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Summary

There is growing recognition of the need for a coordinated, systematic approach to caring for patients with a trache-
ostomy. Tracheostomy-related adverse events remain a pervasive global problem, accounting for half of all airway-
related deaths and hypoxic brain damage in critical care units. The Global Tracheostomy Collaborative (GTC) was formed
in 2012 to improve patient safety and quality of care, emphasising knowledge, skills, teamwork, and patient-centred
approaches. Inspired by quality improvement leads in Australia, the UK, and the USA, the GTC implements and dis-
seminates best practices across hospitals and healthcare trusts. Its database collects patient-level information on
quality, safety, and organisational efficiencies. The GTC provides an organising structure for quality improvement ef-
forts, promoting safety of paediatric and adult patients. Successful implementation requires instituting key drivers for
change that include effective training for health professionals; multidisciplinary team collaboration; engagement and
involvement of patients, their families, and carers; and data collection that allows tracking of outcomes. We report the
history of the collaborative, its database infrastructure and analytics, and patient outcomes from more than 6500 pa-
tients globally. We characterise this patient population for the first time at such scale, reporting predictors of adverse
events, mortality, and length of stay indexed to patient characteristics, co-morbidities, risk factors, and context. In one
example, the database allowed identification of a previously unrecognised association between bleeding and mortality,
reflecting ability to uncover latent risks and promote safety. The GTC provides the foundation for future risk-adjusted
benchmarking and a learning community that drives ongoing quality improvement efforts worldwide.
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Editor’s key points

e The authors describe the development and imple-
mentation of a global quality improvement collabora-
tive to improve patient-centred tracheostomy care.
The Global Tracheostomy Collaborative created new
partnerships to disseminate knowledge through webi-
nars and international forums.

e The characteristics of the 6500 global patient database
are described, reporting predictors of adverse events,
mortality, and length of stay indexed to patient char-
acteristics, co-morbidities, risk factors, and context.
This provides the foundation for future risk-adjusted
benchmarking and a learning community that drives
ongoing quality improvement efforts worldwide.

Tracheostomy is one of the oldest surgical procedures, with
descriptions carved on ancient Egyptian clay tablets dating
back to 3600 Before the Common Era (BCE)"? and instruction in
the surgical technique found from 2000 BCE.> > Alexander the
Great, legend has it, performed a surgical tracheostomy in the
fourth century BCE, using the tip of his sword to open the
windpipe of a choking soldier.® Indications for tracheostomy
have evolved in both adult and paediatric practice; the most
common indication for tracheostomy currently is to facilitate
ventilation in critically ill patients (70%), in contrast to the
classical indication of threatened or actual airway obstruction
enduring for the minority.” 2

The number of tracheostomies performed annually in
resource-rich countries is estimated at 250 000, with approxi-
mately 10% performed in children.’> '/ Fewer procedures are
performed in low- and middle-income countries, although
such data are limited.'® ?° Patients with tracheostomy have
increasingly complex needs, managed in diverse settings by
multiple staff, and have needs that cross traditional working
boundaries.’! The need for placement of a tracheostomy is
indicative of significant airway or respiratory pathology.
Mortality rates in patients requiring tracheostomy are 10—60%,
depending on co-morbidities.”” Whilst many patients who
undergo tracheostomy are critically ill and may succumb to
underlying disease, there is also significant permanent harm
or mortality that is directly attributable to having a tracheos-
tomy. In many instances, such harm relates to inadequate
care and is preventable.???

Several critical knowledge gaps exist pertaining to trache-
ostomy care. These gaps include the epidemiological charac-
teristics of patients, clinical course, and predictors of adverse
outcomes. Adding the patient voice directs healthcare staff to
address deficits in quality of care,?* particularly around
vocalisation,”” communication,”® and enteral intake.”’ We
report on the development of the Global Tracheostomy
(Quality Improvement) Collaborative, an international part-
nership to improve the safety and quality of tracheostomy
care, describing the origins, key drivers, outcomes, and impact
to date, derived from patient-level data. The results of a 3 yr
implementation in UK hospitals are reported in an accompa-
nying paper.?

