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Summary

Over the last decade, tracheostomy has been increasingly performed in children, aligned with the
improvements in neonatal and pediatric ICU care. Nowadays, the majority of children with tracheos-
tomy represent a very complex cohort of patients with sustained reliance on tracheostomy and related
medical technology for long-term survival. Tracheostomy is one of the most commonly performed
procedures in the adult ICU. Contrary to adult practice, tracheostomy is a much less common proce-
dure in the pediatric ICU, being performed in < 3% of patients. There is no definite consensus about
the length of time a child should remain endotracheally intubated before the placement of a tracheos-
tomy. Tracheostomy in children also continues to remain a predominantly surgical procedure, with
percutaneous tracheostomy being performed infrequently and only considered feasible in older chil-
dren. The indications, preoperative considerations, and procedure types for tracheostomy in children
are reviewed. There is also a lack of consensus on an optimal pediatric decannulation protocol. The
literature discusses a myriad of protocols that use varying combinations of in-patient/out-patient re-
sources, specialized tests, and procedures An ideal decannulation protocol is presented, as well as review
of recently published decannulation algorithms. Finally, children with tracheostomy have a higher risk
of adverse events and mortality, which are largely secondary to their comorbidities rather than the
tracheostomy. The majority of the tracheostomy-related events are in fact potentially preventable. There
is a recognized need for improvement and coordination of care of pediatric patients with tracheostomy.
A multidisciplinary coordinated approach to tracheostomy care has already shown promising results.
This paper seeks to review the pertinent literature regarding quality improvement initiatives for tra-
cheostomy care, including review of the recently established Global Tracheostomy Collaborative. Key
words: tracheostomy; pediatric; decannulation; polysomnography; direct laryngobronchoscopy; capped; com-
plications; outcomes; quality improvement collaborative; Global Tracheostomy Collaborative. [Respir Care
2017;62(6):799–825. © 2017 Daedalus Enterprises]

Introduction

Over the last decade, tracheostomy has been increas-
ingly performed in children with complex and chronic
conditions, for management of upper-airway obstruction,
prolonged ventilation, abnormal ventilatory drive, and ir-
reversible neuromuscular conditions.1-5 For many of these
medically complex children, the timing of when the tra-

cheostomy is performed and the preoperative discussion
regarding ongoing care is significantly challenging.6-8 More
than 50% of children with tracheostomy are under the age
of 1 y at the time of tracheostomy placement.9 Decannu-
lation rates for these children are extremely low, ranging
from 28 to 51%,10-16 and in those children who are decan-
nulated, the average time the tracheostomy is present is
2 y.10-16
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In this review, timing of tracheostomy placement, tra-
cheostomy procedure techniques, and optimal decannula-
tion protocols in the pediatric population are discussed,
along with a comprehensive review of the literature. The
complexity of pediatric tracheostomy patients presents both
challenges and opportunities for optimizing their quality
of care. Recent quality improvement work and its impact
on tracheostomy outcomes are specifically addressed.

Overview of Tracheostomy

The Italian physician Antonio Musa Brassolva performed
the first reported successful tracheostomy in the early 15th
century for relief of airway obstruction secondary to en-
larged tonsils.17 Well-documented studies of tracheostomy,
however, did not appear until the early 1900s, when the
procedure was standardized by the otolaryngologist Che-
valier Jackson (1865–1958).18 Since that time, pediatric
tracheostomy has become a valuable procedure in children
with severe respiratory compromise or upper-airway
obstruction.9

Indications for Tracheostomy and Patient
Characteristics

Both the indications for tracheostomy and the charac-
teristics of children with tracheostomy have changed sig-
nificantly over the last 50 years, reflecting the changes that
have occurred in the management of critically ill chil-
dren.16,19-21 Before the introduction of widespread vac-
cination (Haemophilus influenza and Corynebacterium
diphtheria), acute viral and bacterial infections, such as
croup, diphtheria, and epiglottitis, were the leading causes
of airway compromise leading to pediatric tracheos-
tomy.19,22 The expectation was for short duration of the
tracheostomy with decannulation in most cases.

In the late 1900s, the increased use of endotracheal
intubation and respiratory support for premature infants,
which revolutionized neonatal care, led to greater survival

in premature infants with the need for prolonged respira-
tory support and associated upper-airway abnormali-
ties.19,23,24 Tracheostomy is now frequently performed in
children who have upper-airway anomalies (either con-
genital or more commonly acquired secondary to prolonged
intubation) or need prolonged mechanical ventilation due
to respiratory failure.3,25 There has been an increase in the
number of children surviving with complex medical needs
for whom tracheostomy and/or home ventilation is now
part of their chronic disease management.3,9,26 Tracheos-
tomy is also performed more frequently in children with
chronic conditions, including neurological impairment, and
congenital heart and lung disease. A retrospective analysis
of 917 children age 0–18 y undergoing tracheostomy from
36 children’s hospitals from 2002 to 2007, demonstrated
that chronic lung disease (56%), neurological impairment
(48%), and upper-airway anomaly (47%) were the most
common underlying comorbid conditions.9 Of the �4,800
pediatric tracheostomies performed in the United States
annually, 33% are reported to be performed on infants.27

Of 206 children who underwent an elective tracheostomy
from 2012 to 2013, 34.0% were neonates, 54.4% were
born prematurely, 97.6% were categorized as American
Society of Anesthesiologists class 3 or higher, and 75.7%
required nutritional support.28

Patient Evaluation

Timing of Tracheostomy in Children

Tracheostomy has become a routine clinical interven-
tion in adult critical care, being performed in 10–24% of
ventilated adult patients.29,30 The average number of tra-
cheostomies has steadily increased to �100,000 annually;
approximately 4,000 of these were performed in pediatric
patients.31 The trend is also for tracheostomy to be carried
out even earlier in the patient’s ICU stay.32 A recent com-
prehensive review of the Project IMPACT database (109
ICUs) documented that tracheostomy placement in adults
occurred at a median of 9 d (interquartile range 5–14 d)
after ICU admission. Up to 34% of adult patients who
require mechanical ventilation for �48 h eventually re-
ceive a tracheostomy for prolonged mechanical venti-
lation. A survey of adult practice in the United King-
dom reported that the majority of respondents would
consider tracheostomy indicated at �10 d of mechani-
cal ventilation.30 Previously, it was considered reason-
able to wait at least 10 d to be certain that a patient has
an ongoing need for mechanical ventilation or assis-
tance with pulmonary toilet before consideration of tra-
cheostomy in adults. However, evidence and debate to
date have started looking at a cutoff of 72 h or less of
intubation.33
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Contrary to adult practice, tracheostomy is a much less
common procedure in the pediatric ICU, and much less is
known about current practice. Although there is consensus
that tracheostomy has to be performed in 1 or 2 weeks of
ventilation in adult patients, no established criteria cur-
rently exist regarding time to tracheostomy for children,
and thus each patient is evaluated individually.34,35 It is
known that pediatric patients tolerate intubation for a lon-
ger period than do adults; however, tracheostomy may be
helpful for weaning by decreasing the work of breathing.36

It may also allow patients with chronic respiratory insuf-
ficiency to receive mechanical ventilation at home, thus
decreasing the length of hospital and pediatric ICU stays.
It is reported that only just over 2% of pediatric patients
will receive a tracheostomy.29 Tracheostomy is also usu-
ally performed much later in the hospital course, and there
is no definite consensus about the length of time a child
should remain endotracheally intubated before the place-
ment of a tracheostomy.29,37 Some preterm infants are in-
tubated for �3 months before tracheostomy is considered.
Lewis et al19 estimated that 4,861 tracheostomies were
performed in pediatric patients in the United States in
1997 (0.07% of all pediatric admissions) and found that
practice varied considerably by region. A study of pediat-
ric ICUs in the United Kingdom (1,613 tracheostomies
total) found a 2% incidence of tracheostomy, with insti-
tutional incidence varying from 0.13 to 5.66% among in-
stitutions.29 Prolonged invasive ventilation was the pri-
mary indication for tracheostomy in 25 of 29 units, but
the definition varied between 14 and 90 d, and most
respondents considered timing on an individual basis.
Wakeham et al36 studied tracheostomies in children by
analyzing 13,232 pediatric ICU admissions in 82 pedi-
atric ICUs who required mechanical ventilation for � 3 d.
They found that 6.6% of these subjects eventually re-
ceived a tracheostomy (48% of whom were also dis-
charged receiving mechanical ventilatory support), and
there was also significant variation in the use and timing of
tracheostomy across these units.

In a retrospective analysis of 917 children undergoing
tracheostomy from 36 children’s hospitals in 2002 with
follow-up through 2007, Berry et al9 reported that 48% of
children requiring tracheostomy were �6 months of age at
the time of tracheostomy placement. Also, many neonates
in the study undergoing tracheostomy experienced lengthy
pre-tracheostomy intubations and multiple failed extuba-
tion trials before tracheostomy placement. In a single in-
stitutional report of 95 subjects from 2010 to 2011, Liu
et al4 reported that tracheostomy placement occurred at an
average of 42.2 d after admission, with the mean length of
in-patient stay being 87.8 d.

A more recent retrospective analysis of 73 North
American pediatric ICUs reported that among 115,437
admitted pediatric ICU patients between 2009 and 2011,

1.37% (1,583 subjects) received a new tracheostomy
during that admission, and 0.6% (168 subjects) had a
tracheostomy already in place.38 The majority of chil-
dren in this study had complex chronic conditions that
contributed to their airway compromise or chronic re-
spiratory failure, and most tracheostomy placements
were initiated during unplanned pediatric ICU admis-
sions and after acute/acute-on-chronic critical illness.
Elective tracheostomy is rare in the pediatric setting.
Across the enrolled pediatric ICU sites, the median in-
cidence of initiating tracheostomies was low; however,
there was significant variability in the ranges (0 –2.5%)
of incidences. There was also variability among sites
regarding the timing of tracheostomy and number of
extubation trials before tracheostomy.

In the United States, studies have demonstrated that
the time for insertion of a tracheostomy tube is, on
average, 14.4 d, although it varies significantly in units
from 4.3 to 30.4 d.29,36 Holloway et al39 analyzed 73
subjects with a median of 22 d of ventilation before
tracheostomy, and results suggested that a longer dura-
tion of ventilation before tracheostomy is associated
with increased ICU morbidities and stay. Early trache-
ostomy was recommended, suggesting that it may have
significant benefits without adversely affecting mortal-
ity. Thus, after 2 weeks of intubation in a child, one
should consider tracheostomy evaluation, provided the
child is stable on the ventilator.

Preoperative Considerations

Tracheostomy is being increasingly performed in chil-
dren with complex chronic conditions. Of a retrospective
cohort of 502 children who underwent tracheostomy in
2009, 62% had a complex chronic condition, 43% had 3 or
more chronic conditions, and 29% had other medical tech-
nology (e.g., gastric feeding tubes, ventriculoperitoneal
shunts, etc.) in addition to tracheostomy.40 In the majority
of these children, the tracheostomy may be required for a
number of years, if not a lifetime, with an ongoing need
for long-term, complex tertiary care and labor-intensive home
care, especially in those children requiring chronic ventila-
tory support.41,42 Tracheostomy in children also requires in-
tense support from parents and caregivers, who all need to be
appropriately trained in caring for the tracheostomy. Such
care needs, dependencies, and impact on families needs to be
addressed before placing a tracheostomy in a child.

Determining which children are appropriate candidates
for tracheostomies can at times be controversial, especially
when the children have profound disabilities or life-limit-
ing conditions. Guidance and counseling for the families
of these children with multiple chronic diagnoses on what
to expect long-term following tracheostomy continues to
remain challenging.40 Reported death rates for children,
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especially infants, undergoing tracheostomy are high.
Nearly 8% of children do not survive the hospital stay
when the tracheostomy is performed.9,19 Single-
institutional studies have revealed 9–15% mortality rates
up to 10 y after tracheostomy.43-45 However, �3% of this
mortality is directly attributable to tracheostomy-related
adverse events. The majority of deaths are secondary to
the child’s underlying chronic conditions.19,26 Between 15
and 19% of children experience a tracheostomy-related
complication.9 A recent study reported that this rate may
be as high as 38.8% in children in the first 2 y after
tracheostomy.40 Tracheostomy-related adverse events in-
clude, among others, tracheostomy-related hemorrhage, tra-
cheoesophageal fistula, tracheal stenosis, and tracheostomy
tube obstruction.

