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Abstract

Objective: To provide a systematic review of the existing pediatric decannulation
protocols, including the role of polysomnography, and their clinical outcomes.
Methods: Five online databases were searched from database inception to May
29, 2020. Study inclusion was limited to publications that evaluated tra-
cheostomy decannulation in children 18 years of age and younger. Data ex-
tracted included patient demographics and primary indication for
tracheostomy. Methods used to assess readiness for decannulation were noted
including the use of bronchoscopy, tracheostomy tube modifications, and gas
exchange measurements. After decannulation, details regarding mode of ven-
tilation, location, and length of observation period, and clinical outcomes were
also collected. Descriptive statistical analyses were performed.

Results: A total of 24 studies including 1395 children were reviewed.
Tracheostomy indications included upper airway obstruction at a well-defined
anatomic site (35%), upper airway obstruction not at a well-defined site (12%)
and need for long-term ventilation and pulmonary care (53%). Bronchoscopy
was routinely used in 23 of 24 (96%) protocols. Tracheostomy tube modifica-
tions in the protocols included capping (n = 20, 83%), downsizing (n = 14, 58%),
and fenestrations (n =2, 8%). Measurements of gas exchange included poly-
somnography (n=13/18, 72%), oximetry (n=10/18, 56%), blood gases
(n=3,17%), and capnography (n = 3, 17%). After decannulation, children in 92%
of protocols were transitioned to room air. Observation period of 48 h or less
was used in 76% of children.

Conclusions: There exists large variability in pediatric decannulation protocols.
Polysomnography plays an integral role in assessing most children for tracheostomy
removal. Evidence-based guidelines to standardize pediatric tracheostomy care

remain an urgent priority.
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1 | INTRODUCTION

Due to advancements in medical care and home ventilation
technology, the indications for tracheostomy tubes in children
have evolved in recent decades.® Once primarily performed for
acute infectious upper airway obstruction, common tracheost-
omy indications now include cardiopulmonary disease, chronic
lung disease of prematurity, neurological impairment, craniofa-
cial abnormalities, and prolonged intubation.’ ® This shift in the
indication for tracheostomy has altered our ability to predict
when and how to safely decannulate children with a
tracheostomy.

A tracheostomy tube for a child is not only associated with
medical morbidity but also has important psychosocial effects on
children and their families, including negative impacts on quality
of life, sleep, relationships, social life, and employment.*> As a
result, decannulation of the tracheostomy tube is often a shared
goal for patients, family caregivers, and their multidisciplinary
care teams.

Decannulation is possible when a child's underlying condition
necessitating the artificial airway resolves or considerably im-
proves and/or a switch to noninvasive ventilation becomes fea-
sible.® Complications of a tracheostomy tube that need to be
addressed before decannulation include granulation tissue for-
mation, subglottic stenosis, and wound infection.” ** Conversely,
the risks of no longer having a tracheostomy include acute or
chronic airway obstruction, chronic aspiration without pulmon-
ary toilet, and difficult airway management.®*? Therefore, care-
ful planning of a tracheostomy tube removal is required.

Despite the large morbidity and potential mortality asso-
ciated with tracheostomy tube decannulation failure, the existing
literature is limited with regard to best practice of pediatric
decannulation.® Furthermore, variation in clinical practice exists
as a culmination of several complex factors, including the pa-
tient's underlying disease and indication for tracheostomy, pos-
sible ventilation requirement, age at decannulation, and the
health-care setting and available resources. Therefore, our aim
was to systematically review the existing literature on pediatric
tracheostomy decannulation protocols, including the methods
used to assess decannulation readiness, role of polysomnography
(PSG), and their associated clinical outcomes.

2 | METHODS

2.1 | General methodology

This article is written in agreement with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines for systematic reviews and meta-analyses. See Supporting In-
formation Appendix E1 in the online supplement for the PRISMA
checklist. It is registered (ID: CRD42020155791) on the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO).

2.2 | Data sources and searches

The online databases Ovid MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials (CCRCT), Cumulative Index to Nursing
and Allied Health Literature (CINAHL), and Web of Science were
searched to identify relevant literature. A manual search of all re-
ferences in the included articles was then performed to identify
other potential studies of interest. The search was performed from
database inception to May 29, 2020. See Supporting Information
Appendix E2 in the online supplement for the complete search

strategy.

2.3 | Study selection

2.3.1 | Eligible studies
Selected studies examined decannulation following a tracheotomy

procedure in children and adolescents 18 years of age and younger

and were written in the English language.

2.3.2 | Exclusion criteria

Articles were excluded for the following reasons:

1. Did not involve pediatric subjects (older than 18 years of age).

2. Articles did not contain original research (e.g., review articles).

3. Purpose of study was not to investigate decannulation.

4. Did not describe a decannulation protocol.

5. Articles discussed pediatric tracheostomy tube insertion but not
decannulation.

2.3.3 | Selection process

A reference library was maintained using the EndNote X9 software.
Duplicate articles were first excluded. Three independent reviewers
(R.V., CM,, RA) then screened the titles and abstracts to exclude
publications that did not meet the inclusion criteria. Full texts of
articles were obtained and assessed for final eligibility independently
by three authors (R.V., C.M., R.A). Full articles were also read if a
decision regarding inclusion/exclusion could not be made based on

the available information included in the abstract.

2.34 | Data abstraction

Five authors (R.V,, CM, JS, AS., RA) independently extracted re-
levant data and assessed data quality. Any disagreements between
the five reviewers were resolved through discussion with three other
expert reviewers (J.C., N.W.,, E.P.). Demographic data collected from
the studies included past medical diagnoses, primary indication(s) for
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tracheostomy tube insertion, age at tracheostomy tube insertion,
and age at decannulation. In addition, methods used to assess each
child's readiness for decannulation were noted including broncho-
scopy, tracheostomy tube modifications (downsizing, capping, or fe-
nestrated tubes), and measurements of gas exchange (blood gas,
oximetry, capnography, or PSG). After tracheostomy decannulation,
details regarding mode of ventilation, location of observation, and
length of observation period were recorded. Success and failure
rates were also collected. Failed attempts were defined as children
who could not be decannulated immediately or had to be re-
cannulated within 6 months of the decannulation attempt. Lastly, all
airway-related complications within 1 year of the decannulation
were noted.