Scale and impact of tracheostomy-related
adverse events

Recurrent reports highlight consistent themes from global
hospitals and systems describing inadequacies in tracheos-
tomy care.??>? Detailed reports from the UK have identified
adverse events occurring in 20—30% of all hospitalised patients
managed with a tracheostomy.>'%?? Rates varied depending
on location, and although incidents were less frequent in
critical care units, here, tracheostomy incidents accounted for
up to half of all airway-related deaths and hypoxic brain
damage.*® Clinicians who perform tracheostomies include
anaesthetists, intensivists, surgeons, and pulmonologists us-
ing a variety of percutaneous, open surgical, or hybrid tech-
niques. Whilst insertion incidents occur, the vast majority of
adverse events occur post-procedure, with reports dominated
by tube obstruction and displacement.>* 3® Analysis affords a
major opportunity for quality improvement (QI), as events
overwhelmingly occur in the absence of systems that could
have prevented harm.

Strategies to improve care

Analogous to landmark work with central venous catheter
bundles,” > improvements in the safety and quality of tra-
cheostomy care cannot be realised solely through education.*’
Eradicating preventable morbidity and mortality requires
systems that ensure comprehensive training and technical
skills, staffing, equipment provision, and appropriate organ-
isational support structures.*!*° Furthermore, such systems
should provide clinical decision support, human-factors en-
gineering, and infrastructure that ensures expertise is avail-
able in an emergency.?*°~>* Comprehensive tracheostomy
care requires traditional clinical boundaries to be crossed and
efforts to improve care to date have typically been speciality-
specific, limiting the impact. Similarly, data collection has
been siloed, or restricted to a particular part of the patient
journey (such as surgery). The Global Tracheostomy Collabo-
rative (GTC) aimed to take a whole-systems approach to
improving care by combining successful approaches across
disciplines.

In the past two decades, two hospitals with very different
populations on different continents independently imple-
mented institution-wide approaches for transforming tra-
cheostomy care, reducing adverse events 10-fold.>> The
approach at St Mary’s, London, UK was bundle based and
reminiscent of the keystone central line initiative, whilst the
strategy at Austin Healthcare, Melbourne, Australia involved
an itinerate tracheostomy review and management service
spearheaded by speech-language pathologists with multidis-
ciplinary engagement.”” In addition to reducing adverse
events, reductions in length of stay (LOS) and total tracheos-
tomy time were realised, associated with improvements in the
quality of patients’ lives, allowing communication and vocal-
isation much earlier.”> Despite fundamentally divergent
structures, these two positive outliers evolved surprisingly
similar core elements to drive QI, serving as pillars for scalable
strategies. In the USA, Johns Hopkins Medicine further inno-
vated by initiating dedicated multidisciplinary engagement
before tracheostomy.’*’

These bright spots®® inspired the development of a global
quality improvement collaborative (QIC). QICs drive
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improvements in diverse areas, including door to balloon time
in myocardial infarction,”® °! central line infections,®>~® falls
prevention,® and paediatric disease.®” 7 Originally developed
by the Institute for Healthcare Improvement,’! QICs promote
rapid dissemination of proven mechanisms from exemplars to
enhance outcomes. QICs range from organ specific to
contextual, and range in scope from small local coalitions to
global endeavours, with participating institutions stand-
ardising approaches and tracking patient-level data to eval-
uate the impact of interventions.”? Within the QIC structure,
the member healthcare trusts designate champions leading
the QI roll-out, introducing clearly defined interventions that
catalyse progress towards the improvement objectives. The
QIC model is highly conducive to implementing the complex
set of interventions required to improve tracheostomy care.

Methods

Development of the Global Tracheostomy (quality
improvement) collaborative

The growing body of evidence regarding preventable harm
served as the impetus for change. Twenty-one international
multidisciplinary experts in tracheostomy and QI convened in
Glasgow, Scotland in 2012 to develop a strategy for improving
tracheostomy care globally.! This leadership team discussed
mission, guiding principles, and structure for the initiative,
resulting in the incorporation of the GTC as a non-profit
organisation in the USA. Governance and committee struc-
tures were established to support QI and dissemination of best
practices, with the steering committee representing several
early adopter charter hospitals.

After the development of an international privacy-law-
compliant database, the GTC began holding kick-off meet-
ings and enrolling hospital members in 2014. These member
institutions are the pillars of the GTC, catalysing system-wide
change. Hospital members orchestrate multidisciplinary
teams that include medical, nursing, allied health professional
staff, patients, and carers.”>>>>"7/37% Teams prioritise in-
terventions based on published evidence, the successes of
others within the Collaborative, and changes proposed by
their own expert team.”” The impact of these interventions
was then tracked using GTC reports describing patient data,
anonymously benchmarked over time against other GTC
member sites.

