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Abstract

Tracheostomies are indicated in children to facilitate long‐term ventila-

tory support, aid in the management of secretions, or manage upper airway

obstruction. Children with tracheostomies often experience ongoing

airway complications, of which respiratory tract infections are common. They

subsequently receive frequent courses of broad‐spectrum antimicrobials for the

prevention or treatment of respiratory tract infections. However, there is little

consensus in practice with regard to the indication for treatment/prophylactic

antimicrobial use, choice of antimicrobial, route of administration, or duration of

treatment between different centers. Routine antibiotic use is associated with

adverse effects and an increased risk of antimicrobial resistance. Tracheal

cultures are commonly obtained from pediatric tracheostomy patients, with the

aim of helping guide antimicrobial therapy choice. However, a positive culture

alone is not diagnostic of infection and the role of routine surveillance cultures

remains contentious. Inhaled antimicrobial use is also widespread in the

management of tracheostomy‐associated infections; this is largely based on

the theoretical benefits of higher airway antibiotic concentrations. The role of

prophylactic inhaled antimicrobial use for tracheostomy‐associated infections

remains largely unproven. This systematic review summarizes the current

evidence base for antimicrobial selection, duration, and administration route in

pediatric tracheostomy‐associated infections. It also highlights significant

variation in practice between centers and the urgent need for further

prospective evidence to guide the management of these vulnerable patients.
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1 | INTRODUCTION

Pediatric tracheostomy is mainly performed in infancy to facilitate

long‐term ventilation or manage upper airway obstruction.1–4 Over

half of these children remain cannulated for life.5,6 However, length

of cannulation does vary by tracheostomy indication7 and decan-

nulation can be successful in selected patient groups.8–10 Pediatric

tracheostomy has been identified as an area requiring care quality

improvements.1,11–13 Most children with tracheostomies will

experience ongoing airway complications, of which respiratory tract

infections are the most common, accounting for over a fifth of

hospital readmissions in this group.2,11,14–16 Complications increase

the frequency of patients' hospital visits and healthcare costs; they

can also impair the quality of life of children and their

carers.4,6,14,17,18 A retrospective cohort study reporting healthcare

costs for 1122 children who underwent tracheostomy insertion in

England over a 5‐year period reported 1213 hospital admissions for

lower respiratory tract infections (LRTI) in the first year after

tracheostomy alone, costing £8,446,138 ($11,554,072).16 Children

with tracheostomies are frequently treated with broad‐spectrum

antimicrobials for the prevention or treatment of respiratory tract

infections. There is, however, little consensus in practice, with

variation in the indication for treatment/prophylaxis, choice of

antimicrobial, route of administration, and duration of treatment,

between different centers.19–21 Of course, the clinical complexity of

children requiring tracheostomies undoubtedly contributes to this

heterogeneity in practice; many children with tracheostomies have

comorbidities affecting multiple systems. Indeed, one study of

21,541 hospital admissions of children with tracheostomies in the

United States found children to have a mean of five chronic health

conditions.15 Further, 81% had a complex chronic condition lasting

at least 1 year, as defined by Feudtner et al.22; most commonly,

children had underlying neuromuscular (46%), congenital/genetic

(27%), or respiratory (20%) conditions.

The long‐term effect of antimicrobial exposure on microbial

communities and the presence of antimicrobial resistance genes

within them (their “resistome”) is not fully understood and remains

an active area of research.23,24 Nevertheless, repeated cycles of

broad‐spectrum antimicrobials increase the risk of drug‐resistant

organisms.25 The increasing prevalence of antimicrobial resistance is

a growing concern for the management of vulnerable patient

groups, and healthcare in general; the World Health Organization

even lists antimicrobial resistance as one of their top 10 threats to

humanity.26 Studies of children with tracheostomies frequently

demonstrate airway bacterial colonization, often with drug‐resistant

Pseudomonas aeruginosa and Methicillin‐resistant Staphylococcus

aureus.27 The microbiology and antimicrobial resistance patterns of

tracheostomy‐associated infections have been summarized in

recent reviews.19,21,28 This review aims to summarize the current

evidence for the use of antimicrobial therapies in the management

of tracheostomy‐dependent children and identify core areas of need

for further research.

