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Retrospective analysis of vocal cord-to-
suprasternal notch distance
Implications for preventing endotracheal tube cuff-induced vocal
cord injury
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Abstract
Endotracheal tube (ETT) positioning using the cuff ballottement test, which confirms that the inflated cuff is positioned at the
suprasternal notch with squeezing or inflating a pilot balloon, has been reported to be a simple and reliable method of preventing
endobronchial intubation. However, in patients with a short vocal cord-to-suprasternal notch, ETT placement using the cuff
ballottement test can cause vocal cord injury. In the present study, we assessed the distance from a point 15mm below the vocal
cord to the suprasternal notch (VSD-15), the safe position for ETT cuff placement above the suprasternal notch, and investigated
variables for predicting VSD-15.
We retrospectively examined neck computed tomography in 427 adult patients and measured VSD-15 and the distance from the

thyroid notch to the suprasternal notch (TSD). Patient height, weight, sex, and age were also recorded.
In total, 47 patients (11.0%) showed a VSD-15 shorter than 45mm. VSD-15 significantly correlated with TSD (r=0.778, P<0.001)

and height (r=0.312, P<0.001), and inversely correlated with age (r=�0.321, P<0.001). In multiple linear regression models, a
formula was obtained for VSD-15 (VSD-15 [mm]=�6.220 + 0.744�TSD [mm] + 0.092�height [cm] � 0.065�age [years], R2=
0.621).
The cuff ballottement test should be used cautiously in patients with a predicted short VSD-15. VSD-15 can be predicted from

TSD, height, and age.

Abbreviations: CT = computed tomography, ETT = endotracheal tube, ICC = intraclass coefficient, TSD = the distance from the
thyroid notch to the suprasternal notch, VSD-15 = the distance from 15 mm below the vocal cord to the suprasternal notch.
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1. Introduction

Malpositioning of an endotracheal tube (ETT) can cause serious
complications in airway management and mechanical ventila-
tion. When the ETT is inserted deeply, there is a risk of
endobronchial intubation, resulting in atelectasis, hypoxemia,
and barotrauma. In contrast, an insufficiently inserted ETT
causes accidental extubation. To confirm proper positioning of
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the ETT after tracheal intubation, various methods have been
introduced, including the use of a predetermined depth (21cm for
females and 23cm for males)[1] or guide marks on the ETT at the
level of the vocal cords,[2] chest auscultation, and the cuff
ballottement technique at the suprasternal notch.[3] The cuff
ballottement test, which confirms that the inflated cuff is
positioned at the suprasternal notch with squeezing or inflating
a pilot balloon, has been reported to be a simple and reliable
method to confirm the correct depth of the ETT.[4]

In addition, vocal cord-related complications are possible
due to the ETT cuff, and thus it should be placed 15mm
below the vocal cord to prevent recurrent laryngeal nerve
injury.[5] However, the length of recently developed ETT cuffs is
generally around 40mm (Table 1) and thus, in patients with a
short distance between the vocal cord and the suprasternal notch,
ETT positioning using the cuff ballottement test can cause
pressure on the vocal cord and recurrent laryngeal nerve, and the
risk of intralaryngeal placement cannot be excluded in severe
cases.
In the present study, we hypothesized that ETT placement

using the cuff ballottement test might be related to vocal cord
injury and retrospectively investigated the distance from the part
15mm below the vocal cord to the suprasternal notch (VSD-15)
using computed tomography (CT) imaging. The length between
the thyroid notch and the suprasternal notch (thyroid notch-to-
suprasternal notch distance [TSD]) was also examined to
evaluate the correlation with VSD-15 with consideration given
to patient height, weight, sex, and age.
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Table 1

Cuff lengths of endotracheal tubes.

Types of endotracheal tube Internal diameter, mm Cuff length, mm Cuff shape

Hi-Lo (Mallinckrodt, Athlone, Ireland) 7.0 38 Cylindrical
7.5 40
8.0 45

Safety-Flex (Mallinckrodt, Athlone, Ireland) 7.0 40 Ellipsoidal
7.5 40
8.0 44

Hi-Lo EVAC (Mallinckrodt, CA) 7.0 35 Cylindrical
7.5 40
8.0 43

TaperGuard (Mallinckrodt, Athlone, Ireland) 7.0 35 Conical
7.5 38
8.0 40

SealGuard (Mallinckrodt, Athlone, Ireland) 7.0 35 Conical
7.5 40
8.0 47

Sheridan/CR (Teleflex Medical, Athlone, Ireland) 7.0 35 Ellipsoidal
7.5 42
8.0 42

Sheridan/spiral-flex (Teleflex Medical, Athlone, Ireland) 7.0 42 Ellipsoidal
7.5 47
8.0 47
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2. Methods
This retrospective study was approved by the Institutional
Review Board of Seoul Metropolitan Government Seoul
National University Boramae Medical Center (no. 16-2013-4).
In total, the data of 778 adult patients who underwent neck CT
from January 2010 to December 2012 were retrieved from the
hospital database. Patients were excluded if they had diseases or
masses that could affect the contour of the larynx, the upper
trachea, or the suprasternal notch, based on the examination of
CT images by radiologists. Patients who had ambiguous
Figure 1. VSD-15 means the safe proximal margin for endotracheal tube cuff p
because the vocal cord exits on the posterior surface of the thyroid cartilage in adult
15mm below the vocal cord to the suprasternal notch, TSD = the distance from
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anatomical outlines due to poor-quality CT images were also
excluded.
Scout imagesof the frontal and lateral neckobtainedbefore axial

