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Abstract: Severing of the pilot balloon of an endotracheal tube (ETT) results in cuff
deflation and may lead to complications including inadequate patient ventilation, increased
risk of aspiration and infection, and operating room air pollution with anesthetic gases. In
situations where ETT exchange or reintubation may pose a significant risk to the patient,
temporary repair of the severed cuff tubing can be helpful until it is safe to address the
problem with replacing the ETT. Simple and effective repair methods can be achieved using
readily available materials in the operating room, including intravenous cannulas, hypoder-
mic syringes, and epidural clamp connectors. However, choosing which technique or method
depends mainly on personal preference, equipment availability, and provider comfort and
experience. We present a 12-year-old adolescent who presented for anesthetic care for
extensive burn injury. During removal of the dressing around the head and face, the tubing
of the pilot balloon of the ETT was inadvertently cut. Options for dealing with such problems
are discussed, including techniques to allow for temporary repair and re-inflation of the
deflated cuff.
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Introduction
Endotracheal tubes (ETTs) are essential for the safe conduct of anesthesia and
airway management of the critically ill patient. ETTs facilitate the safe delivery of
anesthetic gases, protection of the airway, positive pressure ventilation, pulmonary
toileting, and maintenance of oxygenation. The use of cuffed ETTs in all pediatric
age groups, especially those aged 8 years or younger, has only gained prominence
in pediatric anesthesia practice in recent years." Cuffed ETTs may provide several
advantages over uncuffed ETTs, including improved sealing of the airway, limited
gas leak with improved ventilation and oxygenation, decreased need for ETT
exchange, and reduced risk of aspiration.”> Furthermore, the effective sealing of
the airway provided by the cuffed ETT helps prevent oropharyngeal contamination
with anesthetic gases and oxygen, thereby limiting the risk of airway fire.>

The cuffed ETT is equipped with multiple design features that ensure its efficiency
and safety. One such feature is the pilot balloon and valve. The pilot balloon is fitted to
a spring-loaded valve with a bulb connecter attached, which allows for a rough tactile
and visual confirmation of cuff inflation after endotracheal intubation or deflation
before extubation. However, damage to the pilot balloon, the tubing, and valve may
occur inadvertently during manipulation of the ETT or surgical procedures near the
airway or face. This can result in cuff deflation, a reduction in intracuff pressure with
ineffective sealing of the airway, and air leak. In addition, cuff deflation may lead to
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inadequate ventilation, risk of aspiration of oropharyngeal
secretions, unreliable monitoring of ventilator parameters,
and the potential for airway fire when higher concentrations
of oxygen are used.' The need to use high gas flows in the
event of an air leak may result in unnecessary exposure of the
operating room staff to volatile anesthetic agents and have
a significant economic impact, especially in low-resource
settings.* We present a 12-year-old adolescent who was
receiving intraoperative anesthetic care during care for
a burn injury. During removal of the dressing around the
head and face, the pilot balloon inflation tubing for the ETT
was inadvertently cut. Options for dealing with such pro-
blems are discussed, including techniques to allow for tem-
porary repair and re-inflation of the deflated cuff.

Case Report

Review and presentation of this case were in accordance
with the Institutional Review Board at Nationwide
Children’s Hospital (Columbus, Ohio). The informed con-
sent form at Nationwide Children’s Hospital allows for de-
identifiable information related to a patient’s anesthetic
care to be used for teaching and publication. Written
informed consent for anesthetic care and publication was
obtained from a parent prior to the procedure. A 12-year-
old, 48.3 kg adolescent male with a past medical history of
ADHD, generalized anxiety disorder, and behavioral
issues, presented for debridement and dressing of partial-
thickness burns of the trunk, bilateral extremities, and face
(20-29% TBSA) with split thickness skin graft and place-
ment of skin substrate on the face. He had been in the
intensive care unit (ICU) receiving mechanical ventilation
for 3 weeks prior to the procedure, with burn injury and
a hospital course complicated by inhalational injury with
respiratory failure, hypoxic encephalopathy, and wound
infection. He was premedicated with midazolam (4mg)
and transported to the OR, where standard American
Society of Anesthesiologists’ monitors were placed.
Anesthesia was induced with propofol and maintained
with sevoflurane, dexmedetomidine, and hydromorphone.
Anesthetic care was uneventful until shortly before the end
of the procedure when during the change of wound dres-
sing on the face, the pilot balloon for the size 5.5 endo-
tracheal tube in situ was inadvertently cut off (Figure 1).
Immediately following this, a hemostat was placed on the
remainder of the pilot cuff tubing to secure the remaining
air and maintain the pressure in the cuff. Ventilation was
also maintained with increased flows to compensate for air
leaks. The patient remained stable, and once the dressing