Tracheostomy Tube Types

Before the 1960s, tracheostomy tubes were made from
stainless steel or silver. These tubes caused very mini-
mal stomal tissue reaction but did not conform to the
airway well and could cause significant irritation and
bleeding of the tracheal mucosa. Holinger et al46 helped
to alleviate some of these issues by introducing a mod-
ification of the Jackson tube, which was shortly fol-
lowed by the introduction of a more anatomically shaped
tracheostomy tube made of polyvinyl chloride (PVC).
Nowadays the majority of pediatric tracheostomy tubes
are made of PVC (eg, Shiley) or silicone (eg, Bivona),
which cause minimal tissue reaction. Metal tubes can
still be manufactured on an individual patient basis and
can be very helpful in those with severe incalcitrant
stomal issues.

Adult Versus Pediatric

Pediatric tracheostomy tubes differ from adult tubes in
a number of ways. Pediatric tracheostomy tubes are single
lumen, regardless of manufacture. There is no removable
inner cannula. Fenestrated pediatric tracheostomy tubes
are not available. Pediatric tubes are manufactured in stan-
dard neonatal and pediatric sizes. Generally, children up to
approximately 5 kg use the neonatal size. The standard
way to determine the adequate length is by performing a
flexible tracheoscopy through the tube to assess the lower
tube position in relation to the carina.

Tracheostomy Tube Size

It is very important that the size of the tracheostomy
tubes that is selected is appropriate for both the size of the
child’s airway and the clinical indication for placement of
the tracheostomy tube. Generally, the smallest tube capa-
ble of giving adequate air exchange is chosen. A larger-

diameter tube may be required for ventilator-dependent
patients to prevent significant air leak. An oversized tube
may result in tracheal mucosa injury with ulceration and
bleeding and subsequent fistulization or tracheal steno-
sis. A tube that is too long may migrate into the right
main bronchus. An age-appropriate tracheostomy tube
size can be estimated by using the endotracheal tube
(ETT) formula for children �1 y of age: (age in years/4) �
4 mm � internal diameter of ETT. This can then be
converted to the appropriately sized tracheostomy tube
(Table 1).

Cuffed and Uncuffed Tubes

An uncuffed tracheostomy tube is the preferred tube
type in a child except in cases where there is a ventilatory
requirement. Previously, only cuffless pediatric tracheos-
tomy tubes were available. There were occasional diffi-
culties with large leaks around the tubes in ventilator-
dependent children. Over the last decade, cuffed pediatric
tracheostomy tubes have been introduced. Bivona cuffed
tubes are available in all sizes in both neonatal and pedi-
atric sizes, down to a 2.5-mm neonatal cuffed tube. Shiley
cuffed neonatal and pediatric tubes are available from a
3.0-mm size.

The silicone Bivona neonatal and pediatric TTS trache-
ostomy tubes have a low-volume high-pressure tight to
shaft (TTS) cuff that is inflated with sterile water using a
minimal leak technique. The TTS cuff, when inflated, seals
the trachea for a ventilated patient, and when deflated, the
cuff rests tight to the shaft of the tube with the appearance
and profile of an uncuffed tube. This allows the tube to be
used for weaning patients from a ventilator, without hav-
ing to change to an uncuffed tube, and also aids in speak-
ing. The TTS cuff is inflated with sterile water because the
cuff is made of silicone, which is gas-permeable and would
allow diffusion of air through the cuff over time. Water
does not diffuse and allows a constant cuff volume to be
maintained over time.

Bivona Aire-Cuf neonatal and pediatric tracheostomy
tubes are also available but are less commonly used. The
Aire-Cuf tracheostomy tube provides a traditional cuff
option and is ideal for short-term to medium-term ven-
tilator support. Air, not water, is used to inflate the
Aire-Cuf. The Aire-Cuf is also made of silicone, but the
durometer of silicone is much thicker; therefore, diffu-
sion of air through the cuff is negligible compared with
the TTS. The Shiley cuffed pediatric tracheostomy tubes
are inflated with air.

Custom Tracheostomy Tubes

There has been a greater demand for custom pediatric
tubes due to the increased survival of infants and children
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with complex upper-airway, tracheoesophageal, and cranio-
facial anomalies. Custom lengths can now be promptly
manufactured based on the individual airway of the pa-
tient, which is especially useful in children with severe
tracheomalacia, whereby a longer tube may help to stent
open the airway.

Manufacturers have a custom template form with a range
of tube options to make a tube suitable for the anatomy of
the patient. Custom tube options include connector
(swivel, fixed), shaft style (standard silicone, Hyperflex
wire reinforced silicone), curvature, length (variable hor-
izontal and distal lengths), cuff design (TTS, Fome-Cuf,
multiple-cuff configuration), cuff position, and neck
flange (V and straight).

Bivona FlexTend tracheostomy tubes are now stocked
in some institutions because they are used so frequently.
FlexTend tubes have a permanent flexible tube extension
on the proximal side of the neck flange, which helps to
keep connections away from the neck, chin, and stoma and
also helps to prevent circuits from getting disconnected.
This tube type is commonly used in small infants with
short, fat necks.

Tracheostomy Procedures in Pediatric Population

Differences in Pediatric and Adult Upper Airway:
Kids Are Not Small Adults

When planning the approach for tracheostomy place-
ment in infants and children, it is important to first address
the differences in adult and pediatric laryngeal anatomy.
Both anatomic and physiologic characteristics of the infant
trachea require special surgical techniques and adequate
postoperative care.47

Anatomy. Infants have shorter and fatter necks than
adults. The infant larynx is situated more superior and
anterior in the neck at the level of the third or fourth
cervical vertebra, and it starts to descend at around 2 y of
age. Its size is approximately one third that of the adult
larynx. The adult larynx is positioned at the sixth or
seventh vertebra. The hyoid frequently overlies the thy-
roid cartilage notch, making palpation of anatomic land-
marks difficult at times. The infant thyrohyoid mem-
brane is also much shorter. The cricoid cartilage is the
narrowest part of the airway in a child; in adults, it is the
vocal cords.48,49

Physiology. The cartilages of the infant larynx are softer
and more pliable than in adults, with a tendency to col-
lapse if pressure is placed on them. The mucosa of the
supraglottis and subglottis are lax in infants and thus more
prone to edema when inflamed or injured.

Indication. It is important to be aware of the indication
for placing the tracheostomy in a child.50 If a tracheostomy
is being placed for upper-airway obstruction secondary to
abnormal anatomy, such as subglottic stenosis or complete
tracheal rings, entry into the airway may be difficult, with
risk of damage to the posterior tracheal wall.

Table 1. Pediatric Tracheostomy Sizes: Cross-Reference of Bivona
and Shiley Tube Sizes

Brand and Tube Size
ID

(mm)
OD

(mm)
Length
(mm)

MRI
(Yes/No)

Bivona
Neonatal cuffless and TTS

cuffed
2.5 2.5 4.0 30 No
3.0 3.0 4.7 32 No
3.5 3.5 5.3 34 No
4.0 4.0 6.0 36 No

Neonatal Flextend TTS
cuffed

3.0 3.0 4.7 32 No
3.5 3.5 5.3 34 No
4.0 4.0 6.0 36 No

Pediatric cuffless and TTS
cuffed

2.5 2.5 4.0 38 No
3.0 3.0 4.7 39 No
3.5 3.5 5.3 40 No
4.0 4.0 6.0 41 No
4.5 4.5 6.7 42 No
5.0 5.0 7.3 44 No
5.5 5.5 8.0 46 No

Pediatric Flextend cuffless
and TTS cuffed

3.0 3.0 4.7 39 Yes
3.5 3.5 5.3 40 Yes
4.0 4.0 6.0 41 Yes

Adult cuffless 5.0 5.0 7.4 60 Yes
6.0 6.0 8.8 70 Yes

Adult TTS cuffed 5.0 5.0 7.3 60 Yes
6.0 6.0 8.7 70 Yes
7.0 7.0 10.0 80 Yes

Shiley
Neonatal cuffless 3.0 3.0 4.5 30 Yes

3.5 3.5 5.2 32 Yes
4.0 4.0 5.9 34 Yes
4.5 4.5 6.5 36 Yes

Pediatric cuffless 3.0 3.0 4.5 39 Yes
3.5 3.5 5.2 40 Yes
4.0 4.0 5.9 41 Yes
4.5 4.5 6.5 42 Yes
5.0 5.0 7.1 44 Yes
5.5 5.5 7.7 46 Yes

Pediatric cuffed 4.0 4.0 5.9 41 Yes
4.5 4.5 6.5 42 Yes
5.0 5.0 7.1 44 Yes

Adult cuffed (LPC) and
cuffless (CFS)

4 5.0 9.4 62 Yes
6 6.4 10.8 74 Yes

ID � inner diameter
OD � outer diameter
MRI � magnetic resonance imaging compatibility
TTS � tight-to-shaft
LPC � cuffed with inner cannula
CFS � cuffless with inner cannula
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Percutaneous Tracheostomy

Percutaneous tracheostomy has largely replaced the tra-
ditional surgical tracheostomy in adult patients. It is con-
sidered a safe and an easy bedside procedure that does not
damage tracheal cartilages and, in addition, has better cos-
metic results.51-53 However, in sharp contrast, the percu-
taneous tracheostomy technique is rarely used in children,
due to concerns about the safety of the procedure and
technical limitations, especially in young children and in-
fants.54,55

Almost 50% of pediatric tracheostomies are performed
in infants � 1 y of age,9 who have extremely small air-
ways, and palpation of anatomical landmarks can be dif-
ficult, making it hard to accurately insert the needle for
guiding the wire and tracheostomy cannula at the correct
region. In addition, providing adequate ventilation through
a flexible bronchoscope inserted through a small endotra-
cheal tube, especially in small infants, may not be possi-
ble. The pediatric trachea is also more mobile, pliable, and
softer, with a tendency to collapse when pressure is ex-
erted with the dilators, thereby increasing the risk of dam-
age to the posterior tracheal wall.53-56 Also, the indication

for which the tracheostomy is initially required may be a
limitation, such as in cases of subglottic stenosis, tracheal
stenosis, or tracheomalacia, where percutaneous cannula-
tion of a narrowed tracheal lumen may prove very diffi-
cult.55 Finally, accidental decannulation in the early post-
operative period may be fatal because of the smaller
cannulation site and the absence of stay sutures, which are
usually present in a surgical tracheostomy to facilitate tra-
cheostomy tube insertion.

Overall experience with percutaneous tracheostomy
in children is extremely limited (Table 2). Large pub-
lished series describing the appropriate technique and
equipment and revealing potential risks and benefits of
this procedure in children are lacking.55,57,59 The largest
series of pediatric subjects to date, by Gollu et al,60

prospectively reports data of 51 consecutive children
who underwent percutaneous tracheostomy. The mean
age of the subjects was 38 � 54 months, and the young-
est patient was 1 month old. All procedures were per-
formed in the operating room under general anesthesia.
The first 6 procedures were performed under flexible
bronchoscopic guidance, using hydrophilic-coated pe-
diatric percutaneous nephrostomy dilators, because pe-

Table 2. Percutaneous Tracheostomy Studies in Children, 1994–2016

Author(s) Year Subjects Age Conclusions

Toursarkissian et al56 1994 PDT on 11 children, 8 at the bedside;
1 intra-operative and 1 post-
operative complication

10–20 y PDT can be safely performed on patients
� 10 y old

Zawadka-Glos et al57 2004 TLT on 3 children; 1 tube pulled out
during rotation phase and surgical
tracheostomy performed

5–15 y Alternative for tracheostomy placement in
older children; not in emergency

Baek et al58 2005 Compared the pathology of the
tracheal framework after both ODT
(n � 6) and COT (n � 6) in a
growing animal model

Rabbit model ODT successful in small, growing animal
model; more favorable and consistent
healing; considered in children who
require tracheostomy at any age

Principi et al37 2008 Percutaneous technique is used in 3
of 16 PICUs (19%) in Canada

�5 y Role of PT in children requires further
investigation

Raju et al59 2010 Open method performed in younger
children with higher injury severity
score

Adolescents (14.2 y vs 15.5 y) PT can be safely performed in the injured
older child

Wood et al29 2012 6 of 27 PICUs in the UK have
performed PT

Selected adolescents only Dependent on operator experience

Gollu et al55 2016 51 children; 6 cases performed using
flexible bronchoscope; perforation
of esophagus on 6th patient,
repaired immediately; next 45
cases performed using rigid
bronchoscope

Mean age 38 � 54 months
(1 month to 17 y)

PT is a safe and feasible procedure in
children, even in small infants; it is
important that it should be done in an
operating room setting and under rigid
bronchoscopic guidance

PDT � percutaneous dilational tracheostomy
TLT � translaryngeal tracheostomy
ODT � open dilatational tracheostomy
COT � conventional open tracheostomy
PICU � pediatric intensive care unit
PT � percutaneous tracheostomy
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diatric-size percutaneous tracheostomy dilators were not
commercially available. There was one major early com-
plication: perforation of the posterior wall of the trachea
and the anterior wall of the esophagus, which occurred
in one subject (2%). The subsequent 45 procedures were
thus performed under rigid bronchoscopic guidance. The
authors concluded that percutaneous tracheostomy is a
safe and feasible procedure in children, even in small
infants. However, they stressed the importance that all
procedures be done in an operating room setting and
under rigid bronchoscopic visualization to prevent com-
plications in pediatric patients.