Individual patients, family members, or healthcare pro-
fessionals can join the GTC, and they may do so without
incurring the cost of institutional membership. As of
December 2019, more than 3700 healthcare professionals and
more than 175 patient/carer members had joined the GTC. All
forms of membership allow access to webinars (wWww.
globaltrach.org) and to the growing learning community. A
network of patients, carers, clinicians, and corporate partners
is growing and collaborating with the shared aim of improving
the quality and safety of care of these patients.

Key drivers for tracheostomy QI

Whilst each healthcare environment faces unique challenges
and opportunities, five common elements, or ‘key drivers’,
were developed by expert consensus as the foundation for the
GTC’s QI efforts’® (Supplementary Fig. S1).

Multidisciplinary team-based care

Multidisciplinary tracheostomy team replacing siloed care,
meeting face to face to coordinate and plan care, overcoming
barriers to effective communication between providers.”®7°
Team-based care has been shown to reduce adverse events,
LOS, and time to decannulation; increase speaking valve use;
and facilitate patient communication.?*>7:80~84

Standardisation of care

Standardised care protocols provide consistency in care,
environment, equipment, and patient and provider expect-
ations.?%## Instituting such pathways and procedures pro-
motes coordinated care, increases efficiency, and improves
outcomes in airway emergencies.

Broad staff education

Hospitals develop strategies to educate staff and assure that
patients with tracheostomy are cared for by trained pro-
viders.?389 As few as 2% of clinicians report being confident in
managing tracheostomy emergencies.”’ Simulation®®** and
related educational interventions markedly improve knowl-

edge and confidence with in- and outpatient tracheostomy
care 519599

Patient and family involvement

Patients, family, and carers are engaged in tracheostomy ed-
ucation and QI.'°° Prioritising patient-centred care identifies
key clinical outcomes, performance measures, and improve-
ment areas that may otherwise not have been
recognised.'t 1%

Patient-level data

Hospitals track outcomes using a prospective database with
detailed patient-level data captured for each tracheostomy
admission. Global Tracheostomy Collaborative-generated an-
alytics allow the multidisciplinary team to benchmark their
outcomes over time and anonymously with peers within the
Collaborative to assess the impact of initiatives.

These elements are resourced by the GTC, and member
sites are supported in implementation by GTC (and other) re-
sources, webinars, publications, and peer support from within
the Collaborative.

Amplifying the voice of patient, family, and carers

Partnership with patients and carers was a key catalyst for
driving positive change in tracheostomy care. The patient
advocacy motto, ‘Nothing about us without us’, captures the
ethos of patient engagement that pervades GTC culture.
Member institutions include a patient, their family, or carer as
stakeholders within multidisciplinary tracheostomy teams.
Boston Children’s Hospital described how adding a family
member to their team prompted identification and addressing
of previously unrecognised challenges.>! Furthermore, pa-
tients and families often describe very different performance
metrics to those that would seem important to healthcare
providers.'%®

The patient and family committee has multidisciplinary
professional and international patient representation. A fam-
ily member was present at our very first organisational
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meeting. The Collaborative’s board of directors has included
the mother of a child with tracheostomy and an adult patient
with tracheostomy and his spouse, ensuring patient/family
input for all significant decisions. Early in the GTC, the com-
mittee leveraged social media platforms to gather input and
perspectives from patients and families around the world.
Data from this audience revealed that only half of respondents
benefited from the opportunity to meet another patient with a
tracheostomy before surgery. Only a minority felt prepared to
handle tracheostomy care at discharge.'”” Capturing these
perspectives helps clinicians understand and respond to the
needs of patients.?»*

Dedicated family/caregiver sessions are integral to Inter-
national Tracheostomy Symposia. The late Stephen Hawking,
a theoretical physicist and cosmologist, shared his experi-
ences of a ‘full and active life’ at the European launch of the
GTC in 2014, describing his journey with a tracheostomy and
laryngectomy. During the Baltimore international symposium
in 2016, Orenthial J. Brigance, a former American national
football player, described his experiences of how a tracheos-
tomy helped him survive amyotrophic lateral sclerosis. Jen-
nifer Arnold, a neonatologist and a star for The Little Couple, an
American reality television series, highlighted the importance
of using mannikins to educate patients in managing acci-
dental tracheostomy displacement at the 2018 symposium in
Dallas, TX, USA. In addition, some GTC member hospitals
(such as Austin Health, Melbourne, Australia) host ‘family fo-
rums’, where patients and providers learn together. The GTC
webinar, ‘The voice of patients and families in tracheostomy
care’, demonstrated how virtual forums can enhance patient
engagement and stimulate involvement of patient and family/
carer advocates in QI.'% Through periodic newsletters, e-mail,
and social media channels, the GTC communicates with
members and the public. The GTC has a presence on plat-
forms, such as Facebook, Twitter, LinkedIn, and Instagram
with the purpose of sharing the work of the GTC widely
amongst the patient and family audience.