Figure | Severed pilot balloon, separated from the tubing of a cuffed endotracheal
tube.

was secure, his trachea was re-intubated. This event led to
a departmental quality improvement investigation with
a literature search and development of an in vitro techni-
que to determine an effective means to re-inflate the cuff
of an endotracheal tube in the event that immediate
exchange was not feasible.

Discussion

Centuries of innovations have led to the development of
a new generation of endotracheal tubes. The Greek philo-
sopher Hippocrates first described endotracheal intubation
to support ventilation in humans (460-380 BCE).
However, it was not until the 16th century when Andreas
Vesalius, an anatomist, and physician first described the
rhythmic inflation of the lungs of a pig by using a reed
placed into the trachea to facilitate ventilation.”® Years of
trial and error and innovations by various physicians and
investigators improved different designs and versions of
the endotracheal tube and led to the development of the
flexible modern ETT that allows for the safe passage
through the vocal cords. Several modifications to the
ETT improve its performance, including Murphy’s eye,
beveled tip, radio-opaque line, and an intubating stylet.

It was widely accepted that the larynx in infants and
children was funnel or conical shape with the narrowest
point at the cricoid ring.? This tenet was based mainly on
descriptions of the pediatric larynx by Dr Eckenhoff and
studies by Bayeux in 1897, who used plaster castings and

anatomical sections of cadaveric tracheas of children.>’
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Their conclusions led to the widespread use of uncuffed ETTs
in infants and children, especially those less than 8 years old.
However, recent studies using high-resolution diagnostic ima-
ging modalities have yielded contrasting findings. Litman et al
using MR imaging and Dalal et al using direct video broncho-
scopic measurements of the pediatric airway, both concluded
that unlike the historical findings of Bayeux and Eckenhoff,
the narrowest portion of the pediatric larynx is the transverse
diameter at the subglottic region, which is also relatively
distensible, while the cricoid remains an area of fixed resis-
tance to the passage of an ETT.'!"! They also reported that the
anteroposterior diameter of the pediatric larynx is cylindrical
rather than funnel-shaped, and therefore did not exhibit an age-
based transition to the more cylindrical adult airway.>'? These
conclusions have led to the development, and increased use of
the new generation cuffed ETTs in infants and children.
Proper handling and manipulation of the ETTs are needed
to prevent accidental damage to or tearing of the pilot balloon
and its tubing. This is particularly important in situations where
one may be dealing with a potentially difficult airway, as
occurred in our patient, as the resulting leak of the ETT cuff
and the need for tube exchange may pose a significant risk to
the patient. Additionally, intraoperative exchange of ETT may
be difficult or impractical if the patient is positioned non-supine
or if the surgical field limits access to the tube. A good practice
is to ensure that the cuff inflation system is not included in the
plaster or tie as it can easily cause kinking and a rise in intra-
cuff pressure, or it can be damaged during dressing changes.
When faced with situations where tracheal reintubation or tube
exchange may be difficult, salvaging the pilot balloon cuff
inflating tubing to prevent cuff deflation and air leak can be
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valuable until the end of the procedure. These techniques can
allow for reinflation of the cuff and an elective exchange of the
ETT under the optimal situation.

