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Abstract

Background Children with tracheostomies are at an increased risk of bacterial respiratory tract infections. Infections caused
by multidrug-resistant organisms (MDROs) are more difficult to treat and can result in severe complications. We investigated
the risk factors and sequelae of MDRO positivity in tracheostomy and chronic ventilator-dependent children. Methods We
performed a retrospective chart review of 75 tracheostomy and chronic ventilator-dependent children at St. Louis Children’s
Hospital. Data on demographics, respiratory cultures, hospitalizations, emergency department (ED) visits, and antibiotic usage
were collected. We determined the frequency of MDRO positivity and compared the number of hospitalizations, number of
ED visits, and antibiotic usage in patients with and without MDRO-positive cultures. Patient clinical variables were analyzed
before and after MDRO acquisition. Results We found 75.7% (56/74) of our participants had an MDRO-positive culture,
with methicillin-resistant Staphylococcus aureus (MRSA, n=36, 64%) and Pseudomonas aeruginosa (n=8, 14%) being the
most commonly detected organisms. Patients with MDRO-positive cultures had a greater number of annual non-pulmonary
admissions [OR=1.99, 95% CI (1.21-3.29), P= 0.008], inpatient antibiotic courses [OR=1.27, 95% CI (1.07-1.50), P=0.006],
total antibiotic courses [OR=1.26, 95% CI (1.08-1.48), P= 0.004], and chronic antibiotic use [OR=2.31, 95% CI (1.12-4.74),
P=0.03] compared to MDRO-negative participants. Patients that acquired MDROs during the study period subsequently
required increased outpatient antibiotics [P= 0.006] but did not have increased pulmonary admissions or ED visits. Conclusion
Frequent antibiotic usage and hospitalizations increase the risk of MDRO acquisition in children with tracheostomies and

ventilator-dependence. Further antibiotic stewardship may help prevent resistant infections in technology-dependent children.
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Abstract
Objective/background

Children with tracheostomies are at an increased risk of bacterial respiratory tract infections. Infections
caused by multidrug-resistant organisms (MDROs) are more difficult to treat and can result in severe com-
plications. This study aimed to investigate the risk factors and sequelae of MDRO positivity in tracheostomy
and chronic ventilator-dependent children.

Methods

We performed a retrospective chart review of 75 tracheostomy and chronic ventilator-dependent children
at St. Louis Children’s Hospital. Data on demographics, respiratory cultures, hospitalizations, emergency
department (ED) visits, and antibiotic usage were collected. We determined the frequency of MDRO pos-
itivity and compared the number of hospitalizations, number of ED visits, and antibiotic usage in patients
with and without MDRO-positive cultures. Patient clinical variables were analyzed before and after MDRO
acquisition.

Results

We found 75.7% (56/74) of our participants had an MDRO-positive culture, with methicillin-resistant Staphy-
lococcus aureus (MRSA, n=36, 64%) and Pseudomonas aeruginosa (n=8, 14%) being the most commonly
detected organisms. Patients with MDRO-positive cultures had a greater number of annual non-pulmonary
admissions [OR=1.99, 95% CI (1.21-3.29), P = 0.008], inpatient antibiotic courses [OR=1.27, 95% CI (1.07-
1.50), P =0.006], total antibiotic courses [OR=1.26, 95% CI (1.08-1.48),P = 0.004], and chronic antibiotic
use [OR=2.31, 95% CI (1.12-4.74),P =0.03] compared to MDRO-negative participants. Patients that ac-
quired MDROs during the study period subsequently required increased outpatient antibiotics [P = 0.006]
but did not have increased pulmonary admissions or ED visits.

Conclusion

Frequent antibiotic usage and hospitalizations increase the risk of MDRO acquisition in children with tra-
cheostomies and ventilator-dependence. Further antibiotic stewardship may help prevent resistant infections
in technology-dependent children.

Introduction

Children require tracheostomies and long-term mechanical ventilation for a variety of primary pulmonary
and non-primary pulmonary diagnoses. Tracheostomies bypass the respiratory tract’s normal protective
barriers and can serve as a conduit for bacterial colonization and subsequent infection ' 2. Tracheostomies
are frequently colonized with bacteria which may increase the risk of respiratory tract infections including
tracheitis and pneumonia®®. Respiratory tract infections in tracheostomy and ventilator-dependent children
are a frequent cause of hospitalization, morbidity, and health care utilization®. Colonization and respiratory
tract infections from multidrug resistant organisms (MDROs) are a common complication in this patient
population. Lower respiratory tract infections caused by MDROs can be more difficult to treat and have
been associated with worse clinical outcomes including increased number of hospitalizations, increased length
of hospital stay, prolonged intensive care unit stays, and overall mortality “°.

