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Abstract: Over recent years, advances in medical care have significantly improved the survival of
children with severe chronic conditions. These children, referred to as children with medical
complexity (CMC), present unique and demanding healthcare challenges. Although definitions of
CMC remain inconsistent, these patients are typically characterized by chronic, often severe
conditions requiring daily specialized treatments and the use of various medical devices. CMC
represent a substantial burden for healthcare systems due to their high medical costs and place
considerable strain on caregivers, who must provide continuous assistance. Airway colonization by
pathogens such as Pseudomonas aeruginosa, methicillin-resistant Staphylococcus aureus (MRSA), and
Haemophilus influenzae is common in CMC and contributes to recurrent respiratory infections,
increased hospitalizations, and progressive lung damage. The management of airway colonization
in this population is a topic of ongoing debate, often involving a combination of airway clearance
techniques (ACT) and antibiotic therapies. Antibiotics may be administered systemically, nebulized,
or in combination, depending on the clinical context and severity of the condition. This review
highlights the complexities of managing airway colonization in CMC, emphasizing the need for
tailored therapeutic approaches to mitigate respiratory complications and improve outcomes.

Keywords: airway clearance therapy; airway colonization; antibiotics; medical complexity;
respiratory infections

1. Introduction

Over the last decades, advances in science, technology, and neonatal and pediatric intensive care
have dramatically improved the survival rates of children with congenital diseases, those in critical
conditions following acute events, oncological diseases, or extreme prematurity [1,2]. Among these,
children with pronounced healthcare utilization, functional limitations, and significant family needs
are categorized as children with medical complexity (CMC) [1-5]. These children often endure severe,
lifelong, and incurable health conditions. While some of their health challenges are inherently
complex due to rarity and pathophysiology, others result from clinical interactions of multiple
conditions, which impact their health status and quality of life. Managing these complications is
particularly challenging due to the need for extensive coordination across multiple providers [6].

CMC typically require care from multidisciplinary teams that include pediatricians,
pulmonologists, neurologists, gastroenterologists, nutritionists, respiratory physiotherapists, and
specialized nurses managing devices such as tracheostomies and gastrostomies [8,9]. Though
accounting for less than 1% of the pediatric population, CMC represent a disproportionate social and
economic burden, contributing to 33% of pediatric healthcare expenditures, 37% of hospitalizations,
and nearly 60% of hospital costs [7].

A comprehensive understanding and identification of CMC is essential to optimize care and
support for patients and families [8]. The most widely accepted definition of CMC, introduced by
Cohen in 2011, identifies four domains: diagnostic conditions, functional limitations, family needs,
and increased healthcare utilization [7,9]. However, this definition lacks detailed operationalization

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202412.0666.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2024 d0i:10.20944/preprints202412.0666.v1

of these domains. More recent frameworks, including the Pediatric Medical Complexity Algorithm
(PMCA) and a Delphi consensus study, have attempted to standardize these criteria and provide
robust classification systems (Supplementary Material 1) [3,10-23].

Airway colonization, a critical concern for CMC, has received limited attention despite its
association with recurrent respiratory infections, progressive lung damage, and the development of
multidrug-resistant organisms. This narrative review explores the prevalence, risk factors, and
therapeutic strategies for airway colonization in this vulnerable population, highlighting priorities
for future researches. By consolidating knowledge in this topic, this work intends to inform clinicians
and researchers about the respiratory challenges faced by CMC and guide future research and
therapeutic approaches.

2. Methods

This narrative review was conducted by systematically searching peer-reviewed literature in
major medical databases, including PubMed, Scopus, and Web of Science, using the following
keywords: “children with medical complexity,” “
“tracheostomy,” and “multidrug-resistant organisms.” Relevant studies published in English from
2000 to 2024 were considered. Additionally, key references within the identified articles were
screened for inclusion. Articles were selected based on their relevance to the objectives of this review,
focusing on epidemiological data, clinical management, and therapeutic interventions related to
airway colonization in CMC.