2 | METHODS

The aim of this systematic review was to summarize and character-

ize existing literature addressing the use of antimicrobials in

pediatric patients with a tracheostomy. A comprehensive search

of PubMed (National Library of Medicine) and Embase (Elsevier)

online databases was undertaken on April 4, 2023, using the search

terms (“children” OR “pediatric” OR “infant” OR “adolescent”) AND

“tracheostomy” AND (“respiratory tract infection” OR “tracheitis”

OR “anti‐infective agents”). Search results were limited to English‐

language articles published in the last 20 years. Further articles were

obtained through their bibliographies. Inclusion criteria were full‐

text articles of any study design reporting the use of antimicrobial

agents in tracheostomy‐dependent children. Exclusion criteria were

conference abstracts without a full‐text available and literature

reviews without a meta‐analysis. We excluded studies with both

adult and pediatric participants, if pediatric‐specific subgroup data

were not available for analysis. The titles and abstracts were

assessed for eligibility by one independent reviewer, and full‐text

copies of all of the articles deemed potentially relevant were

retrieved. Two review authors then independently reviewed full‐

text articles. PRISMA guidelines were adhered to.29

3 | RESULTS

3.1 | Study selection

Our initial search of the literature yielded a total of 454 results.

Removal of duplicate articles, title, and abstract screening excluded

435 articles. The full texts of the remaining 19 articles were screened

and 9 articles were selected for inclusion in this review. A further

three articles were sourced from bibliography searches. In total,

12 articles were selected for inclusion in this review; the search

strategy is summarized in Figure 1.

3.2 | Study characteristics

All of the included articles were published between 2010 and 2022.

The majority of studies were conducted in the United States (75%;

n = 9). The remaining three studies (25%) were conducted in Turkey,

Taiwan, and Canada. All were observational, retrospective cohort

studies; there was no randomized controlled trial evidence published

on this topic.

3.3 | Systemic (intravenous or enteral) antibiotics

Six retrospective cohort studies looked at the use of systemic

antimicrobials; these are summarized inTable 1. Of these studies, one

covered initiation of antimicrobials in outpatient clinics,32 four looked
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at choice of inpatient antimicrobials,30,31,33,34 and one assessed the

impact of duration of antimicrobial therapy for airway infections.20

Majmudar et al. compared antimicrobial prescription (enteral or

inhaled) versus increased airway clearance therapies (chest physio-

therapy and the use of nebulizers to assist coughing) alone for the

management of LRTI in tracheostomy‐dependent children. In their

retrospective cohort of 283 episodes of LRTI in 82 children, they

found that conservative management with airway clearance alone did

not result in significantly more hospitalizations within 28 days of

treatment, compared to those who received an antimicrobial:

adjusted odds ratio (OR) 1.47 (95% confidence interval [CI]:

0.75–2.86); p = .26.32 However, clinician choice of whether to initiate

antimicrobials or airway clearance was likely based upon a clinical

assessment of LRTI severity with no form of randomization, biasing

the study results. In part, this may reflect the difficulties clinicians

have in differentiating bacterial and nonbacterial LRTI leading to

excessive antimicrobial prescribing. This challenge is highlighted by a

retrospective cohort study of 90 patients who received a tracheos-

tomy over a 14‐year period.35 During this time, there were 137

hospital admissions with LRTIs affecting 46.7% (n = 42) of the cohort,

of which over a third were treated with antimicrobials despite only

8.5% being defined as definite bacterial pneumonia. In this study,

definite bacterial pneumonia was defined as a fever plus one or more

of the following signs/symptoms: (i) new onset of purulent sputum or

change in character of sputum, or increased respiratory secretions, or

increased suctioning requirements; (ii) new onset or worsening

cough, or dyspnea, or tachypnoea; (iii) rales or bronchial breath

sounds; (iv) worsening gas exchange.