Other reported series include few children under the age
of 10 y and are small in number. Toursarkissian et al56

reported on 11 children (10–20 y of age; average age was
16 y) who had percutaneous tracheostomy performed.
There was one intraoperative (premature wire removal)
and one postoperative (mild stomal infection) complica-
tion in the same patient, both of which were immediately
recognized and treated. They concluded that percutaneous
tracheostomy can be safely performed in children � 10 y
old. Zawadzka-Glos et al57 described percutaneous trache-
ostomy on 3 children (age 5–15 y). In one subject, the tube
was pulled out during the rotational phase, and a surgical
tracheostomy was performed. They recommended that per-
cutaneous tracheostomy is an alternative in older children
but should not be considered in an emergency and in younger
children.

Principi et al37 studied the use of the percutaneous tech-
nique in pediatric ICUs in Canada in children �5 y of age.
They reported that the technique was used in 3 of 19
(19%) pediatric ICUs and that the role of percutaneous
tracheostomy in children requires further investigation.
Similarly, Wood et al29 reported that only 6 of 29 pediatric
ICUs in the United Kingdom have performed percutane-
ous tracheostomy in addition to surgical ones and in se-
lected adolescents only, never in young children. They
concluded that the success of the procedure was highly
dependent on operator experience.

The effect of the type of tracheal incision in the open
surgical approach on the subsequent tracheal stenosis rate
in children has been a subject of considerable discussion.
Percutaneous tracheostomy may offer the theoretical ad-
vantage of avoiding incisions into the cartilage rings, with
potentially less scarring and narrowing.58 The changes in
adult practice have been mostly driven by research data,
which are largely absent in the pediatric population, mak-
ing it difficult to make evidence-based recommendations.
Longer follow-up and more patients are needed to deter-
mine the long-term benefits of percutaneous tracheostomy
in children, as well as to determine the lowest age for its
safe performance.60

Surgical Tracheostomy

Pediatric tracheostomies are classically performed sur-
gically.60 Various operative techniques have been advo-
cated to minimize the risk and complications of the pro-
cedure.

Incision Type. The effect of the type of tracheal incision
on the subsequent stenosis and tracheomalacia rate in chil-
dren has been a subject of considerable discussion, with
various operative techniques being advocated to minimize
the risk and complications.58,61-63 There are 3 main con-
cerns that should be reviewed when a tracheostomy inci-
sion site is being considered: prevention of accidental
decannulation (this is the primary cause of tracheostomy-
related fatality in children); prevention of long-term tra-
cheal stenosis58,64; and awareness of the underlying indi-
cation for tracheostomy. For example, if the child has
subglottic stenosis that will be repaired as a single-stage
procedure in the future, it may be beneficial to place the
tracheostomy high in the neck.47

There is an ongoing debate as to whether a vertical or
horizontal tracheal incision, with or without flap, should
be made.62-65 The basic principle consists of incising as
few tracheal rings as possible. Irrespective of the incision
used, the tube is likely to inflict some damage on the
tracheal cartilage. Studies have reported no difference in
results or complications when different incision types are
used. MacRae et al66 reported a study of 93 children with
tracheostomies with various tracheal incisions and showed
no difference when comparing the different types of inci-
sions. A midline vertical incision in infants and young
children through the second to fourth tracheal cartilages is
the most preferred technique.47

Procedure. The child is placed supine with the neck ex-
tended. A horizontal midline neck incision is made mid-
way between the cricoid cartilage and sternal notch (Fig.
1, A and B). The incision is deepened through the subcu-
taneous fat plane to the strap muscles. Care is taken to stay
in the midline. The strap muscles are retracted laterally to
enter the pretracheal space. Bipolar cautery is used through-
out the procedure to ensure that the surgical field is kept
dry. If the thyroid isthmus is obscuring the trachea, it is
clamped and divided. The anterior surface of the trachea is
exposed over 3–4 rings (Fig. 1C).

Two sutures using 3-0 nylon or vicryl are first vertically
placed on either side of where the midline tracheostomy
incision will be. These act as stay sutures. A midline ver-
tical incision is then made in the anterior tracheal wall
between the second and fourth tracheal rings. The surgeon
identifies the endotracheal tube in the trachea and, keeping
it in direct vision, then instructs the anesthesiologist to
withdraw the endotracheal tube cranially to just below the
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vocal cords. The tracheostomy tube is then placed in the
tracheal lumen using the obturator. The obturator is then
removed, the tube is connected to the ventilatory circuit,
and its correct position is confirmed. The endotracheal
tube is not withdrawn from the patient’s airway until the
ventilatory status of the patient through the tracheostomy
tube is satisfactory. The position of the distal tip of the
tracheostomy tube, which should rest at least 2–3 rings
above the carina, is also checked using a flexible fiberoptic
bronchoscope. The tracheostomy is then secured around
the neck with Velcro tracheostomy ties. The tracheostomy
tube is no longer routinely sutured to the skin, as it is for
adults, due to the risk of accidental decannulation occur-
ring in a sutured tube and remaining unnoticed. The shaft
of the tube can occasionally slip out of the stoma without
the sutures being removed.

Stay Sutures. Stay sutures are typically placed on either
side of the vertical incision at the time of a surgical tra-

cheostomy in a child (Fig. 2). They are taped on the an-
terior chest wall and labeled appropriately as “right” and
“left” (Fig. 3, A and B). Gentle upward retraction of the
stay sutures allows for rapid identification of the newly
created tracheostoma in the event of an accidental de-
cannulation, allowing fast replacement of the tube. The
sutures are typically removed at the time of the first
postoperative tracheostomy tube change. The benefit of
placing stay sutures has been debated frequently. Rug-
giero et al67 reported on a survey conducted on 168
members of the American Society of Pediatric Otorhi-
nolaryngology, 94% of whom reported that they use
stay sutures routinely.

Stoma Maturation. The standard pediatric tracheostomy
is a vertical tracheal incision with stay sutures. In addition,
there are numerous reports on the benefits and the methods
of maturing an infant’s tracheostomy stoma to prevent
accidental decannulation and formation of granulation tis-
sue.68-70 Park et al71 reported a series of 149 pediatric

Fig. 1. Open surgical tracheostomy. A: Illustration of incision site. The incision site is placed midway between the cricoid cartilage and the
suprasternal notch. B: Skin markings of incision site. C: Midline dissection onto the trachea. Trachea exposed using retractors.

Fig. 2. Illustration of stay sutures placed on either side of a vertical
midline tracheostomy incision.

Fig. 3. Open surgical tracheostomy. A: Stay sutures in place on the
trachea before insertion of the tracheostomy tube. B: Stay sutures
taped onto the chest and marked “right” and “left” at the end of
the procedure.
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tracheostomy subjects, where the stoma was mature in 88
(59.1%). In those with a matured stoma, there was a de-
crease in the morbidity of early accidental decannulation.
However, there is a generalized aversion to resecting part
of a child’s anterior tracheal wall, and most stomaplasty
methods involve suturing the skin around the edges of the
tracheal opening. In general, these methods are usually
only performed in patients where the tracheostomy is ex-
pected to be long-term or there is a concern for accidental
decannulation.72 These include the following. (1) A circu-
lar shield of anterior tracheal wall cartilage is removed to
create a permanent fenestration in the trachea. (2) The
Bjork flap, an inferiorly based anterior tracheal wall flap,
which transects a single tracheal ring only, is sutured to the
inferior edge of the horizontal tracheostomy skin incision.73

The remainder of the skin is then sutured around the tra-
cheal opening. (3) The Eliachar flap, which uses an ome-
ga-shaped skin incision and a superiorly based tracheal
flap, is created.74 A circumferential mucocutaneous suture
line is created. (4) The starplasty technique, described by
Koltai,70 entails creating a mature tracheo-cutaneous track
through a 3-dimensional Z-plasty technique. The proce-
dure has been shown to be superior to other techniques in
reducing the incidence of major complications, including
death from accidental decannulation, as well as the inci-
dence of tracheal stenosis after tracheostomy. However,
because of the nature and intent of the procedure, nearly
100% of children will have a persistent tracheocutaneous
fistula after decannulation that will require secondary re-
construction.75

Physiological Consequences of Tracheostomy

A tracheostomy tube bypasses the natural mechanisms
of filtration, ciliary clearance, warming, and humidifica-
tion of the air that are usually provided by the nose and
oral cavity. Thus, a child with a tracheostomy may expe-
rience increased cough, pulmonary infections, and drying
of pulmonary secretions. To prevent irritation of the air-
ways, due to dry air, dust, or harmful substances contained
in the air, a filter is required.76 Humidification and fre-
quent suctioning are essential to reduce the risk of crust-
ing, mucus plugs, and tube blockage.

Humidification

There are a number of devices available that can assist
in humidification. Most bedside ventilators have built-in
humidifiers. Sterile saline drops can be instilled into the
tracheostomy tube if secretions become thick and difficult
to suction. A saline nebulizer treatment may also be help-
ful to loosen secretions.

Heat-and-moisture exchangers (HMEs) are filter devices
for heat and moisture exchange. They are placed on the

hub of the tracheostomy tube and are frequently referred to
as Swedish noses. Other names include thermal humidi-
fying filters, artificial noses, and Thermovent T. These
devices house a filter for heat and moisture exchange.
During exhalation, heat and moisture are deposited into
the filter; during inhalation, the heat and moisture are re-
turned to the lungs. Regular use of HME filter cassettes
may help to keep secretions thin and alleviate increased
production of mucous and coughing, which is frequently
experienced by patients with tracheostomy. HMEs may
also help to improve the quality of speech. HMEs may
require an increase in work of breathing, which may not be
tolerated by some patients. Patients should be closely mon-
itored for dyspnea, fatigue, and desaturation when they are
initially trialed with an HME device. Patients with large
amounts of secretions may not be suitable for an HME
because it may be more difficult to clear them with an
HME in place.

A trach collar is a tracheostomy mist collar mask that is
worn to provide humidification, especially when mucus is
thick or blood-tinged or the child will not tolerate an HME
device. Aerosol tubing is connected to the collar mask,
with the other end of tubing attaching to a nebulizer bottle
and air compressor. Oxygen can also be delivered via the
tracheostomy mist collar if needed.

Heated mist may be provided via an electric heating rod
that fits into the nebulizer bottle. It is very important to
note that more moisture will accumulate in the aerosol
tubing with heated mist and must be removed frequently to
prevent blockage of the tube and/or accidental aspiration.
Excess moisture must be emptied routinely by disconnect-
ing the tubing at the tracheostomy end. The air compressor
and tubing must also be kept lower than the patient to
prevent aspiration from moisture in the tubing.

Speaking Valves

Normal speech and language development require vocal
exploration and social interaction, both of which are lim-
ited when a tracheostomy tube is in place, especially in an
infant.77 The Passy-Muir valve is a one-way speaking valve
that permits inspiration through the tracheostomy stoma,
and expiratory flow occurs over the vocal folds promoting
phonation. Adults with tracheostomies routinely demon-
strate the ability to speak using speaking valves without
respiratory compromise. Although there is extensive re-
search to support the use of speaking valves in the adult
population, the use of speaking valves in infants and pe-
diatric patients is frequently more challenging, and the
literature is scant.78 The bias-closed diaphragm design of a
speaking valve reestablishes the normal physiology of a
closed pulmonary airway system. Its advantages in chil-
dren include allowing spontaneous voice and expression
and improvement in swallowing skills, and it may also be
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helpful in the decannulation of patients.79-81 Reports ad-
vocate for the early use of speaking valves in children with
a tracheostomy tube to facilitate improved developmental
outcomes for infants born prematurely, as well as out-
comes for full-term infants at risk for delays due to un-
derlying medical conditions.

There are no guidelines regarding the age at which a
speaking valve can initially be trialed in infants and how
long trialing periods should be. However, there are reports
of safe use of speaking valves in infants as young as 13 d
of age in a monitored setting using appropriate guidelines.
Before trialing a prolonged mechanical ventilation in a
child, it is helpful to perform manometry testing to assess
transtracheal pressure. If the pressure is � 20 cm H2O, it
is more likely that the child will tolerate the valve. If
medically acceptable, downsizing the tracheostomy to a
smaller size may also help with toleration of the speaking
valve.

