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Safe balloon sizing for endoscopic dilatation of
subglottic stenosis in children
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Abstract
Objectives: To describe our experience and provide guidelines for maximum safe balloon sizes according to age in
children undergoing balloon dilatation.

Method: A retrospective review was conducted of children undergoing balloon dilatation for subglottic stenosis
in a paediatric tertiary unit between May 2006 and February 2016.

Results: A total of 166 patients underwent balloon dilatation. Mean ( + standard deviation) patient age was 4.5 +
3.99 years. The median balloon size was 8 mm, the median balloon inflation pressure was 10 atm, and the mean
balloon inflation time was 65.1 = 18.6 seconds. No significant unexpected events occurred. The Pearson
correlation co-efficient for the relationship between patient age and balloon size was 0.85 (p =0.001),

suggesting a strongly positive correlation.

Conclusion: This study demonstrated that balloon dilatation is a safe procedure for airway stenosis. The results
suggest using a balloon diameter that is equal to the outer diameter of the age-appropriate endotracheal tube +1 mm

for the larynx and subglottis and +2 mm for the trachea.
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Management

Introduction

Laryngotracheal stenosis in the paediatric population
can have multiple causes, most commonly occurring
as a result of prolonged intubation. Endoscopic techni-
ques have been used to dilate laryngotracheal stenosis
since 1870." By the 1970s, open procedures such as lar-
yngotracheal reconstruction were introduced to manage
severe subglottic stenosis.”

Reported modalities for endoscopic expansion of the
airway include rigid dilatation using a bronchoscope or
bougie, cold knife techniques, and laser.* With the
advent of balloon angioplasty catheters for cardiac pro-
cedures, the use of balloon dilatation in the airway has
become increasingly popular.’ The advantages include
less post-operative pain, reduced in-patient stay, fewer
complications and better voice results when compared
to open procedures.® Rigid dilatation results in longitu-
dinal shearing forces in the mucosal and submucosal
layers, which can cause subepithelial fibrosis that can
lead to recurrent stenosis. In contrast, balloon dilatation
results in dilatation in a radial direction, thus reducing
trauma to the mucosal and subepithelial layers.’
There are also theories that balloon dilatation causes
full- or partial-thickness fractures of the cricoid cartil-
age, decompressing the subglottis.”

Accepted for publication 13 November 2016

https://doi.org/10.1017/50022215117000081 Published online by Cambridge University Press

Although patients often experience symptomatic
improvement after dilatation, the recurrence rates have
been reported as between 40 and 70 per cent over
months to years.® The use of mitomycin C has also
been extensively investigated, with the theory that it
can improve wound healing in the airway.’

There is very little information available in the litera-
ture to guide balloon sizing, and currently surgeons
often use their own breadth of experience to guide
balloon sizing, inflation pressures and length of infla-
tion time. Excessively high inflation pressures can
damage or rupture the airway, and inadequately high
pressures can reduce the effectiveness of procedures
and result in the requirement for even more procedures.
Although two systematic reviews have concluded that
airway balloon dilatation is very effective in treating
subglottic stenosis, there is no consensus regarding
balloon diameters or inflation pressures.'”'" One
animal study that used rabbit models to determine the
optimum balloon sizes found that the minimum
balloon size required to create a fracture in the cricoid
cartilage in an airway diameter of 5.4 mm was
7.0 mm, at a pressure of 6.0 atm.* A similar study on
a live rabbit model showed that airway balloon dilata-
tion with balloon diameters that exceeded the airway
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diameter by 2.6 mm was associated with cricoid
fractures.'”

This study aimed to describe our experience regard-
ing the use of balloon dilatation and to provide guide-
lines for maximum safe balloon sizes according to age
in children undergoing this procedure.

Materials and methods

This study was approved by the Great Ormond Street
Hospital for Children NHS Foundation Trust Clinical
Governance Department.

