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Background: The aim of this study was to estimate the optimal depth of nasotracheal tube placement.
Methods: We enrolled 110 patients scheduled to undergo oral and maxillofacial sutrgery, requiring nasotracheal
intubation. After intubation, the depth of tube insertion was measured. The neck circumference and distances
from nares to tragus, tragus to angle of the mandible, and angle of the mandible to sternal notch were measured.
To estimate optimal tube depth, correlation and regression analyses were performed using clinical and
anthropometric parameters.

Results: The mean tube depth was 28.9 * 1.3 cm in men (n = 62), and 26.6 + 1.5 cm in women (n =
48). Tube depth significantly correlated with height (r = 0.735, P < 0.001). Distances from nates to tragus,
tragus to angle of the mandible, and angle of the mandible to sternal notch correlated with depth of the endotracheal
tube (r = 0.363, r = 0.362, and r = 0.546, P < 0.05). The tube depth also correlated with the sum of these
distances (r = 0.646, P < 0.001). We devised the following formula for estimating tube depth: 19.856 + 0.267
X sum of the three distances (R* = 0432, P < 0.001).

Conclusions: The optimal tube depth for nasotracheally intubated adult patients correlated with height and
sum of the distances from nares to tragus, tragus to angle of the mandible, and angle of the mandible to
sternal notch. The proposed equation would be a useful guide to determine optimal nasotracheal tube placement.
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INTRODUCTION

Nasotracheal intubation (NTI) is a common method of
securing the airway in patients undergoing oral and
maxillofacial surgery [1]. Appropriate positioning of the
endotracheal tube (ETT) is an important aspect of airway
management. Inappropriate position is hazardous; if the
tip of the tube is positioned too high, accidental
extubation or vocal cord trauma may occur [2,3]. On the
other hand, if positioned too deep, endobronchial

intubation may occur, leading to hypoxemia, atelectasis,

or tension pneumothorax, with increased mortality [4].
Therefore, precise positioning of the tube in the trachea
is crucial.

For orotracheal intubation, several methods have been
proposed to estimate the optimal depth of ETT insertion
[5-7]. Calculation of depth of insertion using physical
indices such as height, weight, or estimation based on
preoperative chest radiograph has been suggested [5,8].
Fiberoptic bronchoscopy or palpation of the cuff in sternal
notch can also be used to confirm adequate placement.
However, none of these methods are consistently useful.

Most studies are based on anatomical indices of western
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adults [8], and hence, of limited value in our clinical
practice. In addition, because of anatomical differences,
estimates for orotracheal intubation are not applicable for
nasotracheal intubation. Therefore, in the present study,
we aimed to determine appropriate depth of nasal ETT
placement; besides, we examined the utility of easily
measurable anthropometric parameters that may guide

appropriate depth of nasal ETT placement.

METHODS

1. Patients

After obtaining approval from the Institutional Review
Board of Dankook University Hospital (registered
number: DKUH 2016-07-007), this study was conducted
from Jul 2016 to Jul 2017. Written informed consent for
inclusion in this study was obtained from patients aged
between 17-80 years, with American Society of Anesthe-
siologists physical status 1 or 2, who were scheduled for
elective oral and maxillofacial surgery requiring naso-
tracheal intubation.

Patients with craniofacial anomalies or any abnor-
malities of the upper airway such as inflammation,
abscess, trauma, or tumor; and those with a previous
history of difficult intubation, were excluded. Patients
with a history of cervical spine and temporomandibular
joint disorders, or radiotherapy for head and neck cancer
were also excluded because of possible difficulty with
airway management.

Anesthesia was standardized; no premedication was
administered. In the operating room, patients were
monitored for bispectral index, non-invasive blood
pressure, peripheral oxygen saturation (Sp0O), and
electrocardiogram. After preoxygenation with 100%
oxygen via a facemask, anesthesia was induced with
propofol 2 mg/kg and fentanyl 2 #g/kg intravenously.
When bispectral index was < 60 and the patient stopped
responding to verbal commands, rocuronium 0.6 mg/kg
was administered intravenously. After performing mask

ventilation with 4 vol% sevolurane for 3-5 minutes,
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nasotracheal intubation was performed.

All intubations were performed by appropriately
trained residents or staff of the department of anesthe-
siology. Ring-Adair-Elwyn (RAE) preformed nasal
endotracheal tubes (PORTEX"” Polar Preformed Tracheal
Tube, Smith Medical International Ltd., Hythe, Kent, UK)
were used, with internal diameter (ID) 7.0 mm in males
and 6.5 mm in females. The initial ETT placement and
positioning were confirmed on clinical assessment by cuff
palpation at the sternal notch. The position of the tip of
the ETT was confirmed by fiberoptic bronchoscopy and
placed 3 cm above the carina. After confirming position,
the depth of tube placement was measured using the
centimeter markings printed on the tube. We measured
the neck circumference and distances from nares to
tragus, tragus to angle of the mandible, and angle of the
mandible to the sternal notch. All measurements were
carried out with the head in the neutral position.

