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Abstract

Purpose of Review Tracheostomy in a child demands critical pre-operative evaluation, deliberate family education, competent
surgical technique, and multidisciplinary post-operative care. The goals of pediatric tracheostomy are to establish a safe airway,
optimize ventilation, and expedite discharge. Herein we provide an update regarding timing, surgical technique, complications,
and decannulation, focusing on a longitudinal approach to pediatric tracheostomy care.

Recent Findings Pediatric tracheostomy is performed in approximately 0.2% of inpatient stays among tertiary pediatric hospitals.
Mortality in children with tracheostomies ranges from 10-20% due to significant comorbidities in this population.
Tracheostomy-specific mortality and complications are now rare. Recent global initiatives have aimed to optimize decision-
making, lower surgical costs, reduce the length of intensive care, and eliminate perioperative wound complications. The safest
road to tracheostomy decannulation in children remains to be both patient and provider dependent.

Summary Recent literature provides guidance on safe, uncomplicated, and long-term tracheostomy care in children. Further
research is needed to help standardize decannulation protocols.
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Introduction

Lorenz Heister introduced the term “tracheostomy” in 1718 to
describe the opening, maturation, and insertion of an indwell-
ing tube through the neck into the trachea. Since then, numer-
ous surgical and medical disciplines have advanced the
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implementation and maintenance of the surgical airway. In
children, both otolaryngologists and pediatric surgeons are
adept at establishing a tracheostomy, while various hospital
teams support other critical aspects of long-term stoma care,
family education, supplies, and (if necessary) chronic mechan-
ical ventilation. Responsibility for each element of periopera-
tive and long-term care may differ from one hospital to anoth-
er. However, recent consensus guidelines allow for a more
systematic and consistent approach to the care of these pa-
tients despite the array of disciplines involved [1ee, 2e°].
This review offers general knowledge, operative consider-
ations, wound care suggestions, and long-term strategies for
pediatric tracheostomy based upon current literature.
Controversies and discussion on decannulation protocols will
also be addressed.

Overview
Tracheostomy is estimated to be performed in about 0.2% of

pediatric inpatient stays [3¢]. Historically, acute upper airway
obstruction from infectious or inflammatory causes was the
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most common indication for pediatric tracheostomy. Today,
due in part to widespread vaccination for H. influenza, this
indication is far less common [4].

The survivability of extreme prematurity, bronchopulmonary
dysplasia, and other complex cardiopulmonary conditions in the
neonate continues to improve. From 2007 to 2015, in-hospital
mortality improved from 9.9 to 8.2% among pre-term low
birthweight infants in all eleven high-income countries studied
[5]. As the worldwide care for premature and medically com-
plex newborns improves, the most common indication for pedi-
atric tracheostomy is now the need for long-term ventilation [3¢].

Multidisciplinary input regarding the prognosis of a trache-
ostomy candidate should be established with the healthcare
team and family before proceeding to surgery unless the indi-
cation for tracheostomy is urgent. The procedure is the first
step in a long process of transitioning ventilatory care from the
hospital to home. A well-orchestrated use of hospital services
and education is necessary to facilitate this process, which
places a unique burden of responsibility on patient families
[6-8].

Post-operative morbidity and mortality from tracheostomy
are often related to deteriorating medical comorbidities and
rarely device-related complications [9e, 10°]. However, there
remain significant risks of improper care and monitoring of
the patient, including accidental decannulation or mucus plug-
ging of the tube. Thus, pediatric healthcare providers should
familiarize themselves with routine tracheostomy care espe-
cially in practice settings with medically complex patients.
Tracheostomy care is a longitudinal investment by families,
providers, and institutions to prevent complications both in the
hospital and at home (Fig. 1). The purpose of this review is to
describe the indications for tracheostomy, surgical technique,
post-operative care, and decannulation strategies.

Pre-operative Evaluation
Indications
A tracheostomy is useful for bypassing acute or chronic upper

airway obstruction. Although rarely used as a first-line inter-
vention, a tracheostomy can also be the final step in the

management of severe obstructive sleep apnea (OSA). A tra-
cheostomy replaces an endotracheal tube for those who re-
quire long-term mechanical ventilation. In patients who have
poor secretion management and chronic aspiration, a trache-
ostomy will provide access to deep pulmonary suctioning. In
patients with either congenital or iatrogenic subglottic steno-
sis, a tracheostomy can help bypass this obstruction.

