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Abstract  

Background 

Endotracheal suction (ETS) is one of the most common airway interventions performed 

on children requiring invasive mechanical ventilation. It is an essential airway clearance 

strategy to prevent retained secretions from occluding the endotracheal tube (ETT) or 

causing pulmonary complications such as diffusion impairment. More than 40% of 

children admitted to the paediatric intensive care unit (PICU) will require ETS, which in 

Australia is predominantly a nursing responsibility. Despite the ubiquity of the 

procedure, adverse events (AEs) such as oxygen desaturation occur in approximately 

one quarter of all ETS events. Additionally, ETS practice is varied across clinicians, 

intensive care units and healthcare institutions. Complications arising from the 

inappropriate application or failure to apply interventions, such as normal saline 

instillation (NSI) or lung recruitment manoeuvres (RMs), may contribute to significant 

patient harm and result in a longer duration of mechanical ventilation or PICU 

admission. Evidence-based nursing practice is vital for the prevention of AEs associated 

with ETS and to improve patient outcomes.   

Aims and objectives 

The overarching aim of this PhD research was to investigate two ETS interventions—

NSI and RMs—which may optimise ETS practice and outcomes in mechanically 

ventilated children. Four objectives guided the three research phases:  

1. Identify current ETS practice and establish a baseline of NSI and RM 

application.   

2. Determine risk factors associated with ETS AEs. 

3. Explore PICU nurses’ experience with NSI and RMs with ETS. 
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4. Evaluate the feasibility of conducting a full-scale definitive factorial 

randomised controlled trial (RCT) of NSI versus no NSI, and RM versus no 

RM, using pre-defined feasibility criteria. 

Two systematic literature reviews and a critical appraisal of current ETS clinical 

guidelines were also undertaken to determine the current strength of evidence 

supporting ETS interventions and current practice recommendations. This preliminary 

work was necessary to identify the gap in the existing evidence base and to clearly 

identify the scope and aim of the PhD program of research.   

Design 

The research was underpinned by the Medical Research Council’s framework for the 

evaluation of complex interventions and consisted of three phases: a prospective clinical 

audit of current ETS practice; a qualitative exploration of nurses’ experiences using NSI 

and RMs with ETS; and a pilot factorial RCT comparing NSI versus no NSI, and RM 

versus no RM for paediatric ETS.  

Phase 1 

Research questions:  

1. What is current practice for NSI and RM use with ETS? 

2. How frequently do AEs occur with ETS?   

3. What risk factors are associated with ETS AEs in the PICU population? 

Setting: PICU of a Queensland tertiary hospital.  

Sample: 100 children, aged less than 18 years, requiring ETS during an episode of 

invasive ventilation. 
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Measurements: The main outcome was a composite measure of any ETS related AE. 

Data on patient and suction variables (indication for ETT suction, number of suction 

episodes per invasive ventilation episode, indication for NSI and NSI dose), including 

potential predictive variables (age, Paediatric Index of Mortality 3 severity of illness 

[PIM3], NSI, positive end-expiratory pressure [PEEP], hyperoxygenation), were 

collected.  

Main result: A total of 955 suction episodes were recorded in 100 children. AEs 

occurred in 211 (22%) ETT suctions. Suction related AEs were not associated with age, 

diagnostic category or index of mortality score. Desaturation was the most common AE 

(180 suctions; 19%), with 69% of desaturation events requiring clinician intervention. 

Univariate logistic regression showed the odds of desaturation decreased as the internal 

diameter of the ETT increased (odds ratio [OR] 0.59; 95% confidence interval [CI] 

0.37-0.95; p = 0.02). Multivariable modelling revealed NSI was significantly associated 

with an increased risk of desaturation (adjusted OR [aOR] 3.23; 95% CI 1.99-5.40; 

p<0.001) and the occurrence of an AE (aOR 2.76; 95% CI 1.74 -4.37; p<0.001). Pre-

suction increases in the fraction of inspired oxygen (FiO2) were significantly associated 

with an increased risk of experiencing an AE (aOR 2.0; 95% CI 1.27 - 3.15; p = 0.003). 

Phase 2 

Research questions:  

1. What are nurses’ experiences with using NSI and RM with ETS in their 

practice? 

2. What are the clinical indicators that influence nurses’ use of NSI or RMs with 

ETS? 

 



5 

Setting: PICU of a Queensland tertiary hospital. 

Sample: 12 registered nurses.  

Study design: A descriptive, exploratory study was conducted using semi-structured 

interviews. Interview data were analysed using inductive thematic analysis. 

Main findings: Variability in nurses’ ETS practice was evident. Thematic analysis 

revealed three themes: patients’ clinical presentation, clinician judgement and unit 

practice norms. In the absence of evidence-based clinical guidelines, nurses relied on 

knowledge derived from clinical experience and the local setting to guide NSI and RM 

intervention decisions.  Participants reported uncertainty regarding ETS best practice 

and perceived the lack of research evidence as a barrier to making informed clinical 

decisions at the bedside. 

Phase 3 

Research questions: 

1) Is it feasible to conduct a factorial RCT to test the effectiveness and safety of

NSI and RMs with ETS in mechanically ventilated children?

2) In mechanically ventilated children requiring ETS, is (i) NSI superior to (ii) no

NSI to prevent ventilator associated pneumonia (VAP) and improve measures of

gas exchange, lung function and impedance measures?

3) In mechanically ventilated children requiring ETS, is (i) RM superior to (ii) no

RM to prevent VAP and improve measures of gas exchange, lung function and

impedance measures?

Setting: PICU of a Queensland tertiary hospital. 
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Sample: 60 children who were less than 16 years of age and required ETS during an 

episode of invasive mechanical ventilation. 

Study Design: Single-centre, pilot factorial RCT. 

Interventions: Participants were first randomised to receive, either:  

• NSI 0.1 ml/kg (maximum 2 ml); or 

• no NSI with ETS. 

In a second randomisation, participants were allocated to receive either: 

• RM, an increase in PEEP by a factor of two, for two minutes (maximum PEEP 

18 mm Hg); or 

• No RM following ETS. 

Primary and secondary outcomes: As per the trial protocol (Schults et al., 2018), the 

primary outcome was the feasibility of a definitive factorial RCT. Feasibility was 

determined through composite analysis of eligibility, recruitment, retention, protocol 

adherence and missing data, and sample size calculations based on effect size estimates 

(Lancaster, Dodd, & Williamson, 2004; Thabane et al., 2010). 

Secondary outcomes were ratio of oxygen saturation (SpO2) to FiO2, dynamic 

compliance (Cdyn, ml/cmH2O), end-expiratory lung impedance (EELI), tidal impedance 

variation (VARt) and VAP (clinically suspected, not confirmed microbiologically, 

which was defined in accordance with best practice literature; (Centers for Disease 

Control and Prevention, 2004a; Foglia, Meier, & Elward, 2007).  

Data analysis: Comparability of groups at the baseline was assessed using clinical 

parameters and reported using descriptive statistics. Means and standard deviations 

were used to report normally distributed continuous data; medians and interquartile 
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ranges were used for interval data that could not be approximated with a normal 

distribution. Feasibility was reported descriptively against predefined criteria. Incidence 

rates of VAP per 1000 ventilator days and 95% CIs were calculated using Poisson 

regression. Interaction effects between NSI and RMs were investigated in the regression 

models. In the absence of significant interaction, Poisson regression models were 

constructed with treatment as the main effect and the pre-suction measurement of the 

outcome included as a covariable. Secondary outcomes measured using interval data 

(Sp02/Fi02, Cdyn) were analysed, adjusting for baseline measurement using linear 

regressions in a pairwise sequential manner to compare NSI and RMs (Bland & Altman, 

2011). To assess EELI and VARt, we used a mixed effects linear regression model with 

time and intervention (NSI or RM) included as main effects and a time by intervention 

interaction. Patient was included as a random effect to account for the repeated 

measures nature of the data. Analyses were undertaken on an intention-to-treat basis. 

Data were analysed using StataSE v14.1 (StataCorp Pty Ltd, College Station, Texas). 

The Type I error was set at 0.05. 

Main findings: Recruitment, retention and missing data feasibility criteria were 

achieved, with 90% of patients approached agreeing to enrol and no patient lost to 

follow up. Eligibility and protocol adherence criteria were not achieved, with 3881 

screened (2521 non-ventilated), 818 (21%) patients eligible and 58 enrolled. Cardiac 

surgery was the primary reason for exclusion (479/818; 59%), followed by readmission 

(123/818; 15%). Approximately 30% of patients in the RM and no NSI groups had at 

least one episode of non-adherence; good protocol adherence was achieved in the NSI 

and no RM groups. Participants were, on average, 11 months old (interquartile range 

[IQR] 2–43), admitted for a respiratory diagnosis (27/58; 47%), with a median PIM3 of 

1.0 (IQR 0.45–3.38). Participants in the NSI group had a reduced incidence rate (IR) 

(3%; IR 13 per 1,000 ventilator days, 95% CI 1.89–95.60) and were eight times less 
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likely to acquire VAP when compared with the no saline group (14%; IR 109 per 1,000 

ventilator days, 95% CI 40.88–290.23). However, this did not reach statistical 

significance (Incidence Rate Ratio 0.12, 95% CI 0.01–1.10; p = 0.06). When compared 

to no RM (IR 26 per 1,000 ventilator days, 95% CI 6.63–106.03), the application of an 

RM resulted in a decreased risk of developing VAP; however, this was not statistically 

significant (IR 84 per 1,000 ventilator days, 95% CI 27.21–261.59; incident rate ratio 

[IRR] 0.31, 95% CI 0.05–1.88, p = 0.20). 

RMs were found to result in a significantly improved SpO2/FiO2 ratio at 2 

(10.11 mm Hg, 95% CI 1.02–19.37; linear regression, p = 0.02) and 10 minutes (16.62 

mm Hg, 95% CI 6.94–26.24, linear regression, p = 0.01) post ETS. When compared 

with no NSI, NSI led to a significantly reduced SpO2/FiO2 ratio at 2 (-12.58, 95% CI -

21.83–3.45; p = <0.01) and 10 minutes (-10.63, 95% CI -20.51–0.87; linear regression, 

p = 0.03) post ETS. When compared to no RM, RM application increased the mean Cdyn 

by 0.20 ml/cmH2O/kg at 10 minutes post ETS (95% CI 0.14–0.34; linear regression, p = 

0.001). RMs applied post-ETS significantly increased EELI at 2 and 5 minutes post-

suction (p = <0.001). No significant difference in tidal volume impedance measures was 

found in either factorial group following ETS. 

 

Conclusion 

This PhD research revealed a high rate of AEs associated with current ETS practices 

and has extended current evidence related to modifiable risk factors for suction related 

AEs.  Evidence practice gaps were identified in suction guidelines, which were found to 

impact on clinician decision-making in the context of NSI and RM use in the PICU. The 

pilot trial confirmed it is feasible to conduct a definitive factorial RCT of NSI and RMs 

with protocol modifications to widen participant eligibility to include cardiac surgical 
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patients and PICU readmissions. It also confirmed the need for further research to 

identify effective methods to prevent ETS AEs by definitively testing the safety and 

efficacy of NSI and RMs to reduce retained respiratory secretions and alveolar collapse.  
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A Note Regarding the Thesis Format 

This thesis contains three published manuscripts, two manuscripts in press and two 

manuscripts undergoing peer review by refereed journals. The flow of the thesis is 

maintained by placing these articles in the most logical position within the structure of 

the thesis. Published manuscripts are incorporated as integrated PDF documents, 

formatted as per journal specifications, with independent tables, reference lists and page 

numbers. Copyright approval has been obtained for each manuscript. Manuscripts 

undergoing peer review have been reformatted using the APA and thesis style, with 

tables and figures numbered continuously throughout the thesis to provide consistent 

formatting. If applicable, supplementary material is presented at the end of each 

manuscript. The page numbering flows consecutively throughout the thesis but does not 

appear on the inserted PDF journal articles as noted above.  
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Chapter 1. Introduction 

Introduction 

Endotracheal suction (ETS) is the mechanical aspiration of respiratory secretions from 

the endotracheal tube (ETT) to maintain airway patency. Required by more than 40% of 

paediatric intensive care unit (PICU) admissions (ANZICS Centre for Outcome and 

Resource Evaluation, 2017), ETS is predominantly performed by nursing staff in the 

Australian setting. For each episode of mechanical ventilation across patient groups a 

child will receive between 2 and 42 ETS events, with diagnostic groups such as sepsis 

and respiratory requiring upwards of 40 ETS events per episode of mechanical 

ventilation (Davies, Bulsara, Ramelet, & Monterosso, 2017). Despite the ubiquity of 

this procedure, ETS is a noxious airway intervention, associated with hypoxaemia 

(Owen et al., 2016), cardiovascular interactions (Tume, 2016; Tume & Copnell, 2015; 

Tume, Baines, Guerrero, Johnson, et al., 2017) and healthcare-associated infection 

(HAI) (Morrow, Mowzer, Pitcher, & Argent, 2012; Safdar, Crnich, & Maki, 2005). 

Children with traumatic brain injury (TBI) or raised intracranial pressure, single 

ventricle physiology and paediatric acute respiratory distress syndrome (PARDS) are at 

an increased risk for ETS-associated complications due to factors such as physiology, 

vagal instability and sensitivity to sympathetic nervous system stimulation (Harless, 

Ramaiah, & Bhananker, 2014; Nelson, Schwartz, & Chang, 2004). Such complications 

may be associated with significant sequelae for the patient, family and healthcare 

system, contributing to prolonged bed days and an increased risk of developing 

secondary morbidities (Chang & Schibler, 2015; Mietto, Pinciroli, Patel, & Berra, 2013; 

Safdar et al., 2005).   

Population and disease trends now mean close to one in two PICU presentations 

will require tracheal intubation and ETS, making the identification of practices which 
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optimise ETS outcomes a nationally important concern (ANZICS Centre for Outcome 

and Resource Evaluation, 2017). ETS practice across PICUs and healthcare services 

varies (Kelleher et al., 2013). The current approach to ETS sees children receiving ad 

hoc use of ETS associated interventions such as normal saline instillation (NSI) or lung 

recruitment manoeuvres (RMs), which may be based on clinician preference or 

experience (Davies et al., 2017). This model of care contributes to patient harm through 

the potential inappropriate application or lack of application of ETS interventions. With 

limited safety and efficacy data to inform clinical decision-making, determining the 

appropriateness of ETS interventions is challenging. Current practices require new, 

rigorous evidence to inform care and optimise patient outcomes. The examination of 

strategies which may optimise ETS practice in PICUs is the focus of this PhD. 

Specifically, this work evaluates two ETS interventions: NSI and lung RMs. In this 

chapter, the background to the research is outlined to provide context specific to the 

clinical problem that is central to this study. The significance and research aims for the 

research are also presented.  

Background 

Latest data from 2017 show more than 11,000 children were admitted to an Australian 

or New Zealand PICU, accounting for 40,990 bed days. Clinical outcomes for these 

children involved a 3.8% hospital and 2.3% intensive care unit (ICU) standardised 

mortality rate (ANZICS Centre for Outcome and Resource Evaluation, 2017). Forty-one 

per cent of children required an episode of intubation and mechanical ventilation during 

their inpatient admission (ANZICS Centre for Outcome and Resource Evaluation, 

2017). For these children, ETS is a necessary airway clearance strategy to maintain ETT 

patency.  
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ETS involves the passing of a hollow catheter through the ETT and the 

application of negative pressure (via a suction unit) to mechanically aspirate respiratory 

secretions (American Association for Respiratory Care, 2010). In Australia, maintaining 

mucus clearance in an intubated child is primarily a nursing responsibility, supported by 

the multi-disciplinary team. Secretion retention is very common in critically ill children 

as inadequate hydration and mobilisation of airway secretions contribute to the 

development of mucus plugs, obstructive airflow, infection and inflammation. This is 

largely due to environmental (e.g., sedation, patient immobility) and physiological 

factors (e.g., impaired cough reflex, dehydration) associated with critical illness, which 

impair mucociliary transport (MCT) and negatively affect mucus rheological properties 

(Chen, 2011).  

Mucociliary transport 

In healthy children, MCT plays a vital role in maintaining airway mucosa and 

respiratory health. MCT is based on three interactive airway mucosa layers—the 

aqueous, viscoelastic and cellular—which include cilia- (hair-like projections) lined 

cells (Williams, Rankin, Smith, Galler, & Seakins, 1996). Cilia are responsible for the 

transportation of mucous and debris from the distal airways to the oropharynx, where 

they can be expectorated or swallowed (Van der Schans, 2007).  However, cilia’s ability 

to clear respiratory secretions are impacted by the consistency and depth of the mucous 

layer in the airways (Nadel, Davis, & Phipps, 1979). Airway surface liquid surrounds 

the cilia, which keeps mucous at a suitable distance for the cilia to ‘propel’ the mucous 

from the distal airways. The rate of mucociliary clearance is determined by the rate of 

ciliary beat (which propels the mucous forward) and the hydration of the airway surface 

liquid—with thicker, drier mucous being more difficult to move (Tarran, 2004).   
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In the PICU, MCT is negatively affected by factors including positive pressure 

ventilation, hypoxia, sedative/analgesic agents, immobility, dehydration and airway 

mucosa inflammation (Hicks, 2000). Insertion of the ETT triggers an immune response, 

inflammatory mediators trigger excess mucus production, and placement of the ETT 

through the vocal cords prevents glottic closure and weakens cough ability (Santos, 

Souza, Batiston, & Palhares, 2009; Van der Schans, 2007). MCT is impaired by the 

physical barrier of the ETT, and mucous and debris are retained, while patient 

immobility results in expiratory muscle weakness, impaired cough reflex and atelectasis 

(Makhabah & Ambrosino, 2013). The administration of neuromuscular blockade agents 

or the development of diaphragm dysfunction due to prolonged ventilation further 

contribute to the child’s inability to clear airway secretions (Glau et al., 2018). In the 

presence of airway mucosa inflammation, mucous hyper-secretion occurs and, instead 

of water being added to the airway surface liquid, mucus is secreted (Widdicombe, 

2002). Consequently, the combination of patient, health condition and treatment factors 

result in most mechanically ventilated PICU patients experiencing a degree of 

mucociliary dysfunction. 

Secretion management in the paediatric intensive care unit 

Airway clearance and secretion management techniques in the PICU typically involve 

methods for maintaining mucociliary function, such as gas humidification and 

mobilisation, and techniques for secretion removal (e.g., ETS) (Schechter, 2007). 

Humidification of inspired gas, either through passive (heat and moisture exchange) or 

active (heated humidifiers) methods, is established best practice in the PICU and based 

on strong physiological rationale rather than rigorous clinical trial data (Plotnikow, 

Accoce, Navarro, & Tiribelli, 2018; Schechter, 2007; Schulze, 2002). Ventilator gas 

conditioning involves the warming and ‘moisturisation’ of inspired gas during its 
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passage through the inspiratory limb of the ventilator to reach alveolar structures at 

optimal conditions. In a self-ventilating child, this is achieved as air passes through the 

nose, pharynx and trachea. For the intubated child, the application of inspired gas 

humidification helps prevent secretion and mucosa dehydration, particularly at the distal 

end of the ETT (Schulze, 2002), where mucous may accumulate and become 

obstructive.   

In addition to gas humidification, patient positioning (i.e., prone positioning) has 

been shown to enhance secretion mobilisation and prevent atelectasis, a passive means 

of alveolar recruitment (Branson, 2007; Fineman, LaBrecque, Shih, & Curley, 2006). 

The positive benefits of postural drainage (drainage of secretions by gravity) in 

combination with physiotherapy treatment and patient positioning on secretion 

mobilisation are well documented (American Association for Respiratory Care, 2010; 

Branson, 2007).  

Endotracheal suction practice 

ETS ‘… is the most important secretion removal technique’ (Branson, 2007, p. 1328) 

that clinicians use in the PICU. ETS, however, is reliant on adequate humidification, 

with reduced clearance efficacy in the presence of thick mucous plugs. ETS is a high 

volume procedure, with observational studies reporting a mechanically ventilated child 

will receive between 7 and 42 suctions per episode of ventilation, depending on lung 

pathology and diagnosis (Davies et al., 2017). ETS constitutes a fundamental aspect of 

nursing care and a substantial workload for the PICU nurse (Figure 1). As previously 

described, ETS involves the mechanical aspiration of respiratory secretions from the 

internal diameter and distal end of the ETT using a suction catheter attached to a suction 

system. ETS should only be performed when clinically indicated, with a less deleterious 
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effect on lung volume observed when the suction catheter comes into direct contact with 

mucous (Davies, Monterosso, Bulsara, & Ramelet, 2015; Lindgren et al., 2004).   

Figure 1. PICU patient receiving endotracheal suction using the two-person, open-

suction technique (source: candidate; published with permission from photographed 

individuals). 

Both open- and closed- (in-line) suction systems are used in paediatric practice 

(Evans, Syddall, Butt, & Kinney, 2014; Tume, 2016). The primary difference between 

the two techniques is that open-suction (OS) systems require disconnection of the ETT 

from the ventilator (gas source), while closed-suction (CS) systems use an in-line port, 

negating the need for circuit disconnection. The superiority of OS versus CS remains 

debated. OS is associated with increased secretion yield (Lasocki et al., 2006); however, 

CS may minimise alveolar derecruitment (Choong, Chatrkaw, Frndova, & Cox, 2003), 

cardiovascular interactions, such as bradycardia (Tume, Baines, Guerrero, Hurley, et al., 

2017), and children’s risk of acquiring a HAI (Morrow et al., 2012).    

Regardless of the type of suction system used, suction catheters are necessary to 

facilitate secretion removal. Relative to size and age of the paediatric patient, suction 

catheters come in an array of sizes, ranging from smallest (5 French gauge) to largest 

(16 French gauge). Catheter size selection is important as it influences the degree of 
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secretion yield and lung volume loss (Morrow & Argent, 2008; Tume & Copnell, 

2015). In-vitro studies have demonstrated the amount of airway mucus suctioned is 

relative to catheter size, suction pressure and mucus density (Morrow, Futter, & Argent, 

2004). Studies conducted in porcine models have shown that, during CS, increasing 

catheter size has the greatest influence on lung volume loss (regional end-expiratory 

lung volume [EELV]) and tidal volume [VT]) (Tingay et al., 2010). However, the 

generalisability of this study to humans is restricted, as not only was this a porcine 

study, the piglets were paralysed with a homogenous lung pathology, circumstances 

which are atypical for the PICU population. Whilst the ideal catheter to ETT internal 

diameter ratio is unknown, paediatric practice recommendations suggest an optimal 

catheter to ETT ratio of 2:1 (Morrow & Argent, 2008; Tume & Copnell, 2015). Depth 

of suctioning also plays a role in pulmonary response and degree of lung volume loss; 

therefore, shallow suction to the distal end of the ETT should be used in the absence of 

evidence to support the practice of deep suction to the carina (Tume & Copnell, 2015). 

Finally, suction pressure is an important related consideration, with high negative 

trachea pressure during ETS shown to cause mucosal damage, with current 

recommendations advocating for pressures between 80 and 200 mmHg (American 

Association for Respiratory Care, 2010; Kiraly, Tingay, Mills, Morley, & Copnell, 

2008; Morrow et al., 2004).  

Endotracheal suction interventions 

Hyper-oxygenation, or the intentional increase in the fraction of inspired oxygen (FiO2) 

pre-suction, is recommended by international guiding bodies for children and 

hypoxemic patients (American Association for Respiratory Care, 2010; Strickland et al., 

2013). However, considerable debate surrounds this practice in PICUs. Hyperoxia has 

been shown to increase the risk of absorption atelectasis and the formation of free 



39 

radicals—two contributory factors in the development of an acute lung injury (ALI) 

(Mach, Thimmesch, Pierce, & Pierce, 2011). Further, in patients with PARDS or co-

existing lung inflammation, it may increase the child’s susceptibility to oxygen toxicity. 

International consensus panels convened to derive lung-protective ventilation strategies, 

advocate for the delivery of the minimum FiO2 necessary to meet oxygenation goals 

(Pediatric Acute Lung Injury Consensus Conference Group, 2015). However, 

uncertainty remains regarding the appropriateness of increased FiO2 post-ETS and its 

benefits or contribution to patient harm. Importantly, hyper-oxygenation will not 

improve perfusion matching or functional residual capacity, and failure to consider 

these factors when suctioning children may contribute to a worsening acidotic and 

hypoxemic state (Aggarwal & Brower, 2014; Cornfield, 2013; Moniz et al., 2013). 

Further research on the appropriateness of hyper-oxygenation practices in the context of 

ETS is needed, particularly in children with lung pathology.   

Normal saline instillation 

NSI involves the administration of a volume of normal saline directly into the trachea 

via the ETT (Shannon et al., 2015; Swartz, Noonan, & Edwards-Beckett, 1996). The 

notion behind NSI is that it will facilitate secretion removal by mixing or diluting 

airway mucous, thus making it easier to aspirate (Drew, Padoms, & Clabburn, 1986; 

Swartz et al., 1996).  However, evidence concerning the efficacy of this practice is 

lacking, with the effect of NSI on the airway surface liquid, specifically hydration of the 

mucous layer, poorly defined.  In-vitro experiments have shown normal saline and 

mucous to be immiscible (do not mix) (Demers & Saklad, 1973); however, more recent 

research undertaken on porcine airway mucosa has found that aqueous salt solutions, 

such as normal saline, can hydrate airway surfaces and restore MCT in some tissues 

(Ballard, Parker, & Hamm, 2006).  This suggests that NSI achieves its effect not 



40 

through the dilution of respiratory secretions as previously proposed but through the 

hydration of airway mucosa and the subsequent restoration of MCT.   

ETS is necessary to prevent secretions from accumulating. In the intubated 

child, accumulating secretions reduce arterial oxygen tension (evident in decreasing 

patient oxygen saturations) through a number of mechanisms, including 

hypoventilation, diffusion deficits, and ventilation and perfusion mismatch (Branson, 

2007; Nicolai, 2006). However, ETS with NSI is associated with transient desaturation 

events post-ETS (Owen et al., 2016; Ridling, Martin, & Bratton, 2003). A recent meta-

analysis of two RCTs (66 adults) showed NSI led to significantly reduced arterial 

oxygen saturations five minutes post-suction, with a pooled mean difference in oxygen 

saturation of -1.14 (95% confidence interval [CI] -2.25, -0.03; p = 0.04, I2 = 12%) 

(Wang et al., 2017). No discussion of the clinical significance of a 1-unit decrease in 

oxygen saturation was provided, nor did study authors quantify the degree of 

desaturation with a description of severity (i.e., desaturation requiring clinician 

intervention). Although inadequate cellular oxygenation and hypoxemia post-ETS is a 

documented complication of ETS, the argument for withholding NSI lies in the severity 

or degree of the desaturation event, which researchers suggest is greater in children 

suctioned with NSI compared to no NSI (Owen et al., 2016; Ridling et al., 2003). 

However, abolishment of the practice of NSI in PICUs may not be practical, with nurses 

continuing to report NSI use despite growing evidence of short-term negative 

physiological interactions (Morrow, 2014). Further data generated from evaluation 

studies are needed to determine the effect of NSI on clinically important end-points 

(such as infection) and its effect on the lung’s viscoelastic properties.  

Paediatric patients with respiratory disease may be a subset of critical care 

patients that experience particular benefits from NSI use. A disease state associated with 
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inflamed airways and excess mucous secretion, paediatric respiratory disease accounts 

for 39% of Australian and New Zealand intensive care admissions (ANZICS Centre for 

Outcome and Resource Evaluation, 2017).  PICU registry data show that these patients 

are typically younger, with smaller internal diameter ETTs and a high mucous-

producing illness (ANZICS Centre for Outcome and Resource Evaluation, 2017). In 

infants with meconium aspiration syndrome, NSI with ETS has been shown to 

significantly reduce airway resistance (AR) (Beerham & Dhanireddy, 1992).  Increased 

AR in intubated children would suggest intraluminal mucous (Singer & Corbridge, 

2009).  Interventions which lower AR are important in the PICU, as decreased AR leads 

to a reduced respiratory effort to compensate for the ETT and associated dead space. 

This is an important consideration, which may expedite reductions in ventilator support 

and promote weaning, a process where the child is required to maintain a large 

percentage of spontaneous breaths to demonstrate extubation ‘readiness’.    

A well-recognised risk of intubation and mechanical ventilation is the 

development of secondary or associated co-morbidities. Tracheal intubation and the 

insertion of a nasogastric tube are associated with an increased risk of developing a 

ventilator-associated infection, such as pneumonia (Alp & Voss, 2006; Morrow et al., 

2012). NSI has been shown to decrease the relative risk of acquiring microbiologically 

proven ventilator-associated pneumonia (VAP) in adults by 54% (95% CI 18, 74) 

(Caruso, Denari, Ruiz, Demarzo, & Deheinzelin, 2009). A randomised controlled trial 

(RCT) undertaken in 262 adult oncology patients demonstrated the incidence of VAP 

was significantly lower in patients suctioned with normal saline compared to the control 

group who received no saline (p < 0.01). However, the generalisability of study findings 

to the paediatric population is limited, with the study cohort comprising adult oncology 

patients receiving anti-microbial medication. In paediatrics, small study populations and 

infrequent VAP events have resulted in an inability to determine the relative risk of 
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developing VAP following NSI (Lema-Zuluaga, Fernandez-Laverde, Correa-Varela, & 

Zuleta-Tobon, 2018; Morrow et al., 2012; Ridling et al., 2003). For such a widely 

applied intervention, determining the effect of NSI on the incidence of paediatric VAP 

remains an important clinical objective, which holds substantial patient safety 

implications.    

Lung recruitment manoeuvres 

Lung protective ventilation strategies have been adopted internationally as best 

practice for preventing lung and distal airway injury during mechanical ventilation 

(Halbertsma, Vaneker, Pickkers, & Hoeven, 2009; Pediatric Acute Lung Injury 

Consensus Conference Group, 2015). Strategies such as reduced VT (6ml/kg), limiting 

positive inspiratory pressures ([PIPs] to 28 centimetres of water [cm H2O]), and 

optimising positive end-expiratory pressure (PEEP) levels (Nicolai, 2006; Pediatric 

Acute Lung Injury Consensus Conference Group, 2015), have become ‘routine’ 

ventilation strategies for maximising alveolar ventilation in the PICU. 

