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Abstract

Introduction: There is no consensus definition for ventilator-associated tracheitis and limited evidence to guide diagnosis and
treatment. To improve acute tracheitis evaluation and management, this quality improvement project aimed to (1) improve the appro-
priateness of tracheal aspirate cultures while decreasing the number of unnecessary cultures by 20% and (2) decrease antibiotic
use for acute tracheitis not consistent with local guidelines by 20% over 12 months among pediatric patients requiring mechanical
ventilation. Methods: All patients admitted to the Medical Intensive Care Unit requiring mechanical ventilation via an artificial airway
were included. Tracheal aspirate sampling criteria, technique, and minimum intervals were standardized. Primary outcome measures
were the number of tracheal aspirate cultures obtained per 100 ETT/tracheostomy days and ventilator-associated antibiotic days per
100 ETT/tracheostomy days. Improvement cycles included: Implementation of tracheal aspirate sampling criteria, sampling tech-
nique standardization, limiting repeat cultures to >72-hour intervals, and standardizing empiric antibiotic therapy. Results: Tracheal
aspirate culture rate decreased from 10.70 to 7.10 cultures per 100 ETT/tracheostomy days (P < 0.001). Cultures meeting sampling
criteria increased from 28% to 80%. Ventilator-associated antibiotic use decreased from 24.88 to 7.30 ventilator-associated antibiotic
days per 100 ETT/tracheostomy days. There were no associated increases in ventilator-associated events or days of mechanical
ventilation. Conclusions: Implementation of standardized criteria for tracheal aspirate sampling, improved tracheal aspirate sam-
pling technique, limiting repeat tracheal aspirate cultures, and utilizing standardized antibiotic treatment guidelines safely decreased
resource utilization and antibiotic use among critically ill children requiring mechanical ventilation. (Pediatr Qual Saf 2021;6:€368; doi:
10.1097/pg9.0000000000000368; Published online December 28, 2020.)
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when criteria for pneumonia or lower respiratory tract
infections are not met.!!

Bacterial colonization may occur in an artificial air-
way, adding to uncertainty when interpreting tracheal
aspirate cultures. Patients with an endotracheal tube
(ETT) or tracheostomy tube (trach) can have bacteria
mobilize into the lower respiratory tract around the tube
cuff or into the lumen with suctioning.' Also, bacterial
biofilm presence may be a contributing factor in infec-
tions of both ETT and tracheostomy tubes. In many intu-
bated children, bacterial colony counts will reach >10*
cfu/ml within a few days of intubation without clinical
infection.’® A Gram stain with rare or few neutrophils
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usually represents colonization; the presence of moderate
or abundant neutrophils (PMN) is more consistent with
VAT or VAP.1415

Best practice for tracheal aspirate specimen collection
has not been established.'® Techniques include protective
brush tracheal sample, simple tracheal aspirate suction
sampling via the artificial airway, deep suctioning, and
bronchoalveolar lavage (BAL).""!'* Many studies that
report the incidence of and risk factors for VAT do not
report their sampling strategy.'’' Practice variation sug-
gests the need to standardize the collection technique to
obtain high-quality, accurate, and undiluted samples.

Early and appropriate antibiotic treatment for VAT
improves outcomes by decreasing ventilator days and
mortality in adult patients.'”*' However, there is variabil-
ity in the duration of recommended treatment for VAT.
Infectious Diseases Society of America guidelines recom-
mend not administering antibiotics for VAT, although it
is a weak recommendation with low-quality evidence.?
One pediatric study concluded that prolonged antibiotics
(older than 7 days) for VAT did not protect against hos-
pital-acquired pneumonia or VAP.2*> Martin-Loeches et al
and Moncayo-Nieto et al found that adult patients with
VAT had a resolution of symptoms at 72 hours, support-
ing a 3-day course of antibiotics.!**