Retrospective studies have shown that the incidence of tra-
cheostomy in children is gradually increasing [3e, 11, 12¢],
though this may be due, in part, to increases in patient popu-
lation and widening participation in administrative databases.
Gergin et al. reported that cardiopulmonary and neurologic
indications for tracheostomy have seen the greatest rise over
30 years. Craniofacial and traumatic indications for surgery
have demonstrated only modest increases. The most common
indication varies with the age of the patient. Children with
complicated cardiopulmonary, craniofacial, or upper airway
conditions were likely to undergo tracheostomy between the
ages of 4 to 6 months, whereas patients with neurological
disorders or trauma where more likely to receive a tracheos-
tomy between the ages of 2 to 3 years.

Contraindications

Strict contraindications to pediatric tracheostomy are uncom-
mon. Relative contraindications include an anterior neck mass
obstructing access, a severely medically unstable patient, a
high-riding innominate artery, and very poor long-term prog-
nosis. In patients with a poor prognosis, an ethical dilemma
may arise. Patient families may be intent on exploring all life-
prolonging therapies even at the potential expense of the pa-
tient’s and family’s quality of life. For this reason, a provider
may recommend against tracheostomy when interventions are
considered futile for survivability.

Nonetheless, a tracheostomy can reduce the encumbrances
of sedation and allow for wakeful interaction of the child with
their caregivers. Tracheostomy may be thereby advocated as a
palliative measure in children with poor short-term prognoses
and a need for mechanical ventilation [13] as seen in patients
with severe forms of spinal muscular atrophy (SMA).
Surgeons should be aware that subtypes of this historically
fatal progressive neurodegenerative disease have
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Fig. 1 Proposed timeline for the care of the patient undergoing non-
emergent tracheostomy, from the initial hospitalization through
decannulation. Single asterisk “*: Transition off of mechanical
ventilatory support is a process of variable length and can take years in

@ Springer

younger patients with severe bronchopulmonary dysplasia. Double
asterisk “**”: Pre-decannulation studies can include polysomnogram
and/or upper and lower airway endoscopy
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demonstrated dramatic improvement with new gene therapies
[14, 15]. Incorporation of a medical ethics team into the dis-
cussion is recommended in controversial cases.

Care Coordination

Care for pediatric patients with a tracheostomy can be very
challenging due to the medical complexity of these patients
and the direct trials of home tracheostomy management [6—S8].
Thus, a clear and open multidisciplinary discussion with the
family is warranted prior to surgery and should address the
patient’s long-term prognosis, short-term risks, and costs as-
sociated with long-term tracheostomy care. Multidisciplinary
members present during this discussion include the surgical
team, intensive care, palliative care, pulmonology, psycholo-
gy, nursing, and social work. Additional input from members
of the patient’s subspecialty care may prove necessary in
terms of the patient’s acute and long-term prognosis.

Patient-specific discharge planning must also be discussed.
Pediatric patients with a tracheostomy must have at least one
tracheostomy trained adult caregiver present and ready to in-
tervene at any time in case of an emergency. These caregivers
must navigate initially unfamiliar medical equipment to deliv-
er proper care. The presence of a tracheostomy may make
other family members uncomfortable and unsuitable as a pri-
mary caregiver(s). All of these challenges can have a signifi-
cant impact on the family member(s) health, emotional well-
being, sleep, and intra- and inter-familial relationships [6].
Families should be fully aware of these expectations prior to
surgery and this discussion should be considered part of the
informed consent process.

Predictors of Mortality

When compared to adults, pediatric tracheostomy is associat-
ed with higher rates of mortality. The discrepancy can be
explained by the degree of medical complexity in children
requiring tracheostomies. There is a wide variety of reported
mortality rates from 0%, in a cohort of patients undergoing
surgery for OSA, to 26% for those with hypoplastic left heart
syndrome [3e¢, 9¢, 10, 12¢, 16°, 17+, 18, 19+, 20°, 21°].
(Table 1) Most of these studies report mortality rates of 10—
20% for all-cause after at least 1 year, while one study reported
amortality rate prior to discharge of 8.6% [3¢]. However, there
is a current trend toward improving mortality rates in trache-
ostomy patients [9¢, 17¢], which is likely related to global
initiatives improving the care of these complex patients.
Tracheostomy-specific mortality is low, though not-insig-
nificant, at rates reported from 0-3.5% [9¢, 10¢]. Only two
recent studies reported a total of seven tracheostomy-related
deaths. All of these were related to either mucus plugging or
accidental decannulation. It should be recognized that these
events are of greater risk in the pediatric population due to the

lack of an inner tracheostomy cannula and smaller airway
anatomy. Risk factors for these rare events have not been fully
examined, in part due to their rarity.