To consider a speaking valve trial, the child should be
awake and responsive, medically stable, tolerate cuff de-
flation, have a patent upper airway, and be able to manage
oral and tracheal secretions. A speaking valve should ini-
tially be trialed in a monitored setting, either in-patient or
out-patient. The specified time periods of trialing are then
recommended based on the patient’s response to the valve
(ie, tolerance to the change in breathing pattern, fatigue
level, and behavioral disposition). Clinical judgment plays
a strong role in advancing the speaking valve trial lengths.
The child may initially tolerate it for 10 min, and parents
are then given instructions to very slowly increase wearing
time over the course of 2 weeks of more. Caregivers are
educated about speaking valves and must display appro-
priate knowledge. They are given very strict instructions to
remove the valve immediately if the child is in any dis-
tress, to only use the speaking valve when the child is
closely supervised, and, most importantly, to only use it
when the child is awake and never let the child sleep or
nap with the speaking valve in place.

Inability to tolerate a speaking valve may be secondary
to minimal leakage around the tracheostomy tube or a
restricted suprastomal airway. Contraindications to speak-
ing valve use may include severe upper-airway obstruc-
tion, bilateral vocal cord paralysis, severe neurological im-
pairment, and an inflated cuffed tracheostomy tube.
Speaking valves are usually trialed on children who are on
a tracheostomy collar. They can, however, also be trialed
on children with a ventilatory requirement, ideally with a
PEEP � 12 cm H2O and FIO2

� 0.6.

Complications of Tracheostomy in Children

Complications of tracheostomy are well reported, oc-
curring in 15% of adult patients.15 In an attempt to gather
information on the incidence and types of severe or cata-

strophic events following tracheostomy in both adults and
children, Das et al15 surveyed members of the American
Academy of Otolaryngology-Head and Neck Surgery. Four
hundred seventy-eight respondents experienced approxi-
mately one catastrophic event every 10 y and one event
resulting in death or permanent disability every 20 y. More
than 90% of events were reported as occurring � 1 week
after surgery. However, less is known specifically about
complications in children following tracheostomy. Between
15 and 19% of children experience a tracheostomy-related
complication.9,40 Adverse events following tracheostomy
placement in children range from mild to life-threatening.
Numerous studies have demonstrated an increased mor-
tality rate due to tracheostomy complications in emer-
gency situations, severely ill patients, and especially in
children. In children, the most common tracheostomy-
related cause of death has been reported to be tube
obstruction, followed by tube misplacement and acci-
dental decannulation.

Adverse related tracheostomy events can be divided into
those occurring “early” (including the perioperative and
immediate postoperative period) and “delayed” (Table 3).
It is important that adverse events be quickly recognized
and addressed to prevent devastating consequences.

Early Complications

Air Leak. Pneumothorax, pneumomediastinum, or sub-
cutaneous emphysema has been reported in up to 3–9% of

Table 3. Complications of Pediatric Tracheostomy: Early and
Delayed Complications

Early Complications Delayed Complications

Air leak Airway obstruction
Pneumothorax Mucus plugging
Subcutaneous emphysema Accidental decannulation
Pneumomediastinum Stomal problems

Hemorrhage Granulation tissue
Thyroid gland Tracheocutaneous fistula
Aberrant vessels Tracheal lesions
Innominate artery Granuloma: suprastomal/distal

Injury to surrounding structures Suprastomal collapse
Cricoid cartilage Subglottic stenosis
Esophagus Hemorrhage
Recurrent laryngeal nerve Stomal

Pulmonary edema Tracheal mucosa
Respiratory arrest Tracheo innominate fistula (rare)
Injury caused by tube placement Tracheoesophageal fistula (rare)

Tracheal tear/fistula Swallowing problems
Main bronchus cannulation

Airway obstruction
Mucus plugging
Accidental decannulation
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tracheostomies. These complications are most often caused
by technical errors during surgery. Despite all precautions
to prevent these complications, they still may inadver-
tently occur. A chest radiograph should be routinely per-
formed when the child returns to the ICU following tra-
cheostomy to check the status of the chest.

Pneumomediastinum. Pneumomediastinum is caused by
air dissection between the deep and superficial cervical
fascia and then into the mediastinum. Minimizing pretra-
cheal and paratracheal dissection may help to prevent this.
Management is expectant.

Pneumothorax. Pneumothorax may be secondary to vi-
olation of the pleura, especially where it approaches the
trachea low in the neck. A chest drain may be necessary,
depending on the size of the pneumothorax.

Subcutaneous Emphysema. Subcutaneous emphysema
may result from closing the wound too tightly and air
leaking around the tracheal stoma becoming trapped in the
subcutaneous tissues. Excessive positive pressure may also
contribute to the development of subcutaneous emphy-
sema. Management is expectant.

Hemorrhage. Perioperative hemorrhage may be pre-
vented by meticulous attention to hemostasis throughout
the procedure. Bleeding often stops spontaneously but can
occasionally persist, and it is important to address it with
cautery before the tracheostomy tube is placed. Most bleed-
ing is capillary ooze, often from the thyroid gland and
inferior thyroid veins, which lie anterior to the trachea and
must be tied if they cannot be displaced laterally. The
thyroid isthmus must be ligated if encountered to obtain
hemostasis. More significant hemorrhage may be occa-
sionally encountered due to the presence of aberrant ves-
sels or vascular anomalies. The aortic arch may ride high
and reach the manubrium, and the innominate vein has
been reported to overlap the trachea in the neck. The com-
mon carotid artery in a neonate may also appear decep-
tively like the trachea. Coagulation abnormalities should
be ruled out in any child undergoing tracheostomy, espe-
cially those with chronic liver disease and thrombocyto-
penia secondary to sepsis, and abnormalities should be
corrected before surgery if possible.

Injury to Surrounding Structures. The cricoid carti-
lage and tracheal landmarks need to be clearly identified
before making an incision in the trachea, to prevent inad-
vertent incision into the cricoid cartilage, which could re-
sult in subglottic stenosis.82 Injury to both the esophagus
and recurrent laryngeal nerves has also been reported and
can be prevented by careful surgical technique.83 Esoph-
ageal injury is also more likely to occur if there is a na-

sogastric tube in the esophagus, with the esophagus being
accidentally mistaken for the trachea.

Pulmonary Edema. Pulmonary edema has been reported
after the sudden relief of upper-airway obstruction when a
tracheostomy is placed. The exaggeration of the transmu-
ral pulmonary vascular hydrostatic pressure gradient can
result in partial obstruction of the extrathoracic trachea.
Treatment is with positive-pressure ventilation.

Respiratory Arrest. Respiratory arrest during tracheos-
tomy has been reported secondary to rapid washout of
retained carbon dioxide, resulting in cardiac arrhythmias,
hypotension, and loss of ventilatory drive.82

Injury Caused by Tube Placement. A false passage
may be easily created upon initial insertion of the trache-
ostomy tube, especially if the incision in the trachea is too
small or the tube is aggressively pushed against resistance.
Posterior tracheal lacerations may be caused by a similar
method. If the tracheostomy tube is the incorrect size and
is too large, it may cannulate a main bronchus. It is im-
portant to always assess the position of the tube in relation
to the carina with a flexible tracheoscopy immediately
after it is placed.

Airway Obstruction

Accidental Decannulation. Accidental decannulation
can occur in the immediate postoperative period, and the
consequences may be tragic. It can commonly occur as
the patient is being moved from bed to bed to travel to the
ICU. The presence of stay sutures, especially in a very
small infant, will help with replacing the tube through the
fresh stoma. However, even if stay sutures are present, it
can be exceedingly difficult to replace the tube, and there
is a high risk of creating a false tract. In this situation, a
stable airway should be obtained by endotracheal intuba-
tion if possible. Decannulation can be prevented by correct
tracheostomy tube selection and placement, ensuring that
the tube is adequately secured, and by stable patient po-
sitioning.

Mucus Plugging. Mucus plugging can be prevented by
ensuring adequate humidification and meticulous trache-
ostomy care, with routine suctioning. Constant supervision
of a child with a tracheostomy tube is required to prevent
plugging. Before discharge, at least 2 caregivers should be
identified and trained proficiently in tracheostomy care,
including replacing the tube in an accidental decannula-
tion. It is important to stress that the tracheostomy ties
should be adequately secured with no more than one fin-
gerbreadth able to pass underneath them. Calm and con-
trolled replacement of the tube is essential. Hurried inser-
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tion of the tube may cause the development of a false
passage with subsequent airway obstruction.

Delayed Complications

Mucus Plugging. Crusts and mucous plugs may obstruct
the tracheostomy tube and cause respiratory distress. This
can be prevented by proper humidification and meticulous
tracheostomy care with regular tube changes. Although
tracheal secretions tend to decrease with time as the air-
way adapts to the presence of the tube, mucus plugging
and decannulation remain a hazard as long as the trache-
ostomy remains in situ. During respiratory tract infections,
suctioning and tube changes may be required more fre-
quently.

Accidental Decannulation. Accidental decannulation
may occur if the tube is not secured correctly with ties or
there is excessive torque from ventilator tube in those who
are ventilator-dependent. Some children may also fre-
quently pull out their tracheostomy tube for behavioral
reasons. It is thus important that every carer for a child
with tracheostomy is appropriately trained and proficient
in tube changes.

Stomal Problems

Granulation Tissue. Peristomal granulation tissue may
develop secondary to the friction and movement of the
tracheostomy tube or chronic inflammation. (Fig. 4) It
usually responds to local wound care and more frequent
tracheostomy tube and dressing changes. Treatment is top-
ical antibiotic, and steroid ointment is sometimes required.
Occasionally, silver nitrate cautery is required for control
of exuberant granulation tissue. There are now also a num-

ber of silver-coated wound dressings on the market
(Mepilex AG, Mölnlycke Health Care, Gothenburg, Swe-
den), which are very effective in treating recurrent gran-
ulation tissue. Increasing the frequency of tracheostomy
tube changes from once a month to bimonthly or even
weekly can also help with stomal wound care, because the
tube may harbor bacteria in the form of biofilms. Scar
tissue may also from around the stoma and may make tube
changes difficult. In some cases the stoma may need to be
surgically revised.

Tracheocutaneous Fistula. The incidence of a persis-
tent tracheocutaneous fistula is very common in chroni-
cally tracheostomy-dependent children and has been re-
ported as high as 42%. Some do not consider it a
complication; thus, it may be underrecorded as a compli-
cation in some series. The fistula is formed by the appo-
sition of the skin to the tracheal mucosa. Its incidence is
significantly increased when the stoma is matured, occur-
ring in 80% of cases. If the fistula persists for longer than
6 months following decannulation, the tract can be surgi-
cally excised down to the trachea and oversewn at the
level of the trachea with primary closure of the skin. It is
important to place a drain during closure to prevent de-
velopment of subcutaneous emphysema and pneumome-
diastinum, which can be fatal. In some institutions, the
wound is left open and allowed to close by secondary
intention to prevent this complication.

Tracheal Lesions

Suprastomal Granuloma. Suprastomal granulomas are
vey common in children with longstanding tracheostomy.
Diagnosis is by direct endoscopic assessment, and depend-
ing on the extent of the granuloma, treatment may be
necessary (Fig. 5). It is recommended that suprastomal
granulomas be removed only immediately before decan-
nulation unless they are significantly obstructing the su-
prastomal airway, bleeding, or preventing passage of air
for speech. An obstructing suprastomal granuloma places
the child at risk if there is an accidental decannulation. In
the majority of cases, the granuloma can be removed en-
doscopically using an optical forceps or powered instru-
ment (microdebrider) or a sphenoid punch through the
stoma. Rarely, a huge obstructing granuloma may require
an open approach with stomal revision to deliver and re-
move it. Suprastomal collapse that is preventing decannu-
lation may require an open tracheoplasty with cartilage
graft placement and endotracheal stenting.

Suprastomal Collapse. The incidence of suprastomal
collapse may increase inversely with the age of the child
at the time of tracheostomy placement. Pressure on the
first and second tracheal rings can cause local chondritis

Fig. 4. Peristomal granulation tissue in a 5-y-old child with chronic
tracheostomy dependence.
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and weakening of the tracheal cartilage, causing tra-
cheomalacia in the suprastomal region (Fig. 6). If the
collapse causes significant suprastomal obstruction, it
may prevent decannulation. A tracheoplasty, which may
include placement of a cartilage graft or segmental re-
section, may be required. Prevention of this complica-
tion is not always possible. Meticulous initial placement
of the tube in the correct level of the trachea may help
protect against it. Removal of tracheal cartilage at the
time of tracheostomy will increase the risk of supras-
tomal anterior wall collapse.

Subglottic Stenosis. Subglottic stenosis can be the result
of placement of the tracheostomy tube too high in the
airway.50 Other factors that contribute may include trauma
from prolonged endotracheal intubation and low-grade in-

flammation, often seen in uncontrolled reflux. Meticulous
tracheostomy care and placement can help to prevent it.
Following decannulation, children can commonly have an
“A-frame” deformity or localized malacia at the subglot-
tic/upper tracheal level. Symptoms secondary to this may
only become apparent after decannulation. Adequate en-
doscopic assessment before decannulation should antici-
pate this complication, and it can be corrected surgically
by a tracheoplasty with a cartilage graft or a segmental
tracheal resection.