There are no national guidelines available for treatment of respiratory tract infections in chronic ventilator-
dependent children® ¢, and there is also paucity of medical literature on this patient population. Most



studies in tracheostomy and ventilator-dependent children have been more descriptive in nature focusing on
occurrence rates of specific organisms and demographics. Broad spectrum empiric antibiotics and chronic
suppressive antibiotics are frequently used in this population and could lead to increased antibiotic resistance.
Understanding which patient factors are associated with respiratory MDROs could help guide clinical decision
making and antibiotic usage in this population.

Materials and Methods

We conducted a single-center retrospective study of 75 children from the tracheostomy and chronic ventilator-
dependent clinic at St. Louis Children’s Hospital. Participants were initially enrolled from clinic for the
purpose of prospectively following their clinical course with Washington University in St. Louis IRB approval,
IRB #201409115. A separate IRB submission was made for retrospective chart review for this specific study
and was considered exempt, IRB #202003084. The data obtained ranged from years 1999-2016 and were
logged into a RedCap database.

Data Collection

General demographic data including primary diagnosis, gender, race, housing location, number of people in
household, and ventilator use, were collected using a survey at time of enrollment as well as retrospective
chart review. Primary diagnoses were put into broader categories to simplify analysis. These categories
were: neuromuscular disease which included neurologic, cerebral palsy, secondary paralysis, myopathies,
and muscular dystrophies; congenital anomaly: airway anomaly, congenital cardiac defect; and control of
breathing: congenital central hypoventilation syndrome (CCHS), severe OSA, and rapid-onset obesity with
hypothalamic dysfunction, hypoventilation, and autonomic dysregulation (ROHHAD). We performed a chart
review on individual patient records to obtain data on tracheal aspirate cultures, hospitalizations, emergency
department (ED) visits, time spent at transitional rehab facility, and antibiotic usage. Participants were
categorized as either having a MDRO or never having MDRO on tracheal aspirate. Information on any
MDRO-positive tracheal aspirates were collected including date of culture, whether it was collected during
an illness, polymorphonuclear (PMN) leukocytes abundance, and species of organism. Some cultures were
obtained for routine surveillance, but most tracheal aspirates were obtained at physician’s discretion in
response to patient symptoms.

Definitions

MDROs were defined as isolates with acquired resistance to at least one agent from three or more different
classes of antimicrobials'®. Antibiotic usage was categorized into number of courses of inpatient, outpatient,
or chronic antibiotics (oral or inhaled) per year. Chronic antibiotics were defined as those used for >4 weeks
and were commonly prescribed the purpose of either prophylaxis of another comorbidity (like neurogenic
bladder) or suppression for tracheal colonization. Number of hospitalizations and ED visits per year were
separated into pulmonary or non-pulmonary by primary reason for visit or admission. Transitional reha-
bilitation facility was defined by temporary inpatient admission to a local rehabilitation and subacute care
hospital that facilitates transition from hospital care to home.

Statistical analysis

Descriptive and bivariate statistical analyses were used to determine MDRO incidence and to assess de-
mographic differences between participants with MDRO-positive cultures and those without a history of
cultured MDRO. To assess risk factors for MDRO positivity we used univariate mixed logistic regression to
compare clinical outcome variables that occurred one year prior to MDRO acquisition versus those without
MDRO. We used Wilcoxon rank sum test to make a paired comparison between pre-MDRO and post-MDRO
clinical variables. We also used Wilcoxon rank sum test to assess if having MDRO positivity increases the
risk of complications by comparing clinical outcomes after MDRO-positive cultures to those without a his-
tory of cultured MDRO. In secondary analysis, we excluded participants with MRSA and reanalyzed our
data using the same statistical tests. Data were analyzed by SAS®) (SAS Institute Inc., Cary, NC, USA)
9.4 version. A P -value < 0.05 was considered statistically significant. Missing data were excluded from the



analyses.

Results
Demographics

The analysis included 74 /75 patients which had at least one respiratory culture in their medical record. Demo-
graphic data are presented in Table 1 including comparison between children who ever had a MDRO-positive
culture and those who never had an MDRO recovered from culture throughout the study (MDRO-negative).
All the participants had tracheostomies and 69 (93%) of them were on chronic mechanical ventilation. Our
patient population was predominately female and Caucasian. They mostly come from rural, small town,
and suburban areas. The most common primary diagnosis was neuromuscular disease (n=45, 61%) which
included neurologic, cerebral palsy, secondary paralysis, myopathies, and muscular dystrophies. There was
no significant difference between the baseline demographics of the MDRO-positive and MDRO-negative
participants.