Comorbidities

Children who undergo tracheostomy due to underlying neo-
plasm or congenital cardiac anomalies tend to have higher
mortality than those children who undergo tracheostomy due
to underlying pulmonary disease [3¢, 9+, 16+]. Neurologic co-
morbidities in some studies have been linked to poor out-
comes, though others report no increased risk (Table 1).

Weight

The weight itself has not proven to be a significant predictor of
poor outcomes after tracheostomy. A NSQIP database review
of children less than 2 years of age undergoing tracheostomy
[20°] demonstrated that weight less than 2.5 kg at the time of
surgery did not confer a higher risk of mortality or complica-
tions in the first 30 days post-operatively. On multivariate
logistic regression, the only predictor of poor outcomes in this
group was the presence of bronchopulmonary dysplasia
(BPD).

Age

Age at the time of tracheostomy is not conclusively a risk
factor for all-cause mortality. Studies that include the neonatal
intensive care unit (NICU) population demonstrate worse out-
comes with earlier age at the time of surgery [3e, 16, 21°].
However, research specific to the pediatric intensive care unit
(PICU) setting does not show the same risk in younger pa-
tients [10e, 18]. This difference is likely to be related to dif-
ferent indications for surgery between the units and their un-
derlying patient comorbidities, such as BPD in the newborn.

Tracheostomy Timing

Inability to extubate or failure to remain extubated is the most
common pediatric indication for tracheostomy, and consider-
ation of tracheostomy candidacy is typically initiated by the
intensivist. Once the surgical team has evaluated the patient, a
family meeting should be organized and an introduction to
tracheostomy care should commence.

A recent survey [22] of Canadian pediatric intensivists,
neonatologists, pulmonologists, and otolaryngologists re-
vealed that practice patterns have shifted toward
recommending earlier tracheostomy compared to 11 years
prior [23]. A recent meta-analysis [24] identified eight retro-
spective studies evaluating outcomes of early versus late tra-
cheostomy in mechanically ventilated patients. While the ear-
ly tracheostomy group had statistically significant reductions
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Table 1 Recent publications, pediatric post-tracheostomy mortality
Primary N Design Specific pediatric Risk factors for mortality Mortality rate Tracheostomy-
author, year population (timeframe) related mortality
rate (timeframe)
Watters, 502 Retrospective Medicaid pts < 16 y/o Hispanic, younger age at tracheostomy  9.0% (2 year) -
2016 cohort

[16+]

Funamura, 513 Retrospective -

Older age, BPD, CHD, infection,
neoplasia, chronic mechanical

16.6% (indefinite) 3.5% (indefinite)

ventilation, tracheostomy prior to

2010
Neoplasia

2016 [9¢] cohort

Tsuboi, 212 Retrospective PICU patients,

2016 cohort neurologically
[10] impaired vs intact

Dal’Astra, 5933  Meta-analysis, - -
2017* stratified by
[17¢] decade of

publication

McPherson 426 Retrospective PICU patients
2017 cohort
[18¢]

Rizzi, 2017 29 Case series Severe OSA -
[19] indicating

tracheostomy

Prodhan, 126 Retrospective History of HLHS -
2017 cohort
[12°]

Rawal, 543 Retrospective Stratified by weight at -
2019 cohort surgery (< 2.5 kg,
[20°] 2.5-4 kg, > 4 kg)

Han, 2020 3442  Prospective Neonates with very
[21¢] cohort low birthweight,

stratified by
birthweight

Friesen, 14,155 Retrospective All pediatric patients
2020 [3¢] cohort in the PHIS

database

Acquired neurologic, congenital
neurologic, and congenital respiratory
comorbidities

Birth weight < 750 g, male sex, CLD,
neurologic comorbidity, cardiac
comorbidity, chromosomal
comorbidity

Younger age, Asian, Northeast region,
cardiac, hematologic, metabolic,
urologic comorbidities, prematurity

14% (1 year), 29%  1.9% (indefinite)

(5 year)
10.6% (various) 0.9% (various)

23% (indefinite) -

0% (indefinite) 0% (indefinite)

26% (indefinite) -

4.3% (30 day) -

18.5% (1 year -
in-hospital
mortality rate)

8.6% (pre-discharge -
mortality rate)

Summary of mortality rates in studies published since 2016

*Data from the most recent era (2005-2014) are here reported. N, number of patients in the cited study; pts, patients; y/o, year old; BPD,
bronchopulmonary dysplasia; CHD, congenital heart disease; PICU, pediatric intensive care unit; OSA, obstructive sleep apnea; HLHS, hypoplastic
left heart syndrome; kg, kilogram; CLD, congenital lung disease; PHIS, pediatric health information system

in days of mechanical ventilation, ICU stay, hospital stay, and
hospital-acquired pneumonia, the improvement in risk of mor-
tality did not reach statistical significance.