Use of lung-protective ventilation reduces parenchymal damage, avoiding 

overdistension from excess VTs and parenchyma strain (Nicolai, 2006). However, the 

use of small VTs, whilst considered protective, contributes to accumulative 

derecruitment which leads to ventilation and perfusion mismatch, intrapulmonary shunt 

and an increased risk of developing a ventilator-induced lung injury (VILI) due to the 

cyclic opening and closing of atelectic alveoli (Dahlem, van Aalderen, Hamaker, 

Dijkgraaf, & Bos, 2003). In mechanically ventilated children, routine airway 

interventions such as ETS also play a contributory role in chronic alveolar decruitment 

across the dependent (posterior), intermediate and non-dependent (anterior) regions of 

the lung. Ventilator disconnection and the application of negative pressure suction 

contribute to the rapid loss of functional residual capacity (FRC) and inhomogeneous 
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gas distribution (Choong et al., 2003; Maggiore et al., 2003). While the degree of 

alveolar derecruitment and distal airway collapse may be more significant and impactful 

in children with PARDS, altered ventilation and perfusion indices, development of 

manoeuvres which aim to reinflate collapsed alveoli structures can benefit all children 

with alveolar derecruitment (Brower et al., 2000; Halbertsma et al., 2009).  

RMs applied with ETS aim to recruit collapsed alveolar units and maximise the 

gas exchange surface area (Dyhr, Bonde, & Larsson, 2003; Jauncey-Cooke, East, & 

Bogossian, 2015; Maggiore et al., 2003). Physiological PEEP is the pressure generated 

at the end of expiration created by the FRC. Physiological PEEP is considered 

replicable with a PEEP of 5 cm H2O (Nicolai, 2006). Increasing PEEP levels during an 

RM can improve lung mechanics and gas exchange by opening and splinting collapsed 

alveoli, although the efficacy of this process depends on a number of variables, such as 

the alveolar opening threshold. PEEP can help recruit alveolar and prevent atelectasis 

reformation; however, several factors influence the success of PEEP manipulation, such 

as inspiratory (I) times (longer I time equates to increased alveolar ventilation), patient 

position (prone positioning is a passive form of RM) and the patient’s underlying lung 

pathology (Eber & Midulla, 2013). The aim of an RM is to improve gas exchange and 

minimise shunt and safe recruitment of collapsed structures.  

Several RMs are described in the literature. The most common are prone 

positioning, sustained inflation (SI) (Morrow, Futter, & Argent, 2007), PEEP 

manipulation (which can apply to more than one type of manoeuvre), staircase or 

incremental PEEP (Jauncey-Cooke et al., 2011), and intermittent sighs (less common) 

(Hough, Shearman, Liley, Grant, & Schibler, 2014; Kheir et al., 2013; Walsh et al., 

2015). However, in mechanically ventilated children, the optimal RM technique is 
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currently unknown and likely varies according to patient and clinical circumstances, 

requiring ongoing evaluation and adjustment.  

In the context of ETS, the application of RMs post-suction may minimise alveolar 

derecruitment following the application of negative pressure and loss of FRC. A 

randomised cross-over trial undertaken in eight adults with acute respiratory distress 

syndrome demonstrated partial pressure of arterial oxygen (PaO2) decreased post-

suction in all patients; however, following an RM, PaO2 levels returned to baseline 

(Dyhr et al., 2003). Conversely, control participants had decreased PaO2 up to seven 

minutes post-ETS (p = 0.05).  EELV was reduced (approximately 10%) up to 15 

minutes post-ETS (p =0.01). The RM consisted of two SIs of a continuous positive 

airway pressure of 45 cm H2O for 20 seconds with a one-minute break (Dyhr et al., 

2003). A paediatric cross-over trial of 60 children in Australia found increasing the 

PEEP by a factor of two for two minutes post-ETS resulted in a significant 

improvement in EELV in children with ‘healthy lungs’ and in children with ALI 

(Jauncey-Cooke, 2012). Oxygenation was improved in all children but significantly 

improved in children with ALI (p = 0.01).   

Ventilating patients with insufficient PEEP is associated with increased 

mortality and patient harm, particularly in the presence of lung disease (Ferguson et al., 

2005). RMs applied immediately post-ETS may, as an adjunct to PEEP, be effective in 

rapidly counteracting the deterioration in lung volume caused by ETS, particularly in 

those patients with PARDS; however, further clinical trials are needed to assess optimal 

recruitment strategies (Pediatric Acute Lung Injury Consensus Conference Group, 

2015).  
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Endotracheal suction related adverse events 

Complications attributable to ETS occur in one quarter of ETS events (Owen et al., 

2016). Consequently, ETS should only be performed when clinically indicated (Davies 

et al., 2015; Davies, Monterosso, & Leslie, 2011). A number of risk factors for ETS 

related adverse events (AEs) have been identified in the research literature; however, 

these studies are limited by small sample sizes, retrospective data collection and 

imprecision due to a small number of events (Gillies & Spence, 2011; Tume, Baines, 

Guerrero, Johnson, et al., 2017; Tume, Baines, Guerrero, Hurley, et al., 2017). 

Unsurprisingly, researchers have described high-risk patient populations, such as 

neonates, cardiac surgery patients and patients with TBIs, as they are more susceptible 

to experiencing suction related AEs (Gillies & Spence, 2011; Tume, Baines, Guerrero, 

Johnson, et al., 2017; Tume, Baines, Guerrero, Hurley, et al., 2017). This is an 

important consideration for future PICU trials, as prospective trial data are needed to 

identify high-risk patient groups and to develop interventions which optimise ETS 

practices, thereby reducing associated complications. 

Unsurprisingly, the majority of descriptive and experimental studies evaluating 

ETS measure oxygenation. There is increasing recognition of the role derecruitment 

plays in suction induced hypoxemic events. Preventing the negative effects of ETS on 

the viscoelastic properties of the lungs may be the key to preventing the most common 

suction related AEs, which frequently require clinician intervention or escalation of 

therapy (Jauncey-Cooke et al., 2015; Rocco, Pelosi, & de Abreu, 2010; Schults et al., 

2020).  

Cardiovascular interactions including hypotension from increased intrathoracic 

pressure and reduced cardiac output, and bradycardia from vagal nerve stimulation 

(Bourgault, Brown, Hains, & Parlow, 2006; Maggiore et al., 2003; Morrow, Futter, & 
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Argent, 2006) are recognised risks of ETS. As with desaturation, the long-term impact 

of these AEs is relatively unknown, with limited investigation into the outcomes of 

suction complications on the development of secondary PICU morbidities or longer-

term outcomes such as duration of ventilation or PICU length of stay.  

A child’s risk of developing ventilator associated infections, such as VAP, may 

be related to the choice of ETS intervention (e.g., NSI), and warrants further 

investigation. VAP occurs during ETS when organisms are introduced into the airway, 

or during ventilation when pathogenic microorganisms are inhaled or aspirated from the 

oropharynx or gastrointestinal tract (Alp & Voss, 2006; Willson et al., 2017). Paediatric 

VAP has a variable reported incidence rate between 12% (Chang & Schibler, 2015) and 

38% (Vijay et al., 2018). This wide variation is likely reflective of the difficultly of 

implementing ‘routine’, standardised screening, and poor specificity in diagnostic 

criteria contributing to confusion regarding ‘suspected’ versus ‘confirmed’ cases of 

VAP (Centers for Disease Control and Prevention, 2004a).   

Ventilator associated infections, including VAP, account for more than half of 

all antibiotic use in the PICU (Khemani, Smith, Zimmerman, & Erickson, 2015; Sapru, 

Flori, Quasney, & Dahmer, 2015), with conflicting evidence regarding the burden of 

disease. In adults, VAP is the leading cause of death from HAI, with an attributable 

mortality rate as high as 55% (Casado, de Mello, de Aragao, de Albuquerque Mde, & 

Correia, 2011; Cooper & Haut, 2013; Seckel, 2007). However, a large paediatric cohort 

study involving 47 hospitals across three countries found a ventilator associated 

infection diagnosis (including VAP, ventilator-associated tracheitits, or lower 

respiratory tract infection) was not associated with worse mortality outcomes at 28 days 

(Willson et al., 2017). Conversely, trials examining VAP as a single clinical endpoint 

have demonstrated diagnosis of VAP equates to a greater duration of mechanical 
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ventilation and PICU length of stay, as well as a higher risk of mortality (Elward, 

Warren, & Fraser, 2002; Foglia et al., 2007). Older evidence examining the burden of 

VAP demonstrated children diagnosed with VAP have a longer PICU admission 

compared to those not infected (27 days versus 6 days) (Elward et al., 2002). In North 

American PICUs, VAP has also been shown to increase hospital costs, with a two year 

observational study reporting the direct cost for a paediatric patient with VAP was 

US$38,614, compared to US$7,682 for patients without VAP (Foglia, Hollenbeak, 

Fraser, & Elward, 2006). For the individual child, these complications equate to 

prolonged hospitalisation and disruption of the family unit, but, for the healthcare 

system, they equate to considerable avoidable healthcare expenditure.   

Preventing HAIs associated with poor ETS practice is a significant patient safety 

concern. In adult oncology, a single RCT found use of NSI with ETS was associated 

with a significantly reduced risk of developing VAP (relative risk reduction 54%, 95% 

CI, 18%–74%) (Caruso et al., 2009). However, the generalisability of these findings to 

the critically ill paediatric population is difficult due to the inherent differences in 

disease states, age, and airway anatomy and physiology. With limited investigation 

having been undertaken in the paediatric population, prospective clinical trial data are 

needed to inform practice and reduce ETS associated complications.   

Endotracheal suction best practice 

ETS is a routine PICU nursing care, yet practice is varied and complications 

contributing to patient harm are common (Chang & Schibler, 2015; Maggiore et al., 

2003). Consequently, ETS practice has been identified as a PICU research priority in 

Australian Delphi studies (Ramelet & Gill, 2012). A key factor in preventing 

complications which arise from retained respiratory secretions is evidence-based ETS 

practices. To date, an international consensus regarding paediatric ETS best practice or 
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the appropriateness of ETS interventions is lacking, and ETS practices vary widely 

across clinicians, PICUs and health services (Chegondi et al., 2018).  

Two interventions regularly applied with ETS in the PICU are NSI and RMs. 

These interventions are believed to be particularly beneficial in paediatric populations, 

who have a high incidence of respiratory disease and require small internal diameter 

ETTs which can be occluded by mucous plugs (Owen et al., 2016).  However, there is 

currently no level I evidence to guide decision-making and practice on this topic. High-

quality evidence to support ETS practice, including NSI and RMs in the PICU, is 

urgently needed. 

The proposed study is a high-quality, pilot factorial RCT designed to assess the 

feasibility of undertaking a full-scale RCT of i) NSI versus no NSI and ii) RM versus no 

RM in mechanically ventilated children. Data generated will ensure that a subsequent 

superiority trial is methodologically rigorous, feasible and economically justifiable 

(Arnold et al., 2009; Lancaster et al., 2004).  The findings of a larger trial will hold 

value for patients and their families, clinicians and healthcare services through the 

provision of definitive safety and efficacy data for NSI and RMs. Such data are 

necessary to inform the development of ETS clinical practice guidelines (CPGs) that 

can be adopted nationally and internationally to improve patient safety and ETS related 

outcomes.      

In the absence of rigorous trial data, it is not possible to develop evidence-based 

recommendations and CPGs for ETS practice. The recently reported rates of ETS 

related AEs suggest that current ETS practices require improvement (Owen et al., 

2016). Testing the safety and efficacy of commonly used ETS interventions in a 

feasibility study is the first step in leveraging knowledge and data towards ETS best 

practice and care optimisation and standardisation.  The lack of available high-level 
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evidence related to ETS interventions should prompt the design and completion of well-

designed studies to determine the appropriate role for these therapies (Strickland et al., 

2013). 

Research title 

Optimising endotracheal suction practices in the paediatric intensive care unit. 

Research aim 

The overarching aim of this PhD research was to investigate two ETS interventions —

NSI and RMs which may optimise ETS practice and outcomes in an Australian PICU. 

To achieve this aim, the research was conducted in the following phases. 

Phase 1 comprised an observational study. The research questions for Phase 1 were: 

1. What is current practice for NSI and RM use with ETS?

2. How frequently do AEs occur with ETS?

3. What risk factors are associated with ETS AEs in the PICU population?

Phase 2 involved a qualitative exploration of nurses’ use of NSI and RMs with ETS in 

the PICU. The research questions for Phase 2 were: 

1. What are nurses’ experiences with using NSI and RM with ETS in their

practice?

2. What are the clinical indicators that influence nurses’ use of NSI or RMs with

ETS?

Phase 3 was a pilot factorial RCT. The research questions for Phase 3 were:    

1) Is it feasible to conduct a factorial RCT to test the effectiveness and safety of

NSI and RMs with ETS in mechanically ventilated children?
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2) In mechanically ventilated children requiring ETS, is (i) NSI superior to (ii) no

NSI to prevent VAP and improve measures of gas exchange, lung function and

impedance measures?

3) In mechanically ventilated children requiring ETS, is (i) RM superior to (ii) no

RM to prevent VAP and improve measures of gas exchange, lung function and

impedance measures?

Significance 

The results from this research will provide new evidence to help optimise ETS practice 

in PICUs. The evidence generated from the systematic literature reviews and appraisal 

of CPGs (Chapters 2 and 3) and observational study (Phase 1) will provide an 

understanding of what is currently known about ETS practice and inform the feasibility 

of factorial RCT in investigating two ETS interventions: NSI and RMs (Phase 3). The 

qualitative data generated in interviews with clinicians (Phase 2) about their practice 

will be important in gaining knowledge of the specific contexts influencing clinicians’ 

decisions around ETS interventions and practice.  

Ensuring ETS practice is effective, safe and appropriate for the patient condition 

and indication will result in a significant saving of healthcare expenditure and 

potentially positively influence thousands of Australian children’s intensive care 

journeys. This PhD research will provide new evidence on current ETS practice and 

associated outcomes, clinicians’ experiences with applying NSI and RMs, and 

feasibility data to inform a full-scale RCT of NSI versus no NSI and RM versus no RM 

with ETS. The safety and efficacy of NSI and RM ETS interventions have not been 

definitively investigated. Within the published literature, few studies have used a 

programmatic approach to systematically investigate paediatric ETS practice and 

identify areas for practice improvement. This is important as ETS is a fundamental 
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airway intervention which contributes to the optimal mechanical ventilation and clinical 

outcomes of critically ill children.  

Structure of this document 

This thesis demonstrates the work undertaken in fulfilment of the Doctor of Philosophy 

degree and is presented as a series of seven chapters. 

Chapter 1 outlines the background and context, research aims and significance 

of the study. This chapter contains an introduction, background to the research, research 

aims, significance and structure of the document, and conclusion.  

Chapter 2 contains a comprehensive, integrative review of ETS interventions in 

paediatrics, including a critical appraisal of the level of evidence for suction 

interventions using the Grading of Recommendations, Assessment, Development and 

Evaluations (GRADE) recommendations (GRADE Working Group, 2004). This chapter 

comprises an introduction, one manuscript that is currently under review with 

Australian Critical Care, and a conclusion to the chapter.  

Chapter 3 presents the paediatric considerations for NSI and RM use with ETS. 

It is the second literature review chapter included in the thesis. The chapter comprises 

an introduction, a manuscript that has been published in the journal Australian Critical 

Care, which reports a systematic integrative literature review of NSI application with 

paediatric ETS, followed by a discussion of the paediatric considerations of applying 

RMs with ETS. Additionally, this chapter contains a systematic review and critical 

appraisal of current CPGs informing paediatric ETS practice. This is accomplished 

through the presentation of a manuscript that is currently under review in Dimensions of 

Critical Care Nursing. Finally, a conclusion to the chapter is provided. 
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Chapter 4 outlines the methods of the PhD research phases. It describes the 

conceptual framework underpinning the research aims, objectives and questions, and the 

design of the three study phases including the methods used for each phase, setting, 

sampling framework, recruitment, interventions (for Phase 3), procedures, data 

collection, analyses and ethical considerations. The chapter includes a protocol 

manuscript that has been published in BMJ Open.  

Chapter 5 presents the results of Phases 1 and 2 of the study. This section 

comprises an introduction and one manuscript reporting Phase 1 results, accepted for 

publication in the journal Australian Critical Care, and one manuscript reporting Phase 

2 results, also accepted for publication in the journal Australian Critical Care, and a 

conclusion to the chapter. 

Chapter 6 presents the results of Phase 3, a pilot factorial RCT—the NARES 

Trial. This section comprises an introduction to the chapter, one manuscript reporting 

Phase 3 results, which is currently under peer review with Pediatric Critical Care 

Medicine, and a conclusion. 

Chapter 7 provides a discussion of the results from all study phases in relation to 

the research aims and questions, as well as the implications of these in relation to 

relevant literature. Finally, this chapter contains recommendations based on the PhD 

findings for clinical practice, healthcare policy and education, as well as further research 

and the study conclusions. 

Summary 

The findings from this PhD research will provide important information regarding 

current ETS practice, nurses’ experiences with NSI and RMs, and vital feasibility and 

pilot data to support a larger trial comparing NSI and RMs versus no intervention 
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(control) in mechanically ventilated children. These data are necessary to definitively 

test NSI and RMs with ETS, and provide a scaffold from which to base future 

interventional research. This is an important, clinically relevant research issue that can 

have substantial benefits for a large number of patients, families, clinicians and the 

broader healthcare service.   

This chapter has presented an introduction to the research problem under 

examination within this PhD project and its significance. It has also briefly outlined the 

broad research aim, phases and thesis structure. The following chapter provides a 

systematic and critical appraisal of the literature to clearly identify the current evidence 

base for NSI and RM interventions and issues associated with current paediatric ETS 

practice. Additionally, it outlines the current knowledge and practice gaps that inform 

this PhD research. 
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Chapter 2. Literature Review of Endotracheal Suction Interventions in 

Paediatrics 

Introduction 

ETS is a common airway intervention used in PICUs. Despite the ubiquity of the 

procedure, complications occur in nearly one quarter of ETS episodes and there is wide 

variation in clinical practice. Complications such as desaturation, alveolar derecruitment 

and cardiovascular interactions contribute to patient harm and may extend the duration 

of ventilation or PICU admission. Although several studies have reported on various 

types of ETS interventions, there has been no systematic synthesis of this information or 

critical appraisal of the strength of the evidence to inform practice related to important 

patient outcomes, such as duration of mechanical ventilation or AEs. This chapter is the 

first of two literature review chapters. The purpose of this chapter is to present an 

appraisal of the quality of the literature concerning paediatric ETS interventions. It 

comprises an introduction to the chapter, an integrative review manuscript that is in 

press in the journal Australian Critical Care, and a conclusion to the chapter.  

To develop the complex interventions for the Phase 3 pilot trial it was necessary to 

undertake a systematic and thorough examination of the state of current ETS evidence. 

It was decided to undertake a large comprehensive review of all ETS interventions to 

identify gaps in the evidence, high risk patient populations and ETS interventions which 

may contribute to improved health outcomes in children admitted to PICU. Due to the 

size and comprehensive nature of this review NSI and RM were briefly explored 

however not discussed in detail. To compliment this larger review, two targeted 

literature reviews were undertaken to fully understand NSI and RM. These reviews 

were essential to determine the necessary actions and components required for 

intervention development, for the pilot trial (O'Cathain et al., 2019). Through the 
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conduct of the targeted NSI and RM reviews we sought to understand the context, 

where the intervention has been previously implemented, populations and diagnoses 

which may affect intervention application or safety and dosing strategies. It is through 

the undertaking of all three reviews and the appraisal of CPGs that the candidate was 

able to understand the current problem, identify dosing strategies and determine the 

approach to intervention development. 
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Endotracheal suction interventions in mechanically ventilated pediatric 

patients: An integrative review to inform evidence-based practice 

[Publication 1] 

A note regarding formatting: The following manuscript has been accepted for 

publication in Australian Critical Care (IF: 2.51; rank 1/18 Critical Care Nursing), a 

peer-reviewed journal. Therefore, to comply with journal specifications, the manuscript 

contains use of ETT suction (instead of ETS). Results are reported to two decimal 

places or to the nearest denominator, if only one decimal provided by the original 

source. One supplementary files is included at the end of the manuscript, following the 

conclusion and before the chapter summary. 

Statement of contribution to co-authored paper 

This chapter includes a co-authored paper, which has been accepted for publication and 

is in press with Australian Critical Care. 

The status of the co-authored paper, including all authors, is: 

Schults, J.A., Mitchell, M., Cooke, C., Long, D., Ferguson, A., & Morrow, B. (2020). 

Endotracheal suction interventions in mechanically ventilated paediatric patients: An 

integrative review to inform evidence-based practice. Australian Critical Care.  

My contribution to the paper involved: conceptualisation and development of the review 

protocol, prospective registration of the review, literature search, abstract screening, 

data extraction, critical appraisal of the literature, drafting of the manuscript, manuscript 

revision and approval of the final version.   
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Endotracheal suction interventions in mechanically ventilated paediatric patients: 

An integrative review to inform evidence-based practice 

Objective: To review and critically appraise the evidence for paediatric endotracheal 

suction interventions.  

Data sources: A systematic search for studies was undertaken in the electronic 

databases CENTRAL, Medline, EMBASE, and EBSCO CINAHL from 2003. 

Study selection: Included studies assessed suction interventions in children (≤ 18 years 

old) receiving mechanically mechanical ventilation. Primary outcome was defined a 

priori as duration of mechanical ventilation.  Secondary outcomes included adverse 

events and measures of gas exchange and lung mechanics. 

Data extraction: Data extraction were performed independently by two reviewers. 

Study methodological quality was assessed using Cochrane’s risk of bias tool for 

randomised trials or the Newcastle-Ottawa Scale for observational studies. Overall 

assessment of the certainty of evidence was assessed using the GRADE criteria. 

Results: Overall 17 studies involving 1,618 children and more than 21,834 suction 

episodes were included in the review. The most common intervention themes were 

suction system (5 studies; 29%).  All included trials were at unclear or high risk of 

performance bias due to the inability to blind interventionists.  Current evidence 

suggests that closed suction may maintain arterial saturations, normal saline leads to 

significant transient desaturation, and lung recruitment applied post suction offers short-

term oxygenation benefit.  

Limitations: Lack of randomised controlled trials (RCTs), inconsistencies in 

populations and interventions across studies, and imprecision and risk of bias in 

included studies precluded data pooling to provide an estimate of interventions effect.  
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Conclusions: Based on the results of this integrative review, there is insufficient high-

quality evidence to guide practice around suction interventions in mechanically 

ventilated children. 

 

Introduction 

Endotracheal suction is a core secretion management technique used in the paediatric 

intensive care unit (PICU).  This physical, augmented method of secretion clearance is 

necessary to ensure endotracheal tube (ETT) patency, preventing mucous plugging and 

airway obstruction (Diaconu, Siriopol, Poloșanu, & Grigoraș, 2018; Gil-Perotin et al., 

2012). Current evidence suggests an intubated child will receive an average of seven 

suctions per day, or 7-42 suctions per episode of mechanical ventilation, dependent on 

diagnosis, pathology and comorbid factors (Davies et al., 2017). Although necessary, 

ETT suction is a noxious airway intervention associated with hypoxia (secondary to 

alveolar collapse), cardiac arrhythmia, changes in blood pressure, raised intracranial 

pressure and ventilator associated pneumonia (VAP) across a variety of PICU 

populations (Chegondi et al., 2018; Schults, Mitchell, Cooke, & Schibler, 2018; Tume, 

Baines, Guerrero, Johnson, et al., 2017). Suction-related adverse events contribute to 

significant patient harm, PICU acquired morbidities, and may prolong PICU bed days 

creating significant economic burden (Chang & Schibler, 2015; Mietto et al., 2013; 

Safdar et al., 2005). 

Standardising ETT practice is difficult due to the heterogeneous nature of the PICU 

population and the broad interpretation of recommendations, such as ‘clinically 

indicated’ (Davies et al., 2017; Davies, Bulsara, Ramelet, & Monterosso, 2018). 

Clinical practice recommendations released by the American Association for 

Respiratory Care (AARC) provide some guidance for clinicians, however are limited by 
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the quality of evidence, lacking systematic reviews and adequately powered randomized 

controlled trials (RCTs) (American Association for Respiratory Care, 2010).  

Although some authors have attempted to synthesise the evidence related to 

paediatric suction (Fisk, 2018; Morrow & Argent, 2008; Tume & Copnell, 2015; Walsh, 

Hood, & Merritt, 2011), there are important gaps in this work. These include the effect 

of ETT suction interventions on clinically important intermediate patient outcomes such 

as duration of mechanical ventilation, and objective evidence to support the 

implementation of suction interventions in the PICU. Therefore, the objectives of this 

review were to: 

1. Determine the evidence to support the use of ETT suction  interventions to 

reduce the duration of ventilation, number of adverse events and improve gas 

exchange and lung mechanics in mechanically ventilated children; 

2. Assess the level of the evidence for ETT suction interventions using The 

Grading of Recommendations, Assessment, Development and Evaluations 

(GRADE) recommendations.  

Methods 

An integrative review based on Whittemore and Knafl’s (2005) five stage integrative 

review process was used. Authors initially planned to conduct a systematic review and 

therefore a protocol was prospectively registered with PROSPERO 

[CRD42018106796]. However, due to a lack of randomised clinical trials (RCT) and 

variability in study design an integrative approach was chosen to synthesise findings.  

The integrative review method allows for the combination of study methodologies, 

providing a comprehensive review of the topic as it pertains to clinical practice (16).  
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Eligibility criteria 

A systematic search for studies examining ETT suction interventions in the paediatric 

population was undertaken on 5th November 2018 and repeated on the 27th December 

2019. Studies were eligible for inclusion if they included: children aged 0 (≥37 weeks) 

to 18 years, intubated with an ETT, receiving positive pressure mechanical ventilation; 

and examined interventions related to ETT suction (specified below). Studies were 

excluded if they were published prior to 2003, not published in English, or investigated 

children with tracheostomies.  

ETT suction interventions:  

i. Normal saline instillation: 0.9% saline solution (sodium chloride) instilled into 

the endotracheal tube during the suction. Comparator, no saline.  

ii. Recruitment manoeuvers (RMs) including (but not limited to): i) positive end 

expiratory pressure manipulation, ii) sustained inflation (SI); or iii) staircase 

recruitment strategy (SRS). We defined RM as a deliberate treatment to increase 
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pulmonary pressure and maximise alveolar recruitment and gas surface 

exchange area. Comparator, no RM.     

iii. Open suction system: open system requiring the disconnection of the patient 

from the mechanical ventilator to mechanically aspirate secretions. Comparator, 

closed suction (in-line) system.  

iv. Pre – post hyper oxygenation: The deliberate increase in FiO2 before or after the 

endotracheal suction. Comparator, no hyper oxygenation.   

v. Clinically indicated suction frequency, author defined i.e., as required ETT 

suction. Comparator, routine suction author defined. 

Outcome measures 

The primary outcome of the review was defined a priori as duration of mechanical 

ventilation. Secondary outcomes were: 1) adverse events including but not limited to: 

VAP, ETT occlusion or mortality; 2) oxygenation (including: PaO2, SaO2, P/F ratio 

(partial pressure of arterial oxygen to FiO2), oxygenation index, oxygen saturation 

[SpO2], SpO2/FiO2, oxygen saturation index); 3) lung compliance (Cdyn, ml/cmH2O); 

4) airway resistance (Raw, cmH2O/L/sec); 5) atelectasis (author defined, end expiratory 

level, regional tidal volume, functional residual capacity); and 6) CO2 (PaCO2, end tidal 

CO2).  

Search strategy and study selection 

A comprehensive search was undertaken in the electronic databases of Cochrane 

Central Register of Controlled Trials (CENTRAL), Medline, EMBASE (OVID) and 

EBSCO CINAHL. Search terms included controlled vocabulary and text words related 

to ETT suction in mechanically ventilated paediatric patients. The provisional search 

strategy is provided in supplementary material 1. Due to the small number of published 
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RCTs in the initial search, the study design inclusion criterion was broadened to include 

prospective observational studies. Additional studies were identified through hand 

searches of retrieved articles’ reference lists. Clinical Trial Registries were searched for 

ongoing or recently completed trials (clinicaltrials.gov; controlled-trials.com/mrct; and 

who.int/trialsearch).  

Data extraction  

Data extraction was performed independently by two review authors (JS and either DL, 

MC, MM, AF or BM) using a standardised data extraction form in Microsoft® Excel. 

BM did not review included first author publications. Data extracted included study 

origin, setting, ETT suction intervention, study design, participants and outcome 

measures. Retrieved articles were managed in EndNote™.  

Data analysis and synthesis 

Descriptive statistics were used to summarise information regarding study population, 

interventions and results. There was a lack of homogeneity amongst trials with respect 

to trial interventions and population. One study author was contacted for additional 

information, however these data were not provided (Choong et al., 2003). Therefore, 

due to differences in interventions, and participant and study heterogeneity, it was not 

possible to pool data and provide estimates of effect, and study findings were therefore 

summarised narratively as per the integrative review methodology.  

Quality assessment 

RCTs were assessed for risk of bias using the Cochrane Collaboration Risk of Bias Tool 

(Higgins & Green, 2011). The quality of non-randomised controlled trials and 

observational studies (i.e., cohort studies and for the purpose of the review, author 

defined clinical audits) was assessed using The Newcastle-Ottawa Scale (NOS) (Wells, 
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Shea, & O'Connel, 2018). Quality assessments were performed independently by two 

review authors who were not co-authors of the included study. Disagreements were 

resolved through consensus with a third reviewer. For assessment of the overall quality 

of evidence for each outcome we used the GRADE criteria (GRADE Working Group, 

2004). Individual RCTs began at high quality and observational studies started at low 

quality. We downgraded the level of evidence by one for ‘serious’ or two for ‘very 

serious’ study limitations (high risk of bias, serious inconsistency, publication bias or 

indirectness of evidence).  