Preliminary evaluation of our Medical Intensive Care
Unit (MICU) practice revealed variation in criteria to
obtain a tracheal aspirate culture, with the most common
indications being fever (55% of samples), increased venti-
lator settings (40%), and increased supplemental oxygen
requirement (35%). However, criteria with less evidence
base also drive decisions to obtain tracheal aspirate cul-
tures, including increased secretions or suctioning needs
(25%) and alteration in secretion quality (25%). Clinicians
order 30% of all tracheal aspirate cultures within 72 hours
of a previous specimen collection. While pediatric VAT is
not widely reported, unit evaluation of respiratory cultures
and clinical criteria before project initiation detected 10 of
73 patients (13.6%) met the local definition of tracheitis.

Recognizing practice variation, we sought to develop
a clinically relevant, standardized approach to diagnosis
and treatment of acute tracheitis in patients requiring
mechanical ventilation, with the following specific aims:
(1) to improve the appropriateness and quality of tracheal
aspirate cultures while decreasing the number of cul-
tures not consistent with local guidelines by 20% among
patients requiring mechanical ventilation over 12 months
and (2) to decrease antibiotic use for acute tracheitis not
consistent with local guidelines by 20% over 12 months.

METHODS

Context

We implemented the acute tracheitis quality improvement
project in a 22-bed ICU in a pediatric quaternary care
hospital. The unit cares for pediatric patients requiring
medical ICU care, including the need for variable forms

Pediatric Quality and Safety

of mechanical ventilation for acute and/or chronic respira-
tory failure. The MICU staff includes board-certified pedi-
atric intensivists, critical care fellows, pediatric residents,
advanced practice nurses, nurses (with a 1:1 or 1:2 nurse-
to-patient ratio), and respiratory therapists. The MICU
averaged 76 admissions per month in 2018. Stakeholders
for this QI project included MICU physicians and nurses,
Infection Prevention and Control (nurses, data analyst, and
physician), Antimicrobial Stewardship Program (physician
and pharmacist), Respiratory Therapy, and the Infectious
Disease Diagnostic Laboratory (physician).

All patients admitted to the MICU who required
mechanical ventilation via an artificial airway (tracheos-
tomy or ETT) were included.

Intervention

This project included 4 plan-do-study-act cycles. The first
3 cycles sought to standardize tracheal aspirate sampling
criteria, technique, and sampling intervals in conjunction
with Infection Prevention, Antimicrobial Stewardship, and
the Infectious Disease Diagnostic Laboratory. The fourth
cycle sought to decrease inappropriate antibiotic use for
acute tracheitis by standardizing criteria for the initiation
of antibiotics and the duration of treatment. The antibi-
otic guidelines were developed and implemented in con-
junction with the Antimicrobial Stewardship Program.

e Cycle 1 intervention consisted of understanding cur-
rent practice about sampling criteria for tracheal
aspirate cultures. The improvement team surveyed
key stakeholders and frontline staff, including nurses
and respiratory therapists, revealing variable practice.
Utilizing literature review and consensus opinion,
standardized criteria for obtaining tracheal aspirate
culture samples were created and implemented (Fig. 1)
(November 2017 to December 2017).

e Cycle 2 interventions focused on standardizing the
tracheal aspirate sampling technique. Members of the
improvement team performed observations of tech-
nique by nursing and respiratory therapists. The eval-
uation revealed variation in technique, including depth
of catheter insertion into the airway, the instillation of
sterile normal saline during sampling, and the volume
of sterile saline instilled during sampling. We standard-
ized recommendations to utilize a new sterile suction
catheter, to obtain the specimen on the first pass into
the artificial airway, to insert catheter just beyond the
end of the artificial airway, not to instill sterile normal
saline into the airway during sampling, and to mini-
mize the addition of sterile normal saline to <0.5ml if
necessary to clear the catheter. The improvement team
established a recommended minimum sample volume
of 1ml (December 2017 to January 2018).