Anti‐pseudomonal antimicrobials were the predominant choice

for the treatment of tracheostomy‐associated airway infections in the

available literature. A retrospective review of 76 episodes of

ventilator‐associated tracheobronchitis in 60 children reported that

F IGURE 1 PRISMA flow diagram of identification of studies via databases.26 [Color figure can be viewed at wileyonlinelibrary.com]
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enteral fluoroquinolones effectively treated the majority of infections

(65/76, 86%).30 Interestingly, two large retrospective cohort studies

using the Pediatric Health Information System database in the United

States between 2007 and 2014 reported that the use of empirical

anti‐pseudomonal antibiotics on an individual level, or higher use on a

hospital level was associated with longer hospital admissions, but not

30‐day readmission rate.31,33 However, the longer length of hospital

admissions observed here may have been attributable to infection

severity, antimicrobial resistance limiting enteral treatment options,

difficulty obtaining home intravenous antimicrobial therapy, hesi-

tance to transition from the intravenous to enteral route, or other

unmeasured confounders.31

Only one study investigated the optimal duration of antimicrobial

therapy in tracheostomy‐dependent children. In their retrospective

cohort study of 118 children diagnosed with ventilator‐associated

tracheobronchitis, fewer patients who received short courses of

antimicrobials (<6 days) developed a hospital or ventilator‐acquired

pneumonia within 10 days of completing antimicrobials. Additionally,

prolonged courses of antimicrobials did significantly increase the risk

of multidrug‐resistant organisms being identified in patients' subse-

quent cultures.20

3.4 | Topical (inhaled) antibiotics

Three retrospective cohort studies evaluated the use of nebulized

antimicrobials in pediatric tracheostomy patients.36–38 Of these

studies, one assessed the use of prophylactic nebulized antimicro-

bials,37 one nebulized antimicrobials in the context of LRTIs36 and

one reported possible safety concerns regarding the ongoing use of

nebulized tobramycin in pediatric tracheostomy patients.38

A small retrospective cohort study of 22 tracheostomised

children looked at the use of nebulized antimicrobials to manage

persistent bacterial lower airway colonization following LRTI,

according to the results of the tracheal aspirate cultures.36 There

was no control group or standard antimicrobial regimen: 14 received

gentamicin and 8 received colistin, median antibiotic duration was

3.5 months. Nebulized antimicrobials reduced median bacterial

colony count at the 12th month after the start of the nebulized

antimicrobials (105 colony‐forming unit [CFU]/mL vs. 104 CFU/mL;

p = .02). The median number of hospitalizations following treatment

with nebulized antimicrobials decreased from 2 (range 1–3.5) to 1

(range 0–1.5) (p = .04). Additionally, the duration of intensive care

admissions reduced significantly from 89.5 days (range 43–82.5

days) to 25 days (range 7.75–62.75 days) after starting nebulized

antimicrobials (p = .028). Gentamicin resistance was noted during

treatment in almost a third of patients (n = 6).

Prophylactic inhaled antimicrobials have also shown some

promise in a small retrospective case series of six tracheostomised

children, which trialed the use of either inhaled colomycin or

tobramycin for a median of 74 days (range 22–173 days).37 Although

they reported a reduction in median days of systemic antimicrobial

use (18 vs. 2 days) and episodes of LRTI (2 vs 1 episode) in the

3‐month pretreatment versus 3‐month posttreatment, neither

finding was statistically significant.

Inhaled antimicrobials appear to have a good safety profile;

however, Hughes et al. did highlight the need for caution in using

inhaled tobramycin in pediatric patients with concomitant renal

disease.38 In their retrospective cohort of 12 tracheostomy‐

dependent pediatric patients, 11 had undetectable trough concen-

trations (defined as <0.6 mcg/mL), whilst one patient with known

polycystic kidney disease had a steady‐state trough concentration of

2.1mcg/mL after only 5 doses of inhaled tobramycin.

3.5 | Culture‐guided antibiotics

Three retrospective cohort studies investigated the use of antibiotics

in the context of tracheal aspirate cultures.