Hemorrhage. In all cases of bleeding from the trache-
ostomy tube, a bedside flexible tracheobronchoscopy
should be performed in an attempt to identify the source of
the bleeding. If the source of bleeding cannot be identified
and bleeding persists, a formal airway evaluation (direct
laryngobronchoscopy) should be performed under general
anesthesia.

Stomal. Bleeding may be caused by peristomal granula-
tion tissue and inflammation. Treatment is with topical
antibiotics and silver nitrate cautery.

Tracheal Mucosa. Episodes of intermittent hemorrhage
from the tracheostomy tube may be caused by tracheitis or
granulation tissue within the tracheal lumen. Tracheitis is
caused by a bacterial infection of the tracheal mucosa.
Frequent suctioning may be required due to increased se-
cretions, which also can irritate tracheal mucosa and cause
bleeding. Treatment is with systemic antibiotics and in-
creased humidification. It is also important that an appro-
priately-sized suction catheter to the correct length is used
to ensure that excessive tracheal trauma is not being caused
with suctioning. Intra-tracheal granulation tissue, often at
the tip of the tracheostomy cannula, may cause hemoptysis
or tube obstruction. This tissue can be removed with op-
tical forceps or potassium titanyl phosphate or CO2 laser
and injection with intralesional steroids to help prevent
recurrence. Nowadays, granulation tissue is being treated
with topical antibiotic steroid drops (Ciprodex, Alcon Lab-
oratories, Fort Worth, Texas), which are available on an
individual basis and have shown good success.

Tracheoinnominate Artery Fistula. Sudden massive
tracheal hemorrhage may be secondary to a tracheoin-
nominate artery fistula. This is more likely to occur in
children with chronic tracheostomy dependence and is
caused by the tip of the tracheostomy tube eroding through
the anterior tracheal wall into the innominate artery. Such
hemorrhage may be heralded by smaller less significant
episodes of bleeding. A computed tomography-arteriogram
should be performed to assess the position of the innom-
inate artery in relation to the tracheostomy tube. Pulsations
may also be seen in the region of the innominate artery at

Fig. 5. Large suprastomal granuloma. It was necessary to remove
this granuloma before decannulation in this child.

Fig. 6. Anterior suprastomal collapse with suprastomal granuloma
completely obstructing the suprastomal airway. This child required
open surgical tracheoplasty to facilitate decannulation.
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the tip of the tracheostomy tube on tracheoscopy. Any
patient suspected of impending innominate artery rupture
should receive urgent exploration by a cardio-thoracic sur-
geon. Massive bleeding suggestive of a tracheoinnominate
artery fistula should be initially tamponaded with digital
pressure followed by placement of a cuffed endotracheal
tube. The fistula can be surgically repaired if the patient
survives the bleeding. Although tracheoinnominate artery
fistula is extremely rare in patients with tracheostomy, its
mortality rate approaches 100%.

Tracheoesophageal Fistula. Pressure from the distal end
of the tracheostomy tube on the posterior tracheal wall
may cause erosion of the posterior trachea and anterior
esophageal wall with formation of a tracheoesophageal
fistula. A chronically overinflated tracheostomy tube cuff
can also cause similar erosion. This complication is very
rare but is seen more commonly nowadays in immuno-
compromised children with poor healing who are trache-
ostomy-dependent. Children with tracheal anomalies and
severe scoliosis or kyphosis are also at greater risk. The
presence of a longstanding nasogastric tube may also cause
compression and necrosis of the tissue between the naso-
gastric tube and the tracheostomy tube.

Swallowing Problems. A tracheostomy may interfere
with swallowing by anchoring the trachea to the strap
muscles and tethering the suprahyoid musculature. An in-
flated tracheostomy cuff may also cause increased pres-
sure in the esophagus and hypopharynx. It is also reported
that the normal laryngeal reflex that prevents aspiration
may be lost in patients with chronic tracheostomy. In chil-
dren who are fed orally before tracheostomy, it is impor-
tant to have them evaluated by the feeding team and be
encouraged to feed orally if it is safe to do so and their
medical conditions allow. It should be noted that the pres-
ence of a tracheostomy tube is not a contra-indication to
oral feeding.

Decannulation in Infants and Children

Evidence to Date

Mortality attributed to pediatric tracheostomy ranges
from 0.5 to 5%,84 with European and American reviews
citing mortality rates of 3.2 and 3.6%, respectively.16,85

Decannulation as soon as the child’s underlying conditions
permit is therefore advisable and is the ultimate goal shared
by patient, family, and provider alike. Acute decannulation
failures can be catastrophic, and this risk should be min-
imized. Children with tracheostomy tubes may become
candidates for decannulation through resolution of the un-
derlying airway abnormality, natural expansion of the cross-
sectional area of the airway with growth, or surgical pro-

cedures designed to open narrowed airways. It is paramount
that decannulation be undertaken only after being deter-
mined safe and appropriate. Decannulation failure rates
vary from 6.5 to 21.4%.10,15,86

To date, the literature is devoid of well-established guide-
lines for determining the readiness for decannulation. The
lack of consensus for an optimal decannulation protocol
can, in part, be attributed to the paucity of prospective
studies focusing on decannulation or studies comparing
various decannulation methods. Studies have attempted to
define clinical predictors of successful decannula-
tion.15,86-91 Although agreement does exist among authors
that before decannulation certain investigations need to be
performed and criteria obtained, different proposals have
been put forth. The literature discusses a myriad of pro-
tocols that use varying combinations of in-patient/out-pa-
tient resources, specialized tests, and procedures. This has
lead to substantial variability in the duration of hospital-
ization for patients undergoing decannulation and repre-
sents an opportunity for improved use of resources. An
ideal protocol should present an efficient utilization of
resources while not sacrificing patient safety.

Publications on pediatric decannulation over the last 20 y
are listed in Table 4. Decannulation protocols vary widely in
these reports, with success rates ranging from 67 to 94%.

American Academy of Otolaryngology and Head and
Neck Surgery Consensus 2013

A clinical consensus statement on pediatric tracheos-
tomy management that commented on decannulation was
published by Mitchell et al86 under the guidance of the
American Academy of Otolaryngology and Head and Neck
Surgery. The recommendations were constructed from ex-
pert opinions and state that specific criteria should be met
before attempting decannulation in children, provided there
is resolution or improvement of the original indication for
tracheostomy.

First, no ventilatory support should be required for a
period of 3 months before decannulation, which could
vary from 2 to 4 months, depending on the time of the
year. Second, there should be no aspiration events, such
that a tracheostomy would still be needed for suctioning to
maintain pulmonary toilet. A flexible laryngoscopy should
be performed to document a patent airway with at least
one mobile vocal cord. Removal of any obstructing su-
prastomal granulation should be performed at the time of
bronchoscopy before a decannulation attempt. A daytime
tracheostomy tube capping trial is recommended for those
children of at least 2 y of age leading up to decannulation.
If the child tolerates capping, options before decannulation
to assess for readiness may include a capped sleep study,
a capped exercise test, or a nighttime capping trial while
hospitalized and being observed. In younger or smaller
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children, the small size of the trachea in relation to the
tracheostomy tube may preclude capping, and the decan-
nulation protocol should be tailored to the individual pa-
tient. These recommendations serve as a guideline based
on the existing evidence, and it was stated in the report that
there remains room for further discussion and research on
the subject.

Readiness for Decannulation

Decannulation readiness is approached in several ways
and is tailored to the individual patient. The timing and
process of decannulation are dependent on several factors.
Clinical readiness for decannulation involves cessation of
the need for mechanical ventilation for at least 3–6 months
and resolution of the original indication for tracheostomy.
A supplemental oxygen requirement should not preclude a
decannulation trial as long as the child can tolerate oxygen
administration via nasal cannula. Comorbidities affecting
the need for tracheostomy, including cardiac, pulmonary,
or neurologic conditions, should have improved or resolved.
A likelihood of needing elective surgery in the future (eg,
spinal surgery, oromaxillofacial surgery) that may affect
the airway caliber in a child would support the mainte-
nance of the tracheostomy.

Certain assessments of airway form and function are
important in all patients before decannulation. Whereas
microlaryngoscopy and bronchoscopy evaluate airway
patency at all levels, polysomnography (PSG) assesses
sleep-related upper-airway physiology.87 Numerous de-
cannulation protocols in the literature vary widely in
methods.90,92

Ideal Decannulation Protocol

The ideal decannulation protocol should contain some
of the following: tracheostomy size reduction and clinical
observation; complete airway evaluation (flexible laryn-
goscopy and direct laryngoscopy bronchoscopy); capping
trial at home during the day; capped PSG; and admission
for decannulation and post-decannulation observation for
24–48 h; noninvasive ventilation (NIV).

Downsize Tracheostomy Tube Size and Clinical Obser-
vation. The child’s tracheostomy tube is initially down-
sized to the smallest tolerated uncuffed tube according to
the patient’s age and size. In infants, this tube is a size 3.0
uncuffed tube. Although a size 2.5 tracheostomy tube is
available, its lumen is so small that it is rarely used outside
of a hospital setting due to the concern for mucous plug-
ging of the tube and difficulty suctioning, a potentially
fatal complication.94,96

Airway Evaluation. The importance of a formal airway
evaluation, direct laryngobronchoscopy, before decannu-
lation under general anesthesia is not disputed. A flexible
laryngoscopy should be initially performed with the child
awake to assess vocal cord movement and supraglottic
collapse. Tonsils and adenoids should be evaluated, and if
there is evidence of obstructive adenotonsillar hypertro-
phy, surgical treatment in the form of an adenotonsillec-
tomy/tonsillotomy should be performed. A direct laryngo-
bronchoscopy evaluates airway patency at all levels and is
necessary for not only diagnostic evaluation but also ther-
apeutic treatment of the airway. Spontaneous ventilation
during this procedure with the tracheostomy removed from

Table 4. Pediatric Tracheostomy Decannulation Studies: 1996–2016

Year Author N Primary Recommendation Success (%)

2016 Cristea et al92 189 DLB � decannulation in sleep laboratory receiving PSG 79.5
2016 Wirtz et al90 35 Decannulation at airway endoscopy if suitable; conservative approach to resource utilization 94.2
2015 Robison et al87 28 Role of PSG as useful adjunct; AHI � 2.75 predictor of successful decannulation 71.4
2015 Gurbani et al93 59 AHI and end-tidal CO2 good predictors of decannulation; using both favorable MLB and PSG

to predict decannulation
NA

2015 Prickett et al88 46 In-patient observation for a 24-h asymptomatic interval after decannulation is sufficient 91
2013 Mitchell et al86 Recommendations regarding suitability for decannulation and capping (� 2 y) NA
2004 Kubba et al94 4 Modified protocol in � 13 months; downsize to size 2 tube in small infants NA
1999 Mukherjee et al95 31 PSG is a useful adjunct to evaluating readiness for decannulation in children 67.7
1997 Waddell et al96 84 Determine minimum safe duration of in-patient stay 79 (first attempt)
1997 Merritt et al97 10 Decannulation over 24–48 h after removal of suprastomal granulation; capped fenestrated tube 90
1996 Tunkel et al91 16 PSG useful in evaluating readiness for decannulation; AHI � 1.7 81.3

DLB � direct laryngobronchoscopy
PSG � polysomnography
AHI � apnea-hypopnea index
MLB � microlaryngoscopy and bronchoscopy
NA � not applicable
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the airway is paramount to assess any dynamic collapse or
obstruction, especially suprastomal collapse and tracheo-
malacia. Suprastomal granulation tissue, if obstructive,
should be removed.

A favorable direct laryngobronchoscopy has been re-
ported as an excellent predictor of successful decannula-
tion. Wirtz et al90 published a study of 35 subjects (ages
1–17 y), wherein they recommended direct laryngobron-
choscopy with intraoperative decannulation, in the absence
of tube downsizing, a capping trial, or PSG. If the airway
was deemed adequate at the time of direct laryngobron-
choscopy, the tracheostomy tube was removed, and the
child was monitored overnight and discharged the follow-
ing day if no complications arose. Of the 35 decannulated
subjects, 54% (n � 19) were discharged the day following
decannulation, and 37% (n � 13) were discharged on
post-decannulation day 2. Average in-patient stay for those
decannulated was 1.8 d. Of the remaining 3 subjects, one
was taken back to the operating room for further excision
of a suprastomal granuloma, one was kept for further mon-
itoring due to suprastomal collapse, and one was kept
in-patient for non-airway-related issues. All 3 subjects
were discharged between post-decannulation days 3 and
5. However, 2 of these subjects ultimately failed decan-
nulation long-term. One subject had severe obstructive
sleep apnea following the tracheocutaneous fistula clo-
sure 49 d after decannulation, and ultimately the trache-
ostomy was replaced. The second subject also had the
tracheostomy replaced 30 d after decannulation and un-
derwent laryngotracheal reconstruction soon thereafter.
Despite the 2 failures, the authors concluded that their
protocol offered a conservative approach to resource
utilization and that the operative endoscopic examina-
tion of the spontaneously breathing patient is a superior
evaluation for decannulation.