e Cycle 3 intervention included establishing a thresh-
old not to repeat tracheal aspirate culture within the
72 hours following a previous culture. The 72-hour
interval was established based upon prior studies
and expert consensus opinion.'”?° The intervention
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Guidelines for Tracheal Aspirate Gram Stain and Culture
For use in patients with Tracheostomy or ETT

Does your patient have:

New opacity on chest X-ray concerning for consolidation/pneumonia OR
Increase in quantity of secretions D any one of the following:

* |ncreased vent settings (PIP or PEEP >2, FiO2 >20% for greater than 4 hours)

* New onset of fever (>38.0 C) or hypothermia (<36.0 C)

e Leukocytosis (>11K ) or leukopenia (< 4k )

Text

!

Do not obtain tracheal aspirate.
Assess alternative sources of
infection.

Did the patient have a tracheal
aspirate sent for gram stain and
culture in the past 72 hours?

* Specimen type on label should say tracheal
aspirate or ETT aspirate, not sputum.

be obtained on first pass of catheter (if
unable to obtain an adequate specimen on

« Utilize new, sterile suction catheter (open Obtain tracheal aspirate Do not obtain tracheal aspirate

or closed system) for gram stain and culture
* Itis strongly recommended that specimen (see guidelines for

obtaining specimen)

Miicro lab will not process
specimens more frequently than
every 72 hours

first pass, consider collection with next
suction)

* Suction catheter should pass the end of the
artificial airway (NO more than 1 cm
beyond)

* Recommended minimum volume for
specimen is 1 ml

4

Concern for
Pneumonia or ARDS

* Minimize use of sterile normal saline (goal || Does the gram stain

maximum of 0.5 ml) to clear specimen have moderate or
from catheter into collection container

EXIT
Algorithm

2
« Instillation of normal saline into artificial abundant polys?
airway is not recommended during l
specimen collection, as this will dilute the
sample

Treatment for
Tracheitis is NOT
recommended

Fig. 1. Tracheal aspirate sampling and interpretation guideline.

Treat for Tracheitis

* Treat tracheitis for 3 days

» Adjust antibiotics to respiratory cultures.

* Discontinue vancomycin at 48h if no evidence
of MRSA colonization or infection

* Empiric antibiotic(s) based on prior culture

results. If not available, use cefepime.

included creating a closed-loop communication
system between the Infectious Disease Diagnostic
Laboratory and the MICU to notify staff of samples
requested within the 72-hour interval, which would
not be processed. Specifically, the feedback loop

consisted of laboratory staff calling to notify the bed-
side nursing staff of duplicate specimen submission.
Prescribers were instructed to call and request a devi-
ation from the sampling recommendation if desired.
As a subsequent notification, the lab staff notified the
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improvement team via email. There were no devi-
ations during the improvement project (January to
March 2018).

e Cycle 4 interventions consisted of creating consen-
sus criteria to initiate antibiotics with standardized
recommendations for initial therapy and duration.
Recommendations included the initiation of empiric
therapy based upon prior culture results. If prior cultures
were not available, empiric therapy included cefepime
and vancomycin. A 3-day treatment course was recom-
mended, with guidance to discontinue vancomycin at 48
hours unless there was evidence of MRSA colonization
or infection (Fig. 1) (April to July 2018).