CT images of the neck were acquired. The vocal folds are the
narrowest part of the larynx and the infraglottic space widens and
connects with the cavity of the trachea. VSD-15 was estimated as
the distance from a point 15 mm below the vocal cord to the
suprasternal notch, superior border of the manubrium, between
the clavicular notches at the frontal neck scout image (Fig. 1A). The
TSD was assessed as TSD, the superior border of the manubrium,
lacement above the suprasternal notch. TSD is chosen as a predictive factor
s and thyroid cartilage is easily detected externally. VSD-15 = the distance from
the thyroid notch to the suprasternal notch.
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at the lateral neck scout image (Fig. 1B).TheVSD-15andTSDwere
measured by 2 investigators and averaged. Patients’ age, sex,
weight, and height were also recorded.
Statistical analyses were performed using the IBM Statistical

Package for Social Sciences Statistics software program (ver.
20.0; IBM Inc., Armonk, NY, USA). Data are expressed as means
(standard deviation). To assess the reliability of VSD-15 and TSD
measurements, the intraclass coefficient (ICC) was calculated. To
investigate the relationship between VSD-15 and other variables,
such as age, sex, height, and TSD, linear regression was used.
Prior to analysis, any sex difference in VSD-15 was analyzed
using Student t test. Pearson correlation coefficient was used to
analyze continuous variables and multiple linear regression was
used to analyze the effect of each variable on VSD-15. In the
multiple linear regression model, we included variables with a P
value<0.05 in a single variable analysis. To avoid the problem of
multicollinearity, we included independent variables in the
models. A P value<0.05 was considered to indicate statistical
significance.

3. Results

In total, 778 patients underwent neck CTs from January 2010 to
December 2012.Of them, 255patientswhohaddiseases ormasses
that could affect the contour of the larynx, the upper trachea and
the suprasternal notch were excluded, and 96 were excluded
because of ambiguous outlines on CT images. Thus, we examined
the neck scout images of 427 patients (Fig. 2). The ICCs, ameasure
of reliability, were 0.921 for VSD-15 and 0.930 for TSD.
Patient characteristics and the measured VSD-15 and TSD are

presented in Table 2. Of the analyzed patients, 47 patients
(11.0%) showed a VSD-15 shorter than 45mm. No significant
sex difference was observed in VSD-15. VSD-15 significantly
correlated with TSD (r=0.778, P<0.001) and height (r=0.312,
P<0.001), and it was inversely correlated with age (r=�0.321,
P<0.001). However, no correlation was observed between VSD-
15 and weight (Fig. 3).
In the multiple linear regression models, TSD, height, and

age showed statistically significant correlations with VSD-15
Figure 2. Flow diagram of patient selection for image analysis. Of 778 patients w
masses that could affect the contour of the larynx, the upper trachea, and/or the sup
outlines in the CT images. Thus, the images of 427 patients were evaluated. CT
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(Table 3). From the results, a prediction model for VSD-15 was as
follows:

VSD�15ðmmÞ ¼ �6:220þ 0:744 � TSDðmmÞ
þ 0:092 � heightðcmÞ � 0:065 � ageðyearsÞ;
R2 ¼ 0:621 ðR ¼ 0:788Þ:
4. Discussion

Our data suggest that patients with relatively short VSD-15
values may be susceptible to vocal cord injury following ETT
placement using the cuff ballottement test. VSD-15 can be
predicted from TSD, height, and age.
In general, when the ETT tip is positioned at the level of the

mid-trachea, the risk of endobronchial intubation or inadvertent
extubation decreases. The trachea in adults extends from the
cricoid cartilage at the level of C6 to the carina at the level of T4.
The suprasternal notch lies at the vertebral level of T1–2, slightly
above the middle trachea, and thus if the TT cuff is detected just
above the suprasternal notch during the cuff ballottement test, the
tip of the ETT would be positioned at the level of the mid-
trachea.[6] According to a previous study, the cuff ballottement
test is a reliable method that predicts when the tip of the ETT lies
in the desired position, 3 to 7cm from the carina, at the level of
T3–4.[4]

Proper positioning of the ETT has mainly focused on the
avoidance of endobronchial intubation or inadvertent extuba-
tion, but vocal cord-related complications following tracheal
intubation can also be problematic. Hoarseness and sore throat
are common postoperative complaints, with incidences between
15% and 49%.[7,8] Furthermore, vocal cord paralysis is one of
the most serious complications following tracheal intubation,
resulting from mechanical damage or nerve injury.[9–14] A
pressurized TT cuff can damage the vocal cord, and this is related
to ETT size, cuff pressure, and direct recurrent laryngeal nerve
injury.[15] In particular, the anterior ramus of the recurrent
laryngeal nerve is placed about 6 to 10mm below the vocal cords,
ho underwent neck CT, 255 patients were excluded because of diseases or
rasternal notch, and 96 patients were also excluded because of the ambiguous
= computed tomography.
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Table 2

Patient characteristics, VSD-15, and TSD.