Results 

Systematic Search Results 

Figure 2 outlines the flow of studies included in the review. Following removal of 

duplicates (n = 21), the titles and abstracts of 279 articles were screened and 181 papers 

were excluded as they did not meet the inclusion criteria. The full texts of 98 articles 

were retrieved and reviewed with 81 articles excluded as they did not meet the inclusion 

criteria. We excluded one abstract (Tarigan, 2011) where sufficient data could not be 

extracted. We included one abstract (Jauncey-Cooke et al., 2011) where sufficient data 

could be extracted and additional data obtained (Jauncey-Cooke, 2012). We included 

two studies which had a small proportion of infants less than 37 weeks gestation. This 

decision was made as the mean participant age was 38.6 weeks (Gonzalez-Cabello et 

al., 2005) and most participants (71%) were more than 37 weeks gestation (Tingay, 

Copnell, Mills, Morley, & Dargaville, 2007). We excluded two studies and one 

Cochrane review examining suction catheter depth in preterm infants (Ahn & Hwang, 

2003; Gillies & Spence, 2011; Youngmee & Yonghoon, 2003). Finally, 17 articles met 

review inclusion criteria. 
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Figure 2. PRISMA flow chart of study selection 
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Characteristics of included studies 

Table 1 outlines characteristics of included studies. Studies originated from North 

America (6 studies; 35%) (Chegondi et al., 2018; Choong et al., 2003; Duff, Rosychuk, 

& Joffe, 2007; Gonzalez-Cabello et al., 2005; Owen et al., 2016; Ridling et al., 2003), 

Oceania (4 studies; 24%) (Evans et al., 2014; Jauncey-Cooke et al., 2011; McKinley, 

Kinney, Copnell, & Shann, 2018; Tingay et al., 2007), Europe (3 studies; 17%) 

(Sonmez Duzkaya & Kuguoglu, 2015; Tume, Baines, Guerrero, Hurley, et al., 2017; 

Tume, Baines, & Lisboa, 2011), Africa (2 studies; 12%) (Morrow et al., 2007; Morrow 

et al., 2012) and South America (2 studies; 12%) (Cury, Martinez, & Carlotti, 2013; 

Lema-Zuluaga et al., 2018).  Eight observational studies (seven cohort studies and one 

clinical audit [author described] which included intervention comparison through non-

randomised allocation), one non-randomised controlled trial, four RCTs and four 

randomised cross-over trials investigated a total of 1,618 (median 32; interquartile range 

[IQR] 19 - 65) children and more than 21,834 ETT suction episodes. Studies were 

predominately conducted in the general PICU population (14 studies; 82%). Suction 

systems were the most common interventional theme (5 studies; 29%), followed by lung 

recruitment manoeuvres (4 studies; 24%).  
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Table 1. Characteristics of included studies 

Reference Country  Sample Design Intervention Type Outcomes 

PICU 

Chegondi 

(2017) 

USA n = 19 Cohort study CS • Oxygenation 

• Haemodynamic measures 

Choong 

(2003) 

Canada n = 14 RCTa OS versus CS  • Lung volume 

• Haemodynamic measures 

Cury (2012) Brazil n =16 Cohort study ETT suction • Pain 

Duff (2007) Canada n = 32 Cohort study RM (SI) • Oxygenation 

• Haemodynamic measures 

Evans (2014) Australia n = 229 Clinical auditb OS versus CS • Staff variables (time, number of staff, 

costs) 

• Saline use 

• Haemodynamic measures 

• Oxygenation 

Jauncey 

Cooke (2011) 

Australia n = 60 RCTa RM:  

1. Control 

2. Double PEEP 

3. Incremental PEEP changes 

• End-expiratory level 

• Oxygenation  

• Cardiac output 

Lema-Zuluaga 

(2018) 

Colombia n = 92 RCT Routine versus as needed ETT 

suction 
• Morbidity (composite) 

• VAP 

McKinley 

(2018) 

Australia n = 636 RCT Saline instillation 

1. Control  
• Duration of mechanical ventilation 

• Total duration of any oxygen therapy 
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Reference Country  Sample Design Intervention Type Outcomes 

2. 0.9% saline 

3. 0.225% saline 

Morrow 

(2007) 

South 

Africa 

n = 48 RCT RM (SI) versus control • Lung mechanics (airway resistance, 

dynamic compliance, lung volume, 

respiratory rate) 

• Oxygenation 

Morrow 

(2012) 

South 

Africa 

n = 250 Non-randomised 

clinical trial 

OS versus CS • VAP 

• PICU LoS 

• Mortality 

 

Owen (2006) USA n = 62 Cohort study ETT suction • AEs (composite) 

• Saline use 

 

Ridling (2003) USA n = 24 RCT Saline instillation versus no 

control 
• Oxygenation 

• ETT occlusion 

• VAP 

Sonmez 

Duzkaya 

(2015) 

Istanbul n = 65 Pre-post study ETT suction • Pain 

Tume (2011) UK n = 25 Cohort study ETT suction • Intracranial pressure 

• Haemodynamic variables 

Tume (2017) UK n = 24 RCTa OS versus CS • Haemodynamic variables 

• Oxygenation 
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Reference Country  Sample Design Intervention Type Outcomes 

• Echocardiographic variables 

NICU 

Gonzalez-

Cabello 

(2005) 

Mexico n = 15 RCTa Oxygenation  

1. Control 

2. Hyperoxia 

3. Hyperventilation 

4. Hyperoxia and 

hyperventilation 

• Oxygenation 

Tingay (2007)  Australia  n = 9 Cohort study ETT suction • Lung volume 

Note. CS = Closed Suction; OS = Open Suction; PICU = Paediatric Intensive Care Unit; NICU = Neonatal Intensive Care Unit; RCT = Randomised 

Controlled Trial; USA = United States of America; UK = United Kingdom; ETT = Endotracheal Tube; TBI = Traumatic Brain Injury; PEEP = 

Positive End-Expiratory Pressure; RM = Recruitment Manoeuvre; SI = Sustained Inflation; VAP = Ventilator Associated Pneumonia; LoS: Length of 

Stay.  
aCrossover trial; bauthors describe methods as clinical audit, however allocation of suction intervention was based on alternative months, i.e. one 

month closed, the next open. 
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Synthesis of results 

Quality assessment. We found the quality of evidence for most outcomes to be 

moderate or low quality, largely due to the risk of bias and imprecision associated with 

the small number of outcome events (e.g. VAP). The main limiting factor was the small 

number of homogenous studies that precluded meta-analyses being performed for 

outcome measures. Figure 3 describes the risk of bias assessment for included RCTs. 

Trials had a high risk of performance or detection bias due to the inability to blind 

investigators and/or interventionists. For quasi-experimental studies (n = 9), study 

quality was moderate with a median NOS score of 5 (IQR 5 – 6) (Table 2).  Overall 49 

ETT suction related outcome measures were reported across the 17 studies, with a 

median of 4 (IQR 2 – 4) per study. In general, there was variation in outcome measure 

definition, however VAP which was defined with the rigor of benchmarked standards 

(Lema-Zuluaga et al., 2018; Morrow et al., 2012; Ridling et al., 2003). Composite 

outcome measures were common.  
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Table 2. Newcastle-Ottawa Scoring of included observational and non-randomised studies^ 
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Selection           

1. Representativeness of the 

exposed cohort 

* * * * * * * * *  

2. Selection of the non-exposed 

cohort 

NA NA NA * * NA NA NA NA  

3. Ascertainment of exposure * * * * * * * * *  

4. Demonstration that outcome of 

interest was not present at start of 

study 

* * * * * * * * *  

Comparability           

1. Comparability of cohorts on the 

basis of the design or analysis 

NA NA NA – ** NA NA NA NA  

Outcome           

1. Assessment of outcome * – – – * – – – –  
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2. Was follow-up long enough for 

outcomes to occur? 

* * * * * * * * *  

3. Adequacy of follow up of 

cohorts 

* * * * * * * * *  

Total score 6 5 5 6 9 5 5 5 5 5 (5–6) 

Note. NA = Not Applicable.  

^The NOS contains three domains—selection of subjects, comparability between groups, and outcome measures—with a maximum overall score of 9.  

A study can be awarded a maximum of 1 star for each numbered item within the Selection and Outcome categories. A maximum of 2 stars can be given for 

Comparability. A summative score of 6 or more indicates high quality, 4–5 indicates moderate and 3 or less low quality. 
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Choong (2003) + + - - + + + 

Gonzalez-Cabello (2005) ? ? + ? + + + 

Jauncey Cooke (2011) + + - - + + + 

Lema-Zuluaga (2018) + + - - + ? + 

McKinley (2018) + + - - + + + 

Morrow (2007) + + - + + + + 

Ridling (2003) + + - ? + + + 

Tume (2017) + + - ? + + + 

 

Figure 3. ‘Risk of bias’ graph. + = low risk; - = high risk; ? = unclear risk 

Primary outcome: Duration of mechanical ventilation. Two RCTs (728 participants) 

(Lema-Zuluaga et al., 2018; McKinley et al., 2018), assessed duration of mechanical 

ventilation. No clear difference was found between children suctioned with saline or 

without saline (427 participants; no saline 31.8hrs [IQR 19.5 - 67.5]; 0.225% saline 

43.0hrs [IQR 20.8 - 85.5]; 0.9% saline 39.7hrs [IQR 20.0 - 87.0]; p = 0.47) (McKinley 

et al., 2018) or receiving routine suction versus clinically indicated (2.4 days, IQR 0.8 – 

6.4 v 2.5 days, IQR 1.0 – 5.0; p = 0.93) (Lema-Zuluaga et al., 2018). A non-randomised 

controlled trial further demonstrated no difference between closed suction versus open 

suction (6.0 days, IQR 5.0 – 8.0 vs 6.0, IQR 4.0 – 9.0; p = 0.4) (Morrow et al., 2012). 
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Table 3 presents the summary of findings for all interventions as they relate to the 

review outcomes.  
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Table 3. Summary of findings: Endotracheal suction interventions for improving clinical outcomes versus usual care/no intervention 

Patient or population: Mechanically ventilated critically ill children 

Setting: Critical Care 

Intervention: Various interventions highlighted under each outcome 

Comparison: Standard care or no intervention 

 

Outcomes 
No. of participants 

(Studies) 
Certainty of the 

evidence (GRADE)# 

 

Narrative results 

Duration of mechanical ventilation  

(a) Normal saline instillation (32) 638 (1 RCT) ⨁⨁⨁◯^ 
Moderate 

No clear difference between groups (no saline 31.8hrs [IQR 
19.5 – 67.5]; 0.225% saline 43.0 [20.8 – 85.5]; 0.9% saline 
39.7 [20.0 – 87.0]; p = 0.47) (32) 

(b) Clinically indicated suction 
(40) 

92 (1 RCT) ⨁⨁⨁◯^ 
Moderate 

Authors reported a median duration of ventilation of 2.5 days 
(IQR 1.0 - 5.0) for clinically indicated participants with no 
clear difference between study arms (routine 2.4 days, 1.0 - 
5.0; p = 0.93) (40).    

Adverse events 

(a) Normal saline instillation (30-
32)  

 

662 (2 RCTs) 

 

⨁⨁◯◯$ 

Low 

No cases of ETT occlusion or VAP reported in two RCTs (31, 
32) 
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62 (1 cohort study) a 

 

⨁⨁◯◯ 

Low 

Authors reported saline was an independent risk factor for 
AEs (OR 2.78; 95% CI, 1.79 - 4.32; p = 0.001) (30). 

(b) Clinically indicated suction 
(40) 

92 (1 RCT) b ⨁⨁⨁◯^ 
Moderate 

No clear difference between groups (OR 0.8; 95% CI 0.5 - 
1.3; p = 0.31). 5.8% (n = 35) of suctions in the intervention 
group and 7.4% (n = 48) of suction in the control group 
resulted in an AE. No cases of VAP in the intervention group, 
1 in the control (p = 0.98) (40). 

(c) Open suction (33, 38) 479 (1 clinical audit,  

1 non-randomised 
controlled trial) 

⨁⨁◯◯ 

Low 

Two studies reported no significant difference in incidence of 
VAP (1 study; n = 250; VAP incidence CS 20.5% vs OS 
23.3%; p = 0.06) (38) or blocked ETT (OS 3 vs CS 5; p< 
0.23) (33).  

Physiological interactions 

(a) Open suction (4, 17, 33, 34) 38 (2 RCTs) 

 

 

 

 

 

 

⨁⨁◯◯+ 

Low 

 

 

 

 

 

One trial (n = 14) found no clear difference in HR or BP 
measurement on comparison of OS and CS (17). A second 
trial (n = 24) found a significantly greater change in: 

- HR: OS median pre 151.0 bpm (IQR 134.5 - 163.5), 
post 145.5 (139.3 –160.5) vs CS pre 154.0 (132.5 – 
167.3) and post 153.5 (137.5 – 168.3;  p = 0.002); 

- MAP: OS median pre 50.5mm Hg (46.0 – 55.0), post 
55.0 (50.0 – 58.3) CS median pre 52.5 (47.3 – 58.0), 
post 52.5 (48.5 – 59.3; p = 0.007); 
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248 (1 cohort study and 
1 clinical audit) 

 

 

 

 

 

⨁⨁◯◯ 

Low 

- SBP: OS median pre 76.0 mm Hg (65.8 – 81.0), post 
78.5 (72.0 – 84.0) vs CS pre 75.0 (69.8 – 81.0), post 
75.0 (68.0 – 84.0; p = 0.022); and  

- DBP: OS median pre 38.0 mmHg (32.8 – 40.3), post 
41.0 (37.0 – 45.5) vs CS pre 40.5 (32.0 – 44.0), post 
39.0 (31.8 – 47.0; p = 0.009) with open suction (34).  

Two studies found significant changes in HR and MAP 
following both methods (4, 33). One study (n = 229) 
demonstrated OS is significantly associated with increased 
HR (4.6% vs 1.6%; p<0.01), and MAP (9.2% vs 3.4%; p = 
0.05) (33). 

(b) Lung recruitment (29, 37) 48 (1 RCT) 

 

 

32 (1 cohort study) 

⨁⨁⨁◯^ 
Moderate 

 

⨁⨁◯◯ 

Low 

Authors reported increased respiratory rate following the RM 
compared to no RM (median 3 bpm; 95% CI 1 to 4; p = < 
0.001), no difference was assessed at 25 minutes (37).  

No significant change from baseline was observed in HR, 
MAP, or SBP (29). 

Oxygenation 

(a) Normal saline instillation (31) 24 (1 RCT) ⨁⨁◯◯$ 

Low 

Authors reported a significant difference in oxygen saturation 
(SpO2) at 2 minutes in the saline group (4.8% vs 1.0%, p = 
0.005) compared to the control. No difference was present at 1 
and 10 minutes post ETS (31).  



78 

(b) Open suction (4, 17, 33, 34) 38 (2 RCTs) 

 

 

 

 

248 (1 cohort study and 
1 clinical audit) 

⨁⨁◯◯+ 

Low 

 

 

 

⨁⨁◯◯ 

Low 

 

One trial (n = 24) found a significant difference in change in 
arterial saturations (SaO2) following OS compared to closed. 
OS pre 80.5% (IQR 75.2 – 83.0), post 81.0 (IQR 78.0 – 86.5) 
versus CS pre 81.0 (IQR 72.5 – 83.0), post 80.0 (IQR 73.0 – 
85.7); p = 0.04) (36). A second trial (n = 14) found a non-
significant trend toward a greater oxygen desaturation during 
OS (4.1% ± 4.4%) compared with CS (1.4% ± 1.8%) (17).   

One study (n = 229) reported a significant difference in 
desaturation events in the open suction group compared to the 
closed suction group (6.3% vs 4.8%, p = 0.01) (33). A second 
study (n = 19) found CS led to a significant decrease in mean 
oxygen saturation (96.9% ± 2.7% vs 96.7% ± 2.7%; p = 0.01) 
when compared with OS (4). 

(c) Lung recruitment (22, 29, 37) 108 (2 RCTs) 

 

 

 

 

 

 

 

⨁⨁⨁◯^ 
Moderate 

 

 

 

 

 

 

One trial demonstrated significant improvements in P/F ratio 
following a double PEEP intervention, in children with Acute 
Lung Injury (221.4 ± 46.4 to 239.9 ± 63.8; p = 0.014). In 
children with baseline P/F ratios of <200, oxygenation 
improved significantly (289 ± 103 to 317 ±90 p = 0.04) with 
incremental changes in PEEP (22). One trial (n = 48) found no 
clear difference in SaO2 between the intervention and control 
groups (37). 
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32 (1 cohort study) ⨁⨁◯◯ 

Low 

A single cohort study found 6 hours following the RM 
SpO2/FiO2 were significantly improved (9.6%, p < 0.016) and 
FiO2 was decreased (6%, p = 0.016) (29). 

(d) Hyper oxygenation (24) 15 (1 RCT) ⨁⨁◯◯+ 

Low 

Authors reported a significant difference in SpO2 in patients 
receiving hyper oxygenation vs no hyper oxygenation (87.1 ± 
1.8% vs 76.9% ± 2.3%; p = < 0.01) (24). 

Lung mechanics 

(a) Lung recruitment (37) 48 (1 RCT) ⨁⨁⨁◯^ 
Moderate 

No clear difference in dynamic compliance or airway 
resistance between groups (37) 

Atelectasis 

(a) Open suction (17) 14 (1 RCT) ⨁⨁◯◯$ 

Low 

Authors reported a significant difference in lung volume (ml) 
(OS 133.3ml ± 127.4 vs CS 50.5 ± 49.3; p= 0.008) and 
relative lung volume (%) (OS 83.7 ± 30.8 vs CS 42.3 ± 34.6; 
p = 0.001) (17). 

(b) Lung recruitment (22, 37)  108 (2 RCTs) ⨁⨁⨁◯^ 
Moderate 

One trial (n = 48) found the application of a RM led to 
decreased mechanical expired VT (0.3 ml/kg; 95% CI 0.1 to 
0.6; p = 0.03) and increased spontaneous expired tidal volume 
by 0.3 ml/kg (95% CI 0.0 to 0.6; p = 0.04), however no clear 
difference was present at 25 minutes (37). One trial (n = 60) 
found double PEEP led to a significant increase in EELV (p = 
0.05). This improvement was sustained up to and including 
the 30 and 60 minute measurement time points (p = 0.02 and 
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0.05 respectively). No significant improvement was assessed 
in EELV following an increment RM (p = 0.052) (22).  

#: Individual RCTs began at high quality and observational studies started at low quality. We downgraded the level of evidence by one for ‘serious’ or 
two for ‘very serious’ study limitations (high risk of bias, serious inconsistency, publication bias or indirectness of evidence). ^: Certainty downgraded 
for serious risk of bias; $: Certainty downgraded one level for serious risk of bias and one level for serious risk of imprecision; +: Certainty downgraded 
one level for serious risk of bias and one level for small sample size or pilot single-centre trial; #: data not provided, author states not significant; a: 
assessed with haemodynamic instability, bronchospasm, oxygen desaturation, and failure of SpO2 to return to baseline; b: VAP and a composite of 
hypoxemia, accidental extubation, arrhythmias, and extrasystoles; RCT: Randomised controlled trial; ETT: Endotracheal tube occlusion; VAP: 
Ventilator associated pneumonia; AEs: Adverse events; SpO2: Oxygen saturation; OR: Odds ratio; CI: Confidence interval; ETS: Endotracheal suction; 
HR: Heart rate; BP: Blood pressure; MAP: Mean arterial pressure; SBP: Systolic blood pressure; VT: Tidal volume; SaO2: transcutaneous oxygen 
saturation (author defined); PEEP: Positive end expiratory pressure; FiO2: Fraction of inspired oxygen; P/F: ratio of arterial oxygen partial pressure to 
fractional inspired oxygen; EELV: End expiratory lung volume; RM: Recruitment manoeuvre; bpm: breaths per minute; OS: Open suction; CS: Closed 
suction.  

Nb. Where exact p values, standard deviations or interquartile ranges have not been provided this data were present in original research article and 
therefore able to be extracted.  

GRADE Working Group grades of evidence. 

High certainty (⊕⊕⊕⊕): We are very confident that the true effect lies close to that of the estimate of the effect. 

Moderate certainty (⊕⊕⊕○): We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but 
there is a possibility that it is substantially different. 

Low certainty (⊕⊕○○): Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. 
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Very low certainty (⊕○○○): We have very little confidence in the effect estimate: The true affect is likely to be substantially different from the estimate 
of effect. 
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Secondary outcomes 

Adverse events. Suction related adverse events (defined by authors) were assessed by 

three RCTs (752 participants) and three observational studies (541 participants). VAP 

was assessed by two RCTs and non-randomised controlled trial (366 participants) 

(Lema-Zuluaga et al., 2018; Morrow et al., 2012; Ridling et al., 2003) with no clear 

difference between children suctioned with closed suction versus open suction (20.5% 

vs 23.3%; p = 0.6) (Morrow et al., 2012); suction frequency (clinically indicated 0 vs 

routine 1; p = 0.09) (Lema-Zuluaga et al., 2018); or saline vs no saline (0 vs 0) (Ridling 

et al., 2003). However, generalisability is limited due to small sample sizes.  

Normal saline instillation (NSI) was found to be an independent predictor of 

adverse events in one observational study (OR 2.78; 95% CI 1.79-4.32; p = < 0.001) 

(Owen et al., 2016), with increased rates of adverse events (composite measure) in 

children suctioned with saline (39.3% vs 19.5%; p = < 0.001) (Owen et al., 2016). No 

clear difference was identified in children suctioned with open suction versus closed 

suction on measures including dislodged or blocked ETTs (Evans et al., 2014).  

Physiological interactions. Physiological interactions were the most frequently reported 

outcome measure across studies (10 studies; 561 participants). Two cross-over RCTs 

assessed heart rate and blood pressure (BP) in the context of open suction versus closed 

suction.  One study (Choong et al., 2003) conducted in ventilated children, found no 

significant difference between suction methods, the other, conducted in neonates with 

congenital heart disease, found significantly greater changes in heart rate (p = 0.002), 

systolic BP (p = 0.02), diastolic BP (p = 0.009) and mean arterial pressure ([MAP], p = 

0.007), using open suction compared to closed suction (Tume, Baines, Guerrero, 

Hurley, et al., 2017). Haemodynamic changes were observed with saline use (p = 0.04) 

(Owen et al., 2016) and closed suction [(heart rate and MAP increase; p = 0.01) (Evans 
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et al., 2014) (heart rate and MAP increase; p = 0.05) (Chegondi et al., 2018)]. Heart rate 

increases were associated with systolic BP elevation (OR 3.0; 95% CI 1.6 – 5.6) 

(Chegondi et al., 2018). RMs were not observed to significantly change heart rate or BP 

(Choong et al., 2003; Duff et al., 2007). Tume et al., (Tume et al., 2011) observed a 

significant increase in ICP in children with traumatic brain injury following ETT 

suction (ICP rise 8.6 mmHg ± 10.8; p = 0.001) . However, 68% of children returned to 

baseline status within five minutes (2011). A significant relationship was found between 

frequency of suction and points on the Wong-Baker faces pain rating and Face, Legs, 

Activity, Cry, Consolability scales (Sonmez Duzkaya & Kuguoglu, 2015) with 

decreased pain scores with increasing suction frequency (p < 0.01).  

Gas exchange 

Eight studies (44%) assessed measures of oxygenation. One 3-arm RCT of NSI vs no 

NSI vs quarter strength (0.225%) saline found no significant difference in duration of 

oxygen therapy across groups (no NSI 121 hours [IQR 62.2 – 190.6], quarter strength 

saline 125.0 hours [IQR 69.8-203.5], NSI 131.7 hours [IQR 63.7-224.5]; p = 0.36) 

(McKinley et al., 2018). A single RCT (24 participants) demonstrated NSI was 

associated with greater oxygen desaturation two minutes post ETT suction when 

compared to no NSI in the general PICU cohort (4.8% change in baseline SpO2 vs 1.0% 

[IQRs not provided]; p = 0.005) (Ridling et al., 2003). One pilot RCT (n = 24) (Tume, 

Baines, Guerrero, Hurley, et al., 2017) demonstrated mean change in arterial 

oxygenation from baseline to post-procedure was significantly reduced following open 

suction when compared with participants receiving closed suction (p = 0.04). 

Observational studies reported closed suction led to a significant decrease in mean 

oxygen saturation (96.9 ± 2.7 vs 96.7 ± 2.7; p = 0.01) (Chegondi et al., 2018), however 

when compared to open suction, closed suction use led to a decreased incidence of 
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desaturation events (6.3% vs 4.8%; p = 0.01) (Evans et al., 2014). Closed suction was 

performed more often per day (7.2 vs 6.0, p < 0.01) when compared with open suction 

(Evans et al., 2014). 

Studies evaluating lung RMs reported mixed results. Although there a number of 

RM strategies that can be used in practice, studies included in the review evaluated SI 

and PEEP RMs only. A powered RCT showed no significant difference in arterial 

saturations following a sustained inflation (SI) post suction compared to no SI (SaO2 1.7 

± 3.9 vs 0.8 ± 1.8) (Morrow et al., 2007). Conversely, a cross-over RCT (n = 60) 

demonstrated increasing positive end expiratory pressure (PEEP) by a factor of two, led 

to improved oxygenation in children with acute lung injury (221.42 ± 46.47 to 239.94 ± 

63.84; p = 0.01) (Jauncey-Cooke et al., 2011). No significant change was seen 

following a RM in children with ‘healthy lungs’ (p = 0.37) (Jauncey-Cooke et al., 2011; 

Jauncey-Cooke, 2012). A single centre observational study reported an increase in both 

SpO2/FiO2 (9.6% at 6 hours post RM; p = 0.01) and decrease in FiO2 requirement 6 

hours post RM (p = 0.01) (Duff et al., 2007). We identified no studies assessing CO2. 

Lung mechanics  

One RCT (48 participants) found no significant difference on group comparisons for 

dynamic compliance or airway resistance post SI (30mmHg for 30 seconds) (Morrow et 

al., 2007).  

Studies (n = 4) assessed measures which impact regional ventilation distribution 

(VD) such as tidal volume (VT) (ml, % of VT or expired VT (Morrow et al., 2007) and 

end-expiratory lung volume (EELV) (Choong et al., 2003; Jauncey-Cooke et al., 2011; 

Jauncey-Cooke, 2012; Tingay et al., 2007). The largest proportion of lung volume loss 

occurred during OS disconnection (Choong et al., 2003; Tingay et al., 2010). OS 

compared to CS led to a significant difference in absolute lung volume (133.3ml ± 
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127.4 vs 50.5 ± 49.3; p = 0.008) and relative lung volume (83.7% ± 30.8 vs 42.3 ± 34.6; 

p = 0.001) (Choong et al., 2003).  Particularly in patients with decreased pulmonary 

compliance (<0.8 mL/cm H2O/kg) (p = 0.03) (Choong et al., 2003). 

One cross-over trial found a double PEEP manoeuvre was successful at restoring 

lung volume from baseline to the mid recruitment point (p < 0.001) (Jauncey-Cooke, 

Foster, & Schibler, 2008) and sustained up to 30 and 60-minutes post ETT suction (p = 

0.02 and 0.05 respectively). No significant difference was seen using incremental PEEP. 

Morrow et al. (Morrow et al., 2007) demonstrated a SI decreased mechanical expired 

VT by 0.3 ml/kg (95% CI 0.1 to 0.6; p = 0.03) and increased spontaneous expired VT by 

0.3 ml/kg (95% CI 0.0 to 0.6; p = 0.04) immediately after the RM compared to the 

control group, however these differences disappeared after 25 minutes. Tingay et al. 

(2007) observed a mean volume loss of 76% (±14%) during circuit disconnection, with 

the point of maximum loss occurring during the application of suction (-13ml/kg ± 

4ml/kg; p <0.0001). However, one-minute post ETT suction lung volume did not differ 

significantly from baseline.  

Discussion 

This systematic review found the efficacy of most ETT suction interventions in 

mechanically ventilated children is still undetermined, due to the low to moderate 

certainty of available evidence. Compared with open suction, closed suction may be 

more effective for reducing negative cardiovascular interactions, particularly in high-

risk patients (i.e. Congenital heart disease) (Tume, Baines, Guerrero, Hurley, et al., 

2017) with cardiovascular instability. A Cochrane review of four neonatal trials (n = 

252) (Taylor, Hawley, Flenady, & Woodgate, 2011) demonstrated closed suction 

resulted in a reduction in the number of infants experiencing a decrease in heart rate 

(>10% change; risk reduction [RR] 0.61, CI 0.40 to 0.93; 3 studies; 52 participants), and 
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a decreased incidence of hypoxic episodes (RR 0.48, 95% CI 0.31 – 0.74; 3 trials, 241 

participants). However, the certainty of evidence was not strong enough to recommend 

closed suction as the sole method for ETT suction. In adult cohorts (Afshari, Safari, 

Oshvandi, & Soltanian, 2014), closed suction has been shown to reduce haemodynamic 

variability (heart rate, p = 0.02), length of time spent suctioning (5.59 ± 0.211 v 4.34 ± 

0.04; p < 0.001) and in one study decrease healthcare costs. In paediatrics, we found 

choice of suction system did not influence the incidence of VAP, mortality, duration of 

mechanical ventilation or PICU length of stay (Morrow et al., 2012), however assisted 

in the maintenance of arterial oxygen saturations (Tume, Baines, Guerrero, Hurley, et 

al., 2017).  

ETT suction complications vary in presentation, severity and sequelae, and may 

be minimized with appropriate use of ETT suction interventions such as RMs. Intrinsic 

(chronological and gestational age, diagnosis, pathophysiological differences) and 

extrinsic factors (e.g. mode of ventilation, sedation level, clinician experience) may 

contribute to differences in the incidence and severity of paediatric ETT suction related 

adverse events (Khemani et al., 2015). Invasively ventilated children experience 

accumulative derecruitment, as a consequence of low VT ventilation strategies and ETT 

suction, which causes a sudden and profound loss of functional residual capacity 

(Heinze et al., 2011; Lindgren et al., 2007). Significant derecruitment and recovery has 

been described in pediatric patients undergoing ETT suction during high frequency 

oscillatory ventilation (Tingay et al., 2007) and conventional ventilation (Choong et al., 

2003; Hoellering et al., 2008). An observational study of pre-term infants (n = 20) 

showed regional distribution of ventilation following ETT suction is heterogenous and 

despite spontaneous recovery of end expiratory level (equivalent to functional residual 

capacity), regional atelectasis persists (Hough et al., 2014). RMs post-suction can help 

reinflate collapsed alveolar structures, improving oxygenation indices (Jauncey-Cooke 
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et al., 2011) and reductions in ongoing FiO2 requirements (Duff et al., 2007). We found 

insufficient evidence to suggest manoeuvres such as SIs post-suction positively effects 

lung mechanics (Morrow et al., 2007; Morrow et al., 2012). In children undergoing 

cardiac surgery, recruitment strategies using PEEP have been demonstrated to 

significantly improve EELV, dynamic compliance and oxygenation (p < 0.001) (Scohy 

et al., 2009). Further studies are needed to determine optimal methods for alveolar 

recruitment, particularly for children with paediatric acute respiratory distress syndrome 

or acute lung injury (Heinze et al., 2011). 