Microbiology of Respiratory Cultures

There was a total of 102 MDRO positive cultures from the 74 participants. We found 75.7% (56/74) of
our participants had an MDRO from a tracheal aspirate culture. Methicillin-resistant Staphylococcus aureus
(MRSA, n=36, 64%) and Pseudomonas aeruginosa (n=8, 14%) were the most common MDROs within our
population (Table 2). The median time until first MDRO after tracheostomy was 207 days and 270 days
from start of chronic ventilation. Abundant (>25 PMNs/LPF) PMNs (n=24, 43%) was the most common
PMN Gram stain quantification identified for MDRO cultures.

Risk factors for MDRO positivity

We compared MDRO-positive patients clinical risk factors one year prior to MDRO positivity to clinical risk
factors per year of those without a history of MDRO. One year prior to MDRO positivity those with MDRO-
positive cultures were more likely to have a greater number of non-pulmonary admissions per year [OR=1.99,
95% CI (1.21-3.29),P =0.008], more inpatient antibiotics use per year [OR=1.27, 95% CI (1.07-1.50), P
=0.006], and more IV and oral antibiotic courses both inpatient and outpatient per year (OR=1.26, 95% CI
(1.08-1.48), P =0.004] compared to MDRO-negative participants (Table 3). MDRO-positive patients also
had significantly more hospitalizations per year compared to those who are MDRO-negative [OR=2.01, 95%
CI (1.45-2.79) P < 0.001]. MDRO-positive participants were more likely to have received chronic antibiotics
(oral and inhaled) one year prior to MDRO positivity compared to those without MDRO [OR=2.31, 95% CI
(1.12-4.74),P =0.03] (Table 4). Though, no significant effect was found for type of chronic antibiotics, inhaled
versus oral, on MDRO positivity [OR=1.65, 95% CI (0.30-9.06), P =0.67]. Participants were divided into two
groups those who were never admitted to a transitional rehab facility and those who have been admitted to
transitional rehab facility. The relationship between those with and without a MDRO and previous admission
to transitional rehab facility was tested and we found that admission to a transitional rehab facility was not
associated with MDRO positivity [OR=2.33, 95% CI (0.24-22.7), P =0.36].

Clinical Complications following MDRO positivity

After initial MDRO positivity participants were not more likely to have increased number of hospitalizations,
ED visits, or antibiotics compared to those without MDRO (Table E1). Of the MDRO-positive patients,
we made a pair-wise comparison of risk factors before and after their first MDRO positivity (Table 5).
Participants had more non-pulmonary admissions (P =0.049) and inpatient antibiotics (P =0.03) prior to
having a MDRO compared to after MDRO positivity. MDRO-positive participants received more outpatient
antibiotics following MDRO positivity compared to prior to MDRO positivity (P =0.006).

Secondary Analysis with MRSA excluded

Since MRSA had such a high occurrence rate within our population, we reanalyzed our data without MRSA



included. Without MRSA, Gram-negative bacilli made up the majority of the MDROs. The most common
resistant organisms detected in tracheal aspirates excluding MRSA werePseudomonas aeruginosa (n=14,
26%) followed by Achromobacter xylosoxidans (n=13, 24%) and Klebsiella pneumoniae (n=9, 17%) (Table
E2). Overall, we had similar findings with and without MRSA included in our analysis. We again found that
those who were MDRO-positive were more likely to have a greater number of non-pulmonary admissions
per year [OR=2.17, 95% CI (1.11-4.22),P= 0.02], more inpatient antibiotics use per year [OR=1.38, 95%
CI (1.13-1.69), P= 0.002], and more IV and oral antibiotic courses per year compared to MDRO-negative
participants [OR=1.31, 95% CI (1.09-1.57), P= 0.004] (Table E3). In contrast to the analysis with MRSA
included, in our analysis without MRSA we found that participants who are MDRO-positive also had more
pulmonary admissions per year [OR=2.07, 95% CI (1.17-3.67), P= 0.01]. Using a pair-wise comparison
participants had more non-pulmonary admissions (P= 0.04) and inpatient antibiotics (P= 0.02) prior to
having a MDRO compared to after MDRO positivity (Table E4). Unlike in our full analysis we did not find
that participants receive more outpatient antibiotics following MDRO positivity (P= 0.20).

Discussion

Tracheostomy and ventilator-dependent children are frequently prescribed broad spectrum empiric antibiotics
for illnesses” 1% 12, Frequent and prolonged use of antibiotics is associated with emergence of antibiotic
resistance in numerous patient populations'®1®, but there is a paucity of data specific to tracheostomy and
ventilator-dependent children. Our study found that increased antibiotic usage and episodes of hospitalization
put these patients at risk of MDROs. Other studies have found respiratory tract MDROs increase the risk of
complications’ & % 16 but we did not find that our participants had more complications following MDRO
detection.