A retrospective review of case notes and the oto-
laryngology department operative database was per-
formed for all children who underwent balloon
dilatation of their airway for subglottic stenosis in a
paediatric tertiary referral unit (Great Ormond Street
Hospital for Children) over a 10-year period, between
May 2006 and February 2016. Patient demographics,
co-morbidities, number of procedures and procedure
details (including balloon size (in millimetres), infla-
tion pressure (in atmospheres) and length of inflation
time (in seconds)) were all recorded and analysed.
Patients for whom there were insufficient data recorded
were excluded.

Statistical analyses and comparisons (conducted
using GraphPad Software, La Jolla, California, USA)
were carried out using a linear regression model, and
significance was set at p < 0.05."

Results

A total of 166 patients underwent balloon dilatation of
the airway during the study period. There were 75 male
patients and 91 female patients. Mean (* standard
deviation (SD)) patient age was 4.5 + 3.99 years. Of
the 166 patients, 94 (57 per cent) also had concurrent
airway pathologies (e.g. laryngomalacia, laryngeal
cleft, tracheomalacia, trachea-oesophageal fistula).
The most common co-morbidities included cardiac
conditions (e.g. patent ductus arteriosus, tetralogy of
Fallot) (48 out of 166, 29 per cent) and trisomy 21
(19 out of 166, 11 per cent).

The reason for balloon dilatation in all cases was
subglottic stenosis. Grade of subglottic stenosis was
measured using the Myer—Cotton classification.” The
median grading of stenosis was grade 2. The median
balloon size used was 8 mm, the median balloon infla-
tion pressure was 10 atm and the mean (£ SD) balloon
inflation time was 65.1 + 18.6 seconds. We also calcu-
lated the mean balloon diameters (in millimetres) for
different age groups (Table I). The majority of patients
(148 out of 166 patients, 89 per cent) underwent
multiple balloon dilatation procedures. Multiple
balloon dilatations were generally not performed
during the same operation unless it was felt that the
initial balloon dilatation was not effective. No signifi-
cant unexpected events occurred.

We looked at the correlation between patient age and
balloon size used. The Pearson correlation co-efficient
(R value) was 0.85 (p = 0.001), suggesting a strongly
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TABLE I
MEAN BALLOON SIZE FOR DIFFERENT AGE GROUPS

Age group Mean balloon size (mm)
Pre-term — 1 month 52
1—6 months 59
6—18 months 6.8
18 months — 3 years 7.4
3—6 years 8.2
6—9 years 9.9
9—12 years 11.8
12—14 years 12.9
positive  correlation  between these  variables

(Figure 1). We also examined the correlation between
subglottic stenosis grade and balloon size used. The
Pearson correlation co-efficient (R value) was 0.15
(p = 0.09), suggesting no correlation between these
variables. The Pearson correlation co-efficient (R
value) between subglottic stenosis grade and balloon
inflation pressure was 0.68 (p = 0.001), suggesting a
moderately positive correlation between these variables
(Figure 2). The Pearson correlation co-efficient (R
value) between subglottic stenosis grade and balloon
inflation time was 0.22 (p = 0.06), suggesting little
correlation between these variables.

Discussion

Airway balloon dilatation has become increasingly
popular for the management of subglottic stenosis. It
has the advantages of relative ease and low morbidity
when compared to open reconstruction techniques,
such as laryngotracheal reconstruction and cricotra-
cheal resection, which are usually reserved for more
severe cases. Success rates of balloon dilatation used
for the treatment of subglottic stenosis are reported as
up to 100 per cent, although many patients require
repeat airway dilatations.'* The success of airway
balloon dilatation is defined by the long-term reso-
lution of stenosis and the avoidance of open surgery
such as laryngotracheal reconstruction. Modern
balloon catheters have low profiles, which allow them
to be passed atraumatically through small stenotic seg-
ments, to be subsequently inflated. They are also
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FIG. 1
Correlation between patient age and balloon size.
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Correlation between subglottic stenosis grade and balloon inflation
pressure.

oblong in shape, creating greater stability and resistance
to motion when inflated.'> In addition, they apply force
in a radial direction, thus theoretically allowing the
force to be applied to a more focused area and limiting
mucosal trauma.'?