Increasing evidence demonstrates saline lavage causes transient oxygen 

desaturation (Owen et al., 2016). A recent meta-analysis (5 RCTs; n = 337) undertaken 

in an adult ICU cohort, demonstrated 5mls of NSI prior to ETT suction led to 

significantly lower arterial saturations five minutes post suctioning (-1.14; 95% CI -2.25 

to -0.03)(Wang et al., 2017). Non-routine use of NSI is advocated by the AARC 

(American Association for Respiratory Care, 2010). Yet routine use of NSI persists in 

many PICUs, in part due to the low quality evidence from which the recommendations 

were derived (Beuret, Roux, Constan, Mercat, & Brochard, 2013; Leddy & Wilkinson, 

2015).  NSI use is likely related to factors such as clinician preference (Schults, Long, et 

al., 2019; Schults, Cooke, Long, & Mitchell, 2019), smaller internal diameter ETTs and 

a high incidence of respiratory disease (tenacious secretions) and greater mucous 

density (Morrow et al., 2004). In paediatrics, removal of NSI with ETT suction is likely 

not achievable, efforts therefore need to situation on the development of appropriate use 

guidance for NSI. Uncertainty persists regarding NSI effects on longer-term outcomes, 

with the review finding the majority of research examines short term physiological 

changes (Owen et al., 2016; Ridling et al., 2003). 
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ETT suction interventions may have a positive (e.g. improved lung compliance) 

or negative (e.g. oxygen desaturation) impact, but experts argue it depends on what is 

measured, and in which patient group/s (Ntoumenopoulos, 2013). Studies included in 

this review typically investigated short term changes in oxygenation and 

hemodynamics. There was limited investigation of suction intervention efficacy (e.g. 

airway resistance or mucous clearance), or longer-term outcomes such as ventilator free 

days, PICU length of stay and PICU readmissions (The Pediatric Acute Lung Injury 

Consensus Conference Group, 2015). The notable exception to this is McKinley et al.’s 

(McKinley et al., 2018) 3-arm RCT of NSI found no significant difference in duration 

of ventilation (p = 0.47). The data collection period for this study occurred ≥10 years 

ago (2002-2006), and the clinical relevance of these findings must be considered within 

the scope of current practice. Few studies investigated the risk associated with different 

diagnoses, particularly paediatric acute respiratory distress syndrome, or the risk 

reduction associated with different modes of ventilation. This review emphasises 

prospective clinical trial data are urgently needed to inform suction intervention use, 

future studies should include evaluation of clinically important outcomes such as VAP 

(recognising the ongoing challenges associated with measurement and ongoing 

modification of international nomenclature). Studies which provide comparisons of 

patient phenotypes, including age, lung pathology and modes of ventilation will be 

important for informing ETT suction practice in high risk populations and developing 

interventions to reduce associated adverse events.   

Overall, we did not identify any high-quality evidence, based on GRADE 

recommendations, to support ETT suction interventions, though we note a currently 

recruiting clinical trial (Schults, Cooke, et al., 2018). At present there are limited 

decision-making algorithms or appropriate use criteria guidelines for ETT suction 

interventions. Consequently, practitioners make suction intervention decisions with 
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limited guidance and often informed by short term changes in physiology ‘of unknown 

clinical relevance’ (Ntoumenopoulos, 2013). More attention (both research and clinical 

assessment) needs to be given to improvements in lung function and prevention of 

further lung injury. It is important to acknowledge the large impact future research will 

have on the ability to provide estimates of intervention effect, both in size and direction. 

In the absence of high-quality data and systematic reviews, clinical guidelines which 

incorporate best available evidence and multidisciplinary expert opinion are an 

appropriate method for disseminating practice recommendations that may be translated 

into clinical practice. 

A limitation of this review is that we did not find sufficiently homogenous RCTs 

to provide an overall estimate of intervention effect on primary or secondary outcomes. 

Further, we did not include children ventilated via tracheostomy tubes, or studies of 

neonates. Future research should target multicentre, adequately powered effectiveness 

trials, using innovative methods to maximize recruitment, intervention fidelity, and 

health service uptake of trial results.   

Conclusion 

This review aimed to evaluate the current evidence for ETT suction interventions used 

in mechanically ventilated children. However, due to clinical and methodological 

heterogeneity and the small number of studies meeting review inclusion criteria, we 

could not perform meta-analyses or determine synthesized effect estimates. Current 

evidence suggests that closed suction may maintain arterial oxygen saturations, NSI 

leads to significant transient desaturation, and lung recruitment applied post suction 

offers short-term oxygenation benefit. Further adequately powered trials with 

standardised outcome measures are needed to determine best practice for ETT suction 

interventions in children.  
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Supplementary material 1.  Search strategy 

 

We used the standard methods of The Cochrane Collaboration (1) to undertake a 
comprehensive search using the following provisional strategy: 
 
The Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane 
Library  
#1 MeSH descriptor Suction no explosion; (ti, ab, kw) 
#2 Endotracheal OR *tracheal near suction; (ti, ab, kw) 
#3 Suction catheter; (ti, ab, kw) 
#4 #1 OR #2 OR #3  
#5 MeSH descriptor Respiration, Artificial explode all trees 
#6 mechanical* near (respirat* or ventilat*) 
#7 #5 OR #6 
#8 Sodium chloride OR normal saline OR saline solution; (ti, ab, kw) 
#9 Saline near instil*; (ti, ab, kw) 
#10 #8 OR #9 
#11 recruit* near (manoeuv* or manuev*); (ti, ab, kw) 
#12 sustained inflation OR peep OR positive end expiratory pressure (ti, ab, kw) 
#13 recruitment or derecruitment (ti,ab) 
#14 #11 OR #12 OR #13  
#15 open suction or closed suction or inline suction or suction system; (ti, ab, kw) 
#16 hyper oxygen* OR pre- oxygen* OR post oxygen*; (ti, ab, kw) 
#17 p?ediatric or child* or infant* or adoles* or neonat* 
#18 #4 AND #17 
#19 #4 AND #10 AND #17 
#20 #4 AND #14 AND #17 
#21 #7 AND #14 AND #17 
#22 #15 AND #17 
#23 
#24 
#25 
#26 
#27 
#28 
#29 
#30 
#31 

#4 AND #16 AND #17 
Deep OR shallow OR depth (ti, ab, kw) 
Clean OR sterile (ti, ab, kw) 
Routine OR clinical* indicated (ti, ab, kw) 
Suction pressure OR vacuum pressure 
#4 AND #17 AND #24 
#4 AND #17 AND #25 
#4 AND #17 AND #26 
#4 AND #17 AND #27 
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#32 
#33 
#34 
#35 
 

Duration ventilation OR length ventilation (ti, ab, kw) 
Adverse event OR complic* 
#4 AND #17 AND #32 
#4 AND #17 AND #33 

We will initially adapted this strategy to search: 
• MEDLINE (from January 2003) and include Cochrane’s Highly Sensitive 

Search Strategies (2) for identifying randomised controlled trials 
i. Randomi?ed controlled trial.pt. 

ii. Randomi?ed.ab. 
iii. Other study designs.ab 
iv. Random*.ab. 
v. Trial.ab. 

vi. 1 or 2 or 3 or 4 or 5 
• EMBASE (from 2003) using the limits randomized controlled trial and 

controlled clinical trial, Emtree terms “artificial ventilation” and “paediatrics”.  
• EBSCO CINAHL (from 1982) using CINAHL Headings Respiration, Artificial; 

Pulmonary Atelectasis and limiting the search to human, p?ediatrics and clinical 
trials.  

We obtained all relevant studies, irrespective of language or publication status. We will 
also searched the Clinical Trials Registries for ongoing or recently completed trials 
(clinicaltrials.gov; controlled-trials.com/mrct; and who.int/trialsearch). 
 

Nb. The initial search strategy included search terms limiting to RCTs, this was 

removed to enable identification of study designs beyond RCTs. 
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Summary 

The published studies of ETS interventions are mostly small and inconclusive, with 

substantial heterogeneity preventing data pooling to provide estimates of effect. With 

respect to the two pairs of interventions included in the Phase 3 feasibility factorial 

RCT, available evidence suggests that NSI is likely to result in short-term, transient 

desaturation post ETS, but NSI was not tested against longer-term clinical outcomes 

such as VAP. The available evidence on RMs suggest that RMs may offer a short-term 

benefit for oxygenation, but there was conflicting evidence regarding the impact of RMs 

on pulmonary measures.  

This systematic review of current evidence related to ETS interventions has 

established that there is a knowledge gap in high-quality evidence to support the use of 

most ETS interventions in paediatric patients. It has identified the need for rigorous 

evaluation of ETS interventions in controlled settings. The following chapter includes a 

discussion of the paediatric considerations for NSI and RMs with ETS and details a 

systematic integrative literature review of the safety and efficacy of the use of NSI with 

ETS and a critical appraisal of the current ETS CPGs.  
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Chapter 3. Current Endotracheal Suction Practice in Mechanically 

Ventilated Children  

Introduction 

This is the second literature review chapter included in the thesis. It contains a critique 

of current NSI evidence through the inclusion of a systematic integrative review of 

literature pertaining to NSI with ETS in paediatrics, which was published in the journal 

Australian Critical Care. Following this, a discussion of the paediatric considerations 

for the use of lung RMs with ETS is outlined. Finally, this chapter contains a systematic 

review and critical appraisal of international, national and local CPGs related to NSI and 

RMs with paediatric ETS. This is achieved through the inclusion of a brief report 

undergoing peer review in the journal Dimensions of Critical Care Nursing.   
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Efficacy and safety of normal saline instillation and paediatric endotracheal 

suction: An integrative review [Publication 2] 

Statement of contribution to co-authored paper 

This chapter includes a co-authored paper, which has been published in Australian 

Critical Care (IF: 2.51; rank 1/18 Critical Care Nursing). The status of the co-authored 
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normal saline instillation and paediatric endotracheal suction: An integrative review. 
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a  b  s  t  r  a  c  t

Objective:  To synthesise  research  findings  regarding  the  efficacy  and  safety  of  normal  saline  instillation
(NSI)  during  endotracheal  suction  in  the  paediatric  intensive  care  unit.
Data  sources:  The  Cochrane  Library,  PROSPERO,  the  National  Health  Service  Centre  for  Reviews  and
Dissemination,  PubMed  and  Cumulative  Index  to Nursing  and  Allied  Health  (CINAHL)  databases  were
systematically  searched.  Subject  headings  included  “suctioning,  endotracheal”,  “suction”,  “sodium  chlo-
ride”, “normal  saline”  and  “paediatrics”.  Additional  references  were  sourced  from  hand  searches  of journal
article reference  lists  and  Google  Scholar.
Method:  An  integrative,  systematic  approach  was used  to qualitatively  synthesise  study  results  in the
context  of paediatric  intensive  care  nursing  practice.  Data  were  extracted  using a  standardised  data
extraction  form.  Quality  assessment  was performed  independently  by two  reviewers.
Results:  Three  studies  met  pre-defined  inclusion  criteria.  Quality  of  all  study  methods  was  75%  on the
Mixed  Method  Appraisal  Tool,  although  reporting  quality  varied.  Overall,  there  was  a  scarcity  of high
quality  evidence  examining  NSI  and  paediatric  endotracheal  suction.  Outcome  measures  included  oxy-
gen saturation  (SpO2),  serious  adverse  events  (author/s  defined)  and  ventilation  parameters  (author/s
defined).  Endotracheal  suction  with  NSI  was associated  with  a transient  decrease  in  blood  oxygen  sat-
uration;  research  protocols  did  not  include  interventions  to  mitigate  alveolar  derecruitment.  Studies
were not  powered  to detect  differences  in  endotracheal  tube  (ETT)  occlusion  or  ventilator  associated
pneumonia  (VAP).

Conclusion: NSI was  associated  with  a transient  decrease  in oxygen  saturation.  In children  with  obstruc-
tive  mucous,  NSI  may  have  a  positive  effect.  Practices  which  maximise  secretion  removal  and  mitigate
the  negative  physiological  interactions  of ETS  have  been  poorly  evaluated  in the  paediatric  population.
High  quality,  powered,  clinical  trials  are  needed  to determine  the  safety  and  efficacy  of  normal  saline

 clini
instillation  and  to inform
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1. Introduction

Each year 50% of children (<18years) admitted to Australian and

New Zealand intensive care units require intubation and mechan-
ical ventilation.1,2 Placement of the endotracheal tube (ETT), to
facilitate mechanical ventilation impairs mucociliary clearance.3
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n combination with humidification of inspired gas, endotracheal
uction (ETS) is a key secretion management technique in the
aediatric intensive care unit (PICU).4 Performed to maintain air-
ay patency and prevent retained respiratory secretions,5 ETS

s not without complications. The adverse clinical effects of ETS
ay  include hypoxia and atelectasis due to pulmonary derecruit-
ent; hypotension related to increased intrathoracic pressure and

educed cardiac output; and bradycardia associated with vagal
erve stimulation.6–8

The effectiveness of ETS is impacted upon by the hydration of
he airway mucous. If there is insufficient humidification of ventila-
or gas or obstructive mucous plugs the efficacy of ETS is reduced.9

ormal saline instillation (NSI) with paediatric ETS is a long stand-
ng nursing intervention which has been practised for more than
wo decades.10–12 NSI as an intervention is postulated to have
everal effects including: hydrating and mobilising airway secre-
ions, stimulating the cough response and lubricating the suction
atheter.13,14 NSI is thought to enhance the removal of mucous
lugs and reduce surface tension in the distal airways.10,15 How-
ver, the majority of these claims are untested and effect of NSI on
ecretion rheology and airway mucosa is not clearly articulated in
he literature.

. Problem identification

In general, the prevalence of NSI use as an intervention with ETS
n the PICU is largely unknown. Data obtained from a 1996 cross-
ectional survey found more than 96% of PICU nurses used NSI as
n intervention with ETS.10 However, current usage rates are not
ublished. Newer research has found NSI usage to be significantly
ssociated with open suction when compared with closed suction
1397 vs 572, p < 0.01).5 However given open suction is associated
ith improved secretion clearance,16 and thick secretions are a key

ndication for NSI in the PICU,17 the findings of this research are not
urprising.

In adults, a number of studies explore NSI efficacy in patients
ithout lung disease. In these studies researchers argue that NSI
as a deleterious effect on oxygen saturation and does not increase
ecretion yield.18–20 Consequently current ETS guidelines recom-
end the discontinuation of NSI,13,21 however the application of

hese guidelines in the clinical environment have been poorly
xplored.

In paediatrics the benefits of NSI with ETS is uncertain and
idely debated.22 The generalisability of adult recommendations

o the PICU population is problematic. Mechanically ventilated chil-
ren have different diagnoses to adults, specifically a high incidence
f respiratory disease and ETTs with small internal diameters which
ay  be easily occluded by obstructive mucous.17 In this popula-

ion NSI may  be both warranted and beneficial. The aim of this
eview was to synthesise research findings regarding the efficacy
nd safety of NSI as an intervention to improve pulmonary out-
omes in intubated paediatric patients undergoing ETS.

. Method

Due to the lack of randomised clinical trials (RCT) and the
ariability of study design an integrative approach was used to
ualitatively synthesise research findings. The integrative method
llows for the combination of diverse study methodologies, pro-
iding a comprehensive review of the topic as it pertains to
linical practice. The format for the review was based on Whit-

emore and Knafl’s23 five stage integrative review process of:
roblem identification, literature search, data evaluation, data anal-
sis and presentation of findings. The use of this systematic process
nhances review rigor.
ical Care 31 (2018) 3–9

3.1. Search strategy

A search of The Cochrane Library, PROSPERO and the National
Health Service Centre for Reviews and Dissemination identified no
reviews or registered protocols investigating the topic. A search
of the National Institute of Health Clinical Trials, Australian and
New Zealand Clinical Trials Registry and the World Health Orga-
nization International Clinical Trials Registry identified no clinical
trials examining NSI and paediatric ETS. A systematic search
was conducted in United States National Library of Medicine
National Institutes of Health (PubMed), Cumulative Index to Nurs-
ing and Allied Health (CINAHL) and Google Scholar in February
and repeated in April 2016. Following consultation with a Health
Librarian, the review aim was broken into concepts which formed
the basis of the search strategy. The PRESS guidelines were used
to further refine the search strategy.24 Search terms were devel-
oped for each concept and Boolean operators OR,  AND and NOT
were applied, Boolean operators were consistent across search
services. Proximity operators were not applied. Subject headings
(MeSH or CINAHL headings) were database specific and included
“suctioning, endotracheal”, “suction”, “sodium chloride”, “nor-
mal  saline”, “paediatrics” and “pneumonia, ventilator-associated”;
some minor/subheadings were included. Key word and text word
searching included pediatric; paediatric; infant; children; secre-
tions and instillation. Truncation and wildcard symbols were
database specific and included: CINAHL wildcard # (p#ediatric)
and PubMed truncation * (paed* OR ped*). Truncation and wildcard
symbols were not applied in google scholar searches. An English
language limiter was  applied to the search. Filter terms not applied
within the search strategy included publication date and outcome
measures. Database searches were supplemented by hand searches
of article reference lists.

3.2. Selection criteria

Studies were included in the review upon satisfying predefined
inclusion criteria: (1) paediatric patients aged 0–18years; (2) ETT
airway in situ; and (3) investigated a clearly defined ETS solution
intervention. Outcomes were not defined a priori due to the lack
of evidence and desire for an inclusive review. A minimum level of
acceptable study design was  observational with no comparator as
described by Merlin et al.25 ‘hierarchy of evidence for intervention
studies’. No restrictions were placed on patients’ principal diagno-
sis. Articles were excluded if: (1) study participants were adult or
neonates; (2) paediatric data were not desegregated; (3) examined
artificial airways other than ETT; (4) examined normal saline use in
combination with another intervention; or (5) were not published
in English.

3.3. Data extraction and assessment of study quality

Study data were extracted using a standardised data extraction
form. Data extracted included study aim, setting, method, partic-
ipant population, sample size, intervention and outcome measure
and measure of effect (if empirical). The Mixed Methods Appraisal
Tool (MMAT) as described by Pluye et al.26 was used to appraise
the methodological quality of each source. Comprised of screen-
ing questions and methodology specific criterion, the MMAT  is a
validated critical appraisal tool that facilitates systematic assess-
ment for integrative reviews with studies using difference research
methods.27 Quality assessment for included studies was completed
independently by JO and MM.  Following discussion, any unresolved

variances were resolved with the third author (MC) through dis-
cussion and consensus. Risk of bias assessment was  performed on
intervention and observational studies, guided by The Cochrane
Collaboration’s tool for assessing risk of bias.28 No study was
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xcluded based on minimum risk of bias or level of quality due
o the lack of evidence and desire for an inclusive review.

. Results

.1. Search outcome

Fig. 1 outlines the flow of articles included in the review
n accordance with thePreferred Reporting Items for Systematic
eviews and Meta-Analyses (PRISMA) flow diagram.29 The system-
tic search yielded 551 citations. The potential relevance of each
itation was examined, and 501 citations were excluded as irrele-
ant. The full papers of the remaining 50 citations were assessed
o select articles directly concerned with NSI and paediatric ETS.
hree articles were included and 47 articles were excluded based
n the inclusion and exclusion criteria.

The studies reported on a combined total of 8781 ETS episodes,
n 315 PICU patients, aged between 3.9 days and 18 years. Par-
icipants required intubation and ETS for postoperative care,
espiratory disease and other medical/surgical conditions. Stud-
es originated from Australia5 and North America17,30 and were
ublished between 2003 and 2016. Two studies were prospective
bservational studies5,17 and the remaining study was  a ran-
omised control trial (RCT).30

The volume of NSI interventions varied between study proto-
ols. Two studies applied a predefined volume for all subjects:
0.5 mL5 and 1–2 mL17; whilst Ridling et al.30 used dose adjustment
ased on age—1 yr: 0.25–0.5 mL,  1–8yrs: 0.5 mL,  >8yrs: 1–2 mL.
ne study outlined an ETS protocol with indications for NSI use.17

ndications included thick secretions, medical officer request, sus-
ected occlusion of endotracheal tube and no secretions yielded
ithout NSI.17 Suction methods included open suction30 or a com-

ination of both open and closed techniques.5,17 Studies measured
xygenation and SAE as primary and secondary outcomes. Individ-
al study summaries are outlined in Table 1.

.2. Critical appraisal and assessment of risk of bias

All studies were single centre. Clinical trial registration numbers
ere not provided. No study undertook or was informed by feasi-

ility work. Sample sizes ranged from 24 to 229. No study reported
ample size calculations. One study defined the minimum clinically
mportant difference as a 20% decrease in oxygen saturation from
aseline.5 All studies received a score of 75% for their methodolog-

cal quality on the MMAT.5,17,30 In all studies, participant eligibility
riteria and outcome variables were clearly defined. Studies did
ot mask treatment allocation due to practicality constraints. No
tudy discussed reporting frameworks such as the CONSORT (clin-
cal trial) or STROBE (observational) checklists. A diagram of study
ow was not included in the one RCT.30

A summary of studies risk of bias assessment is presented in
able 2.28 Overall, studies had a high risk of bias, including selec-
ion and information bias. Further, there was a high risk of bias
or data analysis with only two studies using an intention to treat
pproach.5,30 Patient heterogeneity required control for a number
f covariates including severity of illness, diagnosis, ETT size and
ge. Estimate of mortality scores were reported in two  studies using
he Paediatric Index of Mortality 217 and Pediatric Risk of Mortal-
ty (PRISMIII).30 No study stratified patients according to diagnosis.
ne study included respiratory comorbidity as an explanatory vari-
ble in a regression analysis.17 One study conducted subgroup

nalyses (cardiac and respiratory).5 The RCT conducted multiple

 test comparisons with no adjustment of alpha value.30 Study
imitations were generally reported. Owen et al.17 reported the pro-
ortion of missing data to be estimated at 50% in both study arms.
ical Care 31 (2018) 3–9 5

Incomplete reporting of sample characteristics,5 diagnostic groups
and baseline comparison of group characteristics17 was  identified.

4.3. Oxygenation

Oxygenation saturation (SpO2) measured by pulse oxime-
ter was the primary outcome measure in two  studies.17,30

Owen et al.17 defined oxygen desaturation as ≤90% or 5% below
pre-suction SpO2 baseline. In all studies patients’ pre-suction
baseline SpO2 were compared with post ETS SpO2. SpO2 was
measured at four time points immediately post ETS17 and at
1, 230 and 10 min  post ETS.17,30 In comparison to the con-
trol (no NSI), NSI with ETS was associated with a statistically
significant difference in SpO2. Immediately post ETS (occur-
rence of desaturation event, 13.5% vs 26%, p < 0.001,17); 1 min
post ETS (change from baseline, 1.5% vs 5.7%, p = 0.01330) and
2 min  post ETS (change from baseline, 1.0% vs 4.8%, p = 0.00530).
Persistent desaturation was not evident at the 10 min  measure-
ment in either study (p = 0.52,30 p = 0.2717). Participant groups
were comparable with regard to age and diagnosis in one
study.30 Control and experimental groups were not compara-
ble in Owen’s et al.17 study due to the purposeful allocation of
children with respiratory disease to the NSI intervention study
arm.

4.4. Serious adverse events (SAE)

The definition of SAE as the primary17 and secondary5,30

outcome measure varied considerably, including VAP,30 tube
occlusion,5,30 tube dislodgement5 and a collective: haemody-
namic instability, bronchospasm, oxygen desaturation and failure
of saturation to return to baseline level.17 Two studies com-
pared the incidence of SAE in the ETS with NSI and ETS without
NSI groups and found no statistically significant difference.5,30

An association between NSI and incidence of SAE was reported
in Owen et al.’s17 study with an increased SAE odds ratios
(OR, 2.78; 95% CI, 1.79–4.32). This study’s definition of SAE did
not align with the other two  studies (see above definition).
Incidence rates of VAP per 1000 ventilator days were not pro-
vided, in total three patients were diagnosed with VAP (diagnosis
criteria not defined) and two ETT occlusion events. The signif-
icance of these findings were not discussed and incidence per
treatment group not provided.17 In general studies were not
powered to detect statistical significance in this outcome mea-
sure.

5. Discussion

This integrative review is the first to synthesise research findings
on the topic of NSI intervention with paediatric ETS. Despite only
three studies meeting the review’s inclusion criteria, the findings
of the review capture the current state of knowledge and identi-
fies gaps in the evidence. Oxygenation and SAE were the primary
outcomes of included studies.

5.1. Oxygenation

Since the 1990s determining the efficacy of NSI as an interven-
tion on outcomes such as oxygenation has proven challenging. A
recognised complication of ETS is pulmonary decruitment, this phe-
nomenon plays a key role in the post ETS hypoxemic event.31 The

application of negative pressure to retrieve respiratory secretions
combined with the acute loss of positive end expiratory pressure
(PEEP) disrupts normal alveolar mechanics and results in a loss of
gas exchange surface area.31 The contributing role NSI plays in the
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Fig. 1. PRISMA flow

ost suction desaturation has been poorly investigated. Two of the
tudies included in the review found NSI and ETS to have a tran-
ient, negative effect on oxygenation in the short term, however
his was not persistent and the clinical significance of the result
as not discussed.17,30

Few researchers have investigated the inclusion of ETS miti-
ation strategies with the use of a NSI intervention. Those that
o concentrate on preventing or reversing the hypoxemia post
TS.32,33 Earlier authors suggest transient desaturation events are
reventable with pre and post ETS hyperoxygenation,33 how-
ver more recent evidence suggests sustained hyperoxia increases
he risk of absorption atelectasis and the formation of free rad-
cals, both of which contribute to the development of an acute
ung injury.34 Consequently, researchers are now considering
he role lung recruitment manoeuvrers (LRM) play in reduc-
ng suction induced hypoxemia. Ventilation research undertaken
y Australian authors in 60 mechanically ventilated children,
ound the application of a LRM significantly improved end expi-
atory lung volume in children with ‘healthy lungs’ and acute
ung injury (ALI).35 Jauncey-Cooke et al.35 found that by dou-
ling the PEEP for two minutes post ETS in children with an
LI and a p/f ratio >200 (ratio of arterial oxygen partial pressure

PaO2) to fractional inspired oxygen), oxygenation significantly
mproved (PaO2 221.42(46.47)–239.94(63.84) p = 0.014). These
ndings suggest that the inclusion of a LRM post ETS may  min-
mise the post ETS hypoxemic event, however, further research
s needed to determine the optimal management and timing of
re and post-suction manoeuvres in mechanically ventilated chil-
ren.
 of study selection.

5.2. SAE

VAP is a significant adverse patient outcome in mechanically
ventilated children. Poor oral hygiene and ETS practices increase
a child’s risk of retained respiratory secretions being colonised
by bacteria.36 In a recent Australian review researchers Chang
and Schibler37 suggest the prevalence of VAP is as high as 12%
of mechanically ventilated children, however local, national and
international incidence data and health economy evaluation is lack-
ing. VAP is the second most common type of health care associated
infection and is associated with increased prolonged mechanical
ventilator days and PICU length of stay.38,39 In adult populations
NSI as an intervention has been shown to reduce the risk of devel-
oping microbiologically proven VAP by 54% (95% CI 18%–74%).40

However, in paediatrics, small underpowered paediatric studies
have been unable to detect a significant association between NSI
and the incidence of VAP.5,17,30

In mechanically ventilated children with impaired mucociliary
clearance, mucous plugs can occlude the narrow diameter ETTs.
Partial ETT occlusion can result in hypoventilation and atelectasis;
total ETT occlusion can lead to cardiopulmonary arrest.41 In neona-
tal cohort studies, NSI with ETS has been shown to increase ETT
patency by up to 64 h (p = <0.05), however the increase was only
significant in ETT size 2.5 mm,  with no difference found in paedi-
atric ETT sizes 3.0 mm or 3.5 mm.15 Interestingly, no study included

in the review evaluated secretion clearance as an outcome measure.
This could be attributed to the difficultly in accurately measuring
respiratory secretions and the variability of PICU admission char-
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Table  1
Included study summaries.

Reference Study design Population + sample Intervention Outcomes Measure of effect MMAT  score
Country Results

Evans et al.5 Prospective
cohort

PICU Open suction ± NSI or
closed suction ± NSIa

Normal saline usage • NSI usage more common in
open suction compared to
closed (1397 vs 572,
p < 0.001)

• No significant difference in
comparative adverse events
(p = 0.23)

75%

Australia 229 patients Adverse eventsb

6691 ETS episodes

Owen et al.17 Prospective
cohort

PICU 1–2 mL NSI Adverse event: Hemodynamic instability (1.2%
vs 0.3% of ETS, p = 0.04);
bronchospasm (17.6% vs 7.1%
of episodes, p < 0.001); oxygen
desaturation (26% vs 13.5% of
episodes, p < 0.001). No
significant difference in oxygen
saturation recovery 10 min
post ETS

75%

USA 62 patients Haemodynamic
instability

1986 ETS episodes Bronchospasm
Oxygen desaturation
Persistent desaturation

Ridling et al.30 RCT PICU NSI Oxygen saturation Change in baseline SaO2 at
1,2,10 min

75%

USA  24 patients Age adjusted dosing Tube occlusion • 1 min: NSI (5.7), no NSI (1.5,
p = 0.013)

• 2 min: NSI (4.8), no NSI (1.0,
p = 0.005)

• 10 min: NSI (0.7), no NSI
(0.2, p = 0.52)

104  ETS episodes VAP Nil comparative adverse events

ETS, endotracheal suction; SaO2, oxygen saturation; PICU, paediatric intensive care unit; NSI, normal saline instillation; RCT, randomised control trial; VAP, ventilator
associated pneumonia.

a NSI dose not reported.
b This study examined additional outcome measures not reported here specific to open and closed suction.

Table 2
Risk of bias summary.

Clinical trial and
observational
studies

Adequate
sequence
generation

Allocation
concealment

Blinding
(clinician)

Blinding
(outcome
assessor)

Incomplete
outcome data

Predefined
outcome
measures

Intention to treat
analysis

Evans et al.5 − − − U U + +
Owen et al.17 − − − U − + U

U

+

a
l

t
t
f
i
b
o

5

o
u
l

Ridling et al.30 + + − 

 = decrease risk of bias, − = increase risk of bias, U = uncertain.

cteristics which makes the comparison of patients with ‘healthy
ung’ versus respiratory patients problematic.

The lack of standardised ETS technique for mechanically ven-
ilated children reported in the reviewed studies is concerning. In
he absence of NSI and ETS clinical practice guidelines, clinicians are
orced to rely on subjective assessments and clinical experience to
nform their use of NSI in practice. The development of evidence-
ased clinical practice guidelines is therefore an important clinical
bjective to guide practice.

.3. Limitations of the review
Whilst there is no gold standard for ‘true’ methodological quality
f clinical trials or observational studies, the validated MMAT  was
sed to provide an indication of overall study quality. The MMAT  is

imited to reporting methodological quality.26 Grey literature was
 + + +

not included in the search strategy which may have introduced a
publication bias. Further, the English language limiter may  have
introduced selection bias.