A unique way of preventing cuff deflation when the tubing
to the pilot cuff balloon is severed is to insert an intravenous
cannula into the cut end of the cuff inflation tube (Figure 2)."
After the intravenous cannula is inserted into the end of the
pilot tubing, the needle is removed, and a three-way stopcock is
attached (Figure 3). With this connection, the ETT cuff can be
re-inflated using an attached syringe, and the stopcock creates
a secure seal preventing the cuff from deflating (Figure 3A).
However, a potential complication of blind ETT cuff re-infla-
tion with the hypodermic syringe, especially in the absence of
the pilot balloon, which allows for a subjective estimation of
the cuff pressure by palpation, is the possibility of overinflation
to higher pressures with risk of severe injuries including tra-
cheal mucosal ischemia, ulceration, necrosis, tracheoesopha-
geal fistula or even tracheal rupture.'*'> To ensure that the re-
inflated cuff is not over-inflated, a cuff pressure monitor can be
attached to the three-way stopcock, and intracuff pressure
measured to the recommended cuff pressure of 15-25
mmHg'® (Figure 4). The size of the intravenous cannula to
use depends on the size of the ETT that must be repaired. Using
this temporary repair method, we tested how the various can-
nula sizes fit the different ETT pilot tubing to allow for cuff re-
inflation to provide data for reference (Table 1). Sill proposed
a similar repair method but used a needle inserted into the cut
end of the pilot balloon tubing.'” A major limitation to this
method is that the needle can potentially cut through the cuff
tubing or cause injury in an emergency setting. A final techni-
que described by Rao et al is to insert the cut end of the pilot
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Figure 2 A 24-gauge intravenous cannula inserted into the cut end of the pilot balloon tubing of the endotracheal tube (A). A 24-gauge intravenous cannula with the needle

removed connected to the cut end of the pilot balloon tubing (B).
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Figure 3 A 24-gauge intravenous cannula inserted into the cut end of the pilot balloon tubing of the endotracheal tube with a three-way stopcock and syringe attached to
allow for cuff inflation (A). A 24-gauge intravenous cannula with the needle removed connected to the cut end of the pilot balloon tubing with a three-way stopcock and

hypodermic syringe attached to prevent cuff deflation (B).

Figure 4 Intracuff pressure can be measured by connecting a cuff pressure monitor to the three-way stopcock attached to the syringe and the 24-gauge intravenous cannula

inserted into the cut end of the pilot balloon tubing of the endotracheal tube.

balloon tubing into the locking adaptor from an epidural con-
necter and then connecting it to a three-way stopcock.'® It
should be noted that ETT cuff rupture or dysfunction can also
occur independently of pilot balloon incompetency due to cuff
trauma from direct laryngoscope, product defects, or changes
in patient positioning.'” In the event of cuff rupture, temporary
measures such as continuous insufflation of the ETT cuff with
air, cuff inflation with a viscous liquid such as normal saline or

lidocaine jelly have been described.?>*! However, it should be
noted that such options for the management of cuff rupture
may not be feasible in situations where the defect or leak is
significant or during prolonged surgeries, which would mean
larger volumes of viscous fluids will be needed to maintain cuff
pressure.

Several temporary repair methods have been described
which will allow rapid and immediate repair of a cut pilot
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Table | Cuffed Endotracheal
Cannula for Repair

Tube Size with Intravenous

Cuffed ETT Size (mm) IV Cannula Size (Gauge)

3,35,4,45 -
555 24
6,657 22, 24
75,8 18, 20, 22,

balloon tubing. These techniques allow repair while the ETT
is in place. The cuff can then be re-inflated to allow for
effective ventilation and later exchange of the ETT in an
elective fashion. The choice of which technique or method
is mainly dependent on personal preference, equipment avail-
ability, and provider comfort and experience. Given its read-
ily available in all anesthetizing locations, we favor the use of
a standard intravenous cannula. The size used will depend on
the size of the ETT. Regardless of the method chosen, it is
vital to ensure that the repair has an adequate seal and
restoration of a normal cuff pressure to allow for proper

ventilation and minimize aspiration and subglottic injury risk.
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