Male (n=214) Female (n=213) Total (n=427) P (male vs female)

Age 51.6 (16.8) 49.0 (17.6) 50.3 (17.2) 0.113
Height, cm 169.6 (6.8) 157.6 (6.3) 163.6 (8.9) <0.001
Weight, kg 66.6 (11.0) 57.5 (8.9) 62.1 (11.0) <0.001
VSD-15 60.0 (12.2) 58.7 (11.4) 59.4 (11.8) 0.255
TSD 73.2 (11.3) 71.5 (11.9) 72.8 (11.7) 0.135

Values are expressed as means (standard deviation).
TSD= the distance from the thyroid notch to the suprasternal notch, VSD-15= the distance from 15mm below the vocal cord to the suprasternal notch.
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and is vulnerable to compression between the thyroid cartilage
and the ETT cuff.[5,13] Furthermore, the vocal cord is the
narrowest portion of the larynx and the infraglottic cavity
expands anterolaterally, connecting to the trachea. If the ETT
cuff is placed immediately below the vocal cord, the cuff exerts a
pressure on the recurrent laryngeal nerve, resulting in sore throat,
hoarseness, or vocal cord paralysis. Thus, it has been advocated
that the upper end of the ETT cuff should be placed 15mm below
the vocal cord.[5]

When the cuff ballottement test is used, the ETT cuff is placed
around the suprasternal notch. In some cases, the major part of
the cuff could be placed above the suprasternal notch and
Figure 3. Correlation between VSD-15 and variables. VSD-15 = the distance from
the thyroid notch to the suprasternal notch.
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immediately below the vocal cord, and patients with a short VSD-
15 are susceptible to vocal cord injury. Additionally, newly
developed ETT cuffs tend to have a cylindrical shape to provide a
large contact area for improving tracheal sealing,[16] but it can
induce more pressure on the vocal cord.
To predict VSD-15, the safe proximal margin for ETT cuff

placement, we evaluated the correlation between VSD-15 and
possible variables, including height, weight, age, and TSD. TSD
was chosen as a predictive factor because the vocal cord exits on
the posterior surface of the thyroid cartilage; the lower end of the
epiglottis is attached to the middle of the posterior surface of the
thyroid cartilage in adults; and the thyroid cartilage is readily
15mm below the vocal cord to the suprasternal notch, TSD = the distance from



Table 3

Associations of VSD-15 with independent variables by multiple
linear regression analyses.

Variables b (SE) P

Age �0.065 (0.022) 0.004
Height 0.092 (0.043) 0.035
TSD 0.744 (0.032) <0.001

b= regression coefficient, SE= standard error, TSD= the distance from the thyroid notch to the
suprasternal notch, VSD-15= the distance from 15mm below the vocal cord to the suprasternal
notch.
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detected externally. In the present study, VSD-15 was found to be
closely correlated with TSD.
We also found that VSD-15 is inversely correlated with age.

Although the underlying mechanism is unclear, it is assumed that
laryngeal tissues might degenerate and shrink with age.
According to a previous study, the risk of vocal cord paralysis
was increased threefold in patients age 50 or older.[15] One of
their explanations is that the age-degenerated laryngeal system
may be more vulnerable to acute inflammation and circulatory
insufficiency due to the TT cuff pressure. Additionally, VSD-15
was correlated with height in agreement with previous reports
which showed a correlation between airway length and
height.[17,18] Thus, height was included in the multiple linear
regression models.
In the present study, some patients had VSD-15 values shorter

than 45mm. Based on our findings, in patients with a relatively
short VSD-15, the cuff ballottement test may cause the cuff to be
placed in the vicinity of the vocal cord, which might cause vocal
cord complications. Furthermore, it was found that these patients
have a higher risk of endobronchial intubation because the
thyrosternal length, which is TSD in our study, has been
suggested to predict tracheal length.[18] Thus, we should keep in
mind that patients who are predicted to have a short VSD-15 are
likely to suffer from vocal cord injury and endobronchial
intubation, and a smaller TT with a shorter cuff length could be
considered within the clinically acceptable range in these
patients.
Our study has several limitations. First, we did not assess the

relationship between VSD-15 and the incidence of postoperative
sore throat, hoarseness, or vocal cord paralysis. Further studies
are needed to evaluate the correlation between the vocal cord-to-
suprasternal notch distance and postoperative laryngeal compli-
cations. Second, our findings are restricted to Asians, although
airway length does not differ between Western and Oriental
individuals according to previous studies.[17,19]

In conclusion, the cuff ballottement test should be used
cautiously in patients who are predicted to have a relatively short
VSD-15. VSD-15 can be predicted from TSD, height, and age.
Future clinical evaluations of the relationship between the vocal
5

cord-to-suprasternal notch distance and postoperative vocal cord
complications are required.
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