Anesthesia was maintained using a target-controlled
infusion of propofol and remifentanil with bispectral
index between 40-60. Ventilation was carried out with
a tidal volume of 8 ml/kg and respiratory rate of 10-12
breaths/minute, maintaining end-tidal carbon dioxide
concentration at 35-40 mm Hg. At the end of surgery,
propofol and remifentanil were discontinued, and the
neuromuscular block was reversed. After extubation,
patients were transferred to the post-anesthesia care unit
(PACU).

All statistical analyses were performed using SPSS
20.0 for Windows (SPSS Inc., Chicago, IL, USA). Data
are presented as number, mean + standard deviation (SD),
or mean (min, max) as appropriate. Continuous variables
were compared using the Student’s t-test or Mann-
Whitney U-test; categorical variables were compared
using the chi-square test or Fisher’s exact test. Regression
and correlation analyses were performed to evaluate the
impact of parameters and demographic data on the
estimation of the depth of ETT placement. A p-value less
than 0.05 was considered to indicate statistical signifi-

cance.
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RESULTS

We enrolled 110 patients between 18-80 years in this
study. Demographic data are presented in Table 1. Males
were significantly taller (171.8 £ 7.9 cm vs 157.4 + 7.1
cm, p < 0.05) and heavier (70.4 = 12.1 kg vs 60.2 +
11.0 kg, p < 0.05); age, BMI and ASA status were not
significantly different.

The mean distance from tip of the ETT to the nares,
defined as tube depth was 28.0 + 1.8 cm with the head
in the neutral position (Table 2). Tube depth in males

Table 1. Demographic data

was 28.9 + 1.3 cm, while that in females was 26.6 +
1.5 cm. There was no malposition with either bronchial
intubation or too proximal placement, as the tube tip was
adjusted and confirmed by fiberoptic bronchoscopy in all
patients. Anthropometric measurements are shown in
Table 2. The distances between nares to tragus, tragus
to angle of the mandible, angle of the mandible angle
to sternal notch, and the sum of these distances were
significantly different between males and females (P <
0.05).

Correlations between measured data are presented in

Table 3. Tube depth significantly correlated with height

Male Female Total
Number (n) 62 48 110
Age (yrs) 389 = 174 M8 = 212 402 + 189
Height (cm) 1718 = 79 157.4 = 7.1 166.0 = 10.3
Weight (kg) 704 = 121 60.2 = 11.0 66.3 + 12.6
BMI (kg/m?) 23.7 = 34 244 = 43 239 = 3.7
ASA-PS (1/2) 28 / 34 28 / 20 56 / 54
Data are expressed as number or mean =+ standard deviation.
ASA-PS, American Society of Anesthesiologists-Physical Status.
Table 2. Comparison of anthropometric parameters between male and female patients
Male Female Total
Number (n) 62 48 110
Height (cm) 1718 = 7.9 1574 = 71 166.0 = 10.3
Weight (kg) 702 = 121 60.2 = 11.0 66.3 = 12.6
Depth of tube (cm) 289 = 13 266 = 15 280 = 18
Neck circumference (cm) 389 = 3.1 343 + 33 3715 + 3.9
Distance from nares to tragus (cm) 120 = 15 108 = 0.9 16 =14
Distance from tragus to angle of the mandible (cm) 66 = 1.0 58 = 1.1 6.3 = 1.1
Distance from angle of the mandible to sternal notch (cm) 135 = 1.7 120 = 14 13.0 = 1.7
Sum of the distances from nares to tragus, tragus to angle of 320 + 28 286 = 2.2 31.0 = 3.1
the mandible and angle of the mandible to sternal notch
Data were expressed as number or mean = standard deviation.
Table 3. Correlation between tube depth and measured values

Variables Correlation coefficient (r) P-value
Depth of ETT vs. height 0.735 < 0.001
Depth of ETT vs. distance from nares to tragus (cm) 0.363 0.001
Depth of ETT vs. distance from tragus to angle of the mandible (cm) 0.362 0.010
Depth of ETT vs. distance from angle of the mandible to sternal notch (cm) 0.546 0.005
Depth of ETT vs. distance from angle of the mandible to sternal notch (cm) 0.335 < 0.001
Depth of ETT vs. sum of distances from nares to tragus, tragus to angle of the mandible and 0.585 < 0.001

angle of the mandible to sternal notch

Height vs. sum of distances from nares to tragus, tragus to angle of the mandible and angle 0.646 < 0.001

of the mandible to sternal notch

ETT, endotracheal tube.
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Fig. 1. Linear regression between tube depth and the sum of the distances
between nares to tragus, tragus to angle of the mandible and angle of
the mandible to sternal notch. Estimated tube depth = 19.856 + 0.267
x sum of the three values. R = 0.432, P < 0.001.