6. Implications for clinical practice and future research

Our findings can be examined through an evidence based prac-
tice lens. In the PICU, nurses base clinical decisions on knowledge,
experience and evidence.42 However, the current lack of evidence
has contributed to PICU nurses making NSI and ETS decisions in a
vacuum of evidence. To date, researchers investigating paediatric
ETS and NSI have predominately applied prospective observa-

tional or descriptive methods due to the challenges associated
with the design and execution of a RCT within the PICU.43 How-
ever these approaches have disadvantages including inadequate
or unreported sample estimates and likely inadequately powered
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tudies; poor methods for sequence generation, narrowly defined
tudy populations that are not representative of the population, no
valuation of intervention fidelity and incomplete reporting of out-
ome data. To overcome these issues future clinical trials need to be
onducted with a key focus on a rigorous and high quality research
rotocol, following a feasibility study. The inclusion of innovative

ung recruitment strategies would also provide evidence for clini-
al practice. The data generated from a quality clinical trial could
hen be used to inform an ETS and NSI clinical practice guideline.
he first step in this process would be to conduct feasibility work
o determine sample calculations, identify outcome measures and
est research processes including intervention fidelity and research
rotocols.44

. Conclusion

Research findings regarding the efficacy and safety of NSI during
TS in the PICU were synthesised. We  found that NSI as an interven-
ion was associated with a transient desaturation event. However
vidence concerning the efficacy of NSI is inconsistent and limited
y age or methodological problem. To progress knowledge regard-

ng the benefits and risks of NSI with paediatric ETS, we  propose
n adequately powered RCT needs to be undertaken to provide
efinitive information on the safety and efficacy of NSI.
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Research published following Publication 2  

Research published following this integrative review has identified that instillation of 

saline, of varying concentrations, does not have a significant effect on the duration of 

mechanical ventilation, oxygen therapy or length of PICU stay in mechanically 

ventilated children (McKinley et al., 2018). Using a pragmatic, unblinded three-arm 

RCT, McKinley and colleagues (2018) evaluated the effect of 0.225% saline versus 

0.9% saline versus no saline in 427 mechanically ventilated children (<18 years, >12 

hours mechanical ventilation) during ETS. They found no significant difference in the 

primary endpoint, duration of ventilation, measured in hours (hrs) (median, no saline 

31.8 hrs (IQR 19.5–67.5) vs 0.225% saline 43 hrs (IQR 20.8–85.5) vs normal saline 

39.7 hrs (20.0–87.0); p = 0.47). Secondary endpoints also failed to reach significance, 

despite the no saline group having a shorter duration of oxygen therapy (p = 0.36) and 

PICU stay (p = 0.37). Limitations of this study included moderate rates of non-

adherence in the no saline group (46%) and a recognised challenge of conducting 

pragmatic studies of historically used clinical interventions such as NSI (Schults, Cooke 

et al., 2019). Additionally, study recruitment was challenging and ceased after 4 years 

of recruiting (target sample size 636, achieved 427). Further, data were 10 years old; 

however, it is unlikely that practice has significantly changed with respect to NSI and 

ETS practices to limit the importance of these findings.  

McKinley et al.’s (McKinley et al., 2018) study was a new and critical addition 

to the scientific evidence regarding NSI efficacy as it investigated more intermediate 

outcomes (e.g., duration of ventilation), compared to short-term physiological 

interactions (e.g., desaturation). Further, this study included a comparison of a saline 

concentration closer to the physiological composition of airway secretions (0.225%). 

Finally, this study highlights the challenges of conducting trials in the PICU population. 
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Pragmatic, innovative trial designs are needed to maximise recruitment and intervention 

assessment in this challenging cohort and environment.   

 

Paediatric specific considerations for the use of recruitment manoeuvres 

with endotracheal suction 

The following section provides a summary of the paediatric considerations related to the 

use of RMs with ETS. A systematic review of paediatric RMs was unnecessary as a 

recent review had been published (Jauncey-Cooke et al., 2015) that was applicable to 

the Australian PICU context.  No additional publications (>2015) were identified during 

the undertaking of the systematic review included in Chapter 2; as such, the current 

state of evidence is described narratively.  

Background 

‘Pediatric practitioners face unique challenges when attempting to translate or adapt 

adult-derived evidence regarding ventilation practices … into pediatric practice’ 

(Khemani & Newth, 2010, p. 1465). Paediatric lungs differ significantly to adult lungs 

due to developmental anatomy and physiological differences. Factors such as reduced 

alveolar capacity (only 25% in neonatal period) (Priestley & Helfaer, 2004), weak 

diaphragmatic muscle (less type-1 muscle fibres that are resistant to fatigue) and less 

efficient diaphragmatic muscle positioning (more horizontal, reduced contractility 

capacity) (Khemani & Newth, 2010; Taussig & Landau, 2008) contribute to children’s 

reliance on FRC to maintain alveolar inflation. Despite reaching similar lung and chest 

wall compliance to adults at two years of age, infants and children continue to have 

smaller internal airway diameters relative to their weight. Further, children have smaller 

elastic retraction forces and a lower relaxation volume (increased risk of airway 
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collapse) which, combined with increased abdominal pressure on the retraction of the 

lungs (Suki, 2002; von Ungern-Sternberg, Hammer, Schibler, Frei, & Erb, 2006), 

contribute to a child’s increased susceptibility for alveolar derecruitment and airway 

collapse.   

Why perform recruitment manoeuvres? 

Mechanically ventilated children experience accumulative derecruitment as a 

consequence of low VT ventilation strategies, general anaesthesia and airway 

interventions such as ETS.  ETS and the mechanical aspiration of secretions cause 

sudden and profound loss of FRC, resulting in atelectic segments of the lung (Heinze et 

al., 2011; Lindgren et al., 2007). This was recently demonstrated in a trial of 60 

mechanically ventilated children which showed ETS causes inhomogeneous lung 

volume loss and significant reductions in EELV in pre/post comparisons (p < .001) 

(Jauncey-Cooke, 2012). Further, NSI with ETS exacerbates gas mal-distribution and 

worsens derecruitment by increasing the alveolar threshold opening pressure (Fineman 

et al., 2006; Sud, Sud, Friedrich, & Adhikari, 2008). Atelectic alveoli mean there is less 

surface area to participate in gas exchange, while the cyclic shearing of atelectic 

alveolar during inspiration and expiration leads to lung injury, further compounding 

complex illness recovery. For the clinician, greater alveolar surface area equates to more 

‘real estate’ and an associated improvement in oxygenation and ventilation indices; 

however, there are notable risks associated with manoeuvres aimed at re-recruiting 

collapsed alveoli.  

RMs involve the intentional, transient increase in transpulmonary pressure which 

aims to open underinflated, unstable alveoli; thus increasing EELV, optimising 

oxygenation indices and attenuating VILI (Pelosi, Gama de Abreu, & Rocco, 2010). Put 

simply, if a large volume of fluid entered the pulmonary interstitium (via pulmonary 
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capillaries), the lung would become dense and cause alveoli collapse. RMs seek to 

offset this crushing effect (equal and opposite pressure) through the delivery of PEEP or 

mean airway pressure. The aim is to increase the pressure until the alveoli become 

patent (opening threshold) and not extend the alveoli beyond this point, which could 

lead to VILI. This inflation point is then supported with ‘optimal’ PEEP during 

ventilation (Caironi et al., 2010). Importantly, the patient’s underlying condition and 

lung recruitability (nature and extent of underlying lung injury—direct or indirect) 

contributes to the success of the RM, and care must be taken as RMs can potentiate 

VILI through alveolar strain (Caironi et al., 2010) and translocation of pulmonary 

cytokines into the systematic circulation (Halbertsma et al., 2010). Further, RMs can 

cause cardiac interactions due to increased thoracic pressure, reduced venous return 

(impair cardiac output) (Lim et al., 2004; Tume, 2016) and they contribute to increased 

airway fluid acidity (Walsh et al., 2015), which further attenuates the development of 

lung injury. Therefore, consideration needs to be given as to the risk versus benefit of 

RMs and how they are safely delivered in a critical care environment; one such method 

may be via protocolisation.  

What populations benefit from recruitment manoeuvres? 

RMs may benefit all children receiving mechanical ventilation or undergoing general 

anaesthesia; however, current research has focused on evaluating RM strategies in the 

context of ALI (prior to 2015 nomenclature conventions; (Khemani et al., 2015)) or 

PARDS (Bilan & Molayi, 2016; Cruces, Donoso, Valenzuela, & Diaz, 2013; Kheir et 

al., 2013). PARDS accounts for up to 4% of PICU admissions in first-world countries 

(Khemani et al., 2015; Wong et al., 2014), and nearly 10% of admissions in developing 

nations (Gupta, Sankar, Lodha, & Kabra, 2018; Yadav, Bansal, & Jayashree, 2019). 

Mortality rates for this complex disease are high, with estimates between 18% and 45% 
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of children dying (Khemani et al., 2015; Wong et al., 2019; Yadav et al., 2019; 

Zimmerman, Akhtar, Caldwell, & Rubenfeld, 2009). Whilst the introduction of lung-

protective ventilation strategies has resulted in decreasing the number of children with 

PARDS developing complications of ventilation, such as pneumothorax (Miller & 

Sagy, 2008), which is an independent predictor of mortality for children with PARDS 

(Yadav et al., 2019), high mortality rates infer more can be done to optimise outcomes 

in this group of PICU patients. In children with ALI (PaO2/FiO2 less than 300), RMs 

have been shown to reduce mortality rates (28% versus no RM 47%, p<0.05) (Bilan & 

Molayi, 2016). However, feasibility studies show the application of RMs in patients 

with PARDS leads to mixed effects, with variable increases in aerated alveoli, despite 

observing an increase in oxygenation endpoints post-RM (Boriosi et al., 2012). The well 

cited PALICC Group (Pediatric Acute Lung Injury Consensus Conference Group, 2015) 

recommendations included the ‘careful’ use of RMs to improve severe hypoxemia; 

however, they also noted the limitations of existing evidence, recommending further 

clinical trials are needed to evaluate RM strategies for infants and children with 

PARDS. This recommendation is supported by the findings of our systematic review 

contained in Chapter 2 (Schults et al., 2020), which highlighted the current lack of 

rigorous evidence to inform the application of RMs with ETS in the general PICU 

population.    

Recruitment methods 

Patient positioning may contribute to the success of RMs, but prone positioning should 

be considered as a passive form of RM for critically ill infants and children (Fineman et 

al., 2006; Pelosi et al., 2010). A meta-analysis (25 RCTs, 7,743 patients) evaluating 

lung-protective ventilation interventions for adults with moderate to severe PARDS, 

found prone positioning was associated with a significant reduction in 28-day mortality 
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(risk ratio, 0.69; 95% CI 0.48, 0.99; low-quality evidence) (Ferguson et al., 2005).  In 

paediatrics, further efficacy data are needed (Pediatric Acute Lung Injury Consensus 

Conference Group, 2015), with a multisite RCT in children with ALI finding prone 

positioning made no difference in ventilator-free days when compared to supine 

positioning (Curley et al., 2005). Currently, an international, multisite factorial RCT is 

underway evaluating prone positioning and high frequency oscillation (HFOV) in 

PARDS, which will provide important efficacy and safety data regarding this 

intervention (PROSPECT study, ClinicalTrials.gov Identifier: NCT03896763).  

RMs evaluated in critical care literature include: SIs; PEEP manipulation, which 

can apply to more than one type of manoeuvre including staircase or incremental PEEP; 

and intermittent sighs. Importantly, the optimal strategy is likely individualised on 

patient need and circumstance, lung recruitability and estimated alveolar opening 

threshold. The most common RM investigated is the SI technique, where a continuous 

pressure of approximately 30–40 cm H2O is delivered (often via anaesthetic bag) for 

approximately 30–40 seconds (Jauncey-Cooke et al., 2015). However, the efficacy of 

RMs is as yet undetermined, with both adult and paediatric studies demonstrating only a 

minimal (Morrow et al., 2007) or transient (Brower et al., 2003) effect on measures of 

lung function (dynamic compliance) and oxygenation (SpO2).   

Few studies evaluate RMs in the setting of paediatric ETS. In 2016 a Cochrane 

Review protocol was published entitled ‘Lung recruitment manoeuvres in mechanically 

ventilated children for reducing respiratory morbidity’; however, the review was later 

withdrawn by the publishing group (Jauncey‐Cooke et al., 2016). Table 4 summarises 

current studies on paediatric lung recruitment in the context of ETS.  

Two studies investigated the effect of a post ETS SI with mixed results, limiting 

definitive conclusions regarding effectiveness. A single centre RCT of 48 children with 
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heterogeneous lung pathology (Morrow et al., 2007) found the application of an SI (30 

mm H2O 30 seconds) did not result in improved dynamic compliance, expired airway 

resistance, or oxygen saturation, measured immediately post RM and 25 minutes 

following. Conversely, Duff et al.’s (2007) prospective observational study found the 

application of an SI in 32 children (total of 93 RMs) with mixed lung pathology led to 

significantly reduced oxygen requirements and improved oxygenation six hours post 

intervention. This study evaluated an SI delivered via PEEP manipulation of 30–40 cm 

H2O for 15–20 seconds in children with normal lung pathology, and 40–45 cm H2O for 

children with PARDS. The results showed no statistically significant difference in all 

endpoints; however, the authors noted a statistically significant reduction in FiO2 

requirement six hours post-RM (6.1%, p <0.016), accompanied by a 9.6% increase in 

SpO2/FiO2 six hours post-RM (p < 0.016). An important finding of this study was that 

SIs were safe to apply in PICU patients with mixed lung pathologies.  

An Australian cross-over trial of 60 children demonstrated doubling PEEP levels 

for 2 minutes successfully restores EELV, lasting up to 60 minutes post ETS (p = 0.05). 

Incremental (staircase) PEEP also improved EELV but did not reach statistical 

significance (p = 0.05) (Jauncey-Cooke et al., 2011; Jauncey-Cooke, 2012). 

Oxygenation indices significantly improved with both RMs (Incremental PEEP 

PaO2/FiO2 [P/F] ratio pre- to post-suction 283[±97] to 324[±128], p = 0.04; Double 

PEEP P/F value from 289 [±103] to 317 [±90], p = 0.04) and was sustained up to two 

hours post-suction (p =0.03, p < 0.01 respectively). Conversely, control participants had 

a non-significant decrease in P/F ratio post-suction (p = 0.8), continuing to decrease up 

to 2 hours post-RM (p < 0.01).  

Overall, studies reported no adverse effects during the RM interventions, 

specifically haemodynamic interactions (Duff et al., 2007; Jauncey-Cooke et al., 2011; 

Jauncey-Cooke, 2012) or raised intracranial pressure (Jauncey-Cooke et al., 2011; 
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Jauncey-Cooke, 2012). This finding is supported by another paediatric RM trial (Cruces 

et al., 2013).  However, the strength of the above findings is limited by small sample 

sizes and methodological limitations inherent to cross-over trials and observational 

studies.  

 

.
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Table 4. Paediatric studies on lung recruitment  

Reference Country Sample Design Intervention Type Outcomes 

Duff (2007) Canada n = 32 Prospective 

observational 

RM (SI) • Oxygenation 

• Haemodynamic measures 

Jauncey Cooke 

(2011) 

Australia n = 60 RCTa RM  

1. Control 

2. Double PEEP 

3. Incremental PEEP 

changes 

• End-expiratory level 

• Oxygenation  

• Cardiac output 

Morrow (2007) South Africa n = 48 RCT RM (SI) versus control • Lung mechanics (airway 

resistance, dynamic compliance, 

lung volume, respiratory rate) 

• Oxygenation 

Note. PICU = Paediatric Intensive Care Unit; NICU = Neonatal Intensive Care Unit; RCT = Randomised Controlled Trial; ETT = Endotracheal 

Tube; TBI = Traumatic brain injury; PEEP = Positive End-Expiratory Pressure; RM = Recruitment Manoeuvre; SI = Sustained Inflation; VAP = 

Ventilator Associated Pneumonia; LoS = Length of Stay. 
aCrossover trial; 
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Conclusion 

Clinical decision-making in the context of PEEP manipulation with ETS to prevent lung 

derecruitment is rarely supported by clinical trial data. However, adult studies 

demonstrate suction-induced lung derecruitment can be prevented with RMs. Although 

RMs are becoming increasingly discussed in children, well-defined guidelines are not 

available. These procedures should be used judiciously in the absence of safety and 

efficacy data to prevent hyper-distension or negative haemodynamic interactions. 

Further data are needed to determine the safe application (e.g., protocolisation for 

multidisciplinary clinicians) and benefits of this intervention for children. A systematic 

review and critique of CPGs and practice recommendations are provided next to outline 

the current guidance provided to clinicians in relation to ETS practices in paediatric 

PICUs. 
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Normal saline and lung recruitment with pediatric endotracheal suction: A review 

and critical appraisal of practice recommendations 

Abstract 

Background: Normal saline instillation (NSI) and lung recruitment manoeuvres (RMs) 

are used in conjunction with endotracheal (ETT) suction in mechanically ventilated 

children. Practice is varied, and it is not currently understood what clinical practice 

guidelines (CPGs) are available to inform care. 

Objective: To identify and systematically review the quality of existing ETT suction 

CPGs, specifically in the context of NSI and RM use.   

Methods: A systematic search for ETT suction CPGs in children (<18 years) was 

conducted in CINAHL, MEDLINE, PubMed, EMBASE and Google Scholar. Two 

independent assessors evaluated each included CPG, using the Appraisal of Guidelines 

for Research and Evaluation (AGREE) II instrument. Standardised scores were 

calculated for individual CPGs, and scale domain scores calculated. 

Results: Four CPGs and practice recommendations from two literature reviews were 

identified and evaluated. The routine use of NSI and RMs with paediatric ETT suction 

was not recommended. Recommendations reflected the low quality and limited 

availability of evidence to inform NSI and RM application. Collectively, the highest 

scoring domain was clarity of presentation, followed by scope and purpose. Overall, 

assessments ranged from 8–100 from a possible 100 points. Four ETT suction CPGs 

(100%) were recommended for use with modification.  

Conclusions: CPGs and practice recommendations pertaining to NSI and RMs were 

consistent; however, they were limited by the quality and volume of available evidence. 

CPG developers should focus on improving the applicability and rigour in development 
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processes.  Further consensus work and rigorous trials are needed to inform future 

CPGs.  

 

Introduction  

Endotracheal tube (ETT) suction is one of the most common airway interventions 

conducted in mechanically ventilated children. Despite the ubiquity of this procedure, 

practice is varied. Complications arising from ETT suction are common, with 

observational studies reporting 22–26% of suctions lead to an adverse event (AE), often 

requiring clinician intervention (Owen et al., 2016; Schults et al., 2020). Suction related 

AEs may prolong bed days or increase a child’s risk of developing intensive-care-

acquired comorbidity. Practice recommendations to support ETT suction practice and 

the use of interventions such as normal saline instillation (NSI) and lung recruitment 

manoeuvres (RMs) are vital to informing practice decisions at the bedside. In theory, 

NSI is purported to aid mucous removal during ETT suction (Schults, Mitchell, et al., 

2018), while RMs may minimise alveoli de-recruitment and transient desaturation post 

ETS (Morrow et al., 2007).  

Variation in clinical practice, while often necessitated by patient factors, can 

contribute to poor patient outcomes (Kennedy, Leathley, & Hughes, 2010). Clinical 

Practice Guidelines (CPGs) are evidence-based statements designed to optimise patient 

care by providing guidance related to the appropriateness of healthcare interventions for 

specific clinical settings and populations (National Health and Medical Research 

Council, 2017). The use of ETT suction CPGs in mechanically ventilated children may 

help reduce underlying practice variation and help ensure a more consistent and 
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evidence-based approach to care. The objective of this work was to describe and 

appraise the quality of available ETS CPGs, specifically related to NSI and RMs.  

Methods 

A systematic search for published CPGs or practice recommendations was undertaken 

in the electronic databases: United States National Library of Medicine National 

Institutes of Health (PubMed), Cumulative Index to Nursing and Allied Health 

(CINAHL) and EMBASE (from January 2007). A web-based search was also 

conducted in Google scholar. Medical subject headings and key words included: 

‘suction’, ‘pediatrics’, ‘practice guideline’, ‘guideline’, ‘endotracheal suction’, ‘clinical 

practice guideline’ or ‘practice recommendations’.  The search was limited to English 

language and publications in the last 10 years to ensure relevance to practice. CPGs or 

practice recommendations were eligible for inclusion if they provided recommendations 

pertaining to ETT suction practice interventions in mechanically ventilated children 

(aged <18 years old). CPGs were defined in accordance with the National Health and 

Medical Research Council and the Institute of Medicine (Graham, Mancher, Wolman, 

Greenfield, & Steinberg, 2011; National Health and Medical Research Council, 2017). 

Practice recommendations were included in the absence of ETT suction CPGs, with the 

aim of describing all available resources.   

The methodological quality of identified CPGs was independently assessed by 

two reviewers using the Appraisal of Guidelines for Research Evaluation (AGREE) II 

instrument (Brouwers, Kerkvliet, & Spithoff, 2016; Brouwers et al., 2010). CPGs were 

scored using the 7-point scale across the six domains, with a score of 7 indicating 

exceptional quality of reporting. Domain scores were calculated using a summation of 

appraiser scores and by scaling the total as a percentage of the maximum possible score 

for that domain. CPGs were assessed as one of the following based on domain scores: 
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recommended, recommended with modification, and not recommended. Practice 

recommendations derived from literature reviews were not appraised using the AGREE 

II checklist due to the purpose of the checklist; however, these were narratively 

summarised. 

Results 

Figure 4 describes the flow of included ETT suction CPGs. Following the removal of 

duplicates (n = 5), the titles and abstracts of 58 records were screened, and 39 articles 

were excluded as they did not meet inclusion criteria. A total of six records were 

identified—four CPGs (American Association for Respiratory Care, 2010; Great 

Ormond Street Hospital for Children, 2018; Our Lady's Children's Hospital, 2017; 

Royal Children's Hospital, 2016) and two literature reviews (Morrow & Argent, 2008; 

Tume & Copnell, 2015) that included practice recommendations for NSI and/or RMs. 

The characteristics, recommendations and methodological quality (scaled domain 

percentages and overall assessment) of the CPGs and review derived practice 

recommendations are outlined in Table. 
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Figure 4. Flow of included CPGs and practice recommendations 
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Table 5. Characteristics of included paediatric ETT suction practice recommendations 
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AARC 

(2010) 

USA 

Endotracheal suctioning of 

mechanically ventilated 

patients with artificial 

airways; CPGs, AARC. 

 

NSI: 16.5 It is suggested that routine use 

of NSI prior to ETT suction should not 

be performed. 

 

RMs: 16.8 Use of lung RMs are 

suggested if suctioning induced lung 

derecruitment occurs in patients with 

acute lung injury. 

72 36 36 94 8 96 5.5 

 

Ywm 

CHI (2017) 

Ireland 

Guideline for suctioning; 

Our Lady’s Children’s 

Hospital, Crumlin. 

NSI: Routine instillation of normal 

saline and prior to suctioning is not 

recommended 

 

RMs: Not discussed. 

89 19 30 72 21 8 4.5 Ywm 
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GOSH 

(2018) 

UK 

Suction; Clinical guideline, 

Great Ormond Street 

Hospital for Children 

NSI: Saline instilled via an artificial 

airway may be used in an effort to 

loosen and mobilise secretions. This 

should be done with caution and only by 

experienced practitioners. 

 

RMs: Not discussed. 

69 47 33 69 21 29 4.5 Ywm 

RCH (2016) 

Australia 

ETT suction ventilated 

neonates^; Clinical 

guideline, Royal Children’s 

Hospital, Melbourne 

NSI: Normal saline should not be 

routinely instilled prior to ETT suction 

in infants. It should only be instilled in 

infants who have thick, tenacious 

secretions at a volume of 0.1 to 0.2 

ml/kg 

RMs: Should not be routine, but based 

on individual assessment. Discussed in 

the context of hyperinflation and PIP or 

81 36 17 100 21 8 4.5 Ywm 
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TV manipulation. If at two minutes post-

ETT suction desaturation continues, 

increase in PEEP by 1 cm H2O; should 

be discussed with the medical officer.  

Mean (SD)   78 

±9 

35 

±11 

29 

±8 

84 

±16 

18 

±7 

35 

±42 

  

Morrow 

(2008) 

Australia 

Clinical recommendations 

for endotracheal suctioning 

of infants and children; 

Review article 

NSI: Should not be used routinely. 

Level of evidence = 1 RCT (n = 24) 

 

RMs: Should not be used routinely. 

Level of evidence = 1 RCT investigating 

sustained inflation (n = 48). 

        

Tume (2015) 

UK 

Recommendations for 

endotracheal suctioning in 

paediatric intensive care 

unit; Review article 

NSI: Instillation of saline cannot be 

recommended as routine practice (Tume 

& Copnell, 2015). Its use may be 

justified in certain situations and should 
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be based on an individual patient 

assessment. There are conflicting 

findings concerning its potential benefits 

and some evidence to suggest NSI 

causes adverse effects. 

 

RMs: RMs after suctioning cannot be 

recommended as routine practice (Tume 

& Copnell, 2015). There are conflicting 

results regarding the efficacy, and safety 

issues have been raised.  

Note. NSI = Normal Saline Instillation; RM = Recruitment Manoeuvre; AARC = American Association for Respiratory Care; CHI = Children’s Health 

Ireland at Crumlin; GOSH = Great Ormond Street Hospital for Children; RCH = Royal Children’s Hospital, Melbourne; ETT = Endotracheal Tube; 

RCT = Randomised Controlled Trial; SD = Standard Deviation; USA = United States of America; UK = United Kingdom; PIP = Positive Inspiratory 

Pressure; TV= Tidal Volume; PEEP = Positive End Expiratory Pressure, unit of measurement, centimetres of water (cm H2O). 

Ywm = Yes, with modifications.  

^Includes information pertinent to infants and paediatric patients.  
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Universally, resources included in the review recommended avoiding the routine 

use of NSI and RMs due to AE risk or limited efficacy data. Across guidelines, there 

was some discussion of patient phenotypes or clinical variations in practice where NSI 

or RMs may be beneficial. Based on the AGREE II domains, CPGs generally scored 

high in the domains of clarity of presentation (average standardised score = 84 ±16) and 

scope and purpose (78 ±9).  Stakeholder involvement (35 ±11), editorial independence 

(35 ±42), rigour of development (29 ±8) and CPG applicability (18 ±7) were 

infrequently detailed. Guidelines were clear and interpretable; however, statements 

detailing the assessment of the body of evidence supporting each recommendation were 

infrequently detailed. Four CPGs (100%) were recommended for use in practice with 

modification, such as further detail regarding the process, flexibility and applicability of 

guidelines. 

Discussion and conclusion  

This study is the first to critically appraise ETT suction CPGs in mechanically 

ventilated children using a systematic approach. Four CPGs were identified and 

assessed using the AGREE II instrument. Identified CPGs were recommended for use 

with modification. Two literature reviews that provided NSI and RM practice 

recommendations were also identified. There was minimal variability across guidelines, 

with the routine use of NSI and RMs not recommended. Across all guidelines, more 

detail could be provided regarding the process of CPGs, flexibility of recommendations 

and applicability of guidelines.  

Currently, CPGs related to NSI and RMs are limited by low to moderate 

certainty evidence (Schults et al., 2020; Tume & Copnell, 2015). We observed CPGs to 

use best available evidence to generate recommendations, including small experimental 

studies, and preliminary epidemiological and descriptive studies. Practice 
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recommendations were consistent in their assessment that there was inadequate 

evidence to guide definitive recommendations concerning the appropriate use of NSI 

and RMs. For example, ‘the use of NSI may be justified in certain situations and should 

be based on an individual patient assessment. There are conflicting findings concerning 

its potential benefits’ (Tume & Copnell, 2015, p. 61). Or‘…use of lung recruitment 

manoeuvres are suggested if suctioning induced lung derecruitment occurs in patients 

with acute lung injury’ (American Association for Respiratory Care, 2010, p. 759). The 

limitations of current CPGs has led to uncertainty regarding ETT suction best practice, 

variation in care internationally, and a moderate risk of AEs associated with ETT 

suction (Schults, Long, et al., 2019).  

CPGs are a key strategy in reducing practice variation, helping clinicians make 

decisions about appropriate ETT suction interventions for specific clinical 

circumstances. However, evidence suggests clinicians experience difficulty applying 

current suction recommendations in practice, including those derived from literature 

reviews, due to barriers such as the heterogeneous nature of the PICU population and 

the broad interpretation of recommendations, such as ‘when clinically indicated’ 

(Davies et al., 2017, 2018; Schults, Cooke, et al., 2019). Modifications to existing CPGs 

or future CPGs need to provide additional information, which accounts for clinically 

relevant variations in suction practice and the appropriateness of NSI and RMs for 

specific patient phenotypes, such as patients with acute respiratory distress syndrome.   
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This study has some limitations. In particular, whilst every attempt was made to 

identify CPGs, it is possible that other CPGs exist beyond those identified by the search 

strategy. However, this work advances the current understanding of the limitations of 

ETT suction guidelines for mechanically ventilated children. These findings can be used 

to inform bedside ETT suction practice and future research collaborations to evaluate 

ETT suction intervention efficacy and the development of appropriate use criteria for 

suction interventions.   

At present, CPG designers are faced with developing internationally 

generalizable suction recommendations in the absence of robust clinical trial data. Full-

scale efficacy trials are needed to complement consensus-building work to scaffold the 

development of quality ETT suction CPGs. The strength of recommendations derived 

from current ETT suction CPGs will substantially improve with data contributed by 

future rigorous trial data, which can be pooled in a meta-synthesis.  This will facilitate 

the shift from opinion-based to evidence-informed ETT suction CPGs in the context of 

NSI and RM application.  

Summary 

 Synthesis and critical appraisal of the current evidence for NSI and RM use with ETS 

in paediatrics has been presented in this chapter. The integrative review of NSI included 

in this chapter revealed that NSI is associated with a transient decrease in oxygen 

saturation; however, the impact of this intervention on important outcomes such as VAP 

is relatively unknown. Further research is needed to determine the safety and efficacy of 

NSI with ETS in mechanically ventilated children. The narrative discussion of the 

paediatric considerations for RMs highlighted the differences between adult and 

paediatric airway and pulmonary physiology and the importance of paediatric specific 

guidance related to RM application.  Although conflicting, initial evidence suggests 
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RMs applied with ETS may help reduce lung volume loss and preserve oxygenation 

indices. Finally, the critical appraisal of NSI and RM CPGs illustrated the limitations of 

current CPGs and the need for further research and consensus derived guidelines to 

inform practice and reduce patient harm. The following chapter presents the methods 

used for this PhD research to achieve the aims and research objectives and answer the 

research questions.  
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Chapter 4. Methodology 

Introduction 

The methods that have been used to achieve the aim and objectives of the PhD research 

are outlined in this chapter. This includes the conceptual framework, research aim, 

objectives, research questions and study design. This chapter also contains a description 

of the study sample, including inclusion criteria, recruitment strategy, study outcome 

measures, interventions (Phase 3), data collection and analysis, and ethical 

considerations.  This chapter includes a published pilot RCT protocol for Phase 3. 