Study of Intervention
We tracked baseline ventilator use, tracheal aspirate sam-
pling, and antibiotic use for all patients admitted to the
MICU during the improvement project. We defined tracheal
aspirate cultures as respiratory cultures obtained from an
ETT or tracheostomy during the project period. Samples
obtained from BAL or cystic fibrosis specific evaluation
were excluded. We defined repeat tracheal aspirate cultures
as a tracheal aspirate culture obtained when one already had
been collected within the prior 72 hours from any patient
location (emergency department, inpatient ward, ICU or
operating room). Our laboratory reported Gram stain results
as having none, rare, few, moderate or abundant PMN, as
per standard institutional practice. We defined antibiotic use
as the administration of antibiotics among patients with an
artificial airway who had a respiratory culture sent. Antiviral,
anti-parasitic, and antifungal agents were excluded along
with ongoing prophylactic antibiotics or home antibiotics.
We also excluded antibiotic days for pneumonia or another
non-respiratory infection (eg, urinary tract infection or bac-
teremia). Antibiotics were counted starting on the day of the
culture and included all consecutive antibiotic days until the
completion of the treatment of that episode, up to 2 weeks.
Trained data abstractors collected data from the enter-
prise data warehouse for all patients with an artificial
airway requiring mechanical ventilation which had a
tracheal aspirate culture obtained. Data included tem-
perature (>38.0 or <36.0 in the previous 24 hours) and a
white blood cell count measured in the previous 24 hours.
The abstractors then performed medical record review,
evaluating for documentation of increased quantity of
secretions and/or increased ventilator settings (increase
in PIP or PEEP >2cm H, 0, FiO2 >20% for greater than
4 hours). We defined pneumonia through documentation
of radiographic pneumonia per an attending radiologist
report or documentation of treatment for pneumonia in
the attending critical care physician note. All cases under-
went an independent review by 2 team members, result-
ing in the exclusion of 4 cases from the cohort.

Measures
The pre-intervention period was from January 2016
to October 2017, and the intervention period was from
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November 2017 to October 2018. The tracheal aspirate
process measure is the proportion of tracheal aspirate cul-
tures obtained from pediatric patients requiring mechan-
ical ventilation via an artificial airway in the MICU who
met criteria for sampling (number of respiratory cultures
that met criteria divided by the total number of respiratory
cultures). The process measure for treatment compliance
with the guideline is the proportion of tracheal aspirate cul-
tures with moderate or abundant PMN for which antibi-
otics were administered for younger than 4 days. Outcome
measures included: tracheal aspirate culture rate, repeat
culture rate, and tracheal aspirate culture associated with
antibiotic use. Balancing measures included mortality, ICU
length of stay (LOS), VAE and ventilator days.**

Data Analysis

We used Shewhart control charts to evaluate process
variability, specifically tracheal aspirate culture and ven-
tilator-associated antibiotic use rates, during baseline
and intervention periods. U-charts were created using
SQCpack Version 7 software (PQ Systems, Dayton, OH).
Centerlines were re-computed based on special cause
when 7 consecutive data points were above or below the
mean. The control limits varied based on sample size for
each period, set at 3 SDs above and below the mean. The
QI team met at 2-week intervals to review data, assess the
compliance with sampling criteria and antibiotic initia-
tion/duration through chart review, and explore special
cause variation. At each meeting, the team made decisions
regarding subsequent plan-do-study-act cycle interven-
tions based on group discussion, special cause analysis,
and quantitative methods to draw inferences from data.
Cumulative data on tracheal aspirate culture sampling
and antibiotic use were analyzed using Stata (StataCorp.
2015. Stata Statistical Software: Release 14: StataCorp
LP, College Station, TX).

Ethical Considerations

This project met our institutional standards for quality
improvement and therefore did not require institutional
review board review. All data were de-identified and
stored in a password-protected secure location behind the
hospital firewall.

RESULTS

During the intervention period, 251 tracheal aspirate
cultures were sent from 101 unique patients. All tracheal
aspirate samples were obtained at any time point during
admission to the MICU except 1 specimen collected in the
emergency department before admission to the MICU.
The patients’ median age was 7 years old, and 50% were
male (Table 1). The mean ventilator days per month
within the MICU during the intervention period was 295
days. There was no statistically significant change in the
population age, sex, and mortality between the pre- and
postintervention periods.
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Table 1. Population Characteristics and Balancing Measures
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Baseline (January 2016 to

Intervention (November 2017 to

October 2017) (N = 301) October 2018) (N = 101) P

Age (y), median (IQR) 9 (2-26) 7 (2-16) 0.697
Male, N (%) 160 (53) 50 (50) 0.525
Balancing measures