Zany

airway colonization,” “respiratory infections,”

3. Respiratory System in Children with Medical Complexity (CMC)

The respiratory system is frequently affected in CMC, often leading to recurrent respiratory
infections and airway colonization by resistant pathogens [4,19]. Several factors contribute to these
challenges. For instance, the weakness of respiratory muscles, commonly observed in children with
cerebral palsy or neuromuscular diseases, reduces the effectiveness of breathing, leading to
hypoventilation and difficulties in clearing mucus from the airways. Chronic hypoventilation and
mucus retention can result in hypercapnia due to carbon dioxide (CO2) retention, reduced vital
capacity, chronic atelectasis, and recurrent pulmonary infections. Impaired cough reflexes and
immobility, which are often observed in this population, further contribute to mucus persistence and
subsequent colonization by pathogenic strains.

Chronic bed rest and hypomobility, typical among CMC, contribute to musculoskeletal
complications, such as scoliosis. These deformities reduce lung capacity and impair ventilation,
particularly affecting the lower parts of the lungs, where mucus stagnation and bacterial proliferation
are facilitated [24]. Over time, these changes frequently lead to restrictive lung disease and
progression to respiratory failure in many patients.

Comprehensive respiratory assessment is crucial for the effective management of these patients
[1,2]. Such assessment should include clinical examination, measurement of oxygen saturation and
end-tidal CO2, regular testing of airway pathogens (using swabs or aspirates), lung function tests,
and peak cough flow (PCF) measurements when feasible. Furthermore, as many CMC are affected
by neurologic, musculoskeletal, and craniofacial abnormalities, polysomnography is often necessary
to detect sleep-disordered breathing, such as hypoventilation or central and obstructive apneas
[25,26]. These findings can guide the initiation of non-invasive ventilation.

Physiotherapists experienced in airway clearance techniques play a vital role in managing
respiratory secretions [27]. Their support is essential to reduce infections, improve ventilation, and
enhance the quality of life for these children. A multidisciplinary approach that addresses the specific
respiratory challenges of CMC is indispensable for improving outcomes in this vulnerable
population.
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4. Pulmonary Aspiration

Children with developmental disorders frequently experience dysphagia, characterized by
incoordination between swallowing and breathing, and often lack the protective cough reflex needed
to prevent food or liquid from entering the larynx or subglottic space [28]. This condition significantly
increases the risk of pulmonary aspiration [29]. Aspiration may be evident during meals, presenting
as respiratory distress, or it can occur silently. Typical clinical signs include wet voice, wet-sounding
breathing, stridor, gagging, tachypnea, or apnea episodes during feeding. In the absence of overt
coughing while eating or drinking, additional findings such as persistent chest rattling, intermittent
fever, failure to thrive, and recurrent respiratory infections may indicate aspiration. These symptoms
warrant evaluation by a speech and language pathologist to assess swallowing function. The gold
standard for diagnosing aspiration remains the video fluoroscopic swallow study (VESS) or fibreoptic
endoscopic evaluation of swallowing (FEES) [30]. Both techniques offer critical insights into
swallowing mechanics and the risk of aspiration.

Another common cause of pulmonary aspiration in children with CMC is gastroesophageal
reflux, often associated with gastrointestinal dysmotility in this population [31].

Conservative management strategies for aspiration include the use of food thickeners, specific
positioning techniques, and specialized feeding tools [32]. For children with severe dysphagia, poor
nutritional status, or frequent respiratory infections, gastrostomy may be necessary [32]. Optimal
treatment decisions require an open and collaborative dialogue with the family, carefully weighing
the benefits and risks to achieve the best possible outcome for the child. Tailored interventions and
ongoing multidisciplinary support are key to managing aspiration effectively and mitigating its
impact on respiratory health.

5. Airway Colonization in Children with Medical Complexity (CMC)

In CMC, epidemiological data on airway colonization are limited. Frequent use of antimicrobial
agents, mucus retention, and chronic inflammation predispose these children to alterations in airway
microbiota, allowing persistent colonization by certain bacterial species, which may exacerbate
disease severity [33]. Additionally, life-saving devices like tracheostomy, gastrostomy, and
mechanical ventilators significantly increase the risk of contamination and colonization with resistant
pathogens. The most commonly implicated organisms are Pseudomonas aeruginosa and Staphylococcus
aureus, including methicillin-resistant Staphylococcus aureus (MRSA) [34]. Figure 1 highlights factors
that contribute to respiratory infection and colonization in CMC.
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Figure 1. Interacting factors contributing to respiratory infections and airway colonization of children
with medical complexities (CMC).