Conceptual framework 

The Medical Research Council (MRC) Framework for Developing and Evaluating 

Complex Interventions formed the conceptual framework for this PhD research (Figure 

5) (Craig et al., 2008). This framework is an iterative, phased approach to generating 

best evidence. It highlights the importance and value of conducting preliminary work, 

such as systematic reviews and feasibility and pilot work, to support the refinements of 

methods, procedures and protocols to be used in larger multicentre trials (Craig et al., 

2008). This framework is particularly useful for evaluating complex healthcare 

interventions as it encourages an ongoing process of development, testing and 

evaluation prior to implementation.  
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Figure 5. MRC framework for evaluating complex interventions with PhD research 

phases integrated. Source: adapted for this thesis from (Craig et al., 2008)). The 

publisher’s permission to reprint this figure is included in Appendix E. 

This PhD research falls within the development and feasibility/piloting phases of 

the MRC framework and consisted of three phases. The preliminary work undertaken in 

the development phase of this research included systematic reviews, an appraisal of 

CPGs, an observational study (Phase 1) and qualitative interviews (Phase 2). This work 

was necessary to determine the existing evidence and clinical recommendations for NSI 

and RM interventions, and to refine study outcome measures and comprehensive 

intervention development to ensure processes within current and future trials can be 

evaluated and replicated by others. This work also contributed to improved intervention 

fidelity by incorporating clinicians’ perspectives on study education materials and 

intervention doses—an issue reported in earlier studies investigating NSI (McKinley & 

Kinney, 2009).  
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Rational for intervention choice 

NSI and RM interventions were chosen as the studies interventions due to their adhoc 

use in practice, reported clinician uncertainty (Phase 1, Phase 2) and 

demonstrated/potential benefits of application with paediatric ETS to decrease 

complications; NSI for decreased incidence of VAP and RM for demonstrated 

improvements in lung mechanics and gas exchange. 

Intervention development was pragmatic and primarily theory and evidence 

based, driven largely by the MRC Framework (Craig et al., 2008). This involved 

identifying the evidence base for, and current policies regarding NSI and RM use. This 

was then followed with interviews with PICU clinicians and policy makers to determine 

how the interventions are currently used, weaknesses in potential intervention design 

(i.e., dosing strategy) and methods to support intervention fidelity. Development also 

included the following actions: understanding the current problem (Phase 1: 

Observational study), experience-based and user driven (Phase 2: Interviews, and 

candidates, supervisors PICU experience), and an implementation focus with particular 

attention paid to ensuring the intervention (if proven effective) can be used in clinical 

practice following evaluation (O'Cathain et al., 2019).  

The dose of NSI was determined following an extensive review of the literature 

(saline integrative review, Chapter 3) (Schults et al., 2018), consultation with clinicians 

(Phase 2, Chapter 5) (Schults, Cooke, et al., 2019) and a review of ETS CPGs (Chapter 

3). The method for the RM application was determined following an extensive review 

of the literature (RM literature review), consultation with clinicians (Phase 2, Chapter 5) 

and a review of ETS CPGs (Chapter 3).  
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Rationale for VAP primary outcome 

VAP was chosen as the primary outcome measure for the clinical trial given the 

role ETS plays in its development, the potential to prevent this adverse outcome through 

improved evidence-based practices and the significant burden it places on patients and 

the health service. An absence of studies evaluating this outcome was identified in the 

two literature reviews conducted in the PhD research. As one of the most burdensome 

complications in the PICU, VAP has an estimated prevalence of 12% (Chang & 

Schibler, 2015) and contributes to respiratory deterioration necessitating increased 

ventilator support (Schults, Long, et al., 2019; Ziegler, Ziegler, Haywood, Sontag, & 

Mourani, 2019). A VAP diagnosis is associated with increased childhood mortality and 

$51,000USD in additional healthcare costs, driven largely by a protracted PICU 

admission (Aelami, Lotfi, & Zingg, 2014). With no substantial improvement in ETS 

complication rates over the past decade (Morrow & Argent, 2008; Owen et al., 2016; 

Schults et al., 2020), greater investment in prevention is justified.  
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Research aims and objectives 

The overarching aim of this PhD research was to investigate two ETS interventions, 

NSI and RMs in relation to ETS practice and outcomes in an Australian PICU. The 

objectives of the research were to:  

a) Identify current ETS practice and establish a baseline of NSI and RM application;   

b) Determine risk factors associated with ETS AEs; 

c) Explore PICU nurses’ experience with NSI and RMs with ETS; and 

d) Evaluate the feasibility of a large factorial RCT of NSI and RM intervention pairs 

using pre-defined feasibility criteria. 

The research was conducted in three phases, which were designed to achieve the 

objectives and the overall aim.  

Phase 1 comprised an observational study and addressed objectives 1 and 2.  

The research questions for Phase 1 were: 

1. What is current practice for NSI and RM use with ETS? 

2. How frequently do AEs occur with ETS?   

3. What risk factors are associated with ETS AEs in the PICU population? 

Phase 2 targeted objective 3 and involved a qualitative exploration of nurses’ use of NSI 

and RMs with ETS in the PICU. The research questions for Phase 2 were: 

1. What are nurses’ experiences with using NSI and RMs with ETS in their 

practice? 

2. What are the clinical indicators that influence nurses’ use of NSI or RMs with 
ETS? 
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Phase 3 was a pilot factorial RCT. This phase addressed objective 4. The pilot trial 

assessed feasibility of a large RCT; therefore, it was not powered to test a primary 

hypothesis. The research questions for Phase 3 were:     

1) Is it feasible to conduct a factorial RCT to test the effectiveness and safety of 

NSI and RMs with ETS in mechanically ventilated children?  

2) In mechanically ventilated children requiring ETS, is (i) NSI superior to (ii) no 

NSI to prevent VAP and improve measures of gas exchange, lung function and 

impedance measures?    

3) In mechanically ventilated children requiring ETS, is (i) RM superior to (ii) no 

RM to prevent VAP and improve measures of gas exchange, lung function and 

impedance measures?    

Phase 1: Prospective observational study 

An observational study of ETS practice and AEs was conducted in a single-centre 36-

bed, mixed Australian PICU. This section outlines the methods undertaken to complete 

this phase. This information is also summarised in the published manuscript presented 

in Chapter 5 Results Phases 1 and 2 and, as such, there is some repetition of content. 

Objectives 

a) To describe the frequency and type of ETS related AEs, including all AEs 

(composite), desaturation, hypotension, bradycardia and agitation;  

b) To examine associations between suction related AEs and patient and suction 

characteristics; and  

c) To describe ETS practices in an Australian PICU. 
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These objectives informed the following research questions: 

1. What is current practice for NSI and RM use with ETS? 

2. How frequently do AEs occur with ETS?   

3. What risk factors are associated with ETS AEs in the PICU population? 

Study design 

A prospective, observational study was conducted over three months from January to 

March 2017. 

Setting and participants 

ETS practice was observed in a 36-bed, mixed cardiac and general PICU. The PICU is 

the major referral centre in the region, with approximately 2000 admissions annually. 

Data were collected on 100 consecutive PICU patients, intubated with an ETT and 

receiving mechanical ventilation. Children with tracheostomy tubes were excluded.  

Data collection and measurement 

Prior to the data collection period, a clinical report form was piloted by five PICU 

nurses for acceptability and feasibility. Clinician feedback was incorporated into the 

final version of the tool.  Data on patient and suction variables (indication for ETS, 

number of suction episodes per mechanical ventilation episode, indication for NSI and 

NSI dose) including potential predictive variables: age, Paediatric Index of Mortality 3 

(PIM3; (Straney et al., 2013), NSI, PEEP, hyperoxygenation—were collected using an 

clinical report form (Appendix F). The main outcome variable was a composite measure 

of any AE. The bedside nurse documented the indication for suction, pre- and post-

suction interventions used and any AE for each suction episode that occurred for the 

duration of mechanical ventilation. An automated prompt on the patient’s electronic 
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medical record reminded clinicians to complete the data collection form.  Demographic 

(e.g., age, weight, gender) and clinical variables (diagnosis, ventilation parameters and 

oxygenation indices) were collected to examine associations with the main outcome. 

Risk of mortality was estimated using the PIM3 score (Straney et al., 2013) for children 

admitted to an ICU; this measure was routinely collected in the site PICU. Missed ETS 

events were defined as those not recorded on the clinical report form (by the nurse). 

These were identified using the electronic medical record and documented by the 

clinical research nurse. Data collection was overseen by an onsite PICU research nurse 

and chief investigator (PhD candidate), ambiguous data or outliers were checked by the 

chief investigator using the clinical information system, clinical monitors or speaking 

directly with the bedside clinician. Nurses received education about the data collection 

tool from the chief investigator prior to study commencement. Education was restricted 

to data collection only and no further information on suction practice was given.  

Endotracheal suction practice  

Appendix G outlines the PICU’s ETS policy at the time the study was conducted. 

Guidelines outlined that ETS was to be performed when clinically indicated (Davies et 

al., 2015); the unit generally used an OS system with two nurses present for the 

procedure.   

  



136 

Adverse events 

AEs were defined as any of the following:  

i)  Oxygen desaturation: in children with a parallel circulation an SpO2 of ≤ 

90% or a decrease of >10% from pre-ETS SpO2 in children with a 

cyanotic heart lesion (cardiac right-to-left shunt) (Fiadjoe et al., 2016; 

World Health Organisation, 2016);  

ii)  Severe oxygen desaturation: requiring clinician intervention in the form 

of bag-ETT ventilation or the manipulation of ventilator FiO2 setting;  

iii)  Hypotension: identified by the clinician based on a decrease in baseline 

blood pressure of >10% and included both asymptomatic hypotension 

where no intervention was indicated and symptomatic hypotension 

which required clinician intervention (e.g., fluid bolus or inotrope 

infusion);  

iv)  Bradycardia: identified by the clinician based on a decrease in baseline 

heart rate of >10% and included both asymptomatic bradycardia where 

no intervention was indicated and symptomatic bradycardia which 

required clinician intervention (e.g., bag-ETT ventilation) (Tume, 

Baines, Guerrero, Johnson, et al., 2017); and  

v)  Agitation: subjective nursing assessment quantified with the requirement 

of a sedation bolus to achieve pre-ETS rousing state measured using the 

State Behavior Scale (Curley, Harris, Fraser, Johnson, & Arnold, 2006).    
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Data management 

Data were entered into the electronic data platform REDCapTM (Research Electronic Data 

Capture) Version 6.10.6. The REDCap database required a valid username and password, 

only provided to ReNs and Principal Investigators based at the recruiting site. Data were 

entered using a unique Study ID (no participant identifiers entered), only re-identifiable 

using a separate screening log which was kept in a secure location on-site (for later secure 

archiving). Consent forms were stored onsite in a locked cupboard and electronic data in 

the secure, password protected REDCap database. In keeping with the Queensland Health 

Retention and Disposal Schedule 2DAN546 v3 (Clinical research records for minors) the 

information will be retained for 15 years using Griffith University Research Storage 

platform.  

Data analysis 

Descriptive statistics were used to summarise sample characteristics and ETS practices. 

Categorical data were summarised using frequencies and percentages. All continuous 

data were summarised using the median and IQR due to non-normality.   The primary 

unit of analysis was per suction episode. Simple analysis investigating the number of 

missed suction episodes with clinical and demographic characteristics was undertaken 

using Spearman’s correlation, or the Mann-Whitney U test, depending on variable 

distribution.  Associations between demographic and clinical risk factors with AE 

outcomes (composite AEs and individual AEs: desaturation, bradycardia, hypotension 

and/or agitation) were assessed using bivariate analyses (accounting for clustered 

observations due to multiple suctions per patient) and reported using odds ratios, 95% 

CI and p-values. Risk factors with a p-value less than 0.25 on bivariate analyses or those 

which were deemed clinically relevant (e.g., PIM3, age) were subsequently included in 

the multivariable analysis using the same logistic regression technique. If required, 
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continuous variables were appropriately transformed to meet model assumptions. Data 

were analysed using IBM SPSS Statistics Version 25 and StataSE version 14.1 

(StataCorp Pty Ltd, College Station, Texas). Type I error was set at 0.05. All missing 

data were recorded.  

Ethical considerations 

Hospital and university ethics were obtained for the study (HREC/16/QRCH/377; 

2017/754), and a waiver of consent was granted (Appendix H). Participant 

confidentiality was maintained throughout the study using study identification numbers 

and the presentation of only aggregated data upon dissemination of study findings.  
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Phase 2: Semi-structured interviews of paediatric intensive care unit nurses’ 

endotracheal suction experiences  

A descriptive, exploratory study of nurses’ experiences of NSI and lung RMs with ETS 

was conducted using semi-structured, face-to-face interviews. This section outlines the 

methods undertaken to complete this phase. As this information is also summarised in 

the published manuscript presented in Chapter 5 Results Phases 1 and 2, some repetition 

of content is unavoidable.  

Problem formation 

PICU nurses are primarily responsible for ETS practice decisions. Nurses’ decisions 

regarding the application or non-use of NSI or RMs can influence the outcome of the 

suction event. It is not understood what influences nurses’ clinical decisions in this 

context and therefore the aim of this phase of the PhD research was to generate new 

knowledge and provide new perspectives regarding nurses’ use of NSI and RMs with 

paediatric ETS. 

Research objectives 

The objectives of this research were to: 

a) Explore PICU nurses’ experience with NSI and RMs in association with ETS in the 

PICU. 

The objectives informed the following research questions: 

1. What are nurses’ experiences with using NSI and RMs with ETS in their 

practice? 

2. What are the clinical indicators that influence nurses’ use of NSI or RMs with 

ETS? 
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Conceptual model 

An evidence-based practice model (Rycroft-Malone et al., 2004) formed the conceptual 

basis for this phase. A fundamental difficulty for clinicians is that many PICU 

interventions like NSI and lung RMs lack evidence (Curley, 2011; Duffett et al., 2017; 

Zimmerman et al., 2016). In the absence of systematic scientific evidence, nurses rely 

on other sources of evidence to inform practice (Hamer & Collinson, 2005). The 

evidence-based practice model (Rycroft-Malone et al., 2004) suggests knowledge which 

informs practice is derived from four key sources of evidence: research evidence, 

clinical experience, patient experience and local context information. The clinician may 

draw on multiple sources of evidence to inform practice decisions; however, the way 

clinicians apply this evidence to inform practice whilst considering individual patient 

needs has yet to be explored in relation to NSI and RMs in the PICU setting.      

Researcher characteristics and reflexivity 

Reflexivity is an important consideration in qualitative inquiry as it emphasises the 

value of self-awareness of one’s own perspective. The aim of undertaking ongoing 

reflexive exercises is to reduce researcher bias from diminishing the credibility and the 

rigour of the methods (Seale & Silverman, 1997). The research team comprised four 

females, including one clinical nurse (PhD candidate and chief investigator), a PICU 

Nurse Researcher (PhD), a Professor of Critical Care Nursing (PhD) and a Professor of 

Nursing (PhD). The clinician (participant)–researcher (clinical nurse, chief investigator) 

relationship was one that allowed the researcher to have a deep understanding of the 

participants’ situations; however, the established professional relationship may have 

inhibited certain points of discussion. The interviewer was a senior PICU nurse, and 

participants with less PICU experience may have felt uncomfortable detailing their 

specific ETS practice. However, participants were assured of the confidentiality of the 
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interview. Participants were aware of the chief investigator’s reason for conducting the 

research.   

Context and setting 

As previously described, the single-centre study took place at a tertiary referral PICU in 

Brisbane, Australia. Interviews were conducted in an office outside the clinical 

environment to facilitate uninterrupted time for the interviews. Only the participant and 

the researcher were present during the interviews. The unit is a 36-bed tertiary referral, 

mixed general and cardiac PICU. The suction policy has been previously described and 

is outlined in Appendix G. It includes the use of an OS system and ‘clinically indicated’ 

NSI; RMs are not addressed in the protocol.   

Sampling strategy  

A purposive sampling approach was used to recruit participants. Purposeful sampling is 

widely used in qualitative research and, in this research, involved identifying nurses 

who had experience with the use of NSI and RMs in the site PICU (Palinkas et al., 

2015). This pragmatic approach to participant recruitment was used due to PICU 

resourcing considerations, specifically access to bedside clinicians and team leaders 

who required relief from clinical practice facilitators to participate in interviews. 

Participants were invited to participate in the study upon satisfying the inclusion 

criteria: i) permanently employed PICU nurse at the site, and 2) mechanical ventilator 

competency (assessed by a PICU Nurse Educator using a clinical performance 

assessment tool). An email was sent to staff advising them of the study and inviting 

participation. The chief investigator’s contact details were also provided. Promotional 

flyers were strategically positioned in the unit before and during interview data 

collection to promote interest and involvement. All responding nurses who fulfilled the 
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inclusion criteria were approached by the chief investigator to participate in the research 

at a mutually convenient time during work hours.  Sample size was not defined a priori 

and data were gathered until saturation was achieved; that is, when no new information 

was being identified through the interview data (Guest, Bunce, & Johnson, 2015; 

Norwood, 2010).   

Ethical considerations 

Ethics approval was obtained from the hospital and university human research ethics 

committee (CHQ HREC/16/QRCH/374; GU HREC 2017/065) (Appendix I). 

Participants were provided with verbal and written information detailing the purpose of 

the study, right to withdraw consent, assurance of confidentiality and chief investigator 

contact details. Written informed consent was obtained prior to the interview, which 

was audio-recorded (Appendix J). Participants’ confidentiality was maintained 

throughout the study. Recorded responses were de-identified and audio transcripts did 

not contain identifiable information.   

Data collection methods and instruments 

Interviews were commenced and completed in February 2017. The interviewing method 

included a variation of both descriptive (open-ended) and structured questions (Bevan, 

2014). Demographic data were collected at the start of each interview and included 

years of nursing and PICU experience, highest educational attainment and PICU 

nursing position. To ensure consistency, an interview guide (Appendix K) comprising 

11 questions was used and participants were asked identical open-ended questions 

(Gall, Gall, & Borg, 2003; Norwood, 2010). Questions were based on key areas of 

interest related to paediatric ETS, NSI and RMs as identified in the literature and 

included: 1) clinical indicators for NSI use, 2) rationale for NSI and RM use or non-use 
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with ETS, and 3) influences on practice (Davies et al., 2015; Davies et al., 2011; Evans 

et al., 2014; Morrow & Argent, 2008; Swartz et al., 1996).  

Follow-up questions and prompts were adapted based on participant responses 

during the interview. This allowed for a more individualised approach (Creswell, 2007) 

and full exploration of participants’ experiences and viewpoints. Some forced response 

questions were included to explore specific factors in relation to NSI use (e.g., 

interviewees’ clinical experience, unit practice, research evidence). At the end of the 

interview, nurses were asked to rate factors that influenced their use of NSI with ETS. A 

Likert scale of 1–5 (least influential to most influential) was used to determine the level 

of influence. Modification of study procedures in response to evolving findings was not 

required. Interviews were conducted in a private meeting room in the PICU during 

daylight hours and lasted approximately 15 minutes.  

Data processing and analysis 

All interviews were de-identified and professionally transcribed verbatim for accuracy 

(Seale & Silverman, 1997). Field notes were made at the conclusion of each interview, 

and an iterative process was used to determine data saturation. Data were managed in 

Microsoft Word™ and Microsoft Excel™. Participants were recruited and interviewed 

until no new relevant information was being obtained from new participants (Norwood, 

2010). The interview guide was not modified over the course of the study. 

Iterative, inductive thematic analysis was used to code and analyse the interview 

data and identify themes as interviews were conducted. Analysis was data-driven and 

followed Braun and Clarke’s (Braun & Clarke, 2006) six phases of thematic analysis: i) 

familiarising with data, ii) generating initial codes, iii) searching for themes, iv) 

reviewing themes, v) defining and naming themes, and vi) producing the report. 
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Following full transcription, interview data were coded by the chief investigator. Initial 

codes were generated using line-by-line coding (facilitating an audit trail) and a process 

of writing and grouping like ideas and patterns. Codes informed concept formation and 

themes were identified. Themes were reviewed and defined with continued reference to 

codes and raw data via discussion with the project team (n = 4) (Norwood, 2010).    

Reliability 

In a reflexivity exercise, extracted themes were presented to all interviewees via email 

(n = 12). Participants were invited to attend a follow-up meeting to discuss the 

presented themes; no interviewees requested a follow-up appointment. The chief 

investigator liaised with all participants who reported they agreed with the resultant 

themes. This provided a degree of trustworthiness in and confirmability of the findings.  

Authenticity was addressed through fairness (all PICU nurses who met eligibility 

criteria were invited to participate in the project). Further, the investigator maintained a 

degree of reflective awareness of preconceptions and expectations throughout the data 

collection period, reflecting on each interview at its conclusion and keeping a field 

diary.  

Data management 

Data were entered into and managed in Microsoft Excel ® 365, and for the duration of 

the study stored on a Queensland Health password protected computer. Data were 

entered using a unique Study ID (no participant identifiers entered), only re-identifiable 

using a separate screening log which was kept in a secure location on-site (for later 

secure archiving). Consent forms were stored onsite in a locked cupboard. In keeping 

with the NHMRC data storage data will be kept for a period of 7 years using Griffith 

University Research Storage platform.   
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Phase 3: Normal saline and lung recruitment with paediatric endotracheal 

suction (NARES): A pilot factorial randomised controlled trial  

Phase 3 of the PhD research was a pilot factorial RCT of NSI versus no NSI, and RM 

versus no RM with ETS in mechanically ventilated children. The methods for Phase 3 

are reported below as a co-authored published protocol in the peer-reviewed journal 

BMJ Open. This section also includes an explanation and justification of the factorial 

design and a brief description of lung mechanics measurement (electrical impedance 

tomography or EIT) not included in the manuscript given journal word limitations.    

Explanation and justification of the factorial design 

The NARES trial was a factorial RCT, an experimental design which facilitates the 

evaluation of more than one intervention at the same time (Montgomery, Peters, & 

Little, 2003).  The 2x2 experiment included two factors, with two levels for each factor. 

Described as treatment combinations, participants received a treatment combination of 

neither, both, only NSI or only RM interventions. The factorial RCT design, while 

associated with important sample size considerations, is recommended by paediatric 

critical care trialists as an innovative and pragmatic design for paediatric critical care 

research (Curley, 2011). The ability to simultaneously test two interventions is an 

important factor for researchers to consider in recognising the challenges associated 

with accruing sufficient participants for full effectiveness trials. The decision to evaluate 

NSI and RMs in a factorial RCT was based on preliminary descriptive work reported in 

this thesis (systematic review, Phase 1, Phase 2), which identified these interventions 

are used as a single modality or in combination during ETS.  

The pilot study reported in Chapter 6 provides important feasibility data and 

estimates of effect for an RCT with a primary outcome measure of VAP. The pilot 
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trial’s statistical analysis plan included an assessment of interaction effect by 

introducing interaction terms in the multivariate model; however, estimates were 

considered cautiously as the trial was not powered (Montgomery et al., 2003). 

Lung mechanics measurement  

Mechanical ventilation 

Children received mechanical ventilation from the Evita XL (Dräger Medical, AG&Co, 

KG, Lübeck, Germany) or SERVO-U/i (Maquet Medical Systems USA) in volume or 

pressure-controlled modes. Ventilation parameters were captured using MetaVision 

(iMDsoft), a clinical information system for critical care and included PIP, VT, MAP, 

PEEP, and dynamic compliance (Cdyn). 

Electrical impedance tomography  

The trial utilised EIT to assess measures of lung function. EIT affords clinicians 

a non-invasive means to visualise regional air distribution within the lungs by 

generating cross-sectional images relative to impedance distribution (Figure 6). 

Originally developed in the late 1970s (Henderson & Webster, 1978), practical 

applications for EIT use in medicine have grown proportionally since the 1980s (Brown 

& Barber, 1987), relative to the usability, adaptability and comprehension of this 

diagnostic imaging tool. 
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Figure 6. Screen view of EIT measurement. Source: Candidate. 

 As human tissue is conductive, different types of tissue exhibit different 

electrical properties and resistance characteristics (impedance). Impedance reflects 

resistance to the passage of current; the impedance unit of measurement is the ohm (Ω) 

(Riera, Riu, Casan, & Masclans, 2011). The lung exhibits a bioimpedance or electrical 

resistance between 12.5Ω expiration and 25Ω inspiration—much greater than the 

myocardium, which exhibits 2.5Ω or skeletal muscle at 1.5Ω (as measured under a 

frequency of 50 kHz). The resulting image generated reflects the distribution of the 

aerated lung, facilitating regional ventilation monitoring. EIT also enables sequential or 

multi-measurement, allowing the analysis of impedance changes resulting from 

progressing pathological or physiological processes, an important consideration related 

to clinical decision-making and ventilation strategy choice (Frerichs et al., 2017).   

EIT is an important advancement in medical technology for monitoring lung 

physiology, ALI and mechanical ventilation. It provides clinicians with information and 

medical imaging regarding lung regions rather than a picture of the lung as a whole. 

This is important as lung parenchyma is heterogeneous and lung injury is rarely global, 

different regions of the lungs may exhibit different mechanical characteristics, such as 

over-distended alveolar units, collapsed alveolar units and varying degrees of tissue 
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perfusion (Riera et al., 2011). In the PICU, EIT provides clinicians with medical 

imaging which can drive treatment strategies, monitor disease progression or assess the 

effects of modified ventilator parameters (Frerichs et al., 2017). However, point-of-care 

testing is limited due to the size of the machine, staff capacity, requirement for 

additional monitoring leads and analysis requirements.   

Electrical impedance tomography study procedures and data acquisition 

EIT measurements were acquired using the Dräger PulmoVista® 500 EIT 

machine. Sixteen electrocardiograph electrodes were applied circumferentially and 

equally spaced around the participant’s wall chest circumference, approximately at 

nipple level or relative to the fourth intercostal space (Figure 7). A reference lead was 

placed on the child’s lower abdominal wall (Dräger, 2015). If the child was of sufficient 

size (based on chest circumference measurement), individual electrodes were replaced 

with an integrated electrode belt (Frerichs et al., 2017; Grimnes & Martinsen, 2014). 

EIT measurements were taken whilst the child was supine. Placement is extremely 

important given the potential interference by other structures, such as the heart or 

diaphragm. Measures are generally based on the application of 50 kHz of alternating 

current of low intensity between two adjacent electrodes (Riera et al., 2011). The 

remaining pairs of electrodes detect the voltage of the electrical signal, which depends 

on the characteristics of the lung tissue through which the current has passed. The 

surface difference in regional intrathoracic impedance is calculated by the machine, and 

this process is repeated with the following pair of electrodes (Frerichs et al., 2017; Riera 

et al., 2011). Sterile water was applied between the electrodes and the skin to aid 

conductivity, as directed by Dräger representatives. A frequency of 50 kHz was chosen, 

allowing an assessment of pulmonary function under dynamic conditions (Grimnes & 
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Martinsen, 2014). All ETSs were performed as per protocol during EIT measurements 

by the chief investigator or, on two occasions only, by a trained clinical research nurse. 

 
Figure 7. EIT electrode placement (Source: Candidate; published with permission from 

parent/gaurdian) 

Electrical impedance tomography data processing and reconstruction 

EIT files were reconstructed and analysed (Figure 8) using the Dräger EIT Data 

Analysis Tool (EITdiag, MATLAB compilation, SW V6.1) (Dräger, 2011). A filter was 

applied to reduce interference from perfusion and cardiac ‘noise’, ensuring only changes 

in respiratory impedance were measured. The following criteria were used to select 

measurement periods (Frerichs et al., 2017; Hough et al., 2014): 

1. Length of 3–5 breaths, both spontaneous and pressure supported; 

2. Regular breathing rate (synchronised with the ventilator); 

3. Stable VT and end-expiratory lung volume; 

4. Rejection of the first breath if a respiratory pause preceded the tidal breathing 

period.  
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Figure 8. EIT trace and dynamic image (Source: Candidates own). 

Data management 

Data were entered into the electronic data platform REDCapTM (Research Electronic Data 

Capture) Version 6.10.6. The REDCap database required a valid username and password, 

only provided to research nurses and Principal Investigators based at the recruiting site. 

Data were entered using a unique Study ID (no participant identifiers entered), only re-

identifiable using a separate screening log which was kept in a secure location on-site (for 

later secure archiving). Consent forms were stored onsite in a locked cupboard at PICU 

site. EIT recordings were stored on Queensland Health password protected computer. In 

keeping with the Queensland Health Retention and Disposal Schedule 2DAN546 v3 

(Clinical research records for minors) the information will be retained for 15 years using 

Griffith University Research Storage platform.  

Ethical considerations 

All risks and study associated issues were explained to parents and guardians, including 

the right to say ‘no’ and the right to withdraw at any given time. Parents and guardians 

were provided with verbal and written information about the study including: voluntary 

nature, confidentiality, right to withdraw without comment and penalty, and risks and 

benefits. An information sheet RE: The NARES trial was given to parents to read over 
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and consider. A copy of the consent was given to parents and placed in the patients’ 

medical record. 

Pilot trial 

The NARES trial methods, including research aims, questions, setting, sample, outcome 

measures, measurements and statistical analysis plan, are reported in the next section, 

which comprises a protocol manuscript published in BMJ Open. Trial consent forms are 

provided in Appendix L. 
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Protocol

AbstrACt
Introduction Endotracheal suction (ETS) is a frequent 
and necessary airway intervention for the intubated child. 
The aim of ETS is to clear the endotracheal tube and 
airways of respiratory secretions; however, the methods 
of performing ETS are varied. Internationally a number of 
ETS treatments are in use. Many have not been rigorously 
evaluated in a randomised controlled trial setting, and 
it is uncertain whether any are associated with better 
outcomes for the critically ill child. With approximately 
50% of paediatric intensive care admissions requiring 
intubation, ETS interventions that maximise the efficacy 
and minimise the complications of ETS could translate 
to improved health for substantial numbers of critically 
ill children, and significant cost savings. The primary aim 
of the study is to examine two ETS interventions, normal 
saline instillation and lung recruitment, to determine if it is 
feasible to conduct a full efficacy trial.
Methods and analysis NARES (Normal saline instillation 
versus no normal saline instillation And lung Recruitment 
versus no lung recruitment with paediatric Endotracheal 
Suction) is a single-centre, pilot, factorial randomised 
controlled trial conducted in a tertiary referral paediatric 
centre in Brisbane, Australia. Children (aged 0–16 years) 
are eligible if they are intubated with an endotracheal tube 
and mechanically ventilated. Two intervention pairs will be 
compared using a 2×2 factorial design: (1) normal saline 
instillation versus no normal saline instillation; and (2) 
lung recruitment versus no lung recruitment. The primary 
outcome is study feasibility measured by a composite 
analysis of eligibility, recruitment, retention, protocol 
adherence and missing data. Secondary outcomes are 
ventilator-associated pneumonia, SpO2/FiO2 ratio, lung 
compliance, end expiratory level and regional tidal volume.
Ethics and dissemination Ethical approval to conduct 
the research has been obtained. Dissemination of 
the research findings will be untaken, guided by the 
Consolidated Standards of Reporting Trials statement 
recommendations. Protocol content was guided by 

the Standard Protocol Items: Recommendations for 
Interventional Trials 2013 statement.
trial registration number ACTRN12617000609358; Pre-
results.