Mortality events, N (%) 16 (56.3) 8(7.9) 0.339

Ventilator-associated events (VAE), N 3 3 0.157

Ventilator days per month, mean (SD) 230 (68.5) 295 (64.6) 0.011

ICU length of stay (d), median (IQR) 5 (2-11) 16 (6-28) <0.001

Hospital length of stay (d), median (IQR) 9 (3-25) 24 (9-52) <0.001

The mean tracheal aspirate culture rate decreased from
10.70 (SD = 2.27) cultures per 100 ETT/tracheostomy days
during the pre-intervention period to 7.10 (SD = 1.91) over
the 12-month improvement project period (t(32) = 4.76,
P <0.001) (Fig. 2). Additionally, in the last 6 months of the
intervention period, 5 out of the 6 points on the U-chart
were below the new mean, consistent with a trend to pro-
cess improvement. The proportion of tracheal aspirate cul-
tures meeting local guideline criteria increased from 7%
to 73% during the intervention period. Implementation
of standardized criteria to obtain tracheal aspirate culture
samples in Cycle 1 from November to December 2017
resulted in an initial decrease in culture rates to 8.63 cul-
tures per 100 ETT/tracheostomy days. During cycle 2,
upon standardization of the tracheal aspirate sampling
technique, we observed an initial increase in tracheal aspi-
rate culture rates. In response to the increase, technique
recommendations were incorporated in sampling criteria
signage to reinforce compliance, which leads to a subse-
quent decrease in culture rates to 7.50 cultures per 100

ETT/tracheostomy days (December 2017 to January
2018). Standardization of sampling technique included
a minimum specimen volume of 1 ml. Specimens that did
not meet the minimum 1ml requirement were not to be
processed. The Infectious Disease Diagnostic Laboratory
staff notified the clinical team of the lack of sufficient
quantity with a request to re-send an appropriate sam-
ple. There were no rejected samples due to sample volume
<1ml during the improvement project. The staff did not
instill additional saline to specimens exclusive of volume
used to clear suction catheters.

Cycle 3 implemented a standardized protocol with the
Infectious Disease Diagnostic Laboratory not to pro-
cess repeat tracheal aspirate specimens within 72 hours
of prior samples, resulting in a sustained decrease in the
overall culture rate to 5.20 cultures per 100 ETT/trache-
ostomy days by March 2018. The mean repeat culture
rate within 72 hours decreased from 2.10 (SD = 1.1) to
1.19 (SD = 0.8) when comparing the pre-intervention to
the intervention period (t (32) = 2.17, P = 0.038) (Fig. 3).

Tracheal and endotracheal aspirate cultures
per 100 ETT/Trach days
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Fig. 2. Tracheal aspirate culture rate per 100 ETT/tracheostomy days.
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Tracheal and endotracheal aspirate cultuers sent < 72
hours after previous culture
per 100 ETT/Trach days
u-chart (per100}
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Fig. 3. Repeat tracheal aspirate cultures rate per 100 ETT/tracheostomy days.

While there was a consistent decrease in culture rates,
compliance with meeting sampling criteria remained vari-
able over the first 2 improvement cycles. Cycles 3 and
4 incorporated feedback to nursing and physicians when
samples did not meet established criteria and compliance
improved from 28% to 80%.

Ventilator-associated antibiotic use decreased from
24.88 to 7.30 antibiotic days per 100 ETT/tracheostomy
days (Fig. 4). Cycle 4 implemented standardized crite-
ria for antibiotic therapy initiation with recommenda-
tions for empiric choices and a duration of 3 days. The
hospital antibiogram guided empiric antibiotic choice

Antibiotic Days per 100 ETT/Trach Days
u-chart (per100)
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Fig. 4. Ventilator-associated antibiotic days per 100 ETT/tracheostomy days.
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in conjunction with the Antimicrobial Stewardship
Program, including Infectious Diseases physicians, phar-
macists, and Laboratory Medicine representatives. While
this cycle focused specifically on antibiotic initiation and
duration, the ventilator-associated antibiotic use rate had
already decreased by the conclusion of cycle 3.