5.1. Children with Tracheostomy

Tracheostomy is a life-saving intervention [35] performed in children with multiple chronic
conditions requiring complex and ongoing medical care [36,37]. Over the last five decades, the
indications for pediatric tracheostomy have shifted significantly. Historically, severe upper airway
infections, such as diphtheria, croup, and epiglottitis, were leading causes of tracheostomy. Today,
chronic respiratory failure in young children has become the primary indication [38,39]. A
multicenter epidemiological study conducted in Spain (2008-2009) involving 249 pediatric patients
identified prolonged ventilation as the most common indication (62.6%), followed by acquired
subglottic stenosis (13.6%), congenital or acquired craniofacial anomalies (10%), and congenital
airway anomalies (9.6%). Most of these patients had underlying neurological or respiratory chronic
diseases [40].

Infection remains the most common complication associated with tracheostomy [41]. Under
normal circumstances, the trachea has physiological defense mechanisms, including mucus
production, ciliary function, and immunoglobulin secretion, that maintain a balanced microbial
environment. However, alterations in the tracheal epithelium disrupt these defenses, leading to
changes in mucus production, impaired ciliary movement, and reduced secretion of
immunoglobulins [42]. Tracheostomy bypasses natural protective barriers, such as the nose and
mouth, creating a direct conduit for external pathogens into the lower airways [43]. These anatomical
changes increase the risk of colonization and infection by various microorganisms, a finding
supported by the frequent detection of pathogenic microorganisms in the airways of children with
tracheostomy [43].

Proper hygiene, regular site care, and routine surveillance are essential to minimize infection
risks in these children [44]. Pathogen detection is typically performed through endotracheal aspirates,
which have comparable sensitivity to bronchoalveolar lavage for identifying Pseudomonas aeruginosa
and Staphylococcus aureus [45]. A quantitative microbial analysis of 2106 CFU/ml indicates significant
colonization, with a specificity of 90% and sensitivity of 50% [46]. Despite these diagnostic advances,
data on bacterial colonization in tracheostomized children remain limited [47,48].

Tracheostomy tubes may be colonized by endogenous bacteria from the patient’s oral microbiota
or by exogenous bacteria introduced from the environment [49]. Even with meticulous care, most
children with tracheostomies become colonized with potentially pathogenic bacteria [50,51]. Bacterial
biofilms, consisting of live bacteria embedded in a protective matrix, are frequently observed on the
internal surfaces of tracheostomy tubes. These biofilms pose significant challenges, as they decrease
antibiotic efficacy, slow bacterial growth, and block phagocytic activity [52,53].

Studies indicate that Staphylococcus aureus and Pseudomonas aeruginosa are the most common
pathogens in tracheostomized children [45,47,48]. Ventilated patients, particularly those hospitalized
for extended periods in intensive care units, show a higher prevalence of multidrug-resistant
organisms like MRSA due to frequent antibiotic use [54,55]. Pseudomonas aeruginosa colonization is
more prevalent in endotracheally ventilated patients, whereas Staphylococcus aureus is more common
in tracheostomized individuals [49].

In addition to these pathogens, Klebsiella pneumoniae, Escherichia coli, and Acinetobacter baumannii
are often acquired during rehabilitation after discharge from intensive care [56]. Resistance patterns
are concerning; for example, Pseudomonas aeruginosa shows high resistance to carbapenems, while
Staphylococcus aureus frequently resists to methicillin and fluoroquinolones [56,57]. Other less
prevalent bacteria include Stenotrophomonas maltophila, Serratia marcescens, and Citrobacter freundii,
which show varying degrees of susceptibility to tested antibiotics [58-60].

The persistent colonization of the airways by Pseudomonas aeruginosa is not consistently
associated with increased respiratory infections, making the treatment of asymptomatic colonization
a debated topic [61,62]. However, a retrospective cohort study demonstrated that pre-tracheostomy
colonization with Pseudomonas aeruginosa is associated with chronic colonization in the following two
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years, suggesting that early eradication might be beneficial [63]. Similarly, targeted nebulized
antibiotic therapy after systemic antibiotics has been shown to reduce hospitalizations and intensive
care unit stays in children with persistent bacterial colonization and respiratory exacerbations [64].
However, the precise relationship between colonization and exacerbations remains unclear [65-67].

