthermore, the authors got a formula
of linear regression that was calculated by subtracting
two cm from the distance from the right external
naris to the carina, hence, the authors named it “Chula
formula”. The authors also suggested that the patients
who were short and had short trachea should be
intubated by a shorter distance from the upper border
of the cuff to the tip of the ETT, which decreases the
risk of vocal cords injury when they extended their
heads.

One limitation of the Chula formula was that
the patients who do not know their height, the proper
length of the ETT cannot be calculated.

The present formula can be applied in the
operating room, intensive care unit and emergency
room. In difficult airway intubation patient such as
in patients whose laryngoscopic view is class 3 or 4,
in patient who cannot be used for direct intubation
and those who need a light wand for intubation, the
authors cannot identify the vocal cords to pass down
the ETT. Therefore, the cuff may be advanced 2-3 cm
beyond the vocal cords in routine practice(16). The
authors can use the Chula formula to calculate the
proper length of ETT in nasotracheal intubation.

Conclusion
The Chula formula is useful to determine the

optimal position of ETT in most patients who require
nasotracheal intubation. The success rate of proper
positioned of ETT is achieved when the tip of ETT was
above the carina at least 2 cm and the upper border of
ETT was at least 2 cm below the vocal cords, which
was about 93% in the present study.

Fig. 6 The frequency (n) of the distance from the upper
border of the cuff of ETT to the vocal cords (cm) in
males and females (ETT = endotracheal tube)
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ความลึกในการใส่ท่อหายใจทางจมูกท่ีเหมาะสมโดยใช้สูตรจุฬา

อัญชลี  เตชะนิเวศน์, กัญญา  คำวิลัยศักด์ิ, วิปรา  วรเศวต, อัมพวัน  ตันหยง

วัตถุประสงค์: เพื่อทดสอบสูตรจุฬาว่าสามารถนำมาใช้ในการคาดคะเนความลึกที่เหมาะสมของการใส่ท่อหายใจ
ทางจมูกในคนไทยได้
วัสดุและวิธีการ: ทำการศึกษาในผู้ป่วย 100 คน (ชาย 50 คน และ หญิง 50 คน) ท่ีมารับบริการระงับความรู้สึกท่ีต้อง
ใส่ท่อหายใจทางจมูก (ขนาด 8.0 สำหรับชาย และ 7.0 สำหรับหญิง) โดยใช้สูตรจุฬา คำนวณหาความลึกของท่อหายใจ
ระหว่าง ธันวาคม พ.ศ. 2548 – มีนาคม พ.ศ. 2550 และทุกคน จะถูกใส่ให้ความลึกเท่ากับท่ีคำนวณไว้ท่ีตำแหน่งรู
จมูกขวา ความลึกของท่อหายใจทางจมูก = 9 + (ความสูง (ซม.) / 10) ซม. หลังการใส่ท่อหายใจ ใช้ fiberoptic bron-
choscope ใส่เข้าในท่อหายใจ เพื่อวัดระยะทางจากปลายท่อหายใจ ถึง carina และระยะจากสายเสียงถึงขอบ
บนสุดของ cuff ของท่อหายใจ และระยะท้ังสองต้องไม่ต่ำกว่า 2 ซม. จึงถือว่า ท่อหายใจมีความลึกท่ีเหมาะสม
ผลการศึกษา: ความลึกเฉลี่ยที่คำนวณจากสูตรจุฬาเท่ากับ 25.4 ซม.ในผู้ป่วยชาย และ 24.4 ซม. ในผู้ป่วยหญิง
ระยะทางเฉล่ียจากปลายของท่อหายใจถึง carina เท่ากับ 3.9 ซม.ในผู้ป่วยชาย และ 3.1 ซม.ในผู้ป่วยหญิง ระยะทาง
เฉล่ียจากสายเสียงถึงขอบบนของ cuff ของท่อหายใจเท่ากับ 2.6 ซม.ในผู้ป่วยชาย และ 3.0 ซม.ในผู้ป่วยหญิง ผู้ป่วย
จำนวนท้ังหมด 93 รายท่ีพบว่าขอบบนสุดของ cuff ของท่อหายใจอยู่ในตำแหน่งอย่างน้อยท่ีสุด 2 ซม. ต่ำกว่าสายเสียง
โดยมีผู้ป่วย 7 ราย เป็นชาย 2 ราย และหญิง 5 ราย ท่ีพบว่าขอบบนสุดของ cuff ของท่อหายใจอยู่ต่ำกว่าสายเสียง
เท่ากับ 1; 1.5; 1.6; 1.8 และ 1.9 ซม. จำนวน 1; 2; 2; 1 และ 1 รายตามลำดับ และผู้ป่วยทุกรายพบว่า ปลายท่อหายใจ
อยู่เหนือ carina อย่างน้อย 2 ซม.
สรุป: ในการศึกษาครั้งนี้พบว่าสูตรจุฬาสามารถใช้ในการใส่ท่อหายใจทางจมูกในคนไทยให้มีความลึกที่เหมาะสม
ได้สำเร็จร้อยละ 93