Strategic use of technology that engages the patient and
family can be highly effective in disseminating knowledge.
The National Tracheostomy Safety Project in the UK partnered
with patients and families to develop educational videos. A
targeted social media campaign generated 629 270 social me-
dia impressions over a 12 week campaign.'® Part of the
explanation for this viral response was the effectiveness of
disseminating educational content into an already-vibrant
online community.110 Patients and carers, thus, share their
perspectives with each other and with medical professionals
involved in their care. These data highlight the immense po-
tential of social media for improving tracheostomy safety.

Data capture and analytics
Development of the GTC database

The GTC database was developed by clinicians from nine
disciplines, QI specialists, health information technology ex-
perts, and legal counsel, ensuring compliance with relevant
global data privacy laws. The database was launched in June
2014, allowing member hospitals worldwide to enter patient-
level data. It uses a password-protected privacy-compliant
web-based software platform, Research Electronic Data

Capture (REDCap), offering an intuitive interface for data
capture with audit trails. >

The database captures patient characteristics, reason for
tracheostomy, co-morbidities, LOS, ICU utilisation, tracheos-
tomy duration, decannulation rates, adverse events, and
mortality. It requires 15 min of data entry per patient.® The
database currently holds more than 6500 tracheostomy ad-
missions from 62 institutions and six countries, 4595 of which
were analysed (Supplementary Table S2). Primary admissions
were defined as episodes where a new tracheostomy was
inserted, with secondary admissions involving an existing
tracheostomy. This report concerns primary admissions
admitted on or before December 31, 2018. Analysis was con-
ducted in September 2019, allowing 8 months to capture
completed episodes and clean data. We excluded hospitals
without regular accrual, defined as <20 admissions entered
(Supplementary Fig. S2).

The Center for Applied Pediatric Quality Analytics provides
analytic support and identifies missing, inconsistent, or inac-
curate data. Annual comparative reports allow member hos-
pitals to monitor outcomes, prioritise interventions, and
compare against other member hospitals. Additionally, hos-
pitals can export from REDCap and analyse their own data.

Analytical methods

De-identified data analysis was conducted with methodology
registered with the University of Michigan Institutional Re-
view Board (Study eResearch ID: HUM00174895). Descriptive
statistics with mean (standard deviation) or median (inter-
quartile range) values are reported as appropriate.
Kruskal-Wallis test compared non-parametric continuous
variables and %2 test compared categorical variables. Unad-
justed logistic regression models examined univariate pre-
dictors of tracheostomy outcomes (extended LOS, mortality,
and adverse events) using generalised estimating equations to
account for correlation within sites. Results are presented as
forest plots with odds ratios and 95% confidence intervals.
Analyses were performed using SAS software (version 9.4; SAS
Institute Inc., Cary, NC, USA).

Results

After exclusions (Supplementary Fig. S2), data from 1152
paediatric and 3443 adult primary admissions are summarised
in Table 1. Ninety-two per cent of patients were admitted to a
critical care unit, of which 92% were ventilated transiently.
Eighty-seven percent of patients survived to hospital
discharge, with 55% of survivors decannulated before hospital
discharge. Decannulation rates differed significantly between
continents (P<0.001), reflecting care model variations in acute
and rehabilitation hospitals in different countries (Table 2).
Paediatric patients had significantly longer median hospital
LOS (66 [34—130] days) us adults (34 [16—60] days; P<0.001), and
significantly longer median tracheostomy times (36 [19—69]
days) vs adults (6 [9—30] days; P<0.001). The tracheostomy
duration was similar to LOS in the USA, in contrast to the UK
and Australia, where tracheostomy duration was significantly
shorter than LOS. Decannulation rate in the USA was only 8%,
likely owing to swift patient transitions to long-term facilities,
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Table 1 Clinical course and discharge disposition of patients with new tracheostomy. Survival, decannulation, ventilation, ICU
admission, length of stay (LOS), tracheostomy duration, and discharge location are described for paediatric and adult patients. Data
are reported as n (%) or medians (inter-quartile range) days, in the case of durations. Survival, ventilation, and ICU admissions were
generally similar in paediatric and adult patients. Notable differences were observed for rates of decannulation and LOS, with adult
patients more likely to be decannulated and to have shorter LOS.

