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Endotracheal tube cuff position in relationship to the walls of
the trachea: A retrospective computed tomography-based
analysis

ABSTRACT

Background: The use of cuffed endotracheal tubes (ETTs) has become the standard of care in pediatric practice. The rationale
for the use of a cuffed ETT is to minimize pressure around the cricoid while providing an effective airway seal. However,
safe care requires that the cuff lie distal to the cricoid ring following endotracheal intubation. The current study demonstrates
the capability of computed tomography (CT) imaging in identifying the position of the cuff of the ETT in intubated patients.
Methods: The study included patients ranging in age from 1 month to 10 years who underwent neck and chest CT imaging
that required general anesthesia and endotracheal intubation. The location of the ETT and of the cuff within the airway was
determined from axial CT images at three levels (proximal, middle, and distal). Anatomical orientations were tabulated, and
percent chances of each orientation were determined for the ETT and the cuff.

Results: The study cohort included 42 patients ranging in age from 1 to 114 months. An ETT with a polyvinylchloride cuff was
used in 24 patients, and an ETT with a polyurethane cuff was used in 18 patients. The ETT was located near the posterior
wall of the trachea in approximately 24—38% of patients, being most likely to be centrally located at the proximal end and at
its mid-portion. The middle part of the cuff was most likely to be positioned in the mid-portion of the trachea but tended to
skew anteriorly at both the proximal and distal ends.

Conclusion: This is the first study using CT imaging to identify the uniformity of cuff inflation within the trachea in children.
With commonly used cuffed ETTs, cuff inflation and the final position of ETT cuff within the tracheal lumen were not uniform.
Future investigations are needed to determine the reasons for this asymmetry and its clinical implications.
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Introduction

The debate regarding the use of cuffed versus uncuffed
endotracheal tubes (ETTs) in infants and children has generally
been settled in favor of the use of cuffed ETTs. This has
resulted in a change in clinical practice in both the operating
rooms and the pediatric intensive care unit. This change in
practice has been driven by clinical studies demonstrating
clinical advantages with the use of cuffed ETTs including
enhanced efficacy in sealing the airway during positive
pressure ventilation, assurance of a stable and predictable
tidal volume, prevention of aspiration, a decreased need for
ETT exchange, and a decreased incidence of a sore throat.!"!

The ETT as well as the cuff which is placed within the
airway can pose a risk for airway injury in children.** While
the etiology of airway complications from endotracheal
intubation is multi-factorial, malpositioning of the cuff
and high intra-cuff pressures are two factors which may be
responsible.”!" The ideal configuration of the cuff of the ETT
should guarantee equal expansion of the cuff on all sides of
the ETT. Although this has generally been assumed to be the
case, there are no studies evaluating the orientation of the
cuff of the ETT and its inflation within the airway in children.
The aim of this study is to define the orientation of the cuff
of the ETT within the airway in infants and children using
computed tomography (CT) imaging.

Methods

After obtaining IRB approval, this retrospective observational
study was performed at Sidra Medicine (Doha, Qatar) date
of approval July 17, 2023. As a retrospective study, the need
for individual informed consent was not deemed necessary.
The study included patients ranging in age from 1 month to
10 years who underwent neck and chest CT imaging that
required general anesthesia and endotracheal intubation
from January 2018 until January 2020. Exclusion criteria
included patients with a history of airway pathology,
previous tracheostomy, the presence of a mediastinal mass,
diaphragmatic hernia, extra-pulmonary and intra-thoracic
masses, pre-term infants, and patients with genetic/
chromosomal syndromes. The data were identified and
retrieved from the picture archive and communicating
systems (PACS) of the Department of Radiology. As a
retrospective study, the study protocol did not control the
process of endotracheal intubation including the type of ETT
used, medications used for the induction and maintenance
of anesthesia including neuromuscular blocking agents, or
the technique of laryngoscopy. Standard clinical methods
including the presence of exhaled end-tidal carbon dioxide

and equal bilateral breath sounds were used to confirm the
position of the ETT. Demographic data were recorded, as
well as the type and the size of the ETT used.

The CT scans were performed with the head and neck in
the neutral position as deemed necessary by the imaging
protocols. All imaging acquisitions were made using two
identical CT scanners with identical imaging protocols
and configurations (SOMATOM Definition Flash, Siemens
Healthineers AG, Erlangen, Germany). Acquired data were
transferred to the standalone workstation (syngo.via,
Siemens Healthineers AG, Erlangen, Germany, Software
version VB30A_HF06) for evaluation. Sinogram Affirmed
Iterative Reconstruction (SAFIRE) at Level 3 was used
on all images. Images were reconstructed using the soft
kernel (130), with the abdomen window on default settings.
Two pediatric anesthesiologists evaluated the CT scans in
consensus with each other. The location of the ETT and of
the cuff within the airway were determined from axial CT
images at three levels (proximal, middle, and distal aspects
of the cuff) [Figures 1 and 2]. Anatomical orientations were
tabulated and percent chances of each orientation were
determined for the ETT and the cuff.