Role of Capping. The use of capping and downsizing is
a common part of many decannulation protocols, although
its implementation is not universal. Studies supporting cap-
ping report that the reduction and occlusion of tube diam-
eter not only predict decannulation success but also accli-
mate the child to the changing airway physiology that
accompanies tracheostomy tube removal (ie, increased dead
space and use of the mouth and nose). Kubba et al94 stated
that the ability to tolerate a blocked tube during the de-
cannulation process is itself a test of the child’s reserve,
such that, if they can tolerate the additional obstruction
caused by the presence of the tube, they will be more
likely to manage without problems on exercise or when
they next suffer an upper-respiratory tract infection.

However, a blocked size 3.0 tracheostomy tube will
occupy a much greater proportion of the airway in younger
children than in older ones; thus, many younger children
may not tolerate blocking of the tube. The decreases in the

cross-sectional area of the airway in these young children
may be to such a degree that those who do not tolerate
capping may in fact still tolerate decannulation. Wirtz et al90

reported that routine daytime capping is not performed in
their decannulation process, because it does not offer an
accurate physiologic representation of the decannulated
child due to the obstruction of the capped tube. Tunkel
et al91 also commented on how a malacic airway may also
be stented by a capped tube.

Role of Polysomnogram. The role of capped PSG in the
decannulation process has recently gained wider accep-
tance, although its routine use is debatable. The current
literature is composed of retrospective reviews and case
series, and there are discrepancies regarding what is termed
a favorable PSG when determining candidates for trache-
ostomy tube removal. Many of those with mild and even
moderate obstructive sleep apnea can be decannulated suc-
cessfully.87,92,93

Tracheostomy in children is being performed nowadays
for children with fixed laryngotracheal lesions (static up-
per-airway anatomy) and also those with dynamic airway
disorders, including obstructive sleep apnea, tracheomala-
cia, pharyngeal hypotonia, and associated neuromuscular
disorders. Dynamic factors that influence upper-airway pa-
tency are usually more apparent during sleep, when mus-
cular tone is decreased. PSG is thus an ideal modality to
evaluate for readiness for decannulation; however, evalu-
ation by PSG can be expensive, and pediatric PSGs are not
widely available. Nonetheless, it must also be interpreted
in light of possible savings achieved by decreasing the
number of in-patient ICU days required after decannula-
tion with the use of a favorable PSG. An unfavorable PSG
may prevent the morbidity and expense of an unsuccessful
decannulation attempt.87,92,93 A capped sleep study usually
requires the child to first tolerate the tracheostomy capped
for between 4 and 6 h during the day.

Parameters such as apnea-hypopnea index (AHI), ob-
structive index, and maximal end-tidal CO2 are valuable in
predicting successful tracheostomy decannulation. Tunkel
et al91 addressed the utility of PSG and showed that PSG
provides objective data measuring upper-airway patency
during a time when pharyngeal muscle tone is maximally
decreased and airway obstruction is at greatest risk. They
concluded that an AHI � 1.7 correlated with successful
decannulation. In more recent years, Robison et al87 fur-
ther supported the usefulness of PSG to determine the
appropriateness of decannulation. Of the 28 subjects in
their study, 20 (71.4%) were decannulated. The average
AHI with a capped tracheostomy for those successfully
decannulated was 2.75 (range 0.6–7.6), whereas the AHI
for those not decannulated was 15.99 (range 3.2–62). Those
who were not decannulated had multiple medical comor-
bidities, multilevel airway obstruction, need for additional
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surgery, or chronic need for pulmonary toilet. They con-
cluded that PSG may be a useful adjunctive study in the
process of determining a patient’s readiness for decannu-
lation.

Cristea et al92 reported a series of 189 subjects who
were decannulated after a favorable direct laryngobron-
choscopy and then had a PSG in the sleep laboratory.
Successful (tube not replaced within 6 months) decannu-
lation was achieved in 167 subjects (79.5%). This study
argued against performing a capped PSG due to concerns
that the physiologic effects of an indwelling plugged tra-
cheostomy tube must be considered. Infants may not tol-
erate even the smallest occluded (capped) tracheostomy
tube if it creates substantial airway obstruction. An unfa-
vorable study with a capped tube may prevent a successful
decannulation in such a case.91 In addition, leaving the
tracheostomy tube in place in the airway may stent open
any underlying areas of malacia and give false assurance
that the airway will not collapse, especially during sleep.
The pressure dynamics of the airway change following
decannulation. The sudden imposition of upper-airway re-
sistance from the nose, tongue, and pharynx can result in
significant changes in lower-airway collapsibility. While
awake, airway patency is improved. These changes be-
come more pronounced during sleep and, in the case of an
abnormal upper airway, can result in varying degrees of
obstruction.

Thus, the literature supports that a favorable PSG with
tracheostomy capping is complementary to endoscopic as-
sessment in patients with complex airway problems.87,91

Overall, the length of ICU admission following decannu-
lation is being decreased secondary to the performance of
pre-admission capped sleep studies. Larger studies are
needed, however, to validate specific PSG parameter thresh-
olds in all pediatric patients undergoing decannulation.
Also, sleep centers with pediatric expertise unfortunately
are not available everywhere, and in those that are, there
are considerable wait times.

Noninvasive Ventilation. NIV may be used to facilitate
decannulation in children who no longer need a tracheos-
tomy for structural upper-airway obstruction but have se-
vere obstructive sleep apnea and/or require nocturnal ven-
tilatory support. NIV can be delivered via nasal prongs or
face mask at night following decannulation. Use of NIV is
more frequently used in this manner in Europe. Fauroux
et al98 reported on 15 children (age 2–12 y) in whom
decannulation was proposed because endoscopic evalua-
tion showed sufficient upper-airway patency and normal
nocturnal gas exchange with a small-size closed tracheal
tube, but obstructive airway symptoms occurred either im-
mediately or with a delay after decannulation without non-
invasive ventilation. After NIV acclimatization, decannu-
lation was performed with success in all patients. NIV was

associated with an improvement in nocturnal gas exchange
and marked clinical improvement in their obstructive sleep
apnea symptoms. None of the 15 subjects needed trache-
ostomy recannulation. NIV was withdrawn in 6 subjects
after 2–8.5 y, and the remaining 9 subjects continued to
receive NIV after 1–6 y. Thus, in selected patients with
obstructive sleep apnea or lung disease, NIV may repre-
sent a valuable tool to treat the recurrence of obstructive
symptoms after decannulation and may facilitate early
weaning from tracheostomy in children who have failed
repeated decannulation trials.99

Quality Improvement in Tracheostomy Care

Outcomes of Children With Tracheostomy

Children have a substantial risk of significant morbidity
and mortality following tracheostomy. Studies report that
7–8% of children do not survive the hospitalization when
a tracheostomy is performed.9,19 It is believed the vast
majority of deaths following tracheostomy are not trache-
ostomy-related but rather are secondary to the child’s un-
derlying chronic conditions. Guidance to help physicians
inform and advise families facing decisions regarding tra-
cheostomy in children with chronic health conditions has
been difficult to develop, in part because these children
have a heterogeneous array of underlying diagnoses.40,41

Up to 60% of children undergoing tracheostomy have mul-
tiple chronic diagnoses affecting different organ systems,
which makes counseling of families with good measures
of risk and benefit even more difficult.2-5 Congenital heart
disease, prematurity, the absence of an upper-airway anom-
aly, and age �1 y are characteristics associated with higher
mortality in children following tracheostomy.100 The high-
est in-hospital mortality following tracheostomy, reported
as 40%, has been observed in premature children who
have both neuromuscular impairment and congenital heart
disease.3

Complications of tracheostomies are well established,
with almost 20% of patients experiencing a tracheostomy-
related complication.9,40 Some children experience recur-
rent hospitalizations because of these complications as well
as comorbidities.2,9 Complications in the peri-/postopera-
tive period include hemorrhage, infection, pneumothorax,
tube obstruction, and accidental decannulation.101,102 Later
complications include development of granulation tissue,
tube obstruction/occlusion, accidental decannulation,
bleeding, tracheomalacia, and more rarely tracheoinnomi-
nate artery fistula and tracheoesophageal fistula. Although
tracheoinnominate artery fistula is reported to occur in
�1% of all patients undergoing tracheostomy, it is usually
fatal.103 Nearly 8% of children do not survive hospital stay
when a tracheostomy is placed, with the majority of deaths
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being related to the child’s underlying chronic condi-
tions.19,26

Defining the Problem

It is predicted that tracheostomy is a procedure that will
be performed with increasing frequency in the future as
pediatric ICU care continues to improve and children with
complex medical conditions survive longer. Despite this, there
has not been a parallel standardization in the quality of care
these patients receive. Safe and effective care for a new tra-
cheostomy requires intensive monitoring and care from a
variety of providers, including multiple medical specialties,
nursing, and ancillary services. For example, communication
with and education of the emergency medical staff in the
management of tracheostomy emergencies should be man-
datory in a community where a child with a tracheostomy
resides. This could be provided by the hospital-based trache-
ostomy teams caring for the child on discharge.

Substantial concerns have been raised regarding subop-
timal standards in tracheostomy care, and this is a growing
concern in view of the increasing demands for intensive
care services.41,42,104 In addition, no standardization of pro-
tocols for tracheostomy placement and care exists between
institutions, making it difficult to benchmark tracheostomy
care across institutions. Tracheostomy outcome metrics
that exist for adult patients, including time to decannula-
tion and time to wearing a speaking valve, are difficult to
adapt to the pediatric population. Also, many of the re-
ported tracheostomy-related events are in fact preventable
events and should be amenable to prospective system im-
provement strategies.105

In adults, much is known about the life experience as-
sociated with tracheostomy, the potential for adverse out-
comes, and associated health-care costs.5,106,107 There have
been a number of single-institution reports in the adult
literature addressing the current status of tracheostomy
care. There is less in the pediatric literature and also a clear
lack of standardization of protocols and policies.

In 2011, Das et al104 published the results of surveys of
members of the American Academy of Otolaryngology-
Head and Neck Surgery, addressing those that had expe-
rienced at least one patient with a catastrophic event re-
lated to a tracheostomy. There were 253 respondents who
described 405 recent catastrophic events related to trache-
ostomies. Twenty-nine patients were specified to be chil-
dren, in whom the most commonly reported events were
tracheostomy tube occlusion,12 decannulation leading to
loss of airway,10 and tracheoinnominate artery fistula.4 Sev-
enteen (59%) of the 29 pediatric events were fatal, and 4
resulted in permanent disability. Ten of the 28 events oc-
curred at home.

Although a survey methodology was used in this study
and there is a high possibility of both response bias and

recall bias, it is very possible that the number of events
was underestimated because there are a number of pedi-
atric patients who may die from tracheostomy-related com-
plications at home or are lost to follow up. A companion
paper by the same group also reported significant variabil-
ity in ongoing surveillance and care of tracheostomy pa-
tients.42

National studies on pediatric tracheostomy have reported
an overall mortality rate of nearly 8%.9,19 A retrospective
study using the Truven Medicaid MarketScan Database
reported on 502 children (0–16 y) in Medicaid from 10
states who underwent tracheostomy in 2009 and were fol-
lowed through 2011.40 Median age at tracheostomy was
8 y (interquartile range 1–16 y). As evidenced in other
studies,2-5 the children in the cohort were very medically
complex. Two-year rates of in-hospital mortality and tra-
cheostomy complication (excluding the admission when
the tracheostomy was placed) were 8.9 and 38.8%, respec-
tively. In this study, children of younger age (�1 y) at the
time of tracheostomy placement, children of Hispanic eth-
nicity, and children with more complex chronic condition
type all had increased likelihood of death. Of the children
who had a tracheostomy complication (38.8%), mortality
was low (4.1%), suggesting again that death in all children
was not tracheostomy-related in the majority of patients.
Health-care spending was also addressed in this study, and
total spending in the 2 y following tracheostomy for the
502 children was $53.3 million, with hospital, home, and
primary care constituting 64.4, 9.4, and 0.5% of total spend-
ing, respectively.