Paediatric admissions (n=1152) Adult admissions (n=3443)
Survival to discharge Survived 1002 (87) 2833 (82)
Died 86 (7) 457 (13)
Unknown 64 (6) 153 (4)
Decannulated by discharge Yes 49 (4) 1795 (52)
No 1028 (89) 1460 (42)
Unknown 75 (7) 188 (5)
Any time ventilated Yes 1038 (90) 2894 (84)
No 108 (9) 517 (15)
Unknown 6 (1) 32 (1)
Admitted to ICU Yes 1094 (95) 3152 (92)
No 54 (5) 261 (8)
Unknown 4 (0) 30 (1)
LOS collected 1071 (93) 3219 (93)
Hospital LOS (days) (n=5326) 66 (34, 130) 34 (16, 60)
Tracheostomy time (days) (n=4798) 36 (19, 69) 16 (9, 30)
Discharge disposition Deceased 86 (7) 457 (13)
Home 641 (56) 1331 (39)
Acute care hospital 108 (9) 343 (10)
Long-term care facility 35 (3) 363 (11)
Rehabilitation hospital 139 (12) 508 (15)
Skilled nursing facility 53 (5) 213 (6)
Other 15 (1) 53 (2)
Not recorded 75 (7) 175 (5)

Table 2 Comparison of adult tracheostomy-related outcomes across countries. Selected outcomes are shown for the three countries
most heavily represented in the Global Tracheostomy database. Data are reported as median (inter-quartile range [IQR]) days for
durations, n (%) for decannulation and mortality, and rate per 1000 tracheostomy days (95% confidence interval [CI]) for adverse events.
Reduced durations, adverse events, and decannulation rates were observed for the USA, likely reflecting rapid transition of patients
into rehabilitation facilities and potential differences in reporting practices.

Australia UK USA P-value
Tracheostomy duration, median days (IQR) 20 (12—34) 17 (9-32) 11 (7—19) <0.001
Length of stay, median days (IQR) 46 (31-67.5) 43 (25-71) 12 (6—27) <0.001
Decannulation, n (%) 348 (86) 1383 (69) 64 (8) <0.001
Adverse events, rate per 1000 tracheostomy days (95% CI) 10.2 (8.6—12.1) 8.5(7.7-9.3) 5.1 (3.8-6.9) <0.001
Mortality, n (%) 51 (13) 321 (16) 85 (10) <0.001
whereas most patients were decannulated in Australia and Adult mortality showed strongest associations with in-
the UK (P<0.001) (Table 2). dications for tracheostomy, number of co-morbid systems,

sepsis, and advanced renal or gynaecological disease. There
was a stepwise increase in mortality as a function of the co-
morbid systems (Fig. 1), with a five-fold mortality increase
Mortality predictors observed with four or more co-morbidities. Emergency tra-
cheostomy doubled mortality, and tracheostomy to facilitate
ventilation was associated with a four-fold increase, likely
related to the underlying pathophysiology associated with
critical airway conditions or critical illness. Plausibly, trauma
or psychiatric co-morbidities were associated with decreased
mortality, likely related to younger age groups or fewer co-
morbidities.
In-patient mortality was lowest in the USA followed by
Australia and then the UK. This variation likely reflects
different indications and thresholds for tracheostomy, and

Paediatric mortality was strongly associated with age, car-
diovascular disease, haematological/immunological, and
oncological co-morbidities (Fig. 1). Prognosis was favourable
for children aged 1—3 yr; used as a comparator for identifying
mortality risk in other age groups. Relative risk of mortality
increased 10-fold for children >10 yr old, with significant
mortality increases also observed in neonates. Mortality was
lower in children with neurological conditions, with a ten-
dency towards decreased mortality in patients with muscu-
loskeletal or cutaneous co-morbidities.
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Fig 1. Mortality and length of stay in patients with new tracheostomy. (a) Mortality in children. (b) Mortality in adults. (c) Hospital length of
stay in children. (d) Hospital length of stay in adults. CI, confidence interval.

failure to capture deaths that occur after transfer of patients to
rehabilitation facilities. In addition, resource considerations
may inform regional practices relating to performing trache-
ostomy for progressive neurodegenerative conditions.