When treating tracheostomized children with symptoms of respiratory infection, empirical
antibiotic therapy should target Pseudomonas aeruginosa and Staphylococcus aureus, with MRSA
considered based on the duration of tracheostomy and local prevalence rates [47]. Antibiotic selection
should also account for pathogens identified in tracheal cultures within the preceding 7-30 days [68].
However, studies suggest that bacteria isolated during acute exacerbations often differ from those
identified in previous aspirates, indicating a dynamic interaction between colonization and infection
triggers [43]. This evolving understanding underscores the need for individualized and evidence-
based management strategies to address the challenges of airway colonization and infection in
tracheostomized children.

5.2. Children with Severe Neurological Impairment

Patients with complex neurological disabilities frequently experience respiratory complications,
which are significant contributors to morbidity and mortality in this population [69,70]. Among these
patients, individuals with cerebral disorders are particularly prone to recurrent aspiration of saliva,
solids, and liquids. Dysphagia is a common issue, arising from oromotor dysfunctions, anatomical
abnormalities, abnormal neurological development, or esophageal motility disorders. This condition
is often exacerbated by the high prevalence of gastroesophageal reflux disease in this population [71].

A survey of 1,357 children from the Northern Ireland Cerebral Palsy Register (1992-2009)
reported that 43% of children with cerebral palsy experienced dysphagia to some extent [72]. While
the exact prevalence of pulmonary aspiration in cerebral palsy is unknown, aspiration pneumonia is
a frequent cause of hospitalization. Repeated inhalation events impair mucociliary clearance, leading
to recurrent lower airway infections, chronic inflammation, and long-term damage such as
bronchiectasis, atelectasis, and fibrosis [73]. Consequently, pneumonia is a leading cause of hospital
admissions, intensive care utilization, and death in this population [74].

The severity of respiratory complications often depends on the extent of the neurological
impairment. Bulbar dysfunction, common in these patients, limits the ability to maintain glottal
patency and produce an effective cough. This impairment is compounded by diminished sensory
responses and altered irritant receptor sensitivity. Additionally, many children have kyphoscoliosis
or other thoracic cage deformities, which contribute to restrictive lung disease and increased
respiratory effort [25].

These factors collectively result in significant respiratory impairment, as illustrated by a U.S.
study of severely disabled children, which found that pneumonia accounted for 77% of deaths in this
population [70].

A prospective pediatric study conducted in the UK (1999-2005) investigated airway bacterial
flora in ventilated children with cerebral palsy admitted to intensive care. Among 53 children
studied, 47 (89%) had abnormal bacterial flora, most commonly Pseudomonas aeruginosa and Klebsiella
spp., with 47% of isolates being resistant bacteria. The rate of airway colonization by gram-negative
anaerobic bacteria was nearly double in children with cerebral palsy (89%) compared to healthy
pediatric patients (55%) [75].

Neurological impairments may influence bacterial colonization by altering airway receptor
dynamics. Under normal conditions, a fibronectin layer protects receptors in the upper airways. In
patients with long-term neurological illness, chronic inflammation triggers the production of
elastases, which degrade the fibronectin barrier, exposing receptors that favor the adherence of gram-
negative bacteria [76,77]. In pediatric patients with severe neurological impairment, pathogens such
as Pseudomonas aeruginosa, Staphylococcus aureus, and Enterobacteriaceae play critical roles in
pneumonia development [78]. Children with cerebral palsy colonized by gram-negative bacteria or
Pseudomonas aeruginosa are at higher risk of admission to pediatric intensive care units, prolonged
hospital stays, and intubations [79]. A large prospective study of children with community-acquired
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pneumonia showed that those with neurological impairment were older (median 4.2 years) than
children with non-neurological underlying conditions (median 2.7 years) or no underlying conditions
(median 1.8 years). Children with neurological disorders were significantly less likely to have
detectable respiratory pathogens (69.4%) compared to those with non-neurological underlying
conditions (84.4%) or no underlying conditions (81.4%). Among viruses, respiratory syncytial virus,
adenovirus, and rhinovirus were less frequently detected in children with neurological impairments.
While bacterial detection rates were similar across groups, Streptococcus pneumoniae was significantly
more prevalent in children without underlying conditions (5.1%) compared to those with
neurological impairments (1.9%) or non-neurological conditions (2.1%) [80].