An analysis of the American College of Surgeons Na-
tional Surgical Quality Improvement Program Pediatric
performed by Mahida et al28 demonstrated that the highest
contribution to composite morbidity in otolaryngology is
seen in children younger than 2 y undergoing tracheos-
tomy. The National Surgical Quality Improvement Pro-
gram Pediatric reports predefined 30-d postoperative out-
comes for surgical cases from participating institutions for
quality improvement. The study attempted to determine
predictive factors for complications following tracheos-
tomy placement in patients younger than 2 y that, if tar-
geted for reduction in quality initiatives, might result in
improved surgical outcomes. Of the 206 children younger
than 2 y who underwent elective tracheostomy from 2012
to 2013 among 61 participating institutions, 24.3% expe-
rienced a major complication within 30 d. The most com-
mon complications were pneumonia (7.8%), postoperative
sepsis (5.8%), death (5.8%), and deep or organ space sur-
gical site infections (3.9%).

Multidisciplinary Team Approach

Due to their medical complexity, children with trache-
ostomy are usually cared for by an array of medical pro-
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viders and care teams, including otorhinolaryngologists,
pulmonologists, cardiologists, neurologists, primary care
physicians, nurses, respiratory therapists, and equipment
specialists. Unfortunately, the majority of these patients
experience extremely disorganized, fragmented care and
poor communication between providers, which continue to
be obstacles to optimal patient outcomes. It has been dem-
onstrated that care can be dramatically improved and tra-
cheostomy-related adverse events can be radically reduced
through implementation of tracheostomy care teams.108-111

Tracheostomy teams enhance consistency of patient care
and promote implementation of standardized protocols of
care.

Over the last decade, a few adult institutions have shown
that with truly integrated multidisciplinary tracheostomy
care, it is possible to radically reduce adverse events and
significantly improve care for patients with tracheos-
tomy.109,112,113 In 2009, Cameron et al114 reported that im-
plementation of a tracheostomy review and management
service program resulted in significantly improved out-
comes, with patients having a shorter length of hospital
stay (median stay decreased from 60 to 41.5 d), vocalizing
earlier and more often (speaking valve usage increased
from 35 to 82%), and having a shorter time to decannu-
lation (median decrease of decannulation from 22.5 to
16.5 d). Significantly, annual cost savings were also 8 times
greater than the cost of program provision.

In 2011, Hettige et al110 reported a multidisciplinary
care model consisting of a tracheostomy bundle with 3
components: a checklist, a dedicated tracheostomy multi-
disciplinary team, and an educational program. These in-
terventions were associated with an 88% reduction in crit-
ical incidents, shorter ICU stay, and shorter time to
decannulation (decrease from a mean of 21 to 11 d).

Welton et al,115 subsequently reported that following
implementation of the interprofessional tracheostomy team,
there was no improvement in decannulation times or time
from weaning to speech-language pathology referral. How-
ever, a significant improvement was noted in the average
time to first tracheostomy tube change (from 36.2 to 22.9 d,
P � .01) and average time to speech-language pathology
referral following initial tracheostomy insertion (51.8 to
26.3 d, P � .01). They concluded that a multidisciplinary
tracheostomy team can improve the quality of tracheos-
tomy care through earlier tracheostomy tube changes and
swallowing assessment referrals. The authors commented
that the lack of improved weaning to decannulation time
was potentially due to poor adherence with established
protocols as well as a change in mechanical ventilation
practices.

Most of these reports are with respect to adult trache-
ostomy care, and unfortunately there has not been as much
reported progress in the pediatric tracheostomy literature.
Abode et al111 demonstrated that a multidisciplinary ap-

proach can yield measurable improvements in important
outcomes. Their study had 3 primary aims: (1) optimize
stay for children with newly placed tracheostomies,(2) im-
prove communication among providers and caregivers, and
(3) avoid tracheostomy complications. They instituted and
tracked initiatives (2007–2013), including an enhanced tra-
cheostomy education program and weekly clinical care
conferences, and also developed and implemented institu-
tional consensus of care for aspects of care currently lack-
ing published evidence-based or expert guidelines. In chil-
dren � 1 y of age, the mean stay from 2007 to 2013 was
reduced from 36 to 27 d for those discharged to home. A
consensus-driven decannulation protocol resulted in suc-
cessful decannulation in 71% of initial attempts and 86%
of overall attempts of decannulation. The authors recom-
mended that institutions with multidisciplinary pediatric
airway programs should adapt structure, processes, and
goals to individual institutional strengths, barriers, and re-
sources.

Standardization of Protocols and Policies

United Kingdom National Tracheostomy Safety Proj-
ect. The United Kingdom National Tracheostomy Safety
Project primarily aimed to improve management of tra-
cheostomy critical incidents through the development of
emergency algorithms that describe a universal approach
to management of adult and pediatric tracheostomy emer-
gencies.116 Tracheostomy education for both providers and
patients was addressed through standardized resources in
the form of self-directed learning modules.

International Pediatric Otolaryngology Group. In
2016, the International Pediatric Otolaryngology Group
published consensus recommendations for perioperative
tracheostomy care in pediatric patients, aimed at improv-
ing patient-centered care in this patient population.117 The
recommendations were formed through expert opinion by
the members of the group and are targeted to pediatric
patients with newly placed tracheostomies and include
(1) preoperative considerations, (2) intraoperative consid-
erations, (3) comprehensive postoperative care algorithm,
(4) sedation algorithm, (5) enteral feeding algorithm, and
(6) tracheostomy bedside information sheet. Although there
are no studies validating the outcome of these recommen-
dations to date, they are an important step in proposing
standardization of pediatric tracheostomy care.

Global Tracheostomy Collaborative. Although a small
number of hospitals have demonstrated that it is possible
to reduce adverse events substantially, in some cases by
5-fold or more, the system-wide changes that led to these
improvements are not easy to implement and have not
been rapidly adopted by other hospitals. The slow diffu-
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sion of medical and health-care innovation is widely rec-
ognized118; one approach to overcome this delay is a qual-
ity improvement collaborative.

The Global Tracheostomy Collaborative, formed in
2014, is a multi-institutional, multidisciplinary organiza-
tion with the objective of improving the care and safety
care of children and adults with tracheostomies worldwide
(http://globaltrach.org, Accessed October 14, 2016). The
collaborative consists of a multidisciplinary group of provid-
ers, patients, physicians, nurses, respiratory therapists, allied
health professionals, and patients/caregivers and families from
9 countries working to delineate and disseminate best prac-
tices surrounding tracheostomy care. This is accomplished in
part by utilizing a prospective multi-institutional database to
gather data on patients undergoing tracheostomy. Specifi-
cally, the Global Tracheostomy Collaborative promotes a
number of key drivers that are known to be associated with
improvement that include: (1) truly multidisciplinary effec-
tively coordinated multidisciplinary care teams, (2) institu-
tionwide protocols, (3) broad staff education, (4) patient and
family involvement, and (5) data analysis.

The Global Tracheostomy Collaborative aims to im-
prove outcomes in tracheostomy care. One of its key driv-
ers in achieving that goal is the development of best prac-
tices and standardization of care. Prospectively collecting
outcome data on a large scale via an international, multi-
institutional HIPAA-compliant database will eventually al-
low for benchmarks to be set and for novel targets for
quality improvement initiatives to be identified.119 This
will help to define and refine tracheostomy care best prac-
tices. The database contains branching logic to collect data
specific to both adult and pediatric patients with tracheos-
tomy. Variables collected include demographics, clinical
characteristics, indication for tracheostomy, stay in ICU,
duration of mechanical ventilation, time to decannulation,
and adverse events. The purpose of the database is to allow
hospitals to track their own progress and ultimately to
allow hospitals to benchmark themselves against their peers
(anonymously). To date, the database has recorded the
data of �1,500 patients with tracheostomy since August
2015, and member hospitals receive biannual reports of
their data.119 As the use of this collaborative database grows,
tracheostomy care best practices can be refined and dis-
seminated, and new targets for quality improvement may
be identified.

Summary

Tracheostomy is being increasingly performed in pedi-
atric patients. The indications for tracheostomy and the
characteristics of children with tracheostomy have changed
significantly over the last 50 years, reflecting the changes
that have occurred in the management of critically ill chil-
dren. Prolonged invasive ventilation is now the primary

indication for tracheostomy in children, but the definition
of time when the tracheostomy should be placed remains
highly variable, between 14 and 90 d in some studies, and
most consider that timing should be made on an individual
patient basis. The open surgical technique continues to
remain the optimal technique for tracheostomy in children.
The role of percutaneous tracheostomy in children is not
yet clearly defined, but it may be feasible in older children.

The optimal pediatric decannulation protocol supports
tube downsizing and daytime capping, in addition to a
favorable capped PSG and endoscopic airway assessment
(direct laryngobronchoscopy) as a strong predictor of suc-
cessful decannulation. As a result of the increased use of
capped PSGs, the length of ICU admission following de-
cannulation can be decreased in those children receiving
favorable capped sleep studies. However, larger studies
are needed to validate specific favorable PSG parameter
thresholds in pediatric patients undergoing decannulation.

Tracheostomy care in children is a complex, truly mul-
tidisciplinary process. It is widely recognized that patients
with tracheostomy are at high risk for potentially prevent-
able adverse events that can lead to significant morbidity
and even mortality, and there is a recognized need for
improvement of care. Future directions include multi-
institutional analyses of care coordination and transitions
for pediatric tracheostomy patients as well as testing the
effectiveness of interventions such as multidisciplinary tra-
cheostomy care teams, standardized tracheostomy proto-
cols and policies, broad staff education, and family in-
volvement. These factors will be key to improving the
quality of care for these patients. In response to globally
identified recurrent themes that have led to measurable
harm and a clear need to accelerate the spread of improve-
ments in tracheostomy care, an international, multidisci-
plinary quality improvement collaborative aimed at im-
proving outcomes for both adult and pediatric patients
with tracheostomy has been established.
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Discussion

Berlinski: Thank you for your pre-
sentation. I have a couple of comments,
and there’s a common theme to both.
First is: Do you really practice an in-
terdisciplinary discussion before a
trach is placed? My experience has
been that the process of tracheostomy

lasts 7 d for the intensivist (as long as
they stay in the ICU), a few hours for
the surgeon during the placement and
the follow-up, and for up to 18 y or
more for us (pediatric pulmonologists)
when there is chronic ventilatory de-
pendence or chronic lung disease pres-
ent. Many times we are not invited to
the pre-tracheostomy discussion; we

are called after the fact. Sometimes
the same thing happens with the de-
cannulation process because you al-
luded to a group that has upper-air-
way obstruction and doesn’t have
chronic lung disease. That probably
doesn’t require much conversation.
Sometimes I see disconnect between
the surgeon and the pulmonologist
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as to why the patient should still have
a tracheostomy. I would like to hear
your thoughts.

Watters: I agree, a lot of the multi-
disciplinary teamwork we’ve focused
on has all been after the tracheostomy
is placed, around care at home and in
the community. I think there are a lot
of issues with regards to the actual
decision-making process of whether a
tracheostomy is indicated or not. I will
say, however, that it is very rare that a
tracheostomy is ever placed in a child
after 7 d of intubation, but as a sur-
geon, I know we are usually just con-
sulted to come up and schedule place-
ment of the tracheostomy, without
being involved in the process/discus-
sion of whether the tracheostomy is
truly indicated. I really think that is an
area that needs to be improved. Plus,
we have no consensus, for example, if
you focus on the premature popula-
tion, as to the timing of when the tra-
cheostomy should be placed. One of
the reasons why we do not want to
place the tracheostomy too early is the
known associated mortality of children
with a tracheostomy and also the care
of a child in the community with a
tracheostomy, which can be highly
variable. Some children are intubated
for up to 8 or 12 weeks before we are
consulted for tracheostomy placement.
I think recurrent attempts of extuba-
tion are made, to try to avoid a tra-
cheostomy. After 3 or 4 failed extu-
bations, it becomes clear that a
tracheostomy should be considered.
However, there is no consensus as to
the length of time a child should be
intubated. I think a lot of it depends
on the associated comorbidities that
the child has, and taking into account
children with neuromuscular disor-
ders, it often becomes an ethical situ-
ation as well: Is placing a tracheos-
tomy in this child the right thing to
do?

Panitch: Getting back to the preterm
population, there are some data from
large databases that suggest tracheos-

tomy is associated with worse out-
come. But that may be because the
trach is a marker for severe disease as
opposed to the cause. Those are chil-
dren who have chronic lung disease
who require long-term mechanical
ventilation. The flip side of that is that
development may be hampered by not
performing a tracheostomy a little ear-
lier because the infant needs to be re-
strained so that he or she doesn’t pull
out an ETT. The infants are confined
to bed, they can’t work as well with
rehabilitation specialists, and so I think
that there is a need for a more thought-
ful approach to identify which infants
you would anticipate are going to need
long-term ventilation and perhaps go
to earlier tracheostomy to enhance de-
velopment while they’re still in the
NICU.

Watters: I would agree with that.