2.3.5 | Quality assessment of included studies

Qualitative assessment of all included studies was performed by
three authors (R.V,, CM,, J.S.) and disagreements were resolved by
consensus with two expert authors (AS., R.A). The Newcastle-
Ottawa scale (NOS) is a validated risk of bias assessment tool for
observational studies. The NOS tool assesses the risk of bias in three
domains; (1) selection of study groups; (2) comparability of groups;
and (3) ascertainment of outcomes. Each domain contains a set of
multiple-choice questions and the options with the lowest risk of bias
in each domain were identified by a star. As the decannulation
protocols described in all included studies were not compared
against a control, a modification to the NOS scale was made to re-
move two items related to comparability (selection of the

nonexposed cohort and comparability of cohorts). In our modified
NOS tool, a maximum of six stars may be assigned to each study.
Studies that scored at least five stars were defined as high quality,
four stars as medium quality, and three or fewer stars as low quality.
See Supporting Information Appendix E3 in the online supplement
for the complete NOS scoring guide.

2.3.6 | Statistical analysis

Clinical and demographic characteristics of all children were sum-
marized using descriptive statistics. The prevalence of each tra-
cheostomy indication was calculated as a percentage of all children
included from studies where the primary indication was clearly
specified. Methods used to assess readiness and postdecannulation
monitoring were reported as a percentage of all included studies.
Success and failure rates were calculated as a percentage of all de-
cannulation attempts. As comparisons were not made using raw data

from individual studies, formal statistical testing was not conducted.

3 | RESULTS

3.1 | Study selection

A search of the literature using our search strategy produced 1292
articles (Figure 1). Full length articles of 40 studies were then re-
trieved to assess eligibility using our inclusion and exclusion criteria.
Manual searches of the literature produced four additional articles.

Citations Retrieved from Databases:
Medline n=621
EMBASE n=194
Cochrane Central n=15
CINAHL n=112
Web of Science n=350
n=1292
Duplicates excluded
- n=556
Titles, abstracts retrieved and d
for eligibility Excluded n = 696
n=736 -Review article only (9)
-Was not written in English (28)
-Did not include pediatric patients (124)
-, | -Study purpose was not to investigate

Full text articles reviewed for eligibility

decannulation protocol (55)
-Study on tracheostomy but not
decannulation (179)

-Unrelated topic (357)
n=40
Articles retrieved
from hand > >

Full text articles excluded n =20

FIGURE 1 Flowchart outlining the
articles retrieved using our search strategy

n=4

Articles Included in Review
n=24

- Case study (5)
-Data included subjects > 18 years old (6)
-Did not test a decannulation protocol (9)

and the reasons for including and
excluding articles. CINAHL, Cumulative
Index to Nursing and Allied Health
Literature [Color figure can be viewed at
wileyonlinelibrary.com]
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Twenty articles were excluded as they did not meet inclusion criteria

upon further inspection. The remaining 24 articles were included.

3.2 | Study demographic characteristics

From the 24 included studies, there was a total of 1395 children. The
age at tracheotomy ranged from O to 18 years, with the duration of
cannulation ranging from O to 12 years. All articles were published
between 1978 and 2020. The number of pediatric participants in
each of the studies ranged from 7 to 160. Demographic character-
istics are summarized in Table 1.

3.3 | Indications for tracheostomy

Nineteen studies with 1141 children provided clear primary indica-
tions for tracheostomy tube insertion. Two of these studies provided
more than one indication for tracheostomy.'®2° For these particular
studies, we used our clinical expertise to reach a consensus on the
primary indication. The remaining four studies with 270 children did
not clearly describe the primary reason for tracheostomy and were
excluded from this analysis.>***>*" Tracheostomy indications were
sorted into three categories based on a recent classification scheme
for pediatric tracheostomy by Mitchell et al.>> These categories in-
cluded (1) upper airway obstruction at a well-defined anatomic site
(401/1141, 35%); (2) upper airway obstruction not at a well-defined
anatomic site or due to an underlying medical condition (136/1141,
12%); and (3) need for access to the lower airway for long-term
ventilation and pulmonary care (588/1141, 53%). The second cate-
gory refers to children with craniofacial anomalies and multiple sites
of upper airway obstruction rather than one fixed anatomic site. The
most common tracheostomy indications were chronic lung disease
(N=221/1141, 19%), followed by subglottic stenosis (N =131/1141,
11%) and failure to wean from ventilation (N =87/1141, 8%). A de-
tailed summary of the tracheostomy indications is shown in Table 2.

3.4 | Decannulation protocols

Before decannulation, bronchoscopy was routinely used in in 23 of
24 (96%) protocols. Eleven studies specified the type of broncho-
scopy used which included both flexible and rigid bronchoscopies in
7 (64%) protocols, rigid bronchoscopy only in 3 (27%) protocols, and
flexible bronchoscopy only in 1 (9%) protocol. Tracheostomy tubes
were capped in 20 (83%) studies, downsized in 14 studies (58%), and
fenestrated in only 2 (8%) studies. Sixteen studies provided further
details regarding capped tube trials. Of these, 6 (38%) stu-
dies18:192633 ysed a stepwise daytime to nocturnal progression
over multiple days, 5 (31%) studies®?>?7°1%2 ysed a 12 to 24-h

capping trial, 3 (19%) studies®??%30

used only a single overnight
capping trial, 1 (6%) study'® used a 48-h capping trial, and 1 (6%)

study® used capping for less than 12 h. Assessment of gas exchange

was not reported in six studies. Of the 18 studies reporting gas
exchange measurement(s), PSG was used in 13 (72%) studies, oxi-
metry in 10 (56%) studies, blood gases in 3 (17%) studies, and cap-
nography with end-tidal CO, in 3 (17%) studies. Details of all
included decannulation protocols are summarized in Table 3.

Of the 1395 children from the included 24 studies, 1267 (91%)
children underwent attempted decannulation. These children ac-
counted for 1336 decannulation attempts, of which 1062 (79%) were
successful and 274 (21%) failed, requiring recannulation. A pre-
decannulation bronchoscopy was performed in all of these failed
attempts; however, a PSG was performed in only 66 (24%) of the
failed attempts. Among individual studies, success rates ranged from
23% to 100%.