Children with severe neurological impairment often experience respiratory complications,
which significantly contribute to morbidity and mortality [69,70]. Dysphagia, aspiration of saliva,
and gastroesophageal reflux disease are prevalent, leading to recurrent respiratory infections and
long-term lung damage, including bronchiectasis and fibrosis [71-73]. Pneumonia is among the most
common causes of hospitalization and death in this population [74]. A prospective study revealed
higher rates of airway colonization with resistant gram-negative bacteria in children with cerebral
palsy compared to healthy peers [67]. Chronic inflammation and impaired mucosal defenses further
predispose these patients to colonization by organisms like Pseudomonas aeruginosa and Klebsiella
spp. [68-70]. These pathogens are strongly associated with increased admissions to pediatric
intensive care units and prolonged hospital stays [71].

These findings underscore the unique respiratory challenges faced by patients with complex
neurological disabilities, highlighting the need for tailored management strategies to address
aspiration, infections, and long-term respiratory health.

5.3. Patients with Neuromuscular Disease

Respiratory insufficiency in patients with neuromuscular diseases is typically progressive and
influenced by the underlying condition [81,82]. These diseases often manifest initially as low tidal
volume breathing and sleep-related hypoventilation, exacerbated by upper airway hypotonia that
leads to obstruction. The cough reflex is frequently weakened or absent, further impairing airway
clearance. Effective coughing requires a deep inhalation, temporary glottal closure to increase
intrathoracic pressure, and a forceful glottic opening coordinated with abdominal contraction to
expel air. Peak cough flow (PCF), measured using a peak flow meter, is a critical indicator of cough
strength. In children over 12 years of age, a PCF <270 L/min indicates a weak cough, while values
<160 L/min are associated with an increased risk of severe respiratory infections and hospital
admissions [83]. For non-collaborative patients, impaired airway clearance is diagnosed based on
caregiver and provider observations of chronic productive cough and recurrent pneumonias.
Children with compromised inspiratory or expiratory muscles commonly exhibit reduced PCF,
worsening their ability to clear secretions [82].

Mucociliary clearance is often impaired due to low tidal volumes during breathing, leading to
chronic retention of airway secretions. This stagnation can alter the pulmonary microbiome in
patients with neuromuscular diseases, even in the absence of primary lung disease, thereby
increasing the risk of respiratory infections and chronic inflammation [84]. A retrospective study by
Stehling et al. demonstrated that declining cough strength and lung volume predisposed patients
with neuromuscular diseases to upper airway colonization [85]. Among 77 children studied, none
exhibited symptoms of airway infection or were receiving antibiotics, yet 51% (39/77) harbored
potentially pathogenic organisms. The most commonly identified microorganism was Candida
albicans, followed by Staphylococcus aureus and gram-negative bacteria. Colonized patients showed
significant reductions in both forced vital capacity (FVC) and PCF. Additionally, the use of non-
invasive ventilation (NIV) or mechanical assisted cough was strongly associated with upper airway
colonization. Patients colonized by Staphylococcus aureus and gram-negative bacteria exhibited
significantly lower lung volumes and more frequent use of NIV or mechanical assisted cough
compared to those colonized by other pathogens [85]. In another study, of 128 samples from patients
with neuromuscular diseases, 19 (15%) tested positive for Pseudomonas aeruginosa, with a higher
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prevalence in patients with tracheostomies [86]. Although no significant relationship was observed
between the type of antibiotic and clinical outcomes, epidemiological data suggest that pathogen-
specific antibiotics, particularly targeting Pseudomonas aeruginosa, may lead to faster clinical
improvement [86]. A small retrospective study of 15 pediatric patients with neuromuscular diseases
(n=5 Duchenne muscular dystrophy, n=6 amyotrophic lateral sclerosis, n=2 spinal muscular atrophy
type 2, n=2 congenital myopathy) evaluated nebulized antibiotic therapy against gram-negative
bacteria [87]. Pathogens included Pseudomonas aeruginosa (n=9), Klebsiella pneumoniae (n=1),
Acinetobacter baumannii (n=1), and mixed pathogens in 4 patients. All patients had severe restrictive
lung disease and were mechanically ventilated. Nebulized colomycin eradicated pathogens in 5
patients and reduced colony-forming units in others [87].