Balancing measures revealed no increase in VAE or
mortality during the improvement project. Ventilator
days, ICU LOS and hospital LOS increased in the inter-
vention period; however, review of patient-specific
data revealed that 10% of patients in the intervention
period had ICU/hospital LOS greater than 100 days
due to chronic complex medical needs including con-
tinuous mechanical ventilation which precluded dispo-
sition to home or a long-term care facility. None of the
patients with a LOS older than 100 days in the cohort
met tracheitis treatment criteria during the last 2 weeks
of hospitalization, and acute tracheitis was not the eti-
ology of prolonged admission among these patients.
Ongoing surveillance of improvement efforts over the
subsequent months through July 2019 revealed a sus-
tained tracheal aspirate culture rate of 7.00 cultures
per 100 ETT/tracheostomy days and a decreased mean
repeat culture rate of 0.63 per 100 ETT/tracheostomy
days.

DISCUSSION

This quality improvement initiative successfully decreased
the rate of tracheal aspirate cultures by 35% from 10.70
to 7.10 cultures per 100 ETT/tracheostomy days among
patients requiring mechanical ventilation via an artificial
airway. It decreased the rate of repeat cultures within 72
hours by 36%. Besides, ventilator-associated antibiotic
use decreased by 71% from 24.88 to 7.30 antibiotic days
per 100 ETT/tracheostomy days without an increase in
VAE. Together these efforts have improved resource utili-
zation for diagnosing acute tracheitis and improved treat-
ment by decreasing potentially unnecessary antibiotic
exposure. The establishment of an interdisciplinary team
with active engagement from MICU, Infection Prevention,
Pharmacy, Antimicrobial Stewardship, Respiratory
Therapy, and Infectious Disease Diagnostic Laboratory
staff facilitated these improvements. The project provides
a standardized approach to tracheal aspirate culture sam-
pling and treatment of acute tracheitis in the face of a
limited evidence base in the literature.

Respiratory cultures are often used to evaluate ven-
tilator-associated infections, but positive culture results
cannot distinguish bacteria colonizing artificial airways
from those causing infection. In this context, excess
testing may promote unnecessary antibiotic use and
increase antibiotic resistance among patients requir-
ing mechanical ventilation. Our project demonstrates
how diagnostic stewardship efforts can play a pivotal
role in antibiotic stewardship overall. Expansion of this
improvement effort to other pediatric ICU environments
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(eg, cardiac or neonatal ICUs) could further refine the
population.

While our local improvement effort achieved the initial
aims, there are significant limitations to consider that may
inform future multicenter quality improvement efforts.
Our MICU exists in a quaternary pediatric hospital with
other ICUs and, as a result, does not provide care for the
full range of patients who may receive care in an inter-
disciplinary pediatric ICU, specifically patients requiring
perioperative care, patients with a primary oncologic
diagnosis, those receiving a hematopoietic stem cell trans-
plant, and patients requiring extracorporeal membrane
oxygenation. A retrospective review of the patient cohort
utilizing CPT codes determined that there was 1 patient
with a primary surgical diagnosis in the baseline cohort
and none in the intervention group. Patients were not
excluded a priori during the improvement cycles based
upon diagnosis; all patients admitted to the MICU requir-
ing mechanical ventilation via an artificial airway were
eligible for inclusion. Tailored approaches to diagno-
sis and management of acute tracheitis may be needed
among these specialized patient populations, although the
basic principles of our intervention remain relevant.

Further limitations include conducting the practice
improvement within the context of current practice rather
than controlling all factors that may have influenced tra-
cheal aspirate sampling. Specifically, tracheostomy tubes
are not routinely changed upon MICU admission but
are changed on a 30-day schedule. As the timing of tra-
cheostomy change was not standardized as part of the
improvement effort, variable timing of tube changes may
have influenced biofilm development and tracheal aspi-
rate sampling results.