After decannulation, details on the use of ventilation were re-
ported in 13 studies. Of these, 12 (92%) studies transitioned children
entirely to room air, 5 (38%) studies included the use of noninvasive
ventilation, and only 2 (15%) studies included mention of intubation
after decannulation. Children were mostly observed on the inpatient
ward (n=13, 54%) or intensive care unit (n=8, 33%). In 2 (8%)
studies, children were discharged home the day of decannulation. In
one study (4%), children were admitted to a rehabilitation unit.
Length of observation periods ranged between 0 and 32 days. In the
16 protocols that specified length of observation after decannula-
tion, 646/852 children (76%) were observed in hospital for 48 h or
less and 206 (24%) children were observed for greater than 48 h.

Rates of complications after decannulation ranged between 0%
and 20%. Specific complications were reported in 10% (n=59/586)
of children from 12 studies. These included tracheocutaneous fistula
(n =35, 59%), respiratory tract infection (n =10, 17%), suprastomal
granulation tissue formation (n = 3, 5%), failure-to-thrive (n =1, 2%),
and unspecified need for recannulation (n = 10, 17%). One death was
reported in a child with lower respiratory tract infection after de-
cannulation. It is important to note that although tracheocutaneous
fistula was the most commonly reported complication, several of the
studies considered it to be a sequalae of long-term tracheostomy
rather than a decannulation complication.

3.5 | Quality assessment

Twenty-two studies were retrospective cohort studies and two stu-
dies were prospective cohort studies.’**' The maximal obtained
score using the modified NOS scale was six stars. This perfect score
was achieved by 2 (8%) studies. Overall, 12 (50%) studies were
deemed to be of high quality, 9 (38%) of medium quality, and 3 (12%)
of low quality. NOS scores for all studies are included in Supporting
Information Appendix E3. The criteria met by all included studies
were “representativeness of exposed cohort” as they included pe-
diatric patients aged 18 years and younger with conditions that are
considered typical indications for tracheostomy. Conversely, the
least met criterion was “demonstration that the outcome of interest
was not present at the start of the study.” These studies included
children who may have undergone a previous attempt at



VERMA ET AL.

[ |
-
£ )

WILEY

2430

8¢

(cL-T10) L0

S'C

4N

4N

AN

4N

(8T -¢coydNTT

(cr-o0¢c

AN

(98ueu) sieak
‘ueaw ‘uoljejnuued
J0 uoneing

(£91-50) 5T
(91-€0) €
€v

(6v-22) T°€E
(r-90 ¢

S6

AN

AN

(ST-T0) 8%
EIN

(98ueu) sieah ‘uesw
‘uonje|nuuedap je a8y

dN

AN

91

(£0-2°0) ¥0

(81-00) €0

4N

AN

(ST -€03dI1) 90

AN

6%
(98ueu) uesw
‘Awolsoayoe.y je ady

(0z/S2) S¥ IN

(¥1/5€) 6% UN

(4N) 9% UN

(09/88) 8171 UN

(cT/1T) €C UN
SLI]

(0e/¥S) ¥8  uledq paJinboy

eise|dsAp

Aseuownd
(e6/cL) ST -oyduolg
(£9/€6) 09T AN
(55/94) 1€T UN
(CT/sy) L9 UN
(4/W) uaipiiyd uonzejndod
30 JaquinN J1310adg

uolje|nuuedap dLelpad aquisag

uollg|nuuedsp
ul Adoasoyduo.q
9|qIxa|} JO 9|04 Sulren|jeas

uolje|nuuedap dpzelpad aqiasag

uolje|nuuedsp
ul 9Sd JO 9|04 aulwJialag

|0d030.4d uoljR|NUUEIIP
€ JO 9)eJ $S3I0NS dulWIIag

|02030.4d uOljE|NUUEIIP
e SUIMO||0} JO SSOUDAIFISYT

uolje|nuuessp
ul 9Sd JO 9|04 aulwialag

UOI3e|NUUEDSP [NYSS3IONS
JO sJ4030E} DAIPIPaId BujwIRIRg

UoI3B|NUUEDAP [NYSSIIINS
JO sJ03oe) dAIPIPaId BulwIRIdg

uoI3e|NUUED3P [NYSSIIONS
JO sJ103oe} dAIPIPad BulwIRIdg

SaAI3I3[qo Apmis

uoizejndod pa3da|as ayj JO elep AWOISOBYIEI) pUE SIIPNIS papn|ou]

1404yod
9AI1309ds0419Y

140y0d
9AI1309dS0419Y

140402
9AI1309dS0419Y

140yod
9AI129ds0.439Y

140402
9AI1309ds0419Y

140yod
9AI1309dS0419Y

14oyod
9AI129ds0439Y

140402
9AI1309ds0419Y

140402
9AI3dsoud

Apnis jo adA)

AN

elpul

vsn

vsn

vsn

Aeyy

vsn

lizeig

puejeaz
MaN

elpuj

Apnis
Jo Anuno)

-8 39 uojeag

(67 =N)

o2 (1 32 Aapyes

(97 =N)

1B 39 uejsey

(87T =N)

o8 39 Jiyseq

(€2=N)

;1€ 39 uewsijas

(#8=N)
4118 39 12z0d

(2T =N)

o7 1€ 32 UejuIND

(09T =N)

e 39 JaSiemyds

(TET=N)

1 18 39 8uluue)

(£9=N)

118 3@ ueyneyd

(42qwinu) Apnis

T 31avl



WILEY— 2

ATRIC| PULMONOLOGY

N |
6 )]

VERMA ET AL.

(senunuo)d)