Further research is required to confirm the benefits of nebulized antibiotics in reducing
colonization by multidrug-resistant bacteria. Successful eradication of these pathogens could lower
respiratory infection rates and hospitalizations, improving outcomes for children with
neuromuscular diseases [88,89].

6. Therapeutic Options for Airway Colonization in Children with Medical Complexity (CMC)

CMC often face significant respiratory challenges, including impaired mucociliary clearance,
chronic low tidal volume, and recurrent respiratory infections [1,2]. Effective management typically
involves airway clearance therapies (ACT) and the administration of systemic or nebulized
antibiotics, which can be tailored to the specific needs of these children. The management of
respiratory infections in CMC requires a nuanced approach that balances the need for effective
infection control with the risks associated with prolonged antibiotic use [90].

ACT and antibiotic therapies are complementary strategies that target different aspects of
respiratory care. While ACT improves physical clearance of secretions and optimizes lung function,
antibiotics address the microbial component of respiratory disease. Key challenges remain in
ensuring adherence to ACT, particularly in younger children and those with cognitive impairments.
By combining ACT with targeted antibiotic therapy, clinicians can significantly reduce the
respiratory burden in CMC, improving both clinical outcomes and patient quality of life. Tailored,
multidisciplinary care remains essential to address the complex and multifactorial nature of
respiratory complications in this vulnerable population.

6.1. Airway Clearance Therapies (ACT)

Airway clearance therapies play a crucial role in reducing the respiratory burden in CMC by
addressing chronic low tidal volumes and impaired mucociliary clearance. The primary objectives of
ACT are to remove secretions from peripheral and central airways, prevent atelectasis, improve lung
compliance, and maintain chest wall mobility [91,92]. These therapies are especially beneficial in
children who lack effective natural clearance mechanisms due to neuromuscular or neurological
impairments or in conditions where secretions are dense and viscous.

Mechanical insufflation-exsufflation, also known as a cough assistant, is highly effective in
clearing central airways [91,93,94]. It applies positive pressure to inflate the lungs, followed by a rapid
switch to negative pressure to simulate a natural cough reflex. It is particularly beneficial for patients
with neuromuscular diseases, who often lack the ability to generate an effective cough on their own
[91,93,94].

Intrapulmonary percussive ventilation (IPV) is another advanced technique that generates high-
velocity positive pressure oscillations, producing vibrations in the peripheral airways [95]. This helps
mobilize secretions from peripheral to central airways. A randomized controlled trial comparing IPV
with incentive spirometry in 18 neuromuscular patients showed that IPV significantly reduced
episodes of pneumonia or bronchitis, days of antibiotic use, and hospitalizations [95]. These findings
highlight the potential of IPV to reduce the burden of infections and improve respiratory outcomes.

Forced exhalation technique encourages children to exhale forcefully and in a controlled
manner, facilitating the removal of secretions [96]. It is particularly useful in patients with
neurological damage or dense, viscous secretions due to underlying pathologies [96].
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For very young children or those with significant cognitive impairments, adherence to ACT can
be challenging. Tailoring techniques to meet the specific needs of the child and providing
comprehensive caregiver training are essential. Caregivers play a pivotal role in the daily
management of these therapies, which require consistent commitment.

6.2. Systemic or Nebulized Antibiotics

Respiratory infections in CMC present significant therapeutic challenges due to their recurrent
nature, the involvement of multidrug-resistant pathogens, and the risk of systemic side effects. Both
systemic and nebulized antibiotics are critical tools in the management of these infections, and the
choice of therapy depends on the identified pathogens, severity of the infection, the patient’s clinical
response, and the potential for side effects [97].

Systemic antibiotics are typically used for severe or disseminated infections and include beta-
lactams, fluoroquinolones, aminoglycosides, or macrolides. Antibiotic selection is guided by
microbiological cultures and local resistance patterns to ensure targeted therapy [98]. This approach
is vital to reduce inappropriate antibiotic use and prevent the development of antimicrobial
resistance, particularly in patients already colonized by multidrug-resistant organisms. However,
systemic antibiotics can be associated with significant side effects, including gastrointestinal
disturbances, allergic reactions, and renal toxicity.