Duration of care

Duration of particular periods of care (e.g. LOS and tracheos-
tomy time) is dependent on many factors. Changes in LOS
afford a window into the operational efficiency, coordination,
and systems-based practice of institutions. Prior studies have
noted that the prognosis and LOS of patients with tracheos-
tomy may relate to complex co-morbidities,'*> 11® require-
ment for emergent airway, and patient characteristics.”®°”1%

Likelihood of prolonged LOS was increased two- to three-
fold in neonates compared with children 1-3 yr old. There
was a stepwise increase in LOS as a function of increasing co-
morbidities, with a two- to three-fold LOS increase with four or
more co-morbidities. The co-morbidities most strongly asso-
ciated with prolonged LOS included cardiovascular, prematu-
rity, respiratory, infectious, and gastrointestinal disorders
(Fig. 2).

In adult patients, medical co-morbidities, sepsis, and
emergent tracheostomy were associated with prolonged LOS.
Patients with sepsis or psychiatric conditions had a two- to
three-fold increase in LOS. In contrast, likelihood of prolonged
LOS was half for patients who underwent tracheostomy for
cancer or loss of upper airway. Likely explanations include the
lower incidence of multi-organ dysfunction in patients with
head and neck cancer, upper airway obstruction, or other
anatomical anomalies.

Adverse events

Around 8% of patients experienced at least one adverse event
related to tracheostomy, with an overall rate of 8.4% and 3.9%
per 1000 tracheostomy days for adults and children, respec-
tively; the total adverse events were 692 and 258 for adults and
children, respectively (Table 3). The commonest adverse
events in children were similar to adults, albeit with signifi-
cantly lower rates of haemorrhage and roughly double the
incidence of tube obstruction.

Accidental decannulation in paediatric and adult patients
is an unpredictable event that may lead to catastrophic
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Fig 2. Adverse events in patients with new tracheostomy. (a) Accidental decannulation in children. (b) Accidental decannulation in adults.
(c) Airway obstructive events in children. (d) Haemorrhagic events in adults. CI, confidence interval.

outcomes, including hypoxic brain injury and death. Whilst
optimising tube position and orientation may afford a mea-
sure of protection,’® in paediatric patients, the only signifi-
cant positive association with accidental decannulation was
cardiovascular disease; the sole negative association was
neurological co-morbidity, possibly reflecting the decreased
mobility of this group. The most notable finding in both adults
and children was the stepwise trend towards increased acci-
dental decannulation risk with increasing co-morbidity count,
albeit with wide confidence intervals (Fig. 2).

Tube obstruction can lead to significant consequences in
children because of small-calibre paediatric devices and
limited respiratory reserve. As expected, tube obstruction was
significantly higher in neonatal groups, consistent with the
size of tracheostomy tubes required.

The incidence of adverse events was lowest in the USA
followed by the UK and then Australia. This variation may
arise from differing reporting and documentation practices, a
litigious medico-legal environment in the USA, and failure to
capture adverse events that may occur after transfer of pa-
tients to rehabilitation facilities. Much of the difference in
adverse events may relate to under-reporting or cultural ap-
proaches to untoward outcomes.

Haemorrhage

Haemorrhagic events were defined as ‘excessive bleeding’ (in
the clinical opinion of the reporter) and featured more prom-
inently than expected, based on previous analyses of incident
series (Fig. 3). In paediatric patients, the cause of haemorrhage
was often unknown. Local wound breakdown and stomal or
tracheal granulation were the most commonly reported as-
sociations, whereas in adults, major vessel erosion, local
wound breakdown, and granulation were most common,
consistent with the literature.'?*'?! Analysis of risk factors for
tracheostomy-related haemorrhage in adults showed a step-
wise trend towards increasing risk with increasing co-
morbidity, although the risk of haemorrhage was only signif-
icantly increased with four or more co-morbidities. Haema-
tological abnormalities, sepsis, renal, or gastrointestinal co-
morbidities were all independent risk factors for haemor-
rhage; intuitive findings with known associations with
bleeding. Considering indications for tracheostomy, trache-
ostomy to facilitate ventilation or for loss of airway increased
the risk of haemorrhage.

Analysis of haemorrhagic events provides a compelling
example of the power of data analysis at this scale to uncover
potent predictors of clinical outcomes. Patients with
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Table 3 Prevalence of adverse events amongst paediatric and adult patients with new tracheostomy. Adverse events in paediatric and
adult patients are shown in descending frequencies for adults. Data are presented as n and rate per 1000 tracheostomy bed days (TBD;
95% confidence intervals [CIs]) with accidental decannulation being the most common for both paediatric and adult patients. Because
median length of stay in paediatric patients was approximately double that for adults, a similar rate of a given adverse event per 1000
tracheostomy bed days corresponds to a two-fold risk during hospital stay, as in the case of tube obstruction. Tracheostomy-related
haemorrhage, failed decannulation, and cuff-injury-related airway injury/hypoxaemia were higher amongst adult patients, whereas
excessive granulation tissue had a predilection for paediatric patients.