(44

AN

4N

(Tr-10657

AN

S¢C

(98ueu) sieak
‘ueaw ‘uoljejnuued
Jo uoneing

€¢

AN

81-10

(6£1-60) 'S

e

L1-V0

(§£-90) 9C

(£1-S0) 9L

(98ueu) sieah ‘ueaw
‘uoje|nuuedap je ady

7’0

AN

(81-0) TS

991-0

€0

4N

AN

AN

(98ueu) uesw
‘Awolsoayde.] je ady

(dN) £

(cr/eT) s

(IN) €TT

(T2/62) 05

(12/S2) 9%

(4N) g€

(T/£1) 81

(0T/02) OE

(4/) ua1piyd
JO JaquinN

AN

9ouanbag
uiqoy aJJald

AN

AN

dN

AN

AN

N

uone|ndod
oly1vads

uolje|nuuedap dljelpad aqlIosaqg

uolje|nUUEIIP
03 3w} Jo Y38ua)|

pue s1030B} 9A132IpaLd sulwialaqg

AWO0)S0ade} J0) SUOIjedIpUl
uo paseq sajed UOIje|NUUEIIP

Ul S32UBJBYIP BUIWIRIRQ

a4n|ley uole|NUUEAP
9A1399]9 JO sutayzed

Sujwi) pue sduspidUl BUIWIRIRJ

UOI3e|IJUdA
|EDIUBYOSW SWOY WO

uoie|nuuedap d1jelpad aqlidsaq

|020304d UOIE|NUUEIIP

€ JO 931eJ $S320NSs aulwialag

uolje|nuuedap dlijelpad aquasaqg

uoljenuuessp
ul 9Sd JO 9]oJ suwIleg

saAI323[qo Apmis

140402
9AI1309ds0419Y

1404yod
9AI1309ds04)19Y

14oyod
9AI109ds0439Y

1404yod
9AI1309ds04)19Y

140y0d
9AI1309dS0419Y

140402
9AI1309ds0419Y

140402
9AI1309ds0419Y

140402
9AI1309ds04)19Y

140yod
9AI1309dS0419Y

Apnis jo adA )

EREESLS)

vsn

vsn

vsn

vsn

vsn

vsn

eljeJysny

Apnis
Jo Anuno)

(panunuo))

(£=N)

62183
noj3ozjuoy

(S2=N)

wN._m }o ueH

(ETT=N)

,7 | 32 eJeweung

(0S=N)
oz 18 3° 1Pl
(9% =N)

sz 18 ¥
playsuluusH

(GE=N)

L2 1€ 19 211

(8T =N)

<18 19 uizadry

(0e=N)

NN._N 19 997

(SP=N)

(43qwinu) Apnig

T 31avl



VERMA ET AL.

[ |
-
£ )

WILEY

2432

UN
8L-11T)C¢
(0T -€0) €T

(¢'s1-0) 6°€
8T
(11 -0871

(8ueu) sieak
‘ueaw ‘uoljejnuued
Jo uoneing

€-¢0

daN

dN

AN

(91-21) LV

(€©91-L0) L'S
(98ueu) sieah ‘ueaw
‘uonje|nuuedap je ady

6'0-00

(80-T0)€0

AN

(FT -0 2T

AN

(91-0) T°€

(98ueu) uesw
‘Awolsoayoe.] je ady

'anssi} uolje|nuedd jewojseldns ‘] 9SS ‘Aydes3ouwosAjod ‘DG ‘pajiodad jou ‘YN 93ued dj1penbislul ‘Y| SuolleiAlIqqy

(dN) T€ sjuel|
(e/11) ¥1 UN
(¥N) v N
(S¥/6€) ¥8 YN
(¢/8) 0T UN
(9/¥2) o€ AN
(4/W) uaapiya uone|ndod
JO JaquinN Jiy1dads

sjueyul

ul Ajjeaiy1nads ‘uolje|nuuedsp

oujelpad aquosaqg

uolje|NuUUEdSP pJem

JOJ 3|geUNSUN PAWS3P SO}
Ul UOIIUSAI}UI [eD181NS JO 3|0y

uolje|nuuedap
ul 9Sd Jo 904 duwIRlRQg

uolje|nuuedap Ia3e

poluad uoleAsasqo Jo Yyi3ua|
pue s103oe) aAIDIpaId sulwialeg

uolje|nuuedap
3urnp 19SS SuiSeueln

uolje|nuuedsp

JO s10328) BAIPIPaLd BuIWIRIRQ

saAI323[qo Apmis

140402
9AI1309ds0419Y

140y02
9A1109ds0439y

140402
9AI1309ds0419Y

1404od
9AI1309ds0419Y

14oyod
aAI129dsold

140402
9AI1309dS0419Y

Apnjs jo adA |

(Te=N)

VSN o lE 39 uos|iy

¥T=N)

NN 1B 19 nees
¥z=N)

VSN 1B 39 djuny
(¥8=N)

NN Lo 18 19 [19PPEM
0T =N)

VSN 1B 1 BB

(0e=N)

vsn ocle 39 Aeao
Apnis  (4aquinu) Apms

Jo Aiyunod

(penuiUOD) T 374VL



(ssnunuo))

]
v}
<
3
kA T T
uolIpuod
m |ea1paw
- Sud 3ulAjsspun
y— 8ul ue 03 anp 1o
W -pnp 9IS dlWwoleue
. -ul pauljap
: ey -[Ism e je jou
E -eud uol1dnJIsqo
= 9¢€T 4 14 T o) L 4 -0IIN Aemuie Jaddn

uo
-13234
-ul
¢ ¥ 840
uol13oNn.3sqo
S1T (44 4 (44 14’ S 0s paadsun
14 14 o1uagoJie|
uolssaidwod
11 T T 6 Aemary
€C 11 1 8 € ewne.y [ee4
14 T € eisaJje [eueoy)
9 9 Jowiny Aemury
uol13oNn.3sqo
1C 4 T 4 4 8 9 |esaguAler
sisAjeJed
1274 9 4 T S 6¢ p103 |ES0A
epejew
6¢ L € 8 8 € -oyduo.Iqoaydel |
ewol3uewsay
(0% ot 2133013gns
sisou 9}IS dlwojeue
-91s paulap-|jlam e
o1 Je uoI3dNJISqo
10t 1€T 8 14 L€ 4 14 L 9¢ 9 14 Z -1018qns Aemute Jaddn
[ejol [ej0L , [e3d Jle e P R T (-3 Y (- R -5 - o5 -2 Sy [ =y (- R [ = Lo Ty |5 - O -3 Ry [ - B [ |5 R (-3 R -3 Ry -5 ) suon} uonediyisse|d
) Aio8 UoIsId |ayuny 11°p 1M  Aein  no|8 ueq eJew  ppRY  ZMIAM  uizadin 997 uo ASp Jlyseg uew 1zzod ue Sul uey -1puod
2 -91e) -pepM  -AIBN -0z -eun{ -Suiu -jeag  -yoes -8119s -juinp  -uue) -neyd  judljed
—
“ -Juo, -ud
AMn Juo) H
m Sa1pn3s papnpdul ay3 ul Awojsoayded) dlijeipad Joy suoljedipul paziodale) 7 374dV.L



VERMA ET AL.