Nebulized antibiotics offer a more localized approach to treating respiratory infections by
delivering high concentrations of the drug directly to the respiratory tract while minimizing systemic
exposure and side effects [99]. This strategy, widely used in cystic fibrosis, has been adapted for use
in CMC. Nebulized antibiotics such as colistin and tobramycin are effective in reducing the density
of Pseudomonas aeruginosa, preventing exacerbations, and improving airway health [100-102].

Atag et al. demonstrated that nebulized antibiotics significantly reduced hospital admissions,
intensive care unit stays, and bacterial loads in tracheostomized patients with persistent airway
colonization [64]. In their study, 22 patients were treated with gentamicin (63.6%) or colistin (36.4%)
for an average duration of three months (range: 2-5 months). Importantly, no significant side effects
were reported, highlighting the safety and efficacy of this approach [64]. While nebulized antibiotics
are highly effective for localized respiratory infections, systemic antibiotics remain essential for
severe or disseminated infections. In many cases, a combination of systemic and nebulized antibiotics
is used to maximize therapeutic efficacy while minimizing the risk of resistance and adverse effects.
This dual approach allows clinicians to target infections comprehensively while preserving patient
safety.

7. Conclusions

CMC present a unique challenge for pediatricians and healthcare systems due to their
demanding healthcare needs, which place a significant burden on caregivers and society. Managing
these medically fragile patients requires coordination across multiple specialists and settings,
including hospitals and homecare, as well as the application of specialized skills [103]. Respiratory
complications are among the most significant issues faced by CMC, driven by impaired respiration,
ineffective cough, and pulmonary aspiration. These factors frequently lead to airway colonization by
multidrug-resistant bacteria, a risk that is further heightened by the use of life-saving devices such as
tracheostomies.

Although microbiological examinations are critical for targeting infections, the relationship
between airway colonization and respiratory exacerbations remains unclear. This gap in
understanding complicates clinical decision-making, as there are currently no specific evidence-
based guidelines for managing respiratory colonization and infections in CMC. Clinicians must often
rely on a combination of patient history, local microbial epidemiology, and clinical presentation to
make decisions, such as initiating eradication therapies, which in some cases may improve
respiratory conditions.

Several unanswered questions remain in the management of airways colonization and infections
in CMC. Future research should focus on clarifying the relationship between airway colonization and
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the risk of exacerbations. Understanding which pathogens or colonization markers are most
predictive of clinical deterioration could improve risk stratification and inform targeted treatment
strategies. There is also an urgent need to develop specific guidelines for managing respiratory
colonization and infections in CMC. These should address when to treat colonization, when
eradication is appropriate, and how best to use systemic and nebulized antibiotics to balance efficacy
and safety. Investigating the potential of eradication therapies is another critical area for exploration.
Studies should evaluate whether removing specific pathogens from the airways of CMC patients can
reduce respiratory infections, prevent hospitalizations, and improve long-term outcomes. Advances
in diagnostic technologies, such as molecular diagnostics and rapid point-of-care testing, could
enable earlier and more accurate identification of pathogens, allowing for more timely and precise
interventions. Research should also focus on improving airway clearance strategies, exploring how
these can be tailored to individual needs and combined with other interventions like nebulized
antibiotics. Innovations in child-friendly devices and protocols may enhance adherence, which is
often challenging in younger or cognitively impaired patients. The growing prevalence of multidrug-
resistant organisms highlights the need for new antimicrobial agents and preventive strategies, such
as biofilm inhibitors, antimicrobial-coated devices, and the potential role of probiotics. Support for
caregivers is another vital aspect. Studies should assess how education, training, and access to
resources can empower caregivers to manage the complex respiratory needs of CMC, potentially
improving outcomes and reducing stress. Early interventions are also likely to play a key role in
preventing respiratory decline. Longitudinal research tracking CMC from early childhood to
adolescence could provide critical insights into the natural history of respiratory complications and
the effectiveness of preemptive strategies. In addition to clinical outcomes, improving the quality of
life for CMC and their families should remain a central goal of future research. This includes
addressing the psychological, social, and economic impacts of respiratory complications and their
management. By advancing our understanding and addressing these priorities, healthcare systems
can develop innovative diagnostic and therapeutic strategies that enhance patient outcomes, reduce
the burden on caregivers, and improve the overall quality of life for this vulnerable population.
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