Surgical Technique

Securing the Airway, Positioning, and Incision
Placement

The patient is transferred onto the operating room table and
routine cardiopulmonary monitoring devices are placed. Once
general anesthesia has been induced a microlaryngoscopy and
bronchoscopy (MLB) may be performed to assess and size the
airway to aid in choosing the proper tracheostomy size. When
appropriate, an appropriately sized cuffed endotracheal tube is
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then placed and secured. The patient is then positioned with a
small shoulder roll to place the neck into extension. The ster-
nal notch, cricoid cartilage, and thyroid cartilage help identify
the midline. Midway between the cricoid cartilage and sternal
notch is a relatively good rule for marking the planned trache-
ostomy incision. An incision too low can later contribute to a
“key-hole deformity” as the stoma migrates superiorly.

After prepping and draping, a horizontal or vertical skin
incision is made and the subcutaneous fat is removed superfi-
cial to the strap muscles. The strap muscles are divided and
exposure of the laryngotracheal skeleton is made with lateral
retraction of peritracheal soft tissue. The tracheal incision is
then planned below the cricoid at the 2nd to 4th tracheal ring.
Inspired oxygen is increased and monopolar electrocautery is
not planned from this point forward. Non-absorbable mono-
filament “rescue” or “stay” sutures are placed just off of
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midline on both sides of the planned tracheostomy. These
sutures are labeled “left” and “right” and left in place. Prior
to the tracheal incision, stomal maturation may be performed
using absorbable suture, sewing peristomal skin to tracheal
perichondrium in a half-mattress fashion in four quadrants.
If desired, the lateral skin edges may also be closed primarily
at this stage if a horizontal skin incision was performed.

The tracheal incision is typically made in a vertical fashion
between the 2nd and 3rd or the 3rd and 4th tracheal ring
depending on the patient’s anatomy. If not already performed,
stomal maturation can be accomplished after the tracheal in-
cision, sewing skin to the trachea in a simple interrupted fash-
ion. The length of the tracheal incision should allow the inser-
tion of the tracheostomy tube without any resistance.
Trachealis injuries can occur due to excessive force when
initially inserting the tracheostomy tube. The stay sutures
can be used to elevate the trachea during stomal maturation
and guide placement of the tube.

A survey of experts in the field of pediatric otolaryngology
agreed upon the necessary surgical steps used to evaluate
trainees in their proficiency performing a pediatric tracheosto-
my [25¢¢]. Several peer-reviewed surgical videos illustrating
the steps of surgery have also been published [26-28].

Debate exists regarding a vertical or horizontal incision of
the tracheal cartilage. A 2008 survey study of members of the
American Society for Pediatric Otolaryngology (ASPO) [29]
demonstrated that 87% of respondents used a vertical tracheal
incision in infants and that fellowship training was associated
with more frequent use of this incision. Vertical incisions are
supported by a widely cited animal study of post-
decannulation tracheal stenosis comparing several techniques
[30]. However, others advocate for a superiorly based tracheal
flap [31], a horizontal tracheal incision [32] or a window ex-
cision [33], all with low rates of post-decannulation stenosis.

Considerations regarding surgical technique and perioper-
ative care were reviewed by the International Pediatric
Otolaryngology Group (IPOG) [2¢¢]. IPOG recommends the
use of stay sutures in all cases, consideration of stomal matu-
ration, consideration of full airway endoscopy during the same
anesthetic, and consideration of flexible tracheoscopy post-
operatively to confirm proper tube placement. The tracheal
incision technique was not addressed in their review.

Rescue Sutures and Stomal Maturation

Accidental decannulation of a fresh tracheostomy, i.e., within 5
days of surgery, can be a dangerous complication. The chance
of this event is greater in newborns and children, so precautions
are taken to prevent decannulation and allow for easy re-inser-
tion. Non-absorbable “rescue” or “stay” sutures are secured on
both sides of the tracheal incision at the time of placement.
These can be used to elevate the trachea to the surface of the
skin and aid in replacing the fresh tracheostomy tube.

Absorbable sutures may also be placed at the time of the
tracheostomy to “mature” the skin of the neck to the trachea
[34]. Stomal maturation can be performed prior to the tracheal
incision or just afterward. A criticism of stomal maturation is
the concern for increased risk of persistent tracheocutaneous
fistula (TCF) after decannulation. A non-randomized retro-
spective study [35] comparing stomal maturation to no stomal
maturation demonstrated similar rates of TCF regardless of
technique. Additionally, there was no difference in mortality
or overall complication rates.