(r = 0.735, P < 0.001). The distances between nares to
tragus, tragus to angle of the mandible, and angle of the
mandible to sternal notch also correlated with tube depth
(r = 0.363, r = 0.362, and r = 0.546, P < 0.05 respec-
tively). In addition, tube depth correlated with the sum
of these distances (r = 0.646, P < 0.001). Figure 1 shows
the linear regression plot between tube depth and sum
of the three distances; the estimated tube depth was
19.856 + 0.267 x sum of the three distances (R* = 0.432,
P < 0.001)

DISCUSSION

We confirmed appropriate positioning and predicted
optimal tube depth of nasotracheal tubes by correlation
with anthropometric measurements. We demonstrated
that the sum of distances from nares to tragus, tragus to
angle of the mandible, and angle of the mandible to
sternal notch correlated with the depth of nasal ETT
placement. Based on these values, the appropriate tube
depth may be estimated.

Proper positioning of the nasal ETT after intubation
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is crucial to safe airway management; however, optimal
positioning remains a concern. Auscultation of breath
sounds for detection of bronchial intubation is not always
reliable [9]. Although there are several methods to
confirm positioning, they may not always be feasible.
Besides, a correctly positioned ETT might migrate later
with change of patient position [10,11], flexion or
extension of the head [12], or peritoneal insufflation
[10,13]. This may lead to complications, such as
bronchial intubation or accidental extubation. It may be
difficult to ascertain tube position by clinical findings.
Moreover, since radiography may not always be practi-
cable in the operating room, an estimate of appropriate
tube depth may be useful. Based on easily measured
values in clinical practice, we performed regression
analysis to estimate appropriate tube depth.

In the present study, the mean distance from nares to
tip of ETT were 28.9 = 1.3 cm in male patients and 26.6
+ 1.5 cm in female patients. The difference in tube depth
between males and females was about 2 cm; this is
consistent with previously recommended depths of 21 cm
for females and 23 cm for males with orotracheal
intubation [5,14]. According to a previous report, the
mean depth of nasal ETT placement was 27.8 = 1.5 cm
in males, and 27.5 + 1.0 cm in females [15]. In another
study, tube depths were 31.3 cm in males and 29.1 cm
in females [12]. Our results are different from these
reports; this is probably because we estimated tube depth
based on anthropometric data, which vary between races
and individuals.

Furthermore, tube depth correlated with patient height
and the sum of the distances between nares to tragus,
tragus to angle of the mandible, and angle of the mandible
to sternal notch (Table 3). Using our estimation, the
equation that depth of nasal ETT = 19.856 + 0.267 x
sum of the three values (R = 0.432, P < 0.001) (Fig.
1). We were able to device a formula based on the sum
of the three distances to estimate optimal depth of nasal
ETT placement, without the need for confirmation by
chest radiography or fiberoptic bronchoscopy.

Although the correlation between tube depth and height
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was stronger, we estimated tube depth using the sum of
anthropometric measurements. In a previous study, a
significant correlation was found between the nares-vocal
cord distance and height with nasotracheal intubation
[16]. Our results are consistent with this study. On the
other hand, according to other studies [5,8,17,18], though
prediction of airway length using age, height, weight, or
arbitrarily determined length maybe be useful, it may not
always be possible to individualize measurements [8].
Evron et al. [19] reported that positioning of endotracheal
tubes may be individualized using topographic landmarks.
Although patient height strongly correlated with tube
depth, we estimated tube depth based on anthropometric
measurements.

Tube depth did not correlate with age; we assumed that
as all patients in our study were over 18 years, it was
unlikely that increase in age would affect physical
measurements significantly. This is consistent with a
previous study that showed no correlation between height
and tube depth [8].

We used nasal RAE tubes in our study. These tubes
are marked at the point of the preformed curvature to
help positioning [20]. Hence, RAE tubes may be an
effective alternative to nasotracheal intubation in patients
undergoing oral and maxillofacial surgery required.
Although the preformed curvature of the RAE tube
assures airway patency, the ability to adjust the intubation
depth is limited. Moreover, since the length from the tip
of the tube to the mark is constant, we feel it is difficult
to individualize tube depth.

Our study has several limitations. First, this study was
based on anthropometric measurements of, adult, Korean
patients. A larger sample size would be necessary to apply
it in different populations. Second, we used portex RAE
nasal ETT for nasotracheal intubation in our study. This
tube is made of silicone and has an opaque surface;
besides, depth measurements are not marked, which may
have affected the accuracy of our measurements. Third,
all measurements were made with the head in neutral
position. If the head position changes during surgery, the
tube depth should be adjusted accordingly.

In conclusion, the optimal ETT depth of nasotracheally
intubated adult patients with the head placed in neutral
position is correlated with height and the sum of the
distances from nares to tragus, tragus to angle of the
mandible, and angle of the mandible to sternal notch. The
formula we propose would be a useful guide in
determining the optimal tube placement in the patients

who require nasotracheal intubation.
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