Several patients in the intervention and baseline
cohorts had prolonged ICU and hospital LOS. The base-
line cohort contained 9 patients with ICU LOS older than
60 days (mean 143 days, range 62-646), representing 3%
of the cohort, and 30 patients with hospital LOS older
than 60 days (mean 138, range 61-697). In comparison,
the intervention cohort contained ten patients with ICU
LOS older than 60 days (mean 165 days, range 63-645
days), representing 10% of the cohort, and 24 patients
with hospital LOS older than 60 days (mean 140 days,
62-645). Among patients with ICU and hospital LOS
older than 60 days, 60% of the baseline cohort and 95%
of the intervention cohort required baseline mechanical
ventilation, which precluded transfer from the ICU when
the critical illness was resolved. Still, the patient was not
yet eligible for hospital discharge. Among the patients
with ICU LOS older than 60 days, there were higher pro-
portions in the intervention group who remained in the
ICU for management of tracheobronchomalacia requir-
ing a high PEEP strategy (30% versus 10%, intervention
versus baseline), those awaiting solid organ transplanta-
tion ineligible for discharge due to illness severity (20%
versus 10%), and those awaiting care coordination/
approval for transfer to a skilled nursing facility or home
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(60% versus 20%). We acknowledge that there is a nearly
3-fold increase in ICU LOS in the intervention group that
may have been influenced by the quality improvement
interventions alone. Given the number of confounders in
interpreting this increase in LOS, we cannot state with
certainty that the increased LOS is not a result of the
intervention alone and look forward to other’s efforts in
improving tracheitis care to understand the influence of
these interventions better.

Despite the increase in ICU and hospital LOS in the
intervention period, evaluation of the Pediatric Index
of Mortality-3 Standardized Mortality Ratios (SMR)**
revealed higher acuity scores in the baseline period,
PIM3 SMR 0.48 versus 0.22, respectively. Lower SMR
scores in the intervention group and a higher proportion
of patients ineligible for transfer from the ICU suggest
the increased LOS was not due to illness severity but
rather to care coordination needs. During the improve-
ment period, this phenomenon suggests that the inter-
ventions alone were not responsible for the increase
in LOS during the improvement period. Furthermore,
among patients with LOS older than 30 days, none fit
criteria for or were treated for acute tracheitis within
2 weeks of the unit or hospital discharge. We did not
exclude patients with anticipated prolonged LOS a pri-
ori when screening for tracheitis as it remained difficult
to accurately predict LOS at the time of initial entry into
the cohort.

The efforts to change practice amongst many disci-
plines within a complex hospital system were signifi-
cant and required active engagement of key stakeholders
and frontline staff to achieve the initial aims. The team
identified key barriers important for other teams to
consider when adopting this improvement work within
their local units. The need for sustained engagement of
multiple teams, including quality improvement leader-
ship, nursing, respiratory therapy, laboratory staff, and
physicians, is vital when accounting for staff turnover
and implementing serial practice changes. Regular com-
munication of improvement cycle data and request for
input into future cycles served to sustain engagement. The
lack of pediatric-specific data to guide practice improve-
ment and engage stakeholders is an important consid-
eration. Extending local improvement to other centers
with diverse patient populations will expedite closing this
knowledge gap.

Despite the effort required and the limitations to the
project, we were able to successfully decrease our tracheal
aspirate culture rate and ventilator-associated antibiotic
use among critically ill children requiring mechanical ven-
tilation without an associated increase in VAE. Through
the establishment of standardized criteria, active inter-
disciplinary engagement, and antimicrobial stewardship
principles, improvement in the care of acute tracheitis
is feasible. This initial single-center effort will hopefully
inform multicenter improvement efforts to decrease
resource utilization, potentially unnecessary antibiotic
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use, and risk of antibiotic resistance in this vulnerable
population.
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