[ |
-
£ )

WILEY

2434

S
91
T
4
L8
886G 1144
89
6
L
T
14
T
lejol  [ejol . e3d
Ao uolsji4
-91e)

cl 9

cele 1 zel®1® 18R
ung PP H
-pEM  -LBN

oc e
Aeany

Py |5 E)
no|3
-0z
-juoy|

521831
ueH

P )
ejew
-eung

LT

cl

.11
PIdY
-Suu
-usH

T

4

1T
(014 17
#N._Num mw._a pCl
ZJIM  uizdig

)
29

118w
uo
-jeag

4 L
T 61
[45
4
T
T
P 5 R[5 )
ASp Jlyseg
-Yyaes

14

4
1€

T4
14
T

P - E R[5 R - R [ R 3 )
uew 1zzod ue Sul uey
-3119S -unp  -uuey  -neyd

am

Ssaudeam
Je|nosnwoJdnaN

1eay
49| d1isejdodAH

eisejdodAy
Aseuow|nd

UOI3E[1JUDA
wo.y
ueam 03 aJnjie

aJed
Aseuow|nd
pue
Uol3e|IJUdA
wJ93-8uo|
1o} Aemuie
J9MO| 9y} 0}

/adg  SSed0e o) pasN

Alewoue
|edejoluesd
payadsun

eaude
daals aAIdNIISAO

SIS0}
-ewo|ided
Asojedidsau

T JUS.1INJ9Y

eise|de

|eseuiway
|eyuasuo)
ewoJ3Ay 213sAD

SWOJPUAS J34J194d

SWOoJpuUAs
A9YVHD

suon
-1puod
juaned

uonedyisse|d

(penunuod) z 374V.L



VERMA ET AL.

'20UaNbas UIqOY 21431d ‘SYd ‘WIISAS SNOAISU [BJIUSD ‘GND ‘DWOIPUAS UOIIe|iuUSAOdAY [eJ3uad [e}USBUOD ‘SHDD ‘@seasip Sun| djuodyd ‘gD ‘eisejdsAp Aseuowndoyouoliq ‘qdg :Suolleinalqay

Y11 8S0T
91
leyol
K108
-aje)

"P2qI2sap A|IE3|2 JOU SEM AWI0}SOBYDEI} o) UoRedIpul Alewlid ay3 Se SiSAjeue sjy} Woly papn|oxe aJam J'[e 39 [3BES-|Y PUE . ‘[e 32 1313Xlid ‘,'|B 33 UBISBIN ‘., ’[e 32 Ja81amyds 230N

1€

[49

€6

1%

125

€T
125

IeloL e 39

144

78

el zel®®

[Pjuny

1P
-peM

o1

ﬁm._Nuw

n
-1IBN

o€ L

T
oc B3 4 18¥°
Aeisn  noj8
-0z
-juoy|

14

wN._Nuw

ueH

€17 9t
144

144

,71e1® . [e3e
ejew  pdy
-eun{ -Suiu
-usH

e 8l

z
?N._Nuw MN._NHO
ZUIM  uiZydn

o€

NN._NH—O

297

14

aN._mHO

uo
-jeag

14 5144
T
T
4
P 5 [ )
ASp Jlyseg
-Yyaes

€C 8 141

(4

L
6

8y
19
S
€ 8
S
R CR S E R [ C)
uew 1zzod ue
-39 -luinp

T€T

VH._maw

Sul

-uue)

ma._mumv

uey
-neyd

suorn

(panunuo))

lej01

/4210

aseasip
|ed180j04nau
paydadsun

aseasip
Adeuow
-|ndoip.ed

09 payioadsun

Aanful
uleaq d1jewne. |

JapJosip ainziag
AJanfur jeuids

Aanful
ulelq J1xodAH

ENNHS
Jowny SND
uonIR4UI SND

(SHDD “89)

JapJosip uoi}

-e|13uanodAy
|eJjuad

uonedyisse|d

-1puod
juaned

¢ 3lavli



VERMA ET AL.

AN

(%87 TT=N) 401"

SUON

AN

AN

(%C T=N) 401

[ |
-
£ )

AN

(%) suonesijdwo)

WILEY

(%2) T

(%S) £

(%ST) ¥

(%0) 0

(%S) §

(%LL) ¥TT

(%971) 9

(%6) 9

(%) @184
ainjieq

(%86) St
(%S6) 91T nol
payads
10U UOo11eI0|
(%58) zT ‘panWpY
(%00T) ¥8 1un qeyay
(%S6) TOT  p4em juaijedu]
(%€£2) 9¢  pdem juaijedu]
pJem
jualjedul
(%v8) ZET ‘Nnol
pauads
J0U uoI3ed0|
(%16) 19 ‘parNWpY
<(%) @184 uoIssiwpy

$S920N§

1-0

dN

(4

AN

¢-1

(4’

dN

(28uey)
sAep ‘poriad
uoneAlasqo

AN

AIN “fe wooy

Jle wooy

AN

AN

AN

uoleqnjul

|eayoeajopus
‘AIN “dfe wooy

AN

uolje|nuuessp

SOA

PISH ‘S9A

ON

SOA

SOA

pisu

pue 3|qIX3}4 ‘SIA

p

PISLI ‘SO

ads J1

-3sod uonje|nua  adAj ‘Adoasoyououg

9Sd ‘A3awiixo Nd

Aydei3ouded

‘DSd ‘Al3BWIX0 N/O

Aaswixo NQ

95d ‘Apwixo N

9Sd

AN

Aydeu3ouded

‘98d “ABWIX0 N/O

AN

Juawainseaw
98ueyoxs sen

padde)

padded
‘pazisumoq

paddes
‘pajeuisaus

paddes
‘pazisumoq

paddes
‘BuizisumoQq

paddes
‘pazisumo(

paddes
‘pazisumo(

paddes
‘pazisumo(

ey agny

2436

uolje|nuued’P3Sod

UOI}B|NUUEIAP J0) SSAUIPEAU JO JUBUSSISSY

4118 30 uejsen

8vT =N

o' 39 Jiyseg

(% ‘T = N) uoildauI 108.1)

Asojeaidsay
(%% ‘T =N) LLd-

(%6 T=N)

ssaJ3sip Alojeuidsay-

€C=N

;1€ 39 uewsijas

78=N

I8 1 1220d

S¢T=N

o7 |8 39 UejuIND

09T =N

<18 39 J8Iemyds

TET =N

1 18 39 8uluue)

L9=N

18 30 ueyneyd

JeaA ‘yoyine Apnis

s|o2030.4d UoIje|NUUEIAP PapNn[dUl 3y} Jo saISojopoyelN € 1AV L



WILEY—2*

ATRIC| PULMONOLOGY

i |
6 )]

VERMA ET AL.