Tracheostomy Sizing

The size of the tracheostomy tube in children is very impor-
tant. Tracheostomy tubes are labeled according to the size of
their inner diameter in millimeters and are generally available
in half sizes. Most manufacturers provide both shorter
(neonatal) and longer (pediatric) tube lengths. Selecting the
proper tracheostomy tube is crucial. A tracheostomy tube that
is too small in diameter may be more prone to plugging and
fail to deliver adequate tidal volumes, while a tube that is too
large may cause injury or irritation of the inner wall of the
trachea. A tube that is too short poses a higher risk of
decannulaton, while a tube that is too long can irritate the
posterior trachea or carina causing a persistent cough. Most
children initially require a cuffed tracheostomy to allow for
sedated mechanical ventilation during the healing period.
Once patients wean from mechanical ventilation, the cuff is
deflated and eventually the tube can be exchanged for an
uncuffed model that allows for more airflow through the upper
airway with the recovery of voice.

The size of cuffed endotracheal tubes in children is deter-
mined using Motoyama’s formula (3.5 + patient age/4) [36].
This formula may assist in approximate tracheostomy tube
sizing in children although patient factors can affect the for-
mula’s accuracy [37]. For this reason, many surgeons advo-
cate for full airway endoscopy prior to the initial skin trache-
ostomy incision. For children with special anatomic needs,
some brands offer adjustable length, or even custom length
tracheostomy tubes of various sizes.

Additional flexible tubing can extend from the tube’s
ventilation port in some tracheostomy models to help re-
duce post-operative skin injury and increase tolerance of
the ventilation circuit. This is especially true in neonates.
However, extended tubes are less preferred in agile chil-
dren due to the risk of accidental removal by an intolerant
patient. Children might begin with flexible extended tubes
but progress to straight and uncuffed tubes once mechani-
cal ventilation is no longer needed. For an exhaustive re-
view of pediatric tracheostomy tube options and sizes, we
refer the reader to another review specific to this topic by
Tweedie et al. [38]
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Bedside Tracheostomy

While there have been recent trends toward the use of bedside,
percutaneous, or dilational tracheostomy in the adult intensive
care setting, these techniques have not carried over to the
pediatric population. A case series [39] comparing operating
room to bedside PICU tracheostomies suggested a reduced
cost and similar complication risk in bedside procedures.
Roughly 75% of the patients were younger than 2 years. A
more recent review of bedside tracheostomy [40] included 20
children in a series of 200 patients, but outcomes specific to
children were not reported.

Extracorporeal membrane oxygenation (ECMO) and high-
frequency oscillatory ventilation may complicate patient
transportation out of the intensive care unit. These patients
are both candidates for bedside tracheostomy and stoma mat-
uration before the tracheal incision. Nine cases of bedside
tracheostomy in patients receiving ECMO were recently re-
ported with a mix of open, percutaneous, and combined ap-
proaches. Anticoagulation was held perioperatively in these
patients [41].

Complications and Aftercare

Common complications of pediatric tracheostomy include
mucus plugging, pressure injuries, bleeding, granulation tis-
sue, and tracheocutaneous fistula (TCF). Rarer complications
include subcutaneous emphysema, pneumomediastinum,
tracheoinnominate fistula (TIF), subglottic and/or tracheal ste-
nosis, and esophageal injury. In a recent systematic review
[17+], all complications appear to be decreasing in incidence
which is thought to be related to improved surgical technique
and performance by a higher degree of subspecialists.

Wound Care

Peristomal skin breakdown and pressure ulcers are an impor-
tant concern in the perioperative period in pediatric tracheos-
tomy tube placement. Mobility, secretions, and poor wound
healing appear to contribute to a higher rate of this complica-
tion in the neonatal period. In addition to patient morbidity,
family anxiety, and elevated resource utilization, this compli-
cation can also impact hospital reimbursement [42].
Formalized multidisciplinary teams can reduce the inci-
dence of tube-related pressure ulcers in pediatric patients
[43]. Despite these efforts, pressure ulcers occur nearly 10%
of all tracheostomies. Maltodextrin gel and/or silver alginate
sponges has been demonstrated to be effective in improving
stoma and wound breakdown in these patients [44]. This can
be used as a preventive measure or after the development of

injury.
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Twill ties are useful in preventing accidental decannulation
of children with tracheostomies. However, they also have a
higher rate of associated neck pressure ulcers. They have a
smaller width and have a tendency to retain secretions com-
pared to hook-and-loop cushioned ties. A randomized con-
trolled trial [45] in 57 patients demonstrated no significant
difference with respect to accidental decannulation or skin
injury between traditional twill versus cushioned ties.
Another study [46] of 109 patients demonstrated a higher
incidence of skin irritation and breakdown using twill ties
but had no accidental decannulations in either group. These
data seem to indicate that twill ties confer no benefit over
hook-and-look ties and may increase the risk of skin irritation
and breakdown.