There is little in the literature that provides guidance
for balloon diameter size and inflation pressures. There
are National Institute for Health and Clinical
Excellence Interventional Procedure guidelines in the
UK regarding the use of endoscopic balloon dilatation
for subglottic or tracheal stenosis, which were pub-
lished in December 2011.'° The guidance concludes
that the procedure is relatively safe, but there is a
poor evidence base, and no clear recommendations
regarding balloon size, inflation pressures or inflation
time. The introduction of the Airway Intervention
Registry in the UK (in March 2015), designed to
collect information on paediatric balloon dilatation pro-
cedures for airway stenosis on a national scale, will be
useful to improve the evidence base for such proce-
dures in children, and may help create guidelines.'’

Many of the previously published case series of
patients with airway stenosis undergoing airway
balloon dilatation do not explain the rationale for the
selection of particular balloon diameters.'®2° One
study suggests using diameters based on the age-appro-
priate airway size.>' Another study suggests the use of a
balloon 1 mm larger than the age-appropriate endo-
tracheal tube, whilst a slightly larger study suggests
sizing the balloon 2—4 mm larger than the normal
airway diameter, or 100—125 per cent of the normal
airway diameter.”> ** A balloon diameter column has
recently been added to the Myer—Cotton subglottic
stenosis table, which suggests that the balloon diameter
should be no larger than 1 mm above the age-appropri-
ate subglottic diameter.*

With regard to inflation pressure, there is a wide
range quoted in the literature.'> Some papers do not
report the inflation pressures used. Some quote 2
atm,?%?® others report between 4 and 7 atm,”’ and
one paper quotes up to 16 atm.”” One paper suggests
reading the package information leaflet and adopting
the manufacturers’ recommended settings.”* This is
because the pressure applied depends on the balloon
type and diameter with compliant balloons.
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Animal studies, such as those using New Zealand
white rabbits, suggest that airway balloon dilatation
with balloon diameters that exceed the airway diameter
by 2.6 mm is associated with cricoid fractures.'? In that
particular study, when balloon diameter was kept con-
stant, inflation pressure had no correlation with
mucosal injury or probability of cricoid fracture. An
older pilot study by the same research group suggested
that the cricoid cartilage remained intact when using a
balloon 0.6 mm or smaller than the measured subglottis
diameter, and a fracture occurred when using a balloon
1.6 mm or larger than the measured subglottis diameter
with a pressure as low as 6 atm.” They also found that
when a gross fracture did occur, it was always at the
anterior cricoid ring. Another animal study reported
that intra-operative mortality from cardiopulmonary
arrest reached 50 per cent when the balloon diameter
exceeded the airway diameter by 4.6 mm.'® In add-
ition, they found that post-operative feeding difficulties
could occur with any balloon diameter or inflation
pressure.

Appropriate balloon catheter sizing is important
given the risk of potential cricoid rupture with exces-
sive expansion. This has been reported in animal
studies, as described previously, but has never been
reported in humans. Standard practice involves the
use of an endotracheal tube to determine the airway
diameter. This information, together with expected
airway diameter for age in a normal airway, is used
to identify the balloon size to be selected.”

Our results demonstrate our experience with balloon
dilatation. They show that there are currently no clear
patterns when deciding on appropriate balloon dia-
meters, inflation pressures and inflation times, although
increasing balloon size should be used with increasing
age. However, given that we had no adverse complica-
tions, such as cricoid rupture, we can infer that it is safe
to keep within the limits of balloon dilatation described
in our results. Therefore, the results suggest that using a
balloon diameter which is equal to the outer diameter
of an age-appropriate endotracheal tube +2 mm is
safe for treating airway stenosis, without causing com-
plications. Our data do not, however, give any idea as to
the maximum balloon diameter size that can be used
before complications, such as cricoid fracture, ensue.
Previous animal studies have demonstrated in vivo
maximum balloon diameter sizes for varying tracheal
diameters. However, there are no reports regarding
maximum balloon dilatation diameters in the airways
of children.