(senunuo))

paidadsun

-(%€ ‘T=N) 401~ (%9) T

AN (%PT) €

(%€ ‘T=N)
uol3o34ul

ey Alojenrdsay  (%ET) v

Asojeaidsay

(%cy ‘6T =N) 401~ (%Z¥) vT

(%0T ‘S =N)
uoljejnuuesald

payadsun  (%ZT) §

(%Y ‘T=N)
uolje|nuUedaY-

«(%) @384
ainjieq

(%) suonzesrdwo)

(%¥6) €€ gle]

(%98) 8T pJem jusijedu|

(%£8) 92 p4em juanedu|

paiy10ads
J0U uo13ed0|

(%89) €€ ‘PaRIWPY

piem
jusljedul

(%88) 8¢ ‘Nl

uolssiwpe
ou
‘piem jusijedu|

(%) @184 uoIssiwpy

$S920Nn§

ST

S-T

AN

(98uey)
sAep ‘porsad
uoljeA1asqo

pidu

Jdle wooy pue 9|qIXa|} ‘SOA

pIBL
AN puE 3|qIX3}4 ‘SIA

AIN “le wooy SOA
Jle wooy SOA
Jle wooy 3|qIX3]4 ‘SOA

pidu

pue 9|qIXa|} ‘SOA

uolje|nuued’sp p ads JI
-3sod uonejnuap adAj ‘Adoasoyouoig

AN

seg poo|q

Ase|ided

10 SNOUdA
‘AydeaSouded ‘954

9Sd

9Sd ‘AJjawixo N/O

Asswixo 1

jJuswiainseaw
a8ueyoxa sen

19SS-(%€
‘T = N) uonenuuedal
SE€=N
SUON vz 18 39 ZHIM
8T =N
paddes
‘pazisumo( 718 32 uizadi
0€=N
paddes
‘pazisumoq 21839 997
(% T = N) uonajul 1o}
Sv=N
padded
‘pazisumoq 17 e 39 uojeag
67 =N
padde) oz 1€ 319 ASpYyoes
(%C ‘T=N)
19SS-(%¢
‘T =N) uondajul
joeJ} Alojedidsay-
9 =N
leway aqn| JeaA ‘doyine Apnis

uolje|nuued’splsod

UOI}B|NUUEIIP J0) SSAUIPEII JO JUBUSSISSY

(penunuod) € 374V.L



VERMA ET AL.

[ |
-
£ )

WILEY

2438

paddes
AN (%ce) ¢e (%89) 69 pJem juanedu| € dle wooy SOA AN ‘pazisumoQ
piSi paddes
(%0Z ‘T=N) 401 (%0T) T (%06) 6 uolssiwpe oN 0 dle Wooy pue 3[qIxal} ‘SIA 9Sd ‘Ajawixo NQ ‘paje.jsausd
paiy1oads
J0U UOI}ed0| piSia padded
daN (%L) ¢ (%£6) 8¢ ‘PaRIWPY (£-0) 8¢ dN pue 9|qIxal} ‘SO Aljpwixo N@ ‘pazisumoq
paddes
AN (%¥T) T (%98) 9 nal © AN PI3LI ‘SOA AN ‘pazisumoq
pauads
10U UOI}ed0| 05d ‘sed
SUON (%8Y) ¢T (%¢S) €T ‘PIRIWPY ce-¢l AN SOA pooj|q ey pazisumoQ
paiy10ads
J0U UoI3ed0|
daN (%0) 0 (%00T) z€ ‘panIwpY dN AN SOA Aigawixo 1Q padde)
SUON (%TT) § (%68) T+ nal © AIN ‘Jie wooy SOA 9Sd padde)
pauads
Asojeaidsay J0U uoI3ed0| pi8i
(%2 ‘T = N) sisdas- (%2) T (%86) 9v ‘panIwpy N AIN “Jie wooy pue 3|qixal} ‘SIA 9Sd padded
(%) suonzesrdwo) (%) @14 (%) @1e4 uolssiupy (28uey) uole|nuuedap payyidads Ji juswa.inseaw |eriy aqny
ainjieq $5920N§ sAep ‘porsad -3sod uonjejnua  adAj ‘Adoasoyououg a8ueyoxa sen
uoleAIdsqoO

uolje|nuue’splsod

uolje|nuuedsp 10} ssauipead JO JUSWSSISSy

(ponunuo))

78=N

218 19 [19pPeMm

0T =N

relE 38 BB

0€=N

oc 18 39 Aeuo

L=N

.- |e 3@ noj3oz3uoy

SC=N

gz 18 3@ ueH

€T =N

- 1€ 39 edeweuny
05=N

o€ 19 1193pLId

(%2 ‘T = N) uoi3daul 108.)

9 =N

<z 1€ 39 playsuluusy

(%€ ‘T=N)
JeaA ‘doyine Apnis

€ 371avil



WILEY— 2%

ATRIC| PULMONOLOGY

N |
6 )]

VERMA ET AL.

(%9 CT=N)
uolje|nuuedas
paunadsun

(%¥T ‘T=N)
uo|3034ul
1084} Alojeuidsay

(%L ‘T =N) 19SS~

(%) suonzesrdwo)

(%6) T

(%0%) 9

(%L) T

«(%) @384
ainjieq

ApN1s ay3 Ul UJp|IYd JO JaQUINU BY3} WOJ) JaIp Aew pue s)dwalle uolle|nUUEIaP JO JSGWINU Y} 109]Ja. S9IeJ aIN|Ie) PUB $$9I0NG,
"B|N}S1} SNOBUEBIND03YDEI) ‘4D ‘BNnssi} uolje|nuels jewojseldns ‘| HSS
‘AydeaSouwosAjod ‘OGd ‘JYSIUIBA0 ‘N/Q ‘Pa3iodal Jou ‘YN ‘UOIIE|IFUSA SAISEAUIUOU ‘AN ‘HUN 31€D SAISUSIUI ‘D] ‘DAIIY} 0 2Jn|ies ‘| 14 ‘DWiAep ‘] {|eulnioou pue swiAep ‘N :SUOIIeIARIqY

pauads

J0U UoI3ed0|
(%16) TT ‘PaRWPY dN
(%09) 6 nal (A%
(%€6) €T nal AN
(%) @1€e4 uolssiwpy (98uey)
$5920n§ sAep ‘porsad

uoneAlasqo

Jle wooy SOA se8 poo|q |eliay SUON
uolzegmul
|eayoesjoseN SOA AN SUON
paddes
AN S9A 9Sd ‘pazisumoQ
uolje|nuued’sp p ads JI jJuswainsesw lery aqny
-3sod uonejnuap adAj ‘Adoasoyouoig a8ueyoxa sen

uolje|nuued’splsod

UOI}B|NUUEIIP J0) SSAUIPEII JO JUBUSSISSY

T1€=N

L& 39 uois|iy

YT =N

g |® 19 lleeS-|y

vZ=N

9667 “[e 19 [unL
JeaA ‘doyine Apnis

(penunuod) € 374V.L



VERMA ET AL.