Granulation Tissue

Granulation tissue is the result of persistent irritation of the
skin and airway by the tracheostomy tube at the stoma site.
This tissue is friable and bleeds easily causing increased care-
giver concern and anxiety and potentially making tracheosto-
my changes more difficult. As granulation tissue matures,
dense scar tissue can form. Granulation of the peristomal skin
can be treated topically with silver nitrate in the clinic setting.
However, granulation tissue in the airway requires surgical
intervention. The optimal timing of routine endoscopic sur-
veillance for asymptomatic tracheostomy patients is unclear.

Two retrospective studies [47, 48] of routine surveillance
airway endoscopy after tracheostomy demonstrated that air-
way lesions requiring intervention were common (30-40%).
Of those who were asymptomatic, 15% had airway lesions
that necessitated intervention, most commonly removal of
granulation tissue. Granulation tissue was more common in
patients with cardiopulmonary indications for their tracheos-
tomy. This may be due to aberrant positioning caused by the
ventilator circuit or from dynamic airway collapse onto the
tube itself.

Neither study described the state of the patient’s tracheos-
tomy cuff status (inflated/deflated), speaking valve tolerance,
or voice quality at the time of endoscopy. These variables
could reveal information about the suprastomal trachea and
subglottis to help direct surgeons in timing their surveillance.

Although most granulation tissue occurs at the stoma, gran-
ulation tissue development in the distal trachea from irritation
by the tip of the tracheostomy tube or excessively deep
suctioning is of much greater concern, as this can cause tube
obstruction. In such cases, formal airway evaluation in the
operating room is often indicated to ensure that the size and
shape of the tube are appropriate for the patient’s anatomy.
Typically, patients respond to changing the length of the tra-
cheostomy tube, re-educating the depth of suctioning, and
topical medications (antibiotic and steroid) via the tracheosto-
my tube.
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Subglottic/Tracheal Stenosis

While tracheostomy can be indicated for airway stenosis, it
can also contribute to the problem by weakening the surround-
ing tracheal cartilage. Suprastomal collapse may be a cause for
late failure of decannulation. Several treatment options have
been explored for this phenomenon, including anterior wall
tracheal resection [49], costal cartilage grafting [50], and ex-
ternal stenting with bioabsorbable miniplates [51, 52].

Tracheocutaneous Fistula

Tracheocutaneous fistula (TCF) is a late complication of tra-
cheostomy which has been found to be much more common
with a longer period of tracheostomy prior to decannulation
[53]. There appears to be no increased risk of TCF when
stomal maturation sutures are used. Treatment of TCF in-
cludes airway endoscopy to ensure the patient is not depen-
dent on the fistula for ventilation, followed by excision with
either primary closure or healing by secondary intention.

Tracheoinnominate Fistula

Tracheoinnominate fistula (TIF) is a potentially lethal, fortu-
nately rare, complication. A systematic review of case reports
and case series [54] in the pediatric population demonstrated
that the mean time to development of a TIF was 397 days.
Interestingly, the mean was longer in reports published after
the year 2000 than in those published earlier (655 days vs 104
days). A sentinel, i.e., early warning, bleeding event preceded
more significant bleeding events by an average of about 24 h,
range 5-50 h. The majority of definitive management strate-
gies in the review were treated with open surgical approaches,
though some were treated endovascularly. The overall mortal-
ity rate from this complication was nearly 40% in this series.

Infection, Pneumomediastinum, and Pneumothorax

Local wound infection may occur but is usually self-limited.
This is typically associated with poor secretion management
which leads to faster degradation of the maturation sutures. If
the maturation sutures fail too early, access to the cervical
neck and chest appears. If this is noticed quickly, bedside
wound care with packing will prevent more serious complica-
tions. However, stoma healing will be delayed due to second-
ary healing.

If air escapes from the trachea and remains trapped beneath
the skin, pneumomediastinum and/or pneumothorax can oc-
cur. For this reason, a post-operative chest x-ray may be per-
formed to identify these complications and serve as a baseline.
However, a review [55] of 421 patients who underwent rou-
tine chest x-ray after tracheostomy identified only 3 cases of

air tracking complications, all of whom were clinically
suspected before the x-ray.

Changes in tracheal secretion consistency, odor, or fre-
quency often lead to microbiologic analyses. Practitioners
should keep in mind that bacterial colonization of indwelling
tracheostomy tubes is common [56] but may be of question-
able clinical significance [57].