We had a higher rate of MDROs in our patient population compared to other studies of tracheostomy and
ventilation-dependent children'®. 76% of our participants had at least one respiratory tract culture with a
MDRO. Our participants were predominantly dependent on mechanical ventilation (93%) which could explain
the higher rate of MDROs in our group!® 1% ¥, MRSA was the most common MDRO within our patient
population with 49% of participants positive. This was consistent with a recent publication by McCaleb et
al. that found a similar rate of MRSA within their single center study of pediatric tracheostomy patients'®.
S. aureus and Pseudomonas aeruginosa are the most commonly cultured organisms from tracheostomies
of pediatric patients® % 18 19 Russell et al. found that tracheostomies in pediatric patients increase risk of
Gram-negative organisms such as P. aeruginosa but not S. aureus & . It is suspected that organisms found
in the normal flora of the respiratory tract, like S. aureus , are protective against lower respiratory tract
infections but organisms such as Pseudomonas disrupt the normal flora which can lead to more infections 2°.
Gram-negative organisms are clearly associated with an increased risk of lower respiratory tract infections,
but it is less clear if MRSA cultured from the airway represents colonization versus evidence of a lower
respiratory tract infection.

We found that frequent hospitalizations and antibiotic usage increased the risk of MDRO in the respiratory
tract of technology-dependent children. It has been shown that hospitalizations and prior antibiotic usage
were independent risk factors for lower respiratory tract MDROs in adults, but has not been well described
in children'®. We also found that both intermittent antibiotic usage and chronic antibiotics increased risk of
MDRO. We did not find that there was an independent effect from type of chronic antibiotic used, inhaled
or oral, on risk of MDRO positivity. The literature is unclear about emergence of antibiotic resistance
with inhaled antibiotics. Long term use of inhaled antibiotics in cystic fibrosis patients increases the mean
inhibitory concentration (MIC) over time but does not affect the clinical efficacy of antibiotic treatment?!-23.
Furthermore, inhaled antibiotics in cystic fibrosis have not been found to select for intrinsically resistant
organisms 2123, This differs from a review by Laska et al. which demonstrated that use of inhaled antibiotics
increased the risk of resistant organisms in patients with bronchiectasis?*. There remains little literature
describing emergence of antibiotic resistance with inhaled antibiotics in the pediatric tracheostomy and
ventilator-dependent population.



Our study did not find having an MDRO increased the risk of complications including number of hospita-
lizations, ED visits, or antibiotic usage compared to those without MDRO. This finding contrasts several
papers that found having resistant Gram-negative bacilli or Pseudomonas to be a risk factor for increased
length of stay, increased number of lower respiratory tract infections, and mortality® & % 16, In our analysis
without MRSA, Gram-negative bacilli were the most common type of resistant organism cultured. We did
not find an increased risk of complications following MDRO positivity with the exclusion of MRSA from our
analysis. We found that participants received more outpatient antibiotics after MDRO positivity compared
to prior to MDRO positivity using a pair-wise comparison of these groups. This increased use of antibiotics
could be evidence of more frequent respiratory tract infections following MDRO detection. It has been shown
that specific organisms such as P. aeruginosa , Enterobacteriaceae, or Acinetobacter baumannii in tracheal
cultures are associated with an increased number of lower respiratory tract infections 7 8. The increased use
of antibiotics seen following MDRO detection in our group may also represent physicians having a lower
threshold to treat with antibiotics when an MDRO is found. Even when an MDRO is cultured from the re-
spiratory tract it is hard to determine if the organism represents colonization or a true infection. One of the
challenges in treating tracheostomy-dependent children is defining true infection and treating appropriately.

There are several limitations to this study. Our study is a single center retrospective chart review, so the
data are less generalizable. This study is also limited by a relatively small sample size which may lead to
underpowered statistical analyses. There is considerable variability in care provided including when tracheal
aspirate cultures were obtained, when antibiotics were used, and thresholds for hospital admission. Data
were limited only to what could be accessed in our electronic health medical record. We aimed to maximize
the data collected for each patient by manually extracting data instead of using automated data collection
software.

Despite these limitations our study offers insight into a less-studied pediatric technology-dependent patient
population. Tracheostomy and ventilator-dependent children represent a group of patients with complex me-
dical needs and high health care utilization. Respiratory tract infections including tracheitis and pneumonia
are the most common cause of hospitalization within this population®®. There are no guidelines published for
treatment and management of respiratory tract infections in this patient population. Broad spectrum empiric
antibiotics are frequently used to treat respiratory tract infections in these children but could increase risk of
MDRO acquisition. Our study suggests that more antibiotic usage and hospitalizations may increase risk of
MDRO positivity. This specific group of patients could benefit from increased antibiotic stewardship focus
with a tailored antibiotic strategy. Additional studies are needed to help develop guidelines for treatment of
respiratory tract infections in tracheostomy and ventilator-dependent children with the goal of minimizing
the emergence of MDROs.
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