IntroduCtIon 
Approximately 50% of children admitted 
to intensive care require the insertion of 
an endotracheal tube (ETT) to facilitate 
mechanical ventilation.1 For the intubated 
and mechanically ventilated child, endotra-
cheal suction (ETS) is a vital airway inter-
vention used to clear pulmonary secretions 
and maintain ETT patency. An intubated 
child can receive up to 40 ETS procedures 
per episode of mechanical ventilation.2 ETS 
is a complex procedure and children are 
vulnerable to the risk of adverse events asso-
ciated with ETS. ETS-related complications 
such as atelectasis, impaired gas exchange, 
decreased lung compliance3 4 and venti-
lator-associated pneumonia (VAP)3 5 6 can 

strengths and limitations of this study

 ► The factorial randomised controlled design allows
for the testing of two intervention pairs within the
one trial.

 ► Normal saline and lung recruitment interventions
are not amenable to blinding of patients, clinical or
research staff.

 ► The risk of selection and allocation bias will be
reduced through the use of computer-generated
randomisation and allocation concealment.

group.bmj.com on February 8, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-019789
http://dx.doi.org/10.1136/bmjopen-2017-019789
http://dx.doi.org/10.1136/bmjopen-2017-019789
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-019789&domain=pdf&date_stamp=2018-01-31
ACTRN12617000609358
http://bmjopen.bmj.com/
http://group.bmj.com


2 Schults JA, et al. BMJ Open 2018;8:e019789. doi:10.1136/bmjopen-2017-019789

Open Access 

prolong a child’s length of mechanical ventilation and 
subsequent survival.

Hospital-acquired VAP has an estimated prevalence 
of 12% among paediatric intensive care unit (PICU) 
patients.7 In adults it is the leading cause of death 
from hospital-acquired infections, with an attributable 
mortality rate as high as 55% of critically ill patients, 
dependent on study population.8–10 VAP can occur 
when pathogenic micro-organisms are inhaled or aspi-
rated from the oropharynx or gastrointestinal tract, and 
tracheal intubation is the leading risk factor for VAP.11 An 
essential component in preventing ETS-related compli-
cations such as VAP is evidence-based ETS practices. 
Internationally a variety of ETS interventions are in use; 
however, a consensus regarding ETS best practice is yet to 
be reached.

Normal saline instillation (NSI) is believed to be 
‘common practice’ with ETS in mechanically ventilated 
infants and children.12–14 The basic tenet of NSI use is 
that it will dilute tenacious respiratory mucous,15 enhance 
secretion clearance and reduce surface tension in the 
distal airways.16 17 However, our recent integrative review 
found limited evidence regarding NSI efficacy on clini-
cally significant end points such as respiratory mechanics 
and VAP.18 In no study was the clinical relevance explored 
by reporting the incidence of lung injury, ventilator hours 
or length of PICU admission.

Recent evidence supports the inclusion of a lung recruit-
ment (LR) manoeuvre, as a strategy to reduce pulmo-
nary derecruitment post ETS. LR aims to increase the 
transpulmonary pressure to maximise alveolar opening 
and gas exchange surface area.19 20 A comprehensive 
review on LR in paediatrics was published in 2015 and 
found LR may be useful to restore lung volume following 
ETS and circuit disconnection.20 With the restoration of 
lung volume, gas exchange is also improved.

The use of LR may also reduce the time of depen-
dence on mechanical ventilation and subsequent PICU 
outcomes.21 A systematic review protocol of LR in 
mechanically ventilated paediatric patients has recently 
been registered with PROSPERO (International prospec-
tive register of systematic reviews).22

There is limited high-level scientific evidence informing 
the safe and efficient accomplishment of ETS in the paedi-
atric population. This is largely in part due to the lack of 
clinical trial data to inform bedside practice. ETS-related 
interventions such as NSI and LR have not been rigor-
ously tested in randomised controlled trials (RCT), and it 
is not known whether they are associated with a reduced 
incidence of VAP or improved gas exchange and respi-
ratory mechanics. It is consequently important that ETS 
in the PICU be performed safely and effectively and that 
methodologically rigorous trials are performed to estab-
lish the effectiveness of ETS treatments NSI and LR.

The first step in evaluating these complex interventions 
for ETS is to undertake pilot and feasibility work before 
commencing a full-scale evaluation. The UK’s Medical 
Research Council framework for evaluating complex 

intervention was used to guide this study protocol.23 The 
NARES (Normal saline instillation versus no normal 
saline instillation And lung Recruitment versus no lung 
recruitment with paediatric Endotracheal Suction) RCT 
has three objectives and will compare two ETS-related 
interventions, (1) NSI versus no NSI and (2) LR versus 
no LR:
1. to determine it is feasible to conduct a factorial RCT 

to test the efficacy and safety of NSI and LR with pae-
diatric ETS

2. to determine if, in mechanically ventilated children 
requiring ETS, (1) NSI is superior to (2) no NSI to 
prevent VAP and improve measures of respiratory me-
chanics

3. to determine if, in mechanically ventilated children 
requiring ETS, (1) LR is superior to (2) no LR to pre-
vent VAP and improve measures of respiratory me-
chanics, gas exchange and lung volume.

MEthods And AnAlysIs
design and setting
An RCT using a 2×2 factorial design will be conducted in 
a single-centre Australian PICU. The PICU is a tertiary 
referral, specialist teaching facility that provides advanced 
life support interventions including extracorporeal life 
support to Queensland infants and children from birth 
to 18 years of age. In 2015 the PICU had 1965 admissions, 
of which 825 were mechanically ventilated.1 The facto-
rial design allows for the comparison of two intervention 
pairs simultaneously: (1) NSI and no NSI and (2) LR and 
no LR24–26 (table 1).

sample size and study power
The target sample size for the trial is 100, providing 50 
participants per intervention comparison. Power level 
was not a valid consideration for sample size for this pilot 
study. Sample size was based on recommendations for 
pilot trial sample sizes.27

Participants
Consecutive patients admitted to the PICU including 
direct admissions, ward transfers, postoperative admis-
sions and retrievals will be screened for eligibility. Inclu-
sion and exclusion criteria are provided in table 2. If the 
child deteriorates and requires treatment escalation, 
including high-frequency oscillation ventilation or extra-
corporeal life support, the participant will be withdrawn 
from the study.

Table 1 Four groups within factorial randomised controlled 
trial

2×2 factorial LR No LR

NSI NSI and LR NSI, no LR
No NSI LR, no NSI No LR, no NSI

LR, lung recruitment; NSI, normal saline instillation. 
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Interventions
Normal saline instillation
Participants in the NSI group will have 0.1 mL/kg 
(maximum dose of 2.0 mL) of 0.9% sodium chloride 
solution instilled with each ETS event. NSI dose was deter-
mined by study team consensus, on review of published 
protocol doses13 14 28 and in consideration of the recom-
mendations for promoting intervention fidelity (stan-
dardised treatment dose for all study participants).29

Lung recruitment
The LR manoeuvre will consist of an increase in positive 
end expiratory pressure (PEEP) by a factor of 2 from 
baseline PEEP (maximum of 18 cmH20) for 2 min,30 31 
without modification of other ventilator parameters. This 
will occur at the completion of the ETS event and on 
reconnection to the ventilator.

ETS procedures
ETS will be performed when clinically indicated and as 
per standard practice for the site PICU (box 1).32 Inline 
or closed ETS is not routinely used in the unit, so all 
ETS procedures will be performed using the open ETS 
technique.

Escalation of treatment in no NSI arms
This will occur as per the discretion of the bedside clini-
cian. If there is a suspected tube occlusion or mucous 
plug negatively affecting oxygenation and ventilation, 
clinicians are advised to proceed with ETS as directed by 
the medical officer. All escalations of treatment will be 
recorded in MetaVision (iMDsoft) and on the case report 
form (CRF).

Concomitant therapies
Respiratory interventions such as bronchopulmonary 
lavage will be performed at the discretion of the treating 
clinician and will be recorded on the CRF.

outcome measures and definitions
The primary outcome is feasibility of a factorial RCT as 
established by a composite analysis of feasibility criteria 

as described by Thabane et al33 and Hertzog.27 Full defi-
nitions of both primary and secondary outcomes are 
provided in box 2.

recruitment, randomisation, allocation concealment and 
blinding
The clinical research nurse (CRN) will screen patients 
Monday to Friday, obtain written consent and under-
take randomisation. A central web-based randomisa-
tion service via Griffith University (https:// www151. 
griffith. edu. au/ random) will be used to randomise 
patients and ensure allocation concealment. Rando-
misation will occur twice (once for each intervention 
pair) and be generated on a 1:1 ratio between groups. 
Randomisation will be stratified by reason for intuba-
tion (respiratory vs non respiratory), with randomly 
varied block sizes (4 and 6) within each stratum. NSI 

Table 2 Inclusion and exclusion criteria for the NARES trial

Inclusion criteria Exclusion criteria

 ► 0 (>37 weeks’ gestation)–16 years of age (15 years+364 days)
 ► Oral or nasal endotracheal tube
 ► Conventional mechanical ventilation 
 ► Likely to be ventilated for >24 hours*

 ► Cardiac surgery in this admission†
 ► Air leak syndrome‡
 ► Ventilated for >48 hours prior to screening
 ► Previous study enrolment in this hospital admission
 ► Pulmonary hypoplasia
 ► Current diagnosis of ventilator-associated pneumonia
 ► Tracheal reconstruction
 ► Cystic fibrosis

*Determined as per patient plan in morning or evening medical rounds.
†Postcardiac surgery patients are excluded from enrolment due to the safety considerations associated with the lung recruitment manoeuvre.
‡In the presence of an air leak syndrome, it is at the discretion of the treating physician to include or exclude the patient in the trial.
NARES, Normal saline instillation versus no normal saline instillation And lung Recruitment versus no lung recruitment with paediatric 
Endotracheal Suction.

box 1 Endotracheal suction procedure

1. Two appropriately skilled staff to perform the procedure.
2. Hand hygiene.
3. Wear personal protective equipment.
4. Assemble suction equipment, suction catheter size (2× 

endotracheal tube (ETT) internal diameter size).
5. Disconnect patient from the ventilator.
6. Use clean hand/dirty hand technique, perform suction using 

dedicated clean hand.
7. Insert suction catheter only to a depth of 0.5 cm past the end of 

the ETT (length is determined using centimetre markings on the 
ETT).

8. Total suction procedure should be less than 15 s.
9. Suction is only applied (70 mm Hg) during catheter withdrawal 

and for no longer than 5 s.
10. Suction catheter can be used for repeated suctions during the 

same suction episode.
11. Discard suction catheter if contaminated during the endotracheal 

suction procedure or on completion of the suction.
12. Manually ventilate the patient (return of baseline SpO

2) prior to 
reconnecting to the ventilator.

Sp02, oxygen saturation
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and LR are not amenable to blinding of patients, clin-
ical staff or CRNs. Participants are enrolled in the 
treatment phase of the study for 48 hours, or until 
tracheal extubation, whichever occurs first.

Measurements
Changes in oxygen saturation (SpO2)/fraction of 
inspired oxygen (FiO2), dynamic compliance (Cdyn) will 
be compared at baseline (2 min pre-ETS), post-ETS, 2 min 
post-ETS (post-LR if applicable) and 10 min post-ETS. 
Secondary outcome data will be collected on the bedside 
monitor (Phillips, IntelliVue) and mechanical ventilator 
(SERVO U/I (Maquet) or Bellavista 1000 (imtmedical)) 
and stored on the clinical information system MetaVi-
sion (iMDsoft). Changes in end expiratory level (EEL) 
and regional tidal volume (VT) will be assessed continu-
ously during the ETS episode using electrical impedance 
tomography (EIT). EIT allows you to visualise regional 
ventilation and change in functional residual capacity.34 
We have previously shown EIT can measure changes in 
lung volume following disconnection of the ETT.35 EIT 
measurements will be performed once per day during an 
ETS event using 16 electrodes and a reference electrode 
(PulmoVista 500, Dräger Medical, Lübeck, Germany). 
Changes in EEL and VT will be compared at baseline 
(pre-ETS), post-ETS and 60 min post-ETS. The following 
criteria will be used to select these periods36:
1. length of 3–5 breaths
2. regular breathing rate (synchronised with the venti-

lator)
3. stable VT and end expiratory lung volume
4. rejection of the first breath if a respiratory pause pre-

ceded the tidal breathing period.

data collection
Data will be entered onto the CRF directly from the 
source data using the electronic data platform REDCap 
V.7 (Research Electronic Data Capture, Vanderbilt; 
http:// project- redcap. org/). A screening log will record 
patient information including name, diagnosis, severity 
of illness assessment (oxygenation index),37 eligibility, 
recruitment and group allocation. All patients admitted to 
PICU during the data collection period will be recorded 
on the screening log (24 hours, 7 days a week). Screening 
log data will be used to inform feasibility outcomes (eligi-
bility, recruitment and retention, and protocol adher-
ence). Demographic variables to be collected include age, 
sex, weight, admission source, admission time (PICU), 
diagnosis, date and time of intubation, and ETT size. In 
addition the CRN will collect data on the primary and 
secondary outcomes. A protocol violation will be defined 
as ‘the randomised intervention was never performed’. A 
protocol deviation will be defined as ‘the incorrect inter-
vention was used for a portion of study enrolment’. The 
investigating team will have access to and ownership of 
the final trial data set.

statistical methods
As the pilot trial is not powered to detect statistical signifi-
cance, statistical analysis will be used for piloting purposes 
only. Comparability of groups at baseline will be assessed 
using clinical parameters and reported using descriptive 
statistics. Mean and SD will be used to report normally 

box 2 Primary and secondary outcomes of the nArEs 
trial

Primary outcome
Feasibility of full efficacy trial will be established by a composite 
analysis of the following:

 ► Eligibility: ≥75% of patients screened will be eligible.
 ► Recruitment: ≥70% of eligible patients agree to enrol.
 ► Retention: ≤15% of patients withdraw from the study or are lost to 
follow-up.

 ► Protocol adherence: ≥80% of participants will receive their allocated 
treatment throughout their study participation.

 ► Missing data: <10% of data are missed.

secondary outcomes
 ► SpO2/FiO2.

42

 ► Lung compliance (Cdyn, mL/cmH2O).
 ► End expiratory level.
 ► Regional tidal volume.
 ► Ventilator-associated pneumonia: patients ventilated for more than 
48 hours with two or more serial chest imaging test results with 
at least one of the following: new or progressive and persistent 
infiltrate, consolidation, cavitation, pneumatoceles (infants ≤1 year 
old); patients without underlying pulmonary or cardiac disease 
(eg, respiratory distress syndrome, bronchopulmonary dysplasia, 
pulmonary oedema or chronic obstructive pulmonary disease), 
one definitive imaging test result is acceptable. In addition the 
patient must have at least one of the following: fever (>38.0°C), 
leucopaenia (≤4 × 10^9/L   WBC) or leucocytosis (>12 × 10^9/L 
WBC), and at least two of the following criteria: new onset of 
purulent sputum or change in character of sputum, or increased 
respiratory secretions, or increased suctioning requirements, new 
onset or worsening cough, or dyspnoea, or tachypnoea, rales 
or bronchial breath sounds, or worsening gas exchange (eg, O

2 
desaturations (eg, PaO2/FiO2 <240), increased oxygen requirements, 
or increased ventilator demand). The following are alternate criteria 
for diagnosing infants (<1 year): worsening gas exchange (eg, 
O

2 desaturations (eg, pulse oximetry  <94%), increased oxygen 
requirements, or increased ventilator demand), and at least three 
of the following: temperature instability, leucopaenia (≤4 × 10^9/L 
WBC) or leucocytosis (>15 × 10^9/L WBC) and left shift (>10% band 
forms), new onset of purulent sputum or change in character of 
sputum, or increased respiratory secretions or increased suctioning 
requirements, apnoea, tachypnoea, nasal flaring with retraction of 
chest wall or nasal flaring with grunting, wheezing, rales, or rhonchi, 
cough or bradycardia (<100 beats/min) or tachycardia (>170 beats/
min). Alternate criteria for children aged 1–12 years include 
the presence of at least three of the following: fever (>38.0°C) 
or hypothermia (<36.0°C), leucopaenia (≤4  × 10^9/L WBC) or 
leucocytosis (≥15 × 10^9/L WBC), new onset of purulent sputum or 
change in character of sputum, or increased respiratory secretions, 
or increased suctioning requirements, new onset or worsening 
cough, or dyspnoea, apnoea,  or tachypnoea, rales or bronchial 
breath sounds, or worsening gas exchange (eg, O

2 desaturations 
(eg, pulse oximetry  <94%), increased oxygen requirements, or 
increased ventilator demand.43 44

Fi02, fraction of inspired oxygen; PaO2, partial pressure of oxygen in 
arterial blood; SpO2, oxygen saturation; WBC, white blood cells.
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distributed continuous data, and median and IQR will be 
used for interval data that cannot be approximated with 
a normal distribution. The primary outcome measure of 
feasibility will be reported descriptively, against predefined 
criteria using frequency (percentages) for categorical 
data. Incidence rates of VAP per 1000 ventilator days 
and 95% CIs will be calculated using Poisson regression. 
For secondary outcomes measured using interval data 
(SpO2/FiO2, Cdyn, EEL, VT), linear regressions will be run 
in a pairwise sequential manner to compare NSI vs no 
NSI, and for LR vs no LR, with assessment of a possible 
interaction effect between NSI and LR. In all analyses the 
patient will be the unit of analysis. The primary analyses 
will be undertaken on an intention-to-treat basis, in order 
to investigate the effect of treatment allocation. Because 
it is not known how high the level of treatment non-com-
pliance will be, secondary analyses will be undertaken 
on a per-protocol basis, in order to assess the effect of 
treatment receipt. All per-protocol analyses will be clearly 
labelled and cautiously interpreted as indicating the 
maximum potential of these interventions. Data will be 
analysed using IBM SPSS Statistics V.22. An alpha value of 
0.05 will be considered statistically significant.

Ethics and dissemination of results
Ethics 
The NARES trial is registered with the Australian 
and New Zealand Clinical Trial Registry (ANZCTR) 
(ACTRN12617000609358). Informed consent will be 
sought prior to enrolling patients. A participant infor-
mation sheet will be provided to patient representa-
tives. Participants will not be identified by name, and 
confidentiality of all medical record information will be 
preserved, with all participants’ details entered in coded 
format. Protocol amendments will be submitted to the 
HRECs for approval and changes will be communicated 
to the ANZCTR. 

Data safety monitoring committee and SAE reporting
An independent Data and Safety and Monitoring 
Committee comprising experts in clinical trials and inten-
sive care medicine has been established. Serious adverse 
events (SAEs) will be recorded on the CRF. SAEs are 
defined in accordance with The Australian Clinical Trial 
Handbook and include any event that is fatal, life-threat-
ening, permanently disabling, incapacitation or prolongs 
a hospital stay.38 All SAEs will be reported to the site ethics 
committee within 48 hours.

Dissemination
The Standard Protocol Items: Recommendations for 
Interventional Trials 2013 explanation and elaboration: 
guidance for protocols of clinical trials, and the Consoli-
dated Standards of Reporting Trials (CONSORT) exten-
sion to randomised pilot and feasibility trials, were used 
to guide protocol and study design.39 40 All dissemination 
will be undertaken using the CONSORT 2010 statement: 
extension to randomised pilot and feasibility trials40 and 

the Template for Intervention Description and Replica-
tion checklist .41 

trial status
Recruitment of patients to the NARES trial commenced 
on 16 October 2017; five patients have been enrolled in 
the study.

dIsCussIon
ETS-related complications are common and ETS inter-
ventions applied during a child’s episode of mechan-
ical ventilation vary. The lack of evidence concerning 
NSI and LR with ETS has led to nurses to make ETS 
intervention decisions in a vacuum of evidence. This 
has resulted in unstandardised practice. To progress 
knowledge regarding the benefits and risks of NSI with 
paediatric ETS, a large RCT needs to be undertaken to 
provide definitive information on the safety and effi-
cacy of NSI. The first step in this process would be to 
conduct feasibility work to determine sample calcula-
tions, identify outcome measures and test research 
processes including intervention fidelity and research 
protocols.23
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Summary 

 The methods used to undertake the study have been outlined in this chapter. A three-

phase study, underpinned by relevant theoretical frameworks and conceptual models, 

was completed. This chapter demonstrates study data were reliably collected and 

analysed using the appropriate methods. The principles of good clinical practice in 

research and ethical obligations were maintained for the duration of the study. The 

safety of the trial protocol was overseen by a data safety and monitoring board. The 

results of Phases 1 and 2 are presented in the following chapter. The chapter consists of 

two manuscripts: i) a published publication reporting the results of Phase 1: 

observational study, and ii) a published publication reporting the results of Phase 2: 

semi-structured interviews. 
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Chapter 5. Results—Phases 1 and 2 

Introduction 

The findings of Phase 1 and Phase 2 of the PhD research are presented in this chapter. 

Phase 1 comprised an observational study of current ETS practice, and Phase 2 was a 

qualitative exploration of nurses’ experiences of NSI and RMs with ETS within an 

Australian PICU. This chapter comprises two co-authored manuscripts: the first reports 

the findings of Phase 1, published in Australian Critical Care; the second manuscript 

included in this chapter reports the findings of Phase 2, also published in Australian 

Critical Care. 
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Phase 1: Adverse events and practice variability associated with paediatric 

endotracheal suction: An observational study [Publication 5]  

Phase 1 of the PhD research was a observational study describing ETS practice and 

associated AEs in an Australian PICU. Although VAP is an important clinical outcome, 

it was not assessed in this phase; however, this remained a key outcome of interest in 

the pilot trial. The results for Phase 1 are reported as an in-press co-authored 

manuscript, within the peer-reviewed journal Australian Critical Care. The manuscript 

contains the use of the term ETT suction (instead of ETS). The research questions for 

Phase 1 were:  

1. What is current practice for NSI and RM use with ETS? 

2. How frequently do AEs occur with ETS?   

3. What risk factors are associated with ETS AEs in the PICU population? 

Statement of contribution to co-authored paper (in press) 

This chapter includes a co-authored paper, which has been published in Australian 

Critical Care (IF: 2.51; rank 1/18 Critical Care Nursing). The status of the co-authored 

paper, including all authors, is: 

Schults, J., Long, D., Mitchell, M., Cooke, M., Gibbons, K., Pearson, K., & Schibler, A. 

(In press). Adverse events and practice variability associated with paediatric 

endotracheal suction: An observational study. Australian Critical Care. 

https://doi.org/10.1016/j.aucc.2019.08.002  

My contribution to the paper involved: critical appraisal of the literature, 

conceptualisation and study design, ethics and governance applications, development of 

clinical report form, data collection, data analyses and interpretation, drafting of the 

manuscript, manuscript revision and approval of the final version.    

https://doi.org/10.1016/j.aucc.2019.08.002
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Objective: The objective of this study was to determine the incidence of endotracheal tube (ETT) suction
erelated adverse events (AEs) and to examine associations between AEs and patient and suction char-
acteristics. Secondary objectives were to describe ETT suction practices in an Australian paediatric
intensive care unit (PICU).
Methods: A prospective, observational study was undertaken in a mixed cardiac and general PICU. Chil-
dren were eligible for inclusion if they were intubated and mechanically ventilated. Data on patient and
suction variables (indication for ETT suction, number of suction episodes per mechanical ventilation
episode, indication for normal saline instillation [NSI] and NSI dose) including potential predictive vari-
ables (age, Paediatric Index of Mortality 3 [PIM3], NSI, positive end-expiratory pressure, and hyper-
oxygenation) were collected. The main outcome variable was a composite measure of any AE.
Main results: A total of 955 suction episodes were recorded in 100 children. AEs occurred in 211 (22%)
ETT suctions. Suction-related AEs were not associated with age, diagnostic category, or index of mortality
score. Desaturation was the most common AE (180 suctions; 19%), with 69% of desaturation events
requiring clinician intervention. Univariate logistic regression showed the odds of desaturation
decreased as the internal diameter of the ETT increased (odds ratio [OR]: 0.59; 95% confidence interval
[CI]: 0.37e0.95; p ¼ 0.028). Multivariable modelling revealed NSI was significantly associated with an
increased risk of desaturation (adjusted OR [aOR]: 3.23; 95% CI: 1.99e5.40; p < 0.001) and the occurrence
of an AE (aOR: 2.76; 95% CI: 1.74e4.37; p < 0.001). Presuction increases in fraction of inspired oxygen
(FiO2) was significantly associated with an increased risk of experiencing an AE (aOR: 2.0; 95% CI: 1.27
e3.15; p ¼ 0.003).
Conclusions: ETT suctionerelated AEs are common and associated with NSI and the requirement for pre-
suction increases in FiO2. Clinical trial data are needed to identify high-risk patient groups and to develop
interventions which optimise practice and reduce the occurrence of ETT suctionerelated AEs.
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esia and Pain Management, Lady Cilento Children's Hospital, Queensland School of Nursing and Midwifery, Griffith

lts).

Nurses Ltd. Published by Elsevier Ltd. All rights reserved.

., Adverse events and practice variability associated with paediatric endotracheal suction: An
, https://doi.org/10.1016/j.aucc.2019.08.002

mailto:j.schults@griffith.edu.au
www.sciencedirect.com/science/journal/10367314
www.elsevier.com/locate/aucc
https://doi.org/10.1016/j.aucc.2019.08.002
https://doi.org/10.1016/j.aucc.2019.08.002


J.A. Schults et al. / Australian Critical Care xxx (xxxx) xxx2
1. Introduction

Approximately 11,000 children are admitted to Australia and
New Zealand paediatric intensive care units (PICUs) annually.1

More than 41% of these admissions require an episode of intuba-
tion1 and endotracheal suction tomaintain endotracheal tube (ETT)
patency. Most intubated patients will have some degree of muco-
ciliary dysfunction, despite the routine humidification of ventilator
circuits.2 This is due to factors such as immobilisation, dehydration,
inflammation, and the presence of positive pressure ventilation.3

Retained respiratory secretions pose a risk to the critically ill
child and are associatedwith serious complications such as alveolar
collapse,4 tube occlusion, and nosocomial infection.5 The aim of ETT
suction therefore is to remove secretions and debris that accumu-
late at the distal end of the ETT.6 This is achieved through the
insertion of a suction catheter into the ETT airway and the appli-
cation of negative pressure to mechanically aspirate airway secre-
tions.7 An intubated child can have up to 15 suctions per day.8 ETT
suction is primarily a nursing responsibility,9 and the timing, type
(open versus closed, deep versus shallow), and choice of in-
terventions applied with suction (normal saline instillation [NSI],
presuction and postsuction hyperoxygenation, or manipulation of
positive end-expiratory pressure [PEEP]) are generally determined
by the bedside clinician at the time of the event.

Although imperative for airway patency and effective gas ex-
change, ETT suction is associated with a number of adverse events
(AEs).9,10 Children are especially vulnerable to the AEs associated
with suction, in particular, desaturation, hypotension, and brady-
cardia.11 This is largely due to anatomical and physiological factors
such as increased oxygen consumption and lower functional re-
sidual capacity, reduced oxygen reserve, sensitivity to vagus nerve
stimulation, narrow airways with greater resistance to airflow,12

and the prevalence of single ventricle physiology (lower baseline
arterial oxygen saturations).13 The process of ETT suction and the
application of negative pressure to mechanically aspirate respira-
tory secretions results in insufficient aeration of regions of the
lung14 and pulmonary derecruitment.15e17 These areas of lung
collapse do not participate in gas exchange, and atelectatic alveoli
can harbour retained secretions which can be colonised by harmful
pathogens. Such complications lead to cardiopulmonary instability,
prolonged ventilator days, and, in the case of clinically defined
pneumonia, increased morbidity or mortality.5,18,19 For the indi-
vidual child, these complications result in prolonged hospital-
isation and disruption of the family unit.

Globally, there is a dearth of evidence informing paediatric ETT
suction best practice, with practice recommendations generated
from low- to moderate-level evidence.11,20,21 This has resulted in a
lack of comparative data to benchmark paediatric suction practi-
ceerelated clinical outcomes. Interventions purportedly used in
complement to the suction procedure such as, presuction and
postsuction hyperoxygenation or manipulation of PEEP, lack high-
quality safety and efficacy data to inform their application in
practice.21
1.1. Objectives

There were three study objectives:

1) To describe the frequency and type of ETT suctionerelated AEs
including all AEs (composite), desaturation, hypotension,
bradycardia, and agitation;

2) To examine associations between suction-related AEs and pa-
tient and suction characteristics; and

3) To describe ETT suction practices in an Australian PICU.
Please cite this article as: Schults JA et al., Adverse events and pract
observational study, Australian Critical Care, https://doi.org/10.1016/j.auc
2. Methods

2.1. Study design

A prospective, observational study was conducted over three
months from January to March 2017.

2.2. Setting and participants

ETT suction practice was observed in a 36-bed, mixed cardiac
and general PICU. The PICU is the major referral centre in the re-
gion, with approximately 2000 admissions annually. Data were
collected on 100 consecutive PICU patients, intubated with an ETT
and receiving invasive mechanical ventilation. Children with tra-
cheostomy tubes were excluded.

2.3. Data collection and measurement

Data on patient and suction variables (indication for ETT suction,
number of suction episodes per mechanical ventilation episode,
indication for NSI, and NSI dose) including potential predictive
variables (age, Paediatric Index of Mortality 3 [PIM3], NSI, PEEP, and
hyperoxygenation) were collected. The main outcome variable was
a composite measure of any AE. Using a data collection form, the
bedside clinician documented indication for suction, presuction
and postsuction interventions used, and any AE for each suction
episode that occurred for the duration of mechanical ventilation.
An automated prompt on the patient's electronic medical record
reminded clinicians to complete the data collection form. Data
were entered into the electronic data platform REDCap™ (Research
Electronic Data Capture, Vanderbilt University), version 6.10.6.
Demographic and clinical variables were collected to examine as-
sociations with main outcomes. These included age, weight, pri-
mary diagnosis, duration of mechanical ventilation, PICU length of
stay, PICU outcome, and hospital length of stay. Risk of mortality
was estimated using the PIM3 score for children admitted to an
intensive care unit.22 Missed ETT suctions were defined as those not
recorded; these were identified using the electronic medical record
and documented by the clinical research nurse. Data collection was
overseen by an onsite PICU research nurse and study coordinator;
ambiguous data or outliers were checked by the researcher using
the clinical information system, using clinical monitors, or by
speaking directly with the bedside clinician.

Clinicians received education about the data collection tool
before the commencement of the study. Educationwas restricted to
data collection only, and no further information on suction practice
was given. Before the data collection period, the audit tool was
piloted by five PICU clinicians for acceptability and feasibility.
Clinician feedbackwas incorporated into thefinal version of the tool.