Two studies aimed to establish the usefulness of endotracheal

aspirate cultures in guiding the choice of antimicrobial therapy. Prinzi

et al. looked at the association between over‐reporting of such

cultures in tracheostomised pediatric patients and its subsequent

effect on antimicrobial prescribing.39 Over‐reporting was defined

according to the American Society of Microbiology guidelines as

reporting organisms not known to be respiratory pathogens. During

the 1‐year study period, 826 endotracheal aspirate cultures were

collected from 448 children. From these cultures, 310 isolates were

identified in tracheostomised children. Of these, 25 (8%) organisms

were over‐reported, resulting in 48 days of excess antimicrobial

therapy. Cline et al. aimed to assess the utility of surveillance cultures

(routine tracheal aspirate cultures) in children with tracheostomies in

guiding antimicrobial selection for subsequent LRTIs.40 The study

concluded that due to the dynamic nature of the tracheal microbiome

on serial cultures, historical cultures are of little value to dictate

antimicrobial choice in subsequent infections. Indeed, they report

that in over half of the cases (n = 36), limiting empirical antimicrobials

to a previous culture result would not cover organisms isolated on

subsequent cultures.

Yalamanchi et al. explored whether microscopic purulence, which

is the quantitative assessment of neutrophils, in positive tracheal

aspirate cultures could be used to predict subsequent antimicrobial

use in a single‐center retrospective review.41 In their study cohort of

231 children admitted to intensive care units (81 tracheostomised),

there were 361 positive tracheal aspirate cultures, of which a fifth

(22%, n = 81) were treated with antibiotics. Using multivariate logistic

regression, they showed microscopic purulence as an independent

predictor of antimicrobial use, alongside pyrexia and respiratory

failure. However, microscopic purulence was not associated with

clinical symptoms of infection (hypotension, fever, or increased

respiratory support). It should also be noted that this regression

model aimed to predict current antibiotic prescribing practices rather

than a “gold‐standard” benchmark of confirmed bacterial infections.

As such, it may represent a useful metric in aiding the decision to

initiate antimicrobial therapy, but only in the clinical context of

suspected infection.
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4 | DISCUSSION

This systematic review summarizes the current evidence base for the

use of antimicrobials in tracheostomy‐dependent pediatric patients.

All 12 studies identified were retrospective cohort studies. These

highlight four core themes that should be the topic of future

research: (i) route of antimicrobial administration (systemic vs.

topical); (ii) the role of cultures in guiding antimicrobial use; (iii)

timing of antimicrobial use (reactive vs. prophylactic); and (iv) clinical

decision aids to help determine which patients would benefit from

antimicrobial therapy. All of these would help clinicians optimize

management for these children, reducing the need for escalation of

care and improving antimicrobial stewardship. There is an urgent

need for prospective, randomized controlled trial evidence to address

these issues and guide the management of this vulnerable patient

group.

Systemic antimicrobials are in routine use for tracheostomy‐

associated infections, with empirical treatment often aiming to

cover Pseudomonas and Staphylococcus as common causative

organisms. Although anti‐pseudomonal antimicrobial usage has

been associated with increased hospital admission duration both

on an individual level33 and hospital level,31 this likely reflects other

clinical confounders such as their use in severe infections. The

relationship between longer hospital admissions and hospital‐level

prescribing rates may also represent poorer antimicrobial steward-

ship leading to increased antimicrobial resistance.

Inhaled antimicrobial use is also widespread in the management

of tracheostomy‐associated infections; this is largely based on

theoretical benefits, such as higher tracheal antibiotic concentra-

tions and reduced side effects. As well as the extrapolation of

evidence from the management of adult ventilator‐associated

pneumonia,42 cystic fibrosis,43 and non‐cystic fibrosis bronchi-

ectasis.44 Clearly, none of these populations represent children with

tracheostomy‐associated infections well due to differences in both

pathology and between children and adults, including physiology,

anatomy, and risk factor exposure profiles (such as smoking).