2440
240 | wi LEY—=5

decannulation (outcome of interest) using any protocol. Overall, the

majority of included studies were of low risk of bias.

4 | DISCUSSION

To our knowledge, this is the largest review of pediatric decannu-
lation protocols. Before decannulation, most children were evaluated
by bronchoscopy and had tracheostomy tube modifications, such as
downsizing and capping trials. During these trials, gas exchange was
usually measured by oximetry and polysomnography (PSG). After
successful decannulation, children were typically observed in room
air for less than 48 h before discharge.

In 1999, the American Thoracic Society (ATS) released a state-
ment on chronic tracheostomy care in children.*® Only two criteria
for pediatric decannulation were stated: (1) original need for tra-
cheostomy no longer present and (2) patient does not depend on the
tracheostomy tube to maintain a safe and adequate airway. In 2013,
the American Academy of Otolaryngology-Head and Neck Surgery
Foundation (AAO-HNSF) devised more specific criteria for pediatric
decannulation®’: (1) no ventilation requirement for 3 months; (2) no
aspiration events or need for pulmonary toilet; (3) evidence of at
least one mobile vocal cord; (4) bronchoscopic evidence of airway
patency; and (5) successful trial of daytime capping for several weeks
in children 2 years of age or older. However, the AAO-HNSF clinical
consensus statement was devised by a limited number of pediatric
otolaryngologists. Overall, there continues to be large variation in
clinical practice.

We found that the most common indication for tracheostomy
tube insertion in children was the need for access to the lower air-
way for long-term ventilation and pulmonary care (52%). This in-
cludes children with cardiopulmonary conditions, such as those with
chronic lung disease, which was the largest primary indication for
tracheostomy in our review. The least frequently reported indication
was upper airway obstruction not at a well-defined site or due to
underlying medical condition (12%). This category includes cranio-
facial syndromes. Our findings are similar to a previous 30-year re-
view of pediatric tracheostomy by Gergin et al.®> These authors also
reported the most common indication to be cardiopulmonary disease
(32%), while craniofacial anomalies comprised just 12% of all in-
dications for tracheostomy tube insertion.

In our review, nearly all (96%) protocols included bronchoscopic
examination of the child's airway before decannulation attempt. This
relatively consistent practice among clinicians is due to two key
advantages of bronchoscopy. First, it allows for confirmation of an
adequate airway and reassessment of any underlying airway pa-
thology that may have prompted the initial tracheostomy tube in-
sertion.’® Second, any visualized airway abnormalities allow
clinicians to plan for corrective procedures in advance of the de-
cannulation, such as granulation tissue excision.?’ The primary re-
gions assessed by bronchoscopy include the velopharynx,
oropharynx, palatine tonsils, tongue base, epiglottis, and the mobility
of at least one vocal cord.?? Flexible bronchoscopy allows for an

airway examination to the smaller distal airways both through the
larynx and the tracheostomy tube itself.*® Rigid bronchoscopy is an
important tool in assessing laryngeal and tracheal anatomy and for
interventional procedures, such as excision of airway granulation
tissue. These unique advantages of flexible and rigid bronchoscopy
likely explain the use of both types together in most decannulation
protocols. There does not appear to be a consensus regarding the
optimal timing of decannulation following a favorable bronchoscopy;
we found that in most protocols this time interval was within
3 months of the bronchoscopy. Notably, Pozzi et al.’” opted against
routine bronchoscopy, reserving the procedure only for children who
exhibited respiratory distress to clarify its cause. These authors
prioritized minimizing procedures and further stated that the role for
routine bronchoscopy was unclear. No decannulation failures were
reported by Pozzi et al.*’; however, their protocol included a longer
inpatient period lasting even months before decannulation which
may provide some additional assurance of the child's underlying
airway.

Although tracheostomy tube modifications were uniformly used
in decannulation protocols, the type of modifications and the timing
of trials varied considerably. The use of capped tracheostomy tubes
was the most common modification followed by downsized tubes;
fenestrated tubes were used the least. The purpose of tracheostomy
tube modifications is to evaluate breathing through the natural up-
per airway.?® Signs of failure include increased work of breathing,
stridor, and coughing.?® The AAO-HNSF statement does not re-
commend the routine use of downsizing and capping trials in young
children less than 2 years of age since the tracheostomy tube oc-
cupies a relatively larger lumen in their small airways resulting in
increased airway resistance.>” Furthermore, downsizing tubes car-
ries an increased risk of mucous plugging.>°>¢ Downsizing may also
not be possible in young children already using the smallest tra-
cheostomy tube size commercially available. For these reasons,
Seligman et al. instead recommended the use of fenestrated tubes in
very small children to alleviate the large airway obstruction caused
by the tube and render breathing easier for the child.® It should be
noted that fenestrated pediatric tubes are not manufactured in the
same manner as they are for adult sizes. In their study, Seligman et al.
made off label modifications to the Food and Drug Administration
(FDA) device by manually drilling fenestrations into the pediatric
tracheostomy tube. However, clinicians must be aware that the use
of fenestrated tubes is associated with an increased risk of granu-
lation tissue.>° With regard to the timing of downsizing and capping
tubes, the ATS statement recommends a vague duration of days to
weeks before decannulation.>® Our review found that existing pro-
tocols may conduct tube trials for as short as 12-24 h. For example,
Merritt et al.®" suggested that a 24-h capping trial is sufficient time
to assess readiness for decannulation as they did not have decan-
nulation failures if a child was able to tolerate a cap for 24 h. This
study's small sample size of 10 children should be considered in the
interpretation of these findings. Other modifications to a tra-
cheostomy can also be made such as the addition of a one-way
speaking valve.®” However, this modification was reported in only
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select studies,'*1%:222325

which limited its analysis in this review.
Without data-driven guidelines, these important clinical decisions
regarding tracheostomy tube modifications and timing are often left
to the pediatric provider and influenced largely by anecdotal
experience.