Based on expert opinion, and using our data and the
previous literature, we recommend using a balloon with
the outer diameter of the age-appropriate endotracheal
tube for the child +1 mm for the larynx or subglottis
and +2 mm for the trachea, leaving a safe margin for
error. We have designed a table to show recommended
safe maximum balloon catheter sizes for endoscopic
dilatation of stenosis based on patient age and stenosis
site (Table II). The table also includes existing data on
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recommended endotracheal tube size, and reference
values for cricoid and tracheal transverse diameters
for the same age groups.”®

Balloon catheters may be compliant (i.e. continue to
expand with increasing pressure) or non-compliant (i.e.
expand to a fixed diameter with increasing pressure).
Compliant balloon catheters should be used with care
to avoid overstretching the cricoid with increasing
inflation pressures. A recent study using a three-dimen-
sional computer model identified that compliant balloons
were at least as likely as non-compliant balloons to frac-
ture the cricoid.?” With compliant balloons, there is an
element of unpredictability, as the external diameter of
the balloon increases with increasing pressure, and
there is a theoretical risk of damage to surrounding
tissue. Non-compliant or semi-compliant balloons
provide more focused pressure in a more predictable
fashion, without altering balloon diameter with increas-
ing inflation pressure, and these can be more effective
in treating rigid stenosis.’® Thus, we recommend the
use of non-compliant or semi-compliant balloons.

e Appropriate balloon catheter sizing is
important given the risk of potential cricoid
rupture with excessive expansion

e Standard practice involves the use of an
endotracheal tube to determine the airway
diameter

e This information, together with expected
airway diameter for the child’s age in a
normal airway, is used to select balloon size

o The results suggest an outer diameter of the
age-appropriate endotracheal tube +1 mm for
the larynx or subglottis and +2 mm for the
trachea

o Balloon inflation pressure should be 10 atm
for 1 minute

o Compliant or semi-compliant balloon
catheters should be used with care to avoid
overstretching the cricoid with increasing
inflation pressures

With regard to balloon inflation pressures and inflation
time, there do not appear to be clear patterns based on
our data. However, we would recommend using a range
of inflation pressures, between 6 and 14 atm, depending
on the size of the airway and degree of stenosis, and
guided by manufacturer-recommended pressure speci-
fications for the size and type of balloon used. Our pre-
ferred balloon inflation time is 1 minute. In cases of
acquired soft-tissue stenosis, radial cuts through the
stenosis using a sickle knife, prior to balloon dilatation,
can help with management.

This study was limited by the relatively small sample
size. Furthermore, it was retrospective, relying on
accurate database and operative note recording; thus,
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there may be an element of selection and reporting bias.
Patients for whom there were insufficient data were
excluded.

Further prospective studies are warranted to investi-
gate the use of balloon dilatation in other paediatric ter-
tiary centres. In addition, further in vitro studies
demonstrating safe levels of balloon inflation would
be wuseful, particularly those investigating the
maximum levels of balloon dilatation in humans.

Conclusion

Appropriate balloon catheter sizing is important given
the risk of potential cricoid rupture with excessive
expansion described in animal studies. Standard prac-
tice involves the use of an endotracheal tube to deter-
mine the airway diameter. This information, together
with expected airway diameter for age in a normal
airway, is used to identify the balloon size to be
selected. Based on expert opinion, animal studies and
our data, we would suggest using the outer diameter
of the age-appropriate endotracheal tube for the child
+1 mm for the larynx or subglottis and +2 mm for
the trachea. Compliant or semi-compliant balloon
catheters should be used with care to avoid overstretch-
ing the cricoid with increasing inflation pressures.
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