Paediatric (n=1152)

Adult (n=3443)

Total events

Rate per 1000 Total events

TBD (95% CI)

Rate per 1000
TBD (95% CI)

Accidental decannulation 92
Tracheostomy-related haemorrhage 21
Tube obstruction 53
Skin breakdown 33
Failed decannulation 1
Cuff-related airway injury/hypoxaemia 1
Infection 5
One-way valve applied whilst cuff inflated 1
Alteration to trachea 2
Tracheoeosophageal fistula 1
Cardiopulmonary compromise 4
Excessive granulation tissue 17
Tracheocutaneous fistula 4

1.52 (1.2—1.9) 167 2.28 (2.0-2.7)
0.35 (0.2—0.5) 127 1.74 (1.5-2.1)
0.88 (0.7—1.1) 72 0.98 (0.8—1.2)
0.55 (0.4—0.8) 67 0.92 (0.7—1.2)
0.02 (0.0—-0.1) 57 0.78 (0.6—1.0)
0.02 (0.0—0.1) 56 0.77 (0.6—1.0)
0.08 (0.0—-0.2) 24 0.33 (0.2—0.5)
0.02 (0.0—-0.1) 11 0.15 (0.1-0.3)
0.03 (0.0—0.1) 8 0.11 (0.1-0.2)
0.02 (0.0—0.1) 7 0.10 (0.0-0.2)
0.07 (0.0-0.2) 6 0.08 (0.0-0.2)
0.28 (0.2—0.5) 6 0.08 (0.0-0.2)
0.07 (0.0—-0.2) 5 0.07 (0.0-0.2)

tracheostomy who suffered haemorrhage demonstrated a
prominent spike in mortality rate. There were 36 (27%) deaths
amongst 132 adult patients with haemorrhage, in contrast to
421 (13%) deaths amongst 3158 adult patients without hae-
morrhage. There were seven (33%) deaths amongst 21 paedi-
atric patients with haemorrhage in contrast to 79 (7%) deaths
amongst 1067 paediatric patients without haemorrhage. Thus,
across paediatric and adult patients, haemorrhage was asso-
ciated with a two- to four-fold mortality risk (P<0.001). The
most common causes of haemorrhage included bleeding
diathesis, granulation tissue, wound breakdown, and mucosal
or vascular injury (Fig. 3).

Discussion

Our report characterises a large population of patients with
tracheostomy, reporting predictors of adverse events, mortal-
ity, and LOS, and laying the foundation for improved care for
this vulnerable population. Patients with tracheostomy vary in
age, anatomic airway considerations, and medical con-
ditions.”"*?? 126 Their management occurs in diverse hospital
systems, each with unique organisational structures, de-
mands, and governance, posing unique challenges for rigorous
scientific investigations.”>?'1?® The presence of a tracheos-
tomy can itself be a marker for underlying medical complex-
ity, 2?13 further complicating risk adjustments and analyses.

Furthermore, risk of adverse events differs amongst patient
subsets. For example, children have narrow lumen tracheos-
tomy tubes that are highly susceptible to mucus plugging and
occlusion,®®%”13? whereas adults are more susceptible to
bleeding from anticoagulation.'** '3> Similarly, patients who
undergo tracheostomy attributable to anatomic obstruction
for head and neck cancer have a different risk profile than
critically ill patients whose primary indication for tracheos-
tomy is ventilatory support.'¢~ 140

The finding that tracheostomy-specific haemorrhage was
more frequent and more serious than was apparent on small-
scale analyses has prompted the GTC to take action. Exemplar

sites with low rates of haemorrhage rapidly disseminated
existing resources and strategies to decrease haemorrhage
and haemorrhage-related complications (http://
tracheostomy.org.uk/healthcare-staff/improving-
tracheostomy-care/itc-resources). Such progress would not be
possible without this large data set, coupled with the GTC’s
infrastructure to disseminate best practice initiatives. Data
captured by the Collaborative expand our understanding of
what is known about tracheostomy,'*! uncovering latent risks
and identifying impactful QI opportunities.