Walsh: Just to add on, it seems like
with us getting better at NIV, I do
think those multidisciplinary discus-
sions are happening in that patient pop-
ulation. In other words, we’ve sent
them home receiving NIV, and they
continued to fail or have issues, and
then the pulmonologist is involved and
the hospitalist or the intensivist is of-
ten involved because they keep get-
ting readmitted. Prior to us doing so
much NIV, I don’t think that discus-
sion was happening. To Ariel’s [Ber-
linski] point, it was sort of one person
made the decision that this patient
needed a trach, and it wasn’t widely
discussed. Another comment I have is
that 15 or 20 years ago now, we used
to use Olympic buttons in the decan-
nulation process because of some of
the comments you brought up about
even in a pediatric airway, a trache-
ostomy of the smallest size is taking up
50% of the lumen. But it seemed to
fall out of favor, and I’m not sure why
it did, because you could get some
pretty small sizes of those. I’m curi-
ous as to what your thoughts are on
that.

Watters: We’ve looked into the
Olympic buttons recently for certain
patients. They don’t come small
enough for kids under the age of 2
that you’re trying to decannulate; they
just don’t make them. I think our main
fear is that they’re going to go into the
airway as a foreign body. I would gen-
erally not recommend them in small
children, which unfortunately are the
population we are concerned about the
capped tracheostomy taking up some
much space in the airway.

Walsh: It doesn’t look like by the
data that we actually decannulate any-
body before 2 anyway, so it might ac-
tually work out.

Watters: That’s very true.

Cheifetz: Karen, that was a great pre-
sentation, thank you. I want to go back
to the theme of Ariel’s first question
and your comment about the timing
of tracheostomy. You showed some
nice data on the costs and complica-
tions of tracheostomy. But, when we
think about trachs, including the com-
ments that have already been made,
these patients are often in the ICU for
a long time and are often extubated 3
or 4 times before everyone accepts the
fact that the patient needs a trach. So
the data presented do not take into
account the costs of waiting to trach
and also the potential morbidity of
waiting. I do not have the answers,
but what we need to get to is a deter-
mination of the right timing for tra-
cheostomy. I throw this issue to you,
as well as to our pulmonology friends.
Howard [Panitch] and Dennis
[Stokes], what do you think? Do we
wait too long? Should we be proceed-
ing with trachs earlier for those pa-
tients who clearly need it?

Watters: I think in a lot of situa-
tions, we do wait too long. I think in
some situations, a lot of that is due to
social issues around caring for the
child. In a lot of cases, the family isn’t
ready to have a child with a trach.
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That often prolongs it. So, if you put
a trach in this child—I know they’re
taking up a bed—where are they go-
ing to go? Perhaps the child is in fos-
ter care or the child can’t go home, so
we have to know that the child can be
taken care of with the trach in. I do
agree; I think in a lot of cases, we are
waiting far too long.

Cheifetz: I agree that sometimes the
families are not ready, but it often
comes back to us. Maybe we broach
the concept so late in the process, and
the parents/family are not ready sim-
ply because we were not ready.
Maybe we don’t raise this option
early enough in an admission, as is
more often done in the adult world.
Again, I do not know the answer but
am simply raising this issue to pro-
voke thought and discussion on this
important topic.

Watters: I think in a lot of cases, the
introduction of a trach, just the con-
versation with the parents should start
earlier. Just to plant the seed. Also,
this is a side comment, but we started
introducing trach teaching to families
now even a week or two before the
trach is actually placed, and it’s been
shown that the sooner you start doing
that, the sooner you get the child with
a new trach out of the hospital.

Panitch: Getting back to Ariel’s
point about the importance of a mul-
tidisciplinary discussion about trache-
ostomy and timing, the group that we
struggle with are those children with
cerebral palsy patients who obviously
have issues with upper-airway ob-
struction and who may aspirate, and
the risk/benefit in that population.
Many of those patients have been
managed for years without a trache-
ostomy, and then you trade perhaps
one hospitalization for aspiration
pneumonia per year for 100% bac-
terial colonization of the airway and
frequent episodes of tracheitis. How
do you handle that group; upper-air-
way and chronic lung disease I think

are pretty straightforward, but with
that group, it’s hard.

Watters: I agree those children have
such a high risk of recurrent hospital-
izations. I know that in our institution
how they usually end up getting a trach
is on one of those admissions, and they
can’t be extubated. Then they finally
need a trach, but I think that whole
topic should be broached a lot sooner,
probably in the out-patient setting. For
the families, it changes the care of the
patient entirely; they’re going to need
nursing care at home to take care of
this child, but perhaps that’s better than
ending up in the ICU 4 or 5 times a
year on a ventilator because of recur-
ring pneumonias.

Stokes: The other thing is I want to
congratulate you on this collabora-
tive, I think that approach, most of
us who work in cystic fibrosis are
really familiar with the value of this
kind of feedback about how your cen-
ter compares to others. Is that an
organization that any hospital can
join? It’s something we would be
interested in.

Watters: The Global Tracheostomy
Collaborative is open to any institu-
tion to join, and we encourage insti-
tutions to join. It really is a multidis-
ciplinary group; the members come
from respiratory, otolaryngology, pul-
monary, speech/language—it’s truly
multidisciplinary. Over the last year
or so, we’ve done a lot of work that
hopefully in time and as our database
matures, it will be a very rich source
of data.

Sweet: I think there are 2 pieces to
this conversation. The one group of
patients for whom trach actually may
be a tool to get them out of the ICU,
and it seems to me that we’re not fram-
ing that well with our patients. We’re
framing it that tracheostomy may ap-
pear to be a long-term intervention as
opposed to a tool, and I think that mes-
saging needs to be something we de-

velop as a care team. The second as-
pect is the decision-making for the
patient for whom it’s clear the trach is
going to be a long-term intervention.
Pulling together the care teams, in-
cluding palliative care, to make that
decision is a critical part of what needs
to happen. I think it’s only happening
more consistently in the recent past.
Those are my perspectives on the de-
cision-making and ethics of tracheos-
tomy. I also want to circle back to
your decannulation discussion because
there were 2 pieces of that I wanted to
be clear on. First, in your video, you
didn’t show the trach tube coming out
to assess the airway, and I wanted to
make sure that is included in the air-
way evaluation.

Watters: Yes, the tracheostomy
does of course come out of the airway
on every direct laryngobronchoscopy;
I just wanted to get on to the next
slide. Obviously, routinely we do an
initial pass to see how the trach is
sitting in the airway, then the trach is
removed and the airway is examined
without the trach in situ. We want to
make sure there isn’t superstomal col-
lapse or malacia. It’s a very important
part of the upper-airway examination.

Sweet: The second question has to
do with the utility of a sleep study.
What’s the false negative rate? Since
you’ve got the tube obstructing the
airway by its presence, you may in-
crease the likelihood of getting a sleep
study that forces you to defer decan-
nulation. How do you manage and
think about that scenario?

Watters: That’s a very difficult sit-
uation, because clearly, based on sleep
study, you have a report saying the
child is obstructing. The family is tell-
ing you that the child sleeps fine at
home, and they’re on a saturation mon-
itor at home. It is a balance of the
benefit of getting the trach out versus
the risk of taking it out when the child
is not ready and having to put it back
in. I think that in general, if the sleep
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study is favorable, it is a very high
predictor of successful decannula-
tion. There have been situations
where I will say that due to the pa-
rental pressure, providing you think
it’s safe, that you will put the child
in the ICU and take the trach out and
see how they do overnight. I’m not
recommending that should be done
in every case, but from personal ex-
perience, I have done this in select
patients with success.

Sweet: That may be the situation
where you would try and orchestrate a
sleep study without the trach in place.

Watters: Yes.

Fedor: I have a question on a re-
lated topic. We have a lot of choices
with trach tubes these days; we have
flexed ends, cuffed, uncuffed, water
cuff, air cuff, and standard, and each
of those carries a complication and
has patient safety issues. Would you
comment on that?

Watters: We standardly use the
Bivona pediatric trach tubes just be-
cause they’re softer, and if you need a
cuffed tube, the tight-to-shaft one by
Bivona is much easier to put in and
take out. Now you can also customize
any size trach—we actually carry Flex-
Tend tracheostomy tubes as a stan-
dard stocked item in our hospital, but
we typically only use them in the small
infants with chubby short necks. As
the child gets older and is more mo-
bile, they have a tendency to pull out
the FlexTend tubes a lot more. Obvi-
ously, any trach tube has risks of caus-
ing pressure; it’s a foreign body that’s
moving all the time and can cause gran-
ulation or collapse to the underlying
tracheal tissue and cartilage.

Fedor: In our chronic vent/trach unit,
we tend use the FlexTend tubes al-
most exclusively because they can par-
ticipate more in their rehab, they’re
much more mobile in positioning, and
our OT/PT [open tracheostomy/percuta-

neous tracheostomy] folks really pre-
fer to work with those types of trachs
in general because it gives them more
flexibility.

Watters: Even in older children,
too?

Fedor: Our vent/trach rehab hospi-
tal takes kids from several months all
the way up to adulthood. We do not
generally use the FlexTend tubes in
the older patients; usually they’re used
in the kids younger than 5 y of age.

Berlinski: Can you comment about
nebulizer therapy treatments that are
applied with a tracheostomy mask, and
how does that influence or create com-
plications for the stoma by increasing
moisture?

Watters: That’s a very good point
that you bring up, the increased mois-
ture around the trach. I would say that
we do see children on occasion with
allergic-like reactions from the nebu-
lizers. An alternative method to try
and prevent that might be to give the
medication through a spacer connected
directly to the trach tube.

Berlinski: Probably using a pMDI
[pressurized metered-dose inhaler]
with a spacer would be one option.
The other would be a direct connec-
tion to the trach rather than using a
mask.

Panitch: I have 2 questions in re-
gards to that: first, your feelings about
using things like Hydrosorb that main-
tain wetness around the trach vs either
no padding or just split gauze?

Watters: We typically use either
split dry gauze or Mepilex Lite. We
used to use Exu-Dry a lot, but we find
that it gets very hard and crusty and
can actually tear the skin. In kids who
have problems with granulation
around the stoma, we actually have
been using a lot of Mepilex AG lately.

It has really changed our management
of granulomas around the stoma.

Panitch: My second question goes
back to the issue about timing of tra-
cheostomy placement and what hap-
pens afterwards. In my institution,
when a child receives a tracheostomy,
there’s an 8-week program the family
goes through in terms of training,
whether or not there’s a ventilator at-
tached to the other end of the tube.
Before we will discharge a child with
a tracheostomy, the parents have to
demonstrate their ability to suction the
airway, change the tube, recognize
medical emergencies, etc. That’s part
of our discussion with the family; this
will extend the hospitalization that
long. Would you comment about the
post-trach training program and how
that relates to post-hospital morbidity
and mortality?

Watters: That’s a very good point,
because I know in some other hospi-
tals—one of my colleagues works in
Dallas, and they’re only allowed to
change the trach on a weekly basis.
So that delays discharge considerably;
I think it’s 6 weeks before the child
can go home. My feeling and what we
practice in Boston Children’s is that
once the first trach change has been
safely performed, the parents imme-
diately start to get trained on chang-
ing the trach. Depending on how en-
thusiastic and well educated they are,
sometimes they’re even changing the
trach on a daily basis. From our ex-
perience, the sooner you start educat-
ing the parents, the sooner they be-
come more comfortable, and it gets to
the point where they are very profi-
cient at changing it, and their comfort
level increases—some parents can
change it 5 times a week during the
training process. If everyone is happy
with the parents’ trach care, then
they’re ready to go home, and the hos-
pital stay has been dramatically re-
duced. I will say we’ve only brought
that in in the last few years. Early ed-

PEDIATRIC TRACHEOSTOMY

824 RESPIRATORY CARE • JUNE 2017 VOL 62 NO 6



ucation, more frequent tube changing
is better.

Walsh: I’d like to add to that a little
bit. We’ve also at discharge asked the
parents to change the trach more fre-
quently so that they get used to doing it.
So then if an emergency arises, they
know how to do it. Asking them to
change it more frequently and then ta-
pering it out eventually is a new strat-
egy for us to get caregivers, and even the
child, more comfortable with the process.

Watters: We sometimes run into
other issues like insurance not giving
them enough trachs, but if you write
enough letters to justify that they need
them, it usually works out.

* Wagler: As for trach changes and
education for family members, our
normal protocol consisted of initial
change by the RT [respiratory thera-
pist] within 5–7 d and then continuing
weekly. With this protocol, family in-
struction and increasing their comfort

level with the trach change became
problematic due to the patient’s length
of hospital stay. You commented you
would do trach changes daily if nec-
essary. Any complications with that
frequent of a trach change?

Watters: No, once we’re happy the
stomahasmatured, it’s safe tobechanged.

* Angel Wagler RRT, invited discussant. Ms
Wagler is affiliated with Teleflex.
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