Although nebulized antimicrobials have been used in the treatment

of respiratory illness for over 70 years,45 further studies are needed

to evaluate and compare alternate antimicrobial use in children with

tracheostomies.29

Prophylactic inhaled antimicrobials are often used in clinical

practice; however, there is little international consensus on their

use in children with tracheostomies. To the best of our

knowledge, the only guidelines endorsing their use in this patient

cohort are by the Brazilian Society of Paediatrics, specifically in

the post‐tracheostomy period.46 Prophylactic antimicrobials have

also been investigated in the context of recurrent LRTI37,47 and

persistent bacterial colonization after LRTI.36 Indeed, the most

recent British Thoracic Society guidelines support the use of both

enteral and inhaled antibiotics to reduce infection frequency in

individuals with learning disabilities suffering from recurrent

community‐acquired pneumonia.48 Although early evidence on

prophylactic inhaled antibiotic use is promising, it is very weak,

limited to two small retrospective cohort studies.37,47 One of

these studies was a retrospective case series of six tracheosto-

mised children, which reported a reduction in antimicrobial use

and episodes of LRTI; however, neither finding was statistically

significant. The second study was excluded from our analysis as it

included a mixed cohort of (11 tracheostomised and 9 non‐

tracheostomised) children and adults (age range 0–37 years).

Subgroup analysis of the mixed adult and pediatric tracheosto-

mised patients indicated that inhaled antibiotics resulted in a

significant reduction in respiratory tract infection, systemic

antibiotic use and importantly hospitalizations. Given the already

troubling prevalence of multidrug‐resistant organisms in this

population,27 randomized controlled trial evidence is needed to

ensure this common practice is actually beneficial and not

detrimental to patients' health.

Tracheal cultures are commonly obtained from pediatric

tracheostomy patients, with the aim of guiding subsequent

antimicrobial therapy. However, a positive culture alone is not

diagnostic of infection. Positive cultures may represent normal

respiratory organisms or colonization of the respiratory tract,

which is common after tracheostomy. Yalamanchi et al. highlight

this challenge of knowing which culture results to act upon,

reinforcing the need to interpret culture results as part of a wider

clinical assessment.41 Whilst Prinzi et al. demonstrated the

potential harms of over‐reporting aspirate cultures, which can

lead to unnecessary antimicrobial exposure.39 Further, Cline et al.

demonstrate the danger of utilizing historical culture results to

guide current treatment, which they estimate would only be

effective in half of cases.40 The increasing uptake of next‐

generation sequencing techniques, which are currently mainly

limited to the research environment, may offer hope for the

future. Comprehensive profiling of microbial communities will

help us better understand the dynamic interplay between the

tracheal microbiome and host–immune system.49,50 In turn,

improved understanding of what factors predispose individuals

to microbial dysfunction and subsequent infection could provide

alternatives to antimicrobial therapy to break the cycle of

recurrent infections.28

The data summarized here have four main overriding

limitations. First, the populations studied were heterogeneous

in terms of design, intervention, and outcome measures, limiting

their generalizability. Second, there was no standardized defini-

tion of tracheostomy‐associated respiratory infections across

different studies, which often just reported clinical diagnoses,

limiting their comparability. Features of interest when comparing

datasets include the presence of positive tracheal aspirate

cultures, radiographic changes, changes in gas exchange, and

other clinical features (such as cough, sputum production, and

pyrexia). Attention should be paid to infection definition when

designing future studies to support the interpretability of their

results and subsequent meta‐analysis. Third, the small sample size

of these studies precludes subgroup analysis, compounding

the first two issues. Finally, all studies in our systematic review
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are retrospective cohort studies, which by design provide low‐

level evidence for the efficacy of antimicrobial interventions. It is

worth noting that only 12 studies met our inclusion criteria,

highlighting the paucity of research on this topic. Prospective,

randomized, controlled studies are needed to guide clinical

decision‐making for this vulnerable patient cohort.

5 | CONCLUSIONS

Children with tracheostomies are at high risk of respiratory tract

infections and are routinely treated with broad‐spectrum antimicro-

bials. Most evidence for antimicrobial use for these patients comes

from retrospective cohort studies; there is no randomized controlled

trial evidence to date. The studies included in our review highlight the

significant variation in antimicrobial usage between centers, including

antimicrobial selection, duration, and administration route. There is

an urgent need for future research to help rationalize antibiotic usage

for this vulnerable patient cohort.
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