Tracheostomy Tube Changes and Supplies

In the first few days following tracheostomy, the peristomal
skin heals to the tracheal mucosa to establish a stable tract.
The timing of this stability is not widely accepted, but most
IPOG members [2¢¢] report waiting until 5 to 7 days have
passed before changing out the initial tracheostomy tube.
Others have waited as little as 2 days for this initial tube
change to facilitate early transfer out of PICU, with good
results in 26 patients [58].

The initial tube change is usually performed by the surgical
team to confirm that the healing process has taken place and in
case of difficulty if it has not. Thereafter, hospital nursing or
respiratory staff and (eventually) caregivers can safely assume
this responsibility.

In both inpatient and outpatient post-operative settings,
multiple supplies should be readily available in the case of
mucus plug or accidental decannulation. At our institution, a
supply bag (i.e., “Trach Go Bag”) provides a place to store
these supplies for nursing staff transporting the patient and for
families at home. A retrospective study demonstrated a non-
significant trend in reduction of tracheostomy-related adverse
events with the institution of a Go Bag policy for all trache-
ostomy patients both upon admission and at discharge [59].

Decannulation

Compared to their adult counterparts, most pediatric patients
are less able to report respiratory difficulty due either to age or
to developmental delays. Additionally, the consequences of
failed decannulation are likely higher in pediatric patients
due to communication, developmental barriers, and smaller
anatomy.

According to the American Association of Otolaryngology-
Head and Neck Surgery (AAO-HNS) clinical consensus
guidelines on tracheostomy care [1e¢], all of the following
are necessary criteria for safe pediatric decannulation:

* Graduation from regular use of mechanical ventilation
(possibly allowing for occasional backsliding during acute
illness), absence of recent known aspiration events,

+ Completion of an endoscopic airway assessment
confirming the absence of upper airway pathology that
could be masked by the tracheostomy tube (including
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awake flexible laryngoscopy to assess vocal fold move-
ment), and

» Safe daytime capping of the tracheostomy tube for several
weeks.

Additional optional steps may include:

*  Successful weaning from supplemental oxygen,

* Interval downsizing of the existing tracheostomy, toler-
ance of a Passy Muir speaking valve (PMV),

*  Performance of a drug-induced sleep endoscopy, and

* The performance of a capped or decannulated
polysomnography (PSG).

However, there is little agreement regarding the safest and
most cost-effective process to confirm a child is ready for
decannulation.

Recent publications that analyzed the success of
decannulation protocols in various patient populations [60e,
61e, 622, 63, 64+, 65, 66, 67¢] are listed in Table 2. All
studies were retrospective. The rate of successful
decannulation reported is extremely variable (0-45%) owing
partly to differences in clinical practice, patient population,
and individual protocols. There was also significant disagree-
ment in how “failure” was defined. While most would define a
failure as re-insertion of a tracheostomy tube after removal,
some groups obtained PSG with a capped tube, while others
obtained it immediately upon decannulation. If the same pa-
tient failed PSG in both protocols, this would be considered a
protocol success in the first case but a failure in the second
case.

Only one study [61¢] reported a sufficient number of failed
decannulations to analyze the risk factors for failure. These
included a history of prematurity, dysphagia with a history of
gastrostomy tube placement, craniofacial or genetic syn-
dromes, hydrocephalus, BPD, and the decision to decannulate
primarily based on the parental expectation of success.
Unfortunately, the authors’ criteria used for these risk factors
are not further described.

Polysomnography parameters predicting decannulation
failure were reported by two studies [60e, 68¢]. The studies
demonstrated agreement in their findings, with decannulation
failure predicted by overall apnea-hypopnea index (AHI)
(3.35 and 1.70 for the successful decannulation groups versus
18.5 and 12.8 for the unsuccessful decannulation groups) and
mean oxygen saturation nadir (87.58% and 89% for the suc-
cessful groups versus 82% and 78.57% for the unsuccessful
groups). Given that these findings were retrospective, the ac-
tual risk of failed decannulation when these variables are un-
favorable is likely even higher than reported.

Two papers are notable for their 0% failure rate, both in
inpatient rehabilitation. Each study reported on institutional
protocols using either airway endoscopy in every patient with
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selective PSG [64¢] or capped PSG in every patient with se-
lective endoscopy [66°]. The success rate in this population
underlines the advantages of being able to trial downsizing,
capping, and decannulation in an inpatient setting with the
option for continuous pulse oximetry as opposed to doing so
on a primarily outpatient basis. It should be noted that all of
these patients had neurologic comorbidities, and the patients
in these studies tended to be older: in one study, the average
age was 13.6 years, and in the other, the median age was 8.7
years.