Hospitals differ in geography, healthcare structure, re-
sources, and regulatory environment, all of which may influ-
ence implementation efforts.*? For example, in the UK,
centralised organisation and substantial capital investment'?®
may yield different outcomes from more fragmented health-
care systems or low-resource settings.'*> There is a need for
standardised protocols and approaches for dec-
annulation.’*>#4714¢ The notion of collaboratives as learning
communities is not new; however, their impact remains
poorly understood because of the difficulty in randomising
hospital-level and larger systems to specific intervention.'%
The GTC provides a network for not only learning, but also
Ql, research, and carer engagement.

The bimonthly webinars offered by the GTC address gaps in
knowledge between and within disciplines, and contribute to
overall knowledge about care of patients with tracheostomy.
Moderators engage panellists from different countries and
specialties to provide a well-rounded perspective and reflect
local practices. Because the care of patients with tracheostomy
is inherently multifaceted, webinars engage airway special-
ists, patients, carers, allied health professionals, and hospital
leaders. These webinars are recorded and available at www.
globaltrach.org. Webinars complement the educational
meetings sponsored by the GTC, including both continental
kick-off events and International Tracheostomy Symposia,
hosted in Melbourne (Australia), London (UK), Baltimore (MD,
USA), and Dallas (TX, USA) to date, anchoring education as a
cornerstone of the GTC’s mission.


http://tracheostomy.org.uk/healthcare-staff/improving-tracheostomy-care/itc-resources
http://tracheostomy.org.uk/healthcare-staff/improving-tracheostomy-care/itc-resources
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Fig 3. Primary causes and outcomes of haemorrhage in children (n=21) and adults (n=132) with tracheostomy. (a) Primary cause of
haemorrhage (paediatric). (b) Primary cause of haemorrhage (adults). (c) Outcomes after haemorrhage (paediatric). (d) Outcomes after

haemorrhage (adults).

Effective patient and carer education ensures optimal tra-
cheostomy care after hospital discharge. One Midwest United
States academic medical centre found that 34% of 928 patients
discharged with a tracheostomy were readmitted because of
pneumonia/secretions (n=204), hypoxia (n=46), or other
tracheostomy-related complications (n=65).'*’ This alarming
readmission rate highlights the importance of empowering
patients and carers with education to prevent complications
and identify early warning signs before they warrant escalated
care.'*®

The GTC engages patients and carers within all aspects of
the Collaborative. One under-recognised aspect of patient-
centred care is receptiveness of the healthcare team to
embracing learning from patients and carers. Examples
include reflective listening, supporting self-efficacy, building
trust, and formulating strategies to promote independence of
patients living with tracheostomy. The Collaborative shares
and disseminates experiences and resources from exemplars
in these practices.

Implementing the GTC’s key drivers has resulted in safer
care, reduced hospital and ICU LOS, and improved patient-
focused quality of care.'”” Patients benefit from reductions in
anxiety, shorter times to vocalisation, and earlier oral intake
after tracheostomy.'?”14%10 The ability to track these metrics

over time and benchmark between sites will add rigor to
comparisons as the database expands. The UK Improving
Tracheostomy Care project, reported in this issue, details not
just the potential quality, safety, and economic impact, but
also affords powerful insights into strategies for changes that
are likely reproducible in sites around the world.'?’

One limitation of this study is the lack of detailed infor-
mation pertaining to certain variables, such as accidental
decannulation. Data on whether it was partial or complete
decannulation were not elicited; however, the data set team
plans to collect additional variables to elucidate clinically
meaningful findings. Another limitation revolves around the
fact that data collection for a particular episode was closed
when a patient was discharged from the member hospital.
This might explain the lower rates of decannulation in the
USA compared with Australia and the UK, because patients
typically tend to get discharged to long-term ventilator facil-
ities in the USA and the member hospitals in the USA tend to
be acute care facilities.

Conclusions

The past 15 yr have witnessed a major shift in the character-
istics of patients with tracheostomy in tandem with the
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modern paradigm emphasising system-wide improvements.
We describe the development and implementation of a global
QI collaborative that has promoted building a learning com-
munity by leveraging patient and family involvement, social
media, international meetings, and webinars, and by
capturing patient-level data. It is now possible to conduct an
in-depth enquiry into problematic areas for improvement.
Through the GTC, hospitals forge new partnerships and
rapidly disseminate knowledge through participation in
webinars and international forums, with a common goal of
functioning as high-reliability organisations. The GTC, created
in response to a pressing need for improving the prevailing
standard of care, is now increasingly realising its potential to
deliver transformational improvements in patient-centred
tracheostomy care.
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