Statistical analysis

Demographic data as well as the characteristics and the
size of the ETT were summarized as mean * standard
deviation (SD) or counts with percentages. Data analysis was
performed in Stata/SE 16.1, and a two-tailed P < 0.05 was
considered statistically significant.

Results

The study cohort included 42 patients ranging in age from 1 to
114 months and in weight from 2.94 to 61.8 kilograms [Table 1].

Endotracheal tube cuff

Endotracheal tube

Figure 1: Axial CT image of a patient showing the location of the cuff of
the ETT within the airway. The ETT cuff is skewed anteriorly with the ETT
displaced posteriorly
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A standard ETT with a polyvinylchloride cuff was used in
24 patients, and a Microcuff® ETT with a polyurethane cuffwas
used in 18 patients. The sizes and types of ETTs used are listed
in Table 2. The positions of the ETT and the cuff are shown in
Figure 3 (proximal, middle, and distal). The ETT was located

tube cuff and trachea

near the posterior wall of the trachea in approximately 24-38%
of patients, being most likely to be centrally located at the
proximal end and at its mid-portion. The middle part of the
cuff was most likely to be positioned in the mid-portion of the
trachea but tended to skew anteriorly at both the proximal and
distal ends. The mid-section of both the ETT and the cuff had
the highest chance (57-60%) of having a central orientation
in the trachea, while the distal end had the lowest chance of
being centered (26-29%).

Discussion

We have previously demonstrated the feasibility of using CT
imaging to identify the position of an ETT cuff within the

Table 1: Demographic data of the study cohort

Study parameters Results
Number of patients 42
Age (months) 41.6=+7.1
Gender (male/female) 25/17
. . .
Figure 2: Axial CT image of a patient showing the location of the distal end of He'ght (cer.ltlmeters) 86.7250
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Figure 3: Positions of the ETT and the cuff within the airway in the study cohort of 42 patients
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Table 2: ETT characteristics of the study cohort (n=42)

ETT information Number

Type of ETT* (standard/Microcuff®) 24/18

ETT size (mm ID)
3.0 4
35 9
4.0 6
4.5 12
5.0 3
5.5 4
6.0 3
6.5 1

*Standard ETT with a polyvinylchloride cuff or Microcuff® with a polyurethane cuff

airway in infants and children."” Our previous study was the
first to demonstrate the use of CT imaging to evaluate the
position of the cuff in relationship to the cricoid ring using
sagittal images. For the first time, the current study uses axial
images to evaluate the symmetry of cuff inflation and the
position of the ETT and its cuff within the airway. In general,
we noted that cuff inflation was not uniform and that in the
many patients, there was skewing of the cuff and the ETT away
from the center of the trachea. Although it may have been
assumed that cuff inflation would be uniform, the current
study demonstrates the non-uniformity of cuff inflation and
the potential for the cuffand ETT to be positioned away from
the center of the trachea. Non-uniform inflation occurred with
both polyurethane and polyvinylchloride cuffs.

Despite the reported clinical advantages of using a cuffed ETT,
excessive pressure within the cuff related to its over-inflation
or other factors may lead to the potential for damage to the
tracheal mucosa.® Concerns regarding the cuff pressure relate
to not only the instantaneous intra-cuff pressure but also the
duration of endotracheal intubation. In general, the intra-cuff
pressure should be maintained at <20-30 cmH20."* Various
assumptions are made when arriving at the recommendation
to limit intra-cuff pressures to this level. In the normal state,
it has been estimated that the capillary perfusion pressure of
the tracheal mucosa in man is 22 mmHg with a pressure at the
arterial end of approximately 30 mmHg. In an animal model,
progressive obstruction of venous outflow results in an
increase of the pressure at the arterial end so that pressures
in excess of 50 mmHg are needed to cause tracheal mucosal
injury." In an endoscopic study evaluating tracheal blood
flow in man, obstruction to mucosal blood flow occurred
at a lateral pressure above 22 mmHg (30 cmH20).I">) When
assessed using scanning electron microscopy in an animal
model, no difference in damage to the tracheal mucosa was
noted when comparing cuff inflation to seal the airway to
a peak inflating pressure of 20 cmH20, which resulted in a
median intra-cuff pressure of 14 cmH20, versus inflation