While some additional studies [10e, 18, 69] have evaluat-
ed the likelihood of decannulation in institutional or national
populations from the time of tracheostomy, these studies did
not track failed decannulation attempts, so the risk of
decannulation failure was not evaluable. Favorable predictors
for decannulation include older age at the time of tracheosto-
my and those with airway obstruction as an indication for
tracheostomy. Although neurologic comorbidities may be un-
favorable for decannulation, acquired neurologic disease was
demonstrated in one of these studies to be favorable.

Discussion

Tracheostomy is an important procedure that can benefit
many patients in intensive care. Recently published stud-
ies demonstrate a trend toward consideration for earlier
tracheostomy, which can reduce the length of stay.
However, a lower risk of mortality with an earlier trache-
ostomy has not been established. While tracheostomy-
specific mortality rates are low, patients with significant
comorbidities carry a significantly higher mortality rate.
There is disagreement in the recently published literature
regarding age as an independent risk factor for mortality,
which may be due to differences in populations across
different studies and institutions.

The overwhelming majority of pediatric tracheostomies
are still performed in the operating room. However, some
surgeons have performed the procedure at the bedside in
appropriately selected patients. The surgical technique is
otherwise relatively standardized with some minor varia-
tions, including the use of stomal maturation sutures, ver-
tical tracheal incision, and performance of pre- and/or
post-operative airway endoscopy. Many would consider
post-operative chest x-ray the standard of care, though
its utility has been questioned.

Despite multiple recent publications on decannulation
protocols, there remains little agreement in the literature
regarding the most efficient method to confirm patients
are ready for tracheostomy tube removal, involving the
use of PSG, airway endoscopy, tube downsizing, and both
capping trials and inpatient post-decannulation monitoring
of various lengths. In older children, safe decannulation
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Table 2  Recent publications, pediatric decannulation protocols

Primary author, Patient population N Standardized decannulation Inpatient nights ~ Failure rate Risk factors for failure
year protocol required (first
(if specified) decannulation,
if multiple)
Cristea, 2016 <18ylo 210 Admission MLB or sleep 1 20.4%
[60¢] endoscopy; decannulation in sleep
lab with immediate PSG; formal
PSG
Lee, 2016 [68°] < 18 y/o 30 Downsize to 3-mm tube; awake 2 13.3%
capping; admission with
overnight pulse oximetry; formal
capped PSG; decannulation;
discharge
Beaton, 2016 <18ylo 45 MLB; trach tube downsize; trach 4 44.5% -
[67<] tube capping; decannulation;
overnight observation; discharge
Banyopadhyay, < 18 y/o 189 MLB with temporary decannulation; 1 22.2% Prematurity, decannulation
2016 [61¢] admission with decannulation and based on parental
immediate PSG; overnight PSG; expectations of success,
discharge dysphagia,
craniofacial/genetic
comorbidities,
hydrocephalus, BPD
Wirtz, 2016 <18ylo 35  Sleep endoscopy + MLB with 1+ 5.7% -
[62¢] temporary decannulation; PICU
admission with decannulation;
discharge
Maslan, 2017 <18ylo 46  No fixed protocol, most underwent ~ Variable 2.1% -
[63¢] MLB and PSG
Pozzi, 2017 < 18 y/o in inpatient 68 Inpatient capping trials with N/A (inpatient 0%
[64-] rehab continuous pulse oximetry; for rehab)
fiberoptic laryngoscopy; selective
PSG only
Seligman, 2019 0-5 y/o 26 MLB; change to fenestrated trach 1 15.3% -
[65¢] tube when awake; inpatient
overnight pulse oximetry;
decannulation; half-day pulse
oximetry; discharge
Morrow, 2019 0-21 y/o with brain 38  Capped PSG during inpatient stay; =~ N/A (inpatient 0% -
[66°] or spinal cord selective airway endoscopy for rehab)

injuries who
underwent PSG
for decannulation

Summary of decannulation studies published since 2016. N, number of patients in the cited study; y/o, years old; MLB, microlaryngoscopy and
bronchoscopy; PSG, polysomnogram; BPD, bronchopulmonary dysplasia; N/A, not applicable

may be possible without PSG or endoscopy if the patient
remains in the inpatient setting for post-decannulation sur-
veillance. This should be an area of focus for future
research.

Conclusion
A pediatric tracheostomy is an important tool for the care of

critically ill patients who are otherwise unable to wean from
ventilator support. Tracheostomy complications can be

reduced with proper surgical technique and astute post-
operative management. Controversies in tracheostomy
decannulation warrant future research and stratification of this
heterogeneous population.
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