2.4. Endotracheal suction practice

Table 1 outlines the unit ETT suction policy at the time the study
was conducted. Guidelines outline ETT suction is to be performed
when clinically indicated;4 the unit generally uses an open-suction
system with two nurses present for the procedure.

2.5. Adverse events

For this study, AEs were defined as follows:

i) oxygen desaturation: in children with a parallel circulation,
an oxygen saturation (SpO2) of �90% or a decrease of >10%
from pre-ETT suction oxygen saturation in children with a
cyanotic heart lesion (cardiac right-to-left shunt);23,24
ice variability associated with paediatric endotracheal suction: An
c.2019.08.002



Table 1
Paediatric intensive care unit ETT suction policy.

Endotracheal suction procedures

1 Two appropriately skilled staff to perform procedure
2 Hand hygiene
3 Wear personal protective equipment
4 Assemble suction equipment, suction catheter size (2 � ETT internal diameter size)
5 Disconnect patient from the ventilator
6 Utilise clean hand/dirty hand technique to perform suction using dedicated clean hand
7 Insert suction catheter only to a maximum depth of 0.5 cm past the end of the ETT (length is determined using cm markings on the ETT)
8 Total suction procedure should be less than 15 s
9 Suction is only applied (70 mmHg) during catheter withdrawal and for no longer than 5 s
10 Suction catheter can be used for repeated suctions during the same suction episode
11 Discard suction catheter if contaminated during the ETT suction procedure or upon completion of the suction
12 Manually ventilate the patient (return of baseline SpO2) prior to reconnecting to the ventilator

ETT: endotracheal tube.
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ii) severe oxygen desaturation: requiring clinician intervention
in the form of bag-ETT ventilation or the manipulation of
ventilator fraction of inspired oxygen (FiO2) setting;

iii) hypotension: identified by the clinician based on a
decrease in baseline blood pressure of >10% and
included both asymptomatic hypotension where no
intervention was indicated and symptomatic hypotension
which required clinician intervention (e.g., fluid bolus or
inotrope infusion);

iv) bradycardia: identified by the clinician based on a decrease
in baseline heart rate of >10% and included both asymp-
tomatic bradycardia where no intervention was indicated
and symptomatic bradycardia which required clinician
intervention (e.g., bag-ETT ventilation);10 and

v) agitation: subjective nursing assessment quantified with
the requirement of a sedation bolus to achieve pre-ETT
suction rousing state measured using the State Behaviour
Scale.25
Table 2
Clinical characteristics of the study participants.

Variables N ¼ 100, n (%)

Age (y)a 1.0 (0e6.75)
Weighta 10.2 (4.72e24.75)
PIM3a 0.6 (0.32e3.04)
Gender
Male 58 (58)

PICU admission source
OT 49 (49)
Retrieval/transfer 32 (32)
DEM 12 (12)
Ward transfer 7 (7)

Primary diagnosis
Cardiac 42 (42)
Respiratory 24 (24)
Other 34 (34)

Mechanical ventilation (hrs)a 35.9 (8.2e92.2)
ECLS during PICU admission 4 (4)
HFOV during PICU admission 7 (7)
PICU LoS (days)a 2.9 (1.76e5.93)
Hosp LoS (days)a 10.1 (5.95e21.03)
Missed suctionsa 3 (0e10)
PICU outcome
Alive at discharge 93 (93)
Died 7 (7)

Died in hospital 7 (7)

PIM3: Paediatric Index of Mortality 3; PICU; paediatric intensive care unit; OT:
operating theatre; DEM: department of emergency medicine; ECLS: extracor-
poreal life support; HFOV: high-frequency oscillation ventilation; LoS: length of
stay.

a Median (interquartile range).
2.6. Data analysis

Descriptive statistics were used to summarise sample
characteristics and ETT suction practices. Categorical data were
summarised using frequencies and percentages. All continuous
data were summarised using median and interquartile range
(IQR) because of nonnormality. The primary unit of analysis
was per suction episode. Simple analysis investigating the
number of missed suction episodes with clinical and de-
mographic characteristics was undertaken using Spearman's
correlation or ManneWhitney U test, depending on variable
distribution. Associations between demographic and clinical
risk factors with AE outcomes (composite AEs and individual
AEs: desaturation, bradycardia, or hypotension) were assessed
using univariate logistic regressions (accounting for clustered
observations because of multiple suctions per patient) and
reported using odds ratios (ORs), 95% confidence intervals
(CIs), and p-values. Risk factors with a p-value less than 0.25
on univariate logistic regressions analysis or those which were
deemed clinically relevant (e.g., PIM3, age) were subsequently
included in the multivariable analysis (adhering to assump-
tions based on sample size26) using the same logistic regres-
sion technique. If required, continuous variables were
appropriately transformed to meet model assumptions. Data
were analysed using IBM SPSS Statistics, version 25, and Sta-
taSE, version 14.1, (StataCorp Pty Ltd, College Station, Texas).
Type I error was set at 0.05. All missing data are explained in
the tables and within the results section.
Please cite this article as: Schults JA et al., Adverse events and pract
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2.7. Ethical considerations

Hospital and university ethical approval was obtained for the
study (HREC/16/QRCH/377 and 2017/754); a waiver of consent was
granted.
3. Results

3.1. Patient characteristics

During the three-month study period, 105 ventilated children
were admitted to the PICU, of which 100 (95%) were included in the
study. A complete data set was obtained in 955 ETT suctions (56%)
from a total of 1701 suction episodes; 10 participants were not
suctioned during their episode of mechanical ventilation. Partici-
pant demographic characteristics are outlined in Table 2. Partici-
pants aged from 0 to 16 years with 65% (65 children) of participants
younger than 2 years. The primary mode of PICU admissionwas via
the operating theatre (49 children; 49%), and the primary
ice variability associated with paediatric endotracheal suction: An
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Table 3
Airway and ETT suction episode characteristics.

Variables Per patient N ¼ 100, n (%)

Airway type
OETT 67 (67)
NETT 33 (33)

Cuffed ETT 91 (91)
ETT internal diameter (mm)
3.0 19 (19)
3.5 29 (29)
4.0 13 (13)
4.5 7 (7)
5.0 7 (7)
5.5 4 (4)
�6.0 21 (21)

Variables Per suction N ¼ 955, n (%)

Number of ETT suctions per patient/daya 5 (2e7)
Open suction 954 (99.8)
Suction indicationb

Audible/visible secretions 562 (58.8)
Routine, patency check 101 (10.5)
Auscultation 88 (9.2)
Decreased SpO2 72 (7.5)
Before extubation 40 (4.1)
Coughing 26 (2.7)
Other 56 (5.8)

Presuction treatmentsc

FiO2 increase 187 (19.5)
PEEP increase 22 (2.3)

Postsuction treatmentsd

FiO2 increase 186 (19.4)
PEEP increase 69 (7.2)

Total NSI dose per suction procedurea (ml) 1.0 (0.5e2.0)
Reason for NSI use (N ¼ 614)e

Thick secretions 520 (85)
Nursing decision 55 (9.0)
No results without NSI 15 (2.4)
Mucous plugs 10 (1.6)
Other 8 (1.3)

ETT: endotracheal tube; OETT: oral endotracheal tube; NETT: nasal endotracheal
tube; mm: millimetre; NSI: normal saline instillation; SpO2: oxygen saturation;
FiO2: fraction of inspired oxygen; PEEP: positive end-expiratory pressure; ml:
millilitre.

a Median (interquartile range).
b 10 missing.
c 14 missing.
d 11 missing.
e 6 missing.
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diagnostic group was cardiac (42 children; 42%), with 16 (16%)
children having a cyanotic heart defect. There was a considerable
range in the PIM3 score (0.08e98.44); the median PIM3 (0.6;
interquartile range [IQR]: 0.32e3.04) indicated low-to-moderate
risk of death,22 Median duration of mechanical ventilation was
35.9 h (IQR: 8.2e92.2), and median PICU length of stay, 2.9 days
(IQR: 1.8e5.9). Ninety-three percent of children were discharged
from the PICU alive. A total of 27 (27%) children were considered to
be at a high risk for ETT suctionerelated AEs. Of these, 16 (16%) had
cyanotic heart defects,10 4 (4%) had a severe traumatic brain injury
with raised intracranial pressure,20 and 7 (7%) received high-fre-
quency oscillation ventilation (HFOV) during the mechanical
ventilation episode.

3.1.1. Missed ETT suction episodes
The median number of missed ETT suctions per participant was

3 (IQR: 0e10). Missed ETT suctions were associated with younger
age (r ¼ 0.31; p ¼ 0.002), less weight (r ¼ 0.39; p < 0.001), higher
PIM3 score (r ¼ 0.21; p ¼ 0.03), noncardiac diagnosis (median
[IQR]: with cardiac diagnosis, 1 [0e7] vs without cardiac diagnosis,
5 [1e12], p ¼ 0.01), longer duration of mechanical ventilation
(r¼ 0.79; p < 0.001), and HFOV (median [IQR]: with HFOV, 8 [7e13]
vs without HFOV, 3 [0e9], p ¼ 0.03).

3.2. Endotracheal suction practices

The individual characteristics of ETT suction practices are out-
lined in Table 3. The most common airway was a cuffed (91 chil-
dren; 91%) ETT 4.0 mm or smaller (61 children; 61%), which is
reflective of the age of the study population. Of the 90 participants
who received ETT suction, the median number of suction episodes
per day was 5 (IQR: 2e7). There was no significant difference in the
median number of suction episodes between children on HFOV (7
children; median: 13, IQR: 10e28) versus those not on HFOV (83
children; median: 5, IQR: 2e14) (p ¼ 0.051), children with cyanotic
heart disease (14 children; median: 3.5, IQR: 2e13) versus those
without cyanotic heart disease (76 children; median: 6.5, IQR:
2e15) (p ¼ 0.580), or children on extracorporeal life support (ECLS)
(4 children; median: 15.5, IQR: 6.5e23) versus those not on ECLS
(86 children; median: 6, IQR: 2e14) (p ¼ 0.194).

The primary indication for suction was audible or visible se-
cretions in the ETT (562 suctions; 59%) followed by routine suction
(every 4 h, as per previous unit guideline) (101 suctions; 11%).
Presuction hyperoxygenation was performed in 187 (20%) suctions,
and presuction PEEP manipulation was reported in 22 (2%) suc-
tions. Postsuction hyperoxygenation was performed in 186 (19%)
suctions, while postsuction PEEP manipulation was performed in
69 (7%) suctions. NSI was used in 614 (64%) suctions, with the
median dose of NSI 0.14 ml (IQR: 0.09e0.22) per kilogram. The
primary reason for NSI was thick secretions (520 suctions; 85%),
followed by nursing decision (55 suctions; 9%). The median pre-
suction FiO2 and PEEP were 0.30 (IQR: 0.25e0.40) and 6 cm H2O
(IQR: 6.0e8.0), respectively.

3.3. Adverse events

ETT suctionerelated AEs were observed in 211 (22%) suction
episodes (median: 0, IQR: 0e3). Of the 90 participants who
received ETT suction, 42 (47%) experienced one or more AEs. Chil-
dren on HFOV experienced a higher number of AEs (median: 6, IQR:
3e11; p ¼ 0.003) than those on conventional mechanical ventila-
tion (median: 0, IQR: 0e2), while no significant difference was
found in children with cyanotic heart disease (median: 0.5, IQR:
0e2; p ¼ 0.937) or children on ECLS (median: 1.5, IQR: 0e3;
p ¼ 0.915) and those not on ECLS. Of the 90 children who received
Please cite this article as: Schults JA et al., Adverse events and pract
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suction, 25 were considered to be at high risk; there was no sta-
tistically significant difference in the median number of AEs (1, IQR:
0e3; p ¼ 0.306), compared with those not considered to be at high
risk.

3.3.1. Risk factors associated with AEs (composite)
Table 4 describes the association between AEs and patient and

suction characteristics. Variables included in the univariate logistic
regression included age, PIM3, ETT size, diagnostic category, FiO2
and PEEP increase before suction, and NSI use. NSI was significantly
associated with an increased risk of experiencing a suction-related
AE (OR: 2.80; 95% CI: 1.78e4.41; p < 0.001), the association
remained significant in multivariate modelling (adjusted OR [aOR]:
2.76; 95% CI: 1.74e4.37; p < 0.001). In addition, presuction in-
creases in FiO2 were also significantly associated with an increased
risk of experiencing an AE (aOR: 2.0; 95% CI: 1.27e3.15; p ¼ 0.003).

3.3.2. Individual AEs
3.3.2.1. Desaturation. Desaturation was observed in 180 (19%)
suction episodes, of which 125 (69%) required clinician interven-
tion in the form of oxygen (O2) delivered via bag-ETT ventilation, or
manipulation of ventilator settings. Univariate logistic regression
ice variability associated with paediatric endotracheal suction: An
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Table 4
Association between all adverse events and patient and suction characteristics.

Variable Bivariate Multivariable

OR (95% CI) p aOR (95% CI) p

Agea 0.90 (0.75e1.09) 0.293 0.92 (0.71e1.20) 0.553
PIM3a 1.00 (0.73e1.37) 0.988 0.96 (0.69e1.34) 0.814
ETT size 0.78 (0.52e1.15) 0.211 0.95 (0.55e1.64) 0.842
Diagnostic category Cardiac 1 e 1 e

Respiratory 2.53 (0.82e7.85) 0.107 2.83 (0.84e9.52) 0.093
Other 0.94 (0.31e2.85) 0.919 1.35 (0.37e4.97) 0.653

FiO2 increase before
suction

2.06 (1.33e3.20) 0.001 2.00 (1.27e3.15) 0.003

PEEP increase before
suction

2.47 (0.84e7.23) 0.099 1.50 (0.49e4.55) 0.475

NSI use 2.80 (1.78e4.41) <0.001 2.76 (1.74e4.37) <0.001

PIM3: Paediatric Index ofMortality 3; ETT: endotracheal tube; PEEP: positive end-expiratory pressure; NSI: normal saline instillation; OR: odds ratio; aOR: adjusted odds ratio;
CI: confidence interval.

a Log-transformed.
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showed the odds of a desaturation decreased as the internal
diameter of the ETT increased (5 mm tube size increase, OR: 0.59;
95% CI: 0.37e0.95; p ¼ 0.028); however, this association was not
significant in themultivariable model. In the multivariable analysis,
NSI was significantly associated with an increased risk of experi-
encing a desaturation event (aOR: 3.28; 95% CI: 1.99e5.40;
p < 0.001) (Supplemental material 1).

3.3.2.2. Other AEs. Of the 955 ETT suctions, 30 (3%) resulted in
bradycardia or hypotension. Univariate logistic regression showed
no patient or suction characteristics were significantly associated
with increased risk of having a bradycardia or hypotension AE.
There was an indication that NSI may contribute to bradycardia or
hypotension (OR: 3.20; 95% CI: 0.99e10.35; p ¼ 0.052); however,
the small number of events prevented multivariable modelling.
Other complications such as tachycardia, increased work of
breathing, or increased CO2 occurred in 24 suction episodes (3%).
Agitation occurred in 19 ETT suctions (2%). There were no ETT
blockages or accidental extubations for the duration of the study.

4. Discussion

Little is known about the incidence of and risk factors for ETT
suctionerelated AEs in childrenwho were mechanically ventilated.
Furthermore, current practices that contribute to the occurrence of
suction-related AEs in the PICU are unclear. The primary objective
of this study was to describe the frequency and type of suction-
related AEs and the associated risk factors. Overall, we found suc-
tion-related AEs occurred frequently in children who were me-
chanically ventilated, with 1 in 5 ETT suctions resulting in an AE.
Oxygen desaturation was the most common AE, with 69% of
desaturations requiring clinician intervention to reestablish base-
line oxygen saturations. A key finding of this studywas that NSI was
significantly associated with an increased risk of experiencing any
AE and, specifically, desaturation.

The high rate (22%) of AEs observed in this study is concerning,
with around 50% of children experiencing a suction-related AE
during an episode of mechanical ventilation. Our findings are
consistent with those of smaller studies that have demonstrated
similar rates of AE in children who were mechanically ventilated
after suction.27 An observational study of 69 children by
Owen et al.27 found complications of ETT suctioning occurred in
29% of suctions. Additional observational work conducted in infants
(n ¼ 24) with single ventricle physiology found in this cohort
serious adverse advents occurred in 19% of suctions.10 In contrast to
these studies, we found a smaller incidence of haemodynamic in-
teractions (bradycardia and hypotension) and a higher incidence of
Please cite this article as: Schults JA et al., Adverse events and pract
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desaturation events. These results, however, need to be interpreted
with caution because of the proportion of missing suction episodes,
which occurred in younger, sicker children. It is important to gain
an understanding of the impact of intermittent desaturation events
in the context of paediatric ETT suction. These transient compli-
cations may have an impact on important outcomes such as
duration of ventilation and length of stay; however, this is currently
unclear. Whilst we did not examine the causal relationship be-
tween desaturation and subsequent AEs during suction, adult
studies have shown oxygen desaturation is a risk factor for ongoing
negative haemodynamic interactions28. Our findings highlight the
need for investigation into interventions which reduce the inci-
dence and severity of postsuction desaturation events.

We identified several significant associations with suction-
related AEs and, specifically, desaturation, most notably NSI. This
finding aligns with that of previous work which has shown that NSI
with ETT suction in children who were mechanically ventilated
leads to an increased risk of complications.27,29 Overall, the efficacy
and safety of NSI with ETT suction is largely unknown, with the
mechanism of action of NSI secretion rheology and airway mucosa
poorly defined. The suggested benefit of NSI in comparisonwith dry
suction is enhanced secretion clearance and reduced surface ten-
sion in the distal airways.6,30 However, the use of NSI with ETT
suction has been shown to lead to serious physiological in-
teractions, and further definitive testing is needed to provide safety
and efficacy data. In addition to NSI, presuction increase in FiO2 was
noted as an independent risk factor for AE and desaturation. This
finding is likely due to increase in FiO2 being a proxy measure for
severity of illness. Clinicians may apply increases in FiO2 as a pre-
caution to avoid a desaturation event in childrenwho they perceive
as less tolerant to the suction procedure31.

We observed ETT suction practice to vary amongst clinicians.
Despite best practice recommendations and unit policy, 11% of
suctions were still performed ‘routinely’. This finding is likely due
to clinicians' perceptions of small-internal-diameter ETTs being
easily occluded by mucous plugs or biofilm.31,32 NSI was used in
two-thirds of suctions; however, dosing strategy ranged from 0.01
to 1.3 ml of saline per kilogram. Clinicians' experience and prefer-
ences play a role in the frequency of NSI.31 While the application of
NSI with ETT suction appears to be decreasing over time (90% of
suctions in the 1990s6), the application of NSI for thick secretions27

or in children with a respiratory pathology continues21. This
gradual decrease in saline use may be attributed to increasing ev-
idence in adult populations which consistently suggest NSI is
harmful and should be avoided. Clinical Practice Guidelines pub-
lished by the American Association for Respiratory Care (AARC)33

recommend NSI should not be routinely performed before ETT
ice variability associated with paediatric endotracheal suction: An
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suctioning. Furthermore, a recent meta-analysis of 337 adults
found a significant association between improved oxygen satura-
tions and no NSI with ETT suction.34 These data provide further
support to the hypothesis that NSI with ETT suction is linked with
desaturation events. A recent randomised controlled trial of two
saline concentrations (n ¼ 427; 0.225% or 0.9%)35 found no signif-
icant difference in duration of oxygen therapy for children suc-
tioned with saline compared with no saline; however, it
highlighted an area of further research regarding the efficacy of
low-sodium solutions. Overall, further clinical trial data are needed
to determine the safety and efficacy of NSI with ETT suction in the
PICU and the clinical significance and long-term consequences of
these transient desaturation events.

Preventing hypoxaemia and lung derecruitment during ETT
suction is an important consideration for the clinician. We found
pre-ETT suction and post-ETT suction increases in FiO2 to be applied
in 19% of events. The American Association of Respiratory Care
practice guidelines recommend the delivery of 100% FiO2 pre-ETT
suction in children and patients with hypoxaemia.36 However,
there is debate in the literature regarding the benefits of this
practice with recent evidence suggesting hyperoxia increases the
risk of absorption atelectasis and the formation of free radicals,
both of which contribute to the development of an acute lung
injury (ALI).37 In patients with acute respiratory distress syndrome,
coexisting lung inflammation may increase susceptibility to oxygen
toxicity. Lung-protective ventilation strategies suggest oxygenation
delivery should be limited to the minimum necessary to meet
oxygenation goals,38 hyperoxygenation will not improve perfusion
matching or functional residual capacity, and failure to consider
these factors when suctioning these children may contribute to a
worsening acidotic and hypoxaemic state.39e41 Further research on
the appropriateness of hyperoxygenation practice in the context of
ETT suction is urgently needed.

Suction-induced desaturation may also be preventable by
reducing the potential for lung derecruitment.42 Lung recruitment
may help reverse the accumulative loss of lung volume which oc-
curs from repetitive suctions;7 however, a randomised controlled
trial of 48 children found lung recruitment may not contribute to
improved lung compliance after ETT suction.43 In contrast to
hyperoxygenation, lung recruitment or PEEP manipulation was
infrequently used. Furthermore, when applied, PEEP was manipu-
lated in small increments only, for example, from 5 cmH2O to 7
cmH2O. This finding may be reflective of clinicians' uncertainty
regarding the correct technique and pathophysiological effect of
lung recruitment.31 Research undertaken on 60 mechanically
ventilated children found doubling the PEEP for 2 min after ETT
suction significantly improved end-expiratory lung volume in
children with ‘healthy lungs’ and with ALI. Oxygenation was also
positively affected, but in children with ALI, oxygenation signifi-
cantly improved (ratio of arterial oxygen partial pressure to frac-
tional inspired oxygen [P/F] 221.42 (46.47) to 239.94 (63.84),
p ¼ 0.014)44. However, the use of lung recruitment strategies after
ETT suction in the PICU lacks definitive trial data to inform practice,
and further research is required to identify optimal recruitment
strategies.

With the exception of the AARC guidelines,7 an international
consensus on paediatric ETT suction, best practice does not exist.
This stems from a lack of rigorous clinical trial data to inform
clinical recommendations. While a number of practice recom-
mendations have been published, derived from literature re-
views11,20, our findings suggest clinicians do not use a standardised
approach to suction in the PICU, and further work to develop
clinical guidelines and decision-making tools may help reduce
Please cite this article as: Schults JA et al., Adverse events and pract
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practice variability. Overall, there are limited data to determine the
effect of suction-related AEs on important patient safety and health
system outcomes such as duration of mechanical ventilation or
length of PICU stay. Definitive clinical trial data are needed to
inform ETT suction treatments in the PICU to reduce the high rate of
suction-related AEs. Further investigation into the impact of suc-
tion-related AEs on important outcomes such as length of stay and
duration of ventilation is also warranted as the consequences of
these events are likely to impact not only the patient but also the
organisation and health service.

4.1. Limitations

This study has a number of limitations that need to be
acknowledged. Bedside clinicians collected ETT suction event data,
and there was a relatively large portion of missing suction events,
despite including measures to enhance data completion such as
prompts in electronic medical records, which may introduce a se-
lection bias. As such, the results of the study need to be interpreted
with caution because of the proportion of missing data. Further-
more, the single-site studywas conducted in a PICUwhose standard
practice is open-suction technique; this may limit the general-
isability of study findings. Studies comparing open and closed suc-
tion have demonstrated conflicting results. A pilot, crossover trial
(n ¼ 24) conducted on high-risk neonates and infants found open
suction resulted in statistically significant, increasedhaemodynamic
interactions comparedwith the closed-suction technique; however,
these did not require clinical intervention.45 Conversely, a recent
observational study comparing open and closed techniques in 229
children (all ages and diagnoses) found both techniques to have
equivalent rates of AEs; however, saline use was associated with
open-suction systems and increased suction frequency associated
with closed-suction systems.46 We did not exclude children on
ECLS but collected all suction episodes across their period of venti-
lation, including before, during, and after ECLS. Despite these limi-
tations, this study represents thecurrentETTsuctionpracticeof PICU
clinicians in a real-world, pragmatic study not confined by
controlled study settings. This is important as evidence regarding
the effects of ETTsuction on the general PICUpopulation is limited47.

4.2. Implications for practice

Our study demonstrates that ETT suction is frequently compli-
cated by an AE, in particular, oxygen desaturation. These findings
suggest future research should focus on interventions that mini-
mise the impact of the postsuction desaturation event. Powered
clinical trials investigating suction interventions such as NSI and
lung recruitment are needed to provide definitive safety and effi-
cacy data. Future research could evaluate the longer term impact of
these treatments and knowledge translation strategies to optimise
the rapid translation of trial data to practice.

5. Conclusions

ETT suction remains a key component of patient care in the
PICU, yet this study identified 22% of suctions result in an AE, with
variation in ETT suction practice observed. This is a considerable
patient safety concern, with many AEs requiring clinician inter-
vention to reestablish baseline oxygenation saturations. NSI, ETTs
with smaller internal diameter, and the requirement of presuction
increases were associated in an increased risk of experiencing an
AE. Prospective clinical trial data are needed to determine the
safety and efficacy of common ETT suction interventions such as
ice variability associated with paediatric endotracheal suction: An
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NSI and identify potentially modifiable risk factors for AEs. These
data will contribute to the development and adoption of evidence-
based ETT suction practice in the PICU. Improvements in ETT suc-
tion practice will have a substantial impact on the health outcomes
of children requiring an episode of tracheal intubation and me-
chanical ventilation.
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Supplemental material A.  Association between desaturation event and patient and suction 

characteristics (as appears online) 

Variable Bivariate Multivariable 

 OR (95% CI) p aOR (95% CI) p 

Age* 0.84 (0.68 - 1.02) 0.078 0.93 (0.70 - 1.23) 0.587 

PIM3* 1.09 (0.78 - 1.52) 0.598 1.07 (0.74 - 1.53) 0.724 

ETT size 0.59 (0.37 - 0.95) 0.028 0.67 (0.35 - 1.28) 0.223 

Diagnostic 

category  

Cardiac 1 - 1 - 

Respiratory 2.33 (0.71 - 7.63) 0.162 2.89 (0.79 - 10.61) 0.109 

Other 0.87 (0.27 - 2.80) 0.817 1.71 (0.41 - 7.19) 0.464 

FiO2 increase pre-suction 2.07 (1.31 - 3.27) 0.002 2.06 (1.28 - 3.31) 0.003 

PEEP increase pre-suction 1.88 (0.63 - 5.62) 0.261 1.09 (0.35 - 3.46) 0.878 

NSI use 3.33 (2.03 - 5.45) <0.001 3.28 (1.99 - 5.40) <0.001 

* log-transformed; PIM3: Paediatric Index of Mortality 3; ETT: endotracheal tube; PEEP: 

positive end expiratory pressure; FiO2: Fraction of inspired oxygen; NSI: normal saline 

instillation; OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval; model includes 

89 patients and 940 ETT suction episodes. 
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Phase 2: Semi-structured interviews of paediatric intensive care unit nurses’ 

endotracheal suction experiences [Publication 6]  

Phase 2 of the PhD research is a qualitative exploration of nurses’ experience with NSI 

and RMs with ETS in mechanically ventilated children. The results of Phase 2 are 

reported as a co-authored manuscript, published in the peer-reviewed journal Australian 

Critical Care. The research questions for Phase 2 were:  

1. What are nurses’ experiences with using NSI and RM with ETS in their 

practice? 

2. What are the clinical indicators that influence nurses’ use of NSI or RMs with 

ETS? 

Statement of contribution to co-authored published paper 

This chapter includes a co-authored paper, which has been published in Australian 

Critical Care (IF: 2.51; rank 1/18 Critical Care Nursing). The status of the co-authored 

paper, including all authors, is: 

Schults, J., Cooke, M., Long, D., & Mitchell, M. (2019). “When no-one’s looking”, the 

application of lung recruitment and normal saline instillation with paediatric 

endotracheal suction: An exploratory study of nursing practice. Australian Critical 

Care, 32(1), 13–19.   

My contribution to the paper involved: critical appraisal of the literature, 

conceptualisation and study design, ethics and governance applications, development of 

interview tools, participant enrolment, data collection, data analyses and interpretation, 

drafting of the manuscript, manuscript revision and approval of the final version.    
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Background: The complex nature of the Paediatric Intensive Care Unit (PICU) patient requires the bedside
nurse to make rapid, complex decisions regarding endotracheal suction (ETS) interventions. It is not
understood what influences nurses’ decision making in the context of ETS, however, the actions of the
clinician have a direct impact on the efficacy of the ETS event and patient outcomes.
Objectives: To explore and describe the use of normal saline instillation and lung recruitment with
paediatric ETS in a cohort of Australian nurses, and to identify factors that influence normal saline use
with ETS.
Methods: A descriptive, exploratory study. An evidence-based practice model formed the conceptual
basis for the study. Semi-structured interviews were conducted with 12 nurses from an Australian ter-
tiary referral paediatric intensive care unit. Audiotaped interviews were transcribed. Inductive thematic
analysis was used to code and analyse the interview data and identify themes.
Findings: Data analysis revealed three themes: patient’s clinical presentation, clinician judgement and
unit practice norms.
Conclusions: Variability in nurses ETS practice was marked. In the absence of evidence based clinical
guidelines, nurses relied on knowledge derived from clinical experience and the local setting to guide NSI
and LR intervention decisions. Participants reported uncertainty regarding ETS best practice and
perceived the lack of research evidence as a barrier to making informed clinical decisions at the bedside.
Rigorous research evaluating the safety and efficacy of NSI and LR with ETS is urgently required for
patient care; however PICU nurses rely on multiple sources of evidence to inform ETS practice decision.

© 2018 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Annually, around 10,000 Australian children are admitted to a
paediatric intensive care unit (PICU).1 Fifty percent of these chil-
dren require endotracheal intubation and mechanical ventilation.
Insertion of the endotracheal tube (ETT) to support respiration in-
hibits mucociliary clearancemechanisms, and endotracheal suction
(ETS) becomes a vital intervention to maintain ETT patency.2 ETS is
considered routine care by PICU clinicians, with reported
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frequencies of more than 40 times per PICU admission, dependent
on disease severity and length of ventilation.3 Despite the impor-
tance of ETS tomaintain the airway, complications such as infection
and hypoxia are common.4,5 These complications are associated
with increased ventilator days and in the case of ventilator asso-
ciated pneumonia, increased morbidity or mortality.5e7

There is no international consensus on paediatric ETS best
practice. Current practice includes the addition of interventions
such as normal saline instillation (NSI) prior to ETS and lung
recruitment (LR) following ETS. The stated goal of NSI is to facilitate
secretion removal by mixing or diluting airway mucous.2,8 How-
ever, the safety and efficacy of NSI in paediatric practice is widely
debated with some studies reporting a negative association be-
tween NSI and oxygenation.9e11 These