Our review found that PSG and oximetry were the most used gas
exchange measures in children to assess readiness for decannulation.
The key advantage of a PSG is its ability to evaluate dynamic upper
respiratory function during sleep when pharyngeal muscle tone is de-
creased.®® In the included protocols, PSG studies were performed with
the tracheostomy tube in-situ after children were considered suitable
for a decannulation attempt based on clinical and bronchoscopic as-
sessment.”> A PSG study occurred after tracheostomy tube modifica-
tions such as capping and/or downsizing were well tolerated by the
child. Previous studies have attempted to identify favorable PSG
parameters predictive of successful decannulation, such as Lee et al.
who found that total apnea-hypopnea index (AHI) was significantly
lower in children who had successful decannulation versus those who
could not be decannulated (3.35/h vs. 18.5/h, p <.05).?? Similar findings
were reported by Quinlan et al.'® However, other studies have not
demonstrated clear associations between PSG findings and decannu-
lation outcomes. For example, Tunkel et al.>® reported a decannulation
failure in a child with favourable PSG results. Notably, this child was
later found to have suprastomal granulation tissue. Thus, a PSG may not
replace the need for a comprehensive airway examination but can be
used in combination to increase the chance of a successful decannula-
tion.”* In our review, 76% of failed decannulation attempts did not
include a PSG. The significance of this finding is unclear due to the
studies’ raw data not being available to conduct a meta-analysis. Re-
gardless, a PSG is resource-intensive, and its widespread use is limited
by a lack of availability in many institutions and prolonged wait times.
The utility of a PSG may also be limited based on the relative size of the
tracheostomy tube compared with a child's airway lumen, with children
under 2 years less likely to tolerate a capped PSG study. In these
situations, oximetry may be considered although the success of pedia-
tric decannulation using oximetry as a substitute for PSG requires ad-
ditional study.****

The length of observation periods after decannulation also var-
ied among the included protocols. No specific recommendations are
made by the ATS; however, they note that most children are typically
monitored for 24-48 h.*® In our review, 76% of children were ob-
served for 48 h or less. However, only three protocols monitored
children for the 24-48-h period suggested by the ATS.%*>'° Some
authors suggest that shorter observation periods are safe and pro-
mote resource conservation. For example, Prickett and Sobol?®
found that all decannulation failures in their study occurred within
the first 12 h. Observation typically occurred on the inpatient ward

1.7 used a rehabilitation unit for ob-

or ICU setting. Only Pozzi et a
servation as their population uniquely included children with ac-
quired brain injury. It is also important to consider that the
postdecannulation monitoring abilities are likely related to the lo-
cation of observation. For example, some institutions may not be

able to conduct continuous pulse oximetry outside of the ICU setting.

We found that most children with successful decannulation were
transitioned immediately to room air. Noninvasive ventilation (NIV)
was utilized in approximately one-third of all protocols. NIV has been
previously associated with an increased risk of tracheocutaneous
fistula formation.** Our review found that three of the five studies
that reported this complication did not use NIV.?%?*3! Only Canning
et al.'* clearly reported tracheocutaneous fistula while using NIV.
Thus, the use of ventilation modes other than NIV does not eliminate
the risk of a tracheocutaneous fistula. Intubation was included in
only two protocols. In Al-Saati et al.,® children whose tracheostomies
were known to be complicated by large suprastomal granulomas or
tracheal wall collapse underwent planned nasotracheal intubation to
splint the airway. Similarly, in Canning et al.,** children with previous
failed decannulation attempts underwent brief planned endotracheal
intubation to secure the airway. Hence, most children do not require
ventilation support after tracheostomy removal and can be safely
transitioned to room air.

This review has notable limitations. First, nearly all included
studies were retrospective review articles that rely on the accuracy
of clinical records. For example, primary indications for tracheost-
omy or complications after decannulation were not provided in all
studies. Second, most studies had findings reported from a single
pediatric center; this may affect generalizability across all pediatric
patients and health-care settings because of variability in resources
and personnel. Third, we acknowledge the heterogeneity in the
profiles of children in the included studies. This may suggest that
each study's decannulation protocol was related to their specific
population and may further affect the applicability of our review's
findings to all children undergoing decannulation. Fourth, the popu-
lation included in our review of children ready for decannulation
does not reflect the overall pediatric population who receive a tra-
cheostomy. For instance, some children with a tracheostomy may
continue to deteriorate as a result of their underlying condition and
may never reach consideration for decannulation. Fifth, our review
restricted complications to 6 months postdecannulation which may
not capture more long-term negative outcomes. Lastly, without raw
data from individual studies for a meta-analysis, we were unable to
perform more quantitative comparisons.

In conclusion, the absence of clear evidence-based guidelines in
pediatric tracheostomy decannulation has led to large variability in
clinical practice. In this review, we summarized the existing protocols
for tracheostomy decannulation in children. Most protocols include
bronchoscopy with gas exchange measurement by either PSG or
oximetry. After decannulation, children were typically admitted to
hospital for a short period to observe for early complications. None
of the studies included in this review compared decannulation out-
comes based on primary indication for tracheostomy or the use of
bronchoscopy versus gas exchange measurements (PSG or oximetry).
Future studies are encouraged to investigate such factors that may
predict decannulation success. As the role of PSG is currently not
clear, this will allow clinicians to better understand which children
may benefit from PSG based on their underlying condition. Ad-
ditionally, clinicians can determine the optimal means of airway
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evaluation to increase likelihood of successful decannulation. We
also acknowledge that the existing literature largely contains studies
from high-income countries. Hence, there is a need for studies on
decannulation protocols from other parts of the world where the
population of children with tracheostomies may differ. Lastly, we did
not observe a clear relationship between indications for a child's
tracheostomy and the decannulation protocol most required. Future
studies should also evaluate decannulation protocols more specifi-
cally for a group of tracheostomy indications using a classification
scheme such as that of Mitchell et al.>> Overall, although the like-
lihood of decannulation failure is relatively low, the outcomes are
potentially catastrophic. This highlights the need for standardized
evidence-based pediatric tracheostomy care guidelines to improve

overall decannulation outcomes.
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