of the cuff to an intra-cuff pressure of 20 cmH20.""! In a
retrospective clinical study of 2953 pediatric patients over
a 4-year period, the incidence of the stridor was less than
1% when a slight leak around the ETT was noted with the
application of 25 cmH20 of continuous positive pressure to
the airway.I'"® These studies have been used to develop the
current recommendations to limit the intra-cuff pressure to
less than 20-30 cmH20. However, despite following these
recommendations, damage to the tracheal mucosa with
airway sequelae may occur, thereby supporting the clinical
impression that other factors play a role, including co-morbid
conditions including those which affect cardiovascular
function and perfusion pressure, genetic factors, pre-existing
airway abnormalities, and the duration of endotracheal
intubation and the intra-cuff pressure. The current study
poses another possibility that may impact tracheal mucosa,
malposition of the ETT within the airway, and the potential
for non-uniform cuff inflation with variations in the cuff-
mucosa interface.

We had generally assumed that cuffinflation was symmetrical;
however, the current study demonstrates that this is not the
case. Several factors (both internal and external to the cuff)
may impact the uniformity of cuff inflation, including the
type of cuff (polyurethane or polyvinyl chloride), shape of
the cuff (cylindrical or tapered), thickness of the cuff material
and its uniformity, and the inflation method including the
technique used to cuff sealing of the airway. The thickness
of a polyurethane cuff is estimated to be approximately
7-10 wm compared to 50 wm for a polyvinylchloride cuff.l'”!
Commonly used ETTs have a natural curvature or the Magill
curve, which serves to facilitate placement into the trachea
without a style. This curve may result in an asymmetric
direction and subsequent placement of the ETT within the
airway. This could be corrected by making the distal 1/3" of
the ETT straight and confining the Magill curve to the upper
half of the ETT. Additionally, it is also possible that external
factors such as the anatomy or shape of the airway or patient
positioning may impact the inflation of the cuff.

Previous studies have demonstrated differences between
in vitro and in vivo characteristics of cuff inflation with
the potential for redundancy of the cuff material with the
formation of recesses and longitudinal channels on the
surface when inflated within the trachea.!'® This redundancy
was such that it resulted in ineffective sealing of the airway
as demonstrated by the passage of dye around the cuff of the
ETT. The cuff material may not expand uniformly throughout
the inflation process, thereby creating areas of contact and
non-contact between the cuff and the tracheal wall. This
may result in varying pressures at the point of contact.!"2
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In general, an intra-cuff pressure of 20-30 cmH20 is
recommended so that adequate ventilation can be provided
during the application of positive pressure and the aspiration
of secretions from above the cuff can be prevented.?'! In
clinical practice, several techniques may be used to ensure a
cuff pressure within these ranges, including slowly inflating
the cuff to seal the airway while auscultating and holding
CPAP at 20-30 cmH20, palpation of the pilot balloon,
monitoring of inhaled and exhaled tidal volumes or flow
volume loops, and use of a manometer.®'3?22! Variations in
pressure and rate of inflation during filling of the cuff may
theoretically result in asymmetric cuff inflation, especially
when differences exist in the tensile strength of the cuff,
which may result in areas that inflate more rapidly as the
intra-cuff pressure increases.

Limitations of the current study included its retrospective
nature and a somewhat limited cohort size. Our cohort size
was restricted by the number of available patients with CT
imaging with an ETT in place. The study cohort was also
affected by the need to include only those CT images with
optimal image quality as we had to ensure visibility of the
cuff of the ETT within the trachea, resulting in a further
decrease in sample size. This impacted our ability to draw
conclusions regarding differences in outcome based on
patient demographics (age, weight, height) as well as the
type of ETT used and the cuff (polyvinylchloride versus
polyurethane). The retrospective study also eliminated the
potential for standardization of the anesthetic technique for
ETT placement, so there was variation in the methodology
used by the individual practitioners including the choice of
ETT, medications and technique of endotracheal intubation,
the technique used to confirm the correct location of the
ETT within the trachea, and most importantly the technique
of cuff inflation.

In conclusion, the current study demonstrates the feasibility
of using CT imaging to identify the uniformity of cuffinflation
within the trachea as well as the position of the ETT. Although
the ideal location of the ETT cuff inside the airway has not
clearly been identified, as the cricoid and subglottic regions
are relatively non-distensible when compared to the lower
aspects of the airway, it is generally recommended that the
cuff be placed below the cricoid. With commonly used cuffed
ETTs, the current study suggests that cuff inflation and the
final position of the cuff and the tip of the ETT within the
tracheal lumen are not uniform. Future investigations are
needed to determine the reasons for this asymmetry and its
clinical implications. More importantly, if this asymmetry in
inflation is responsible for airway trauma, mechanisms to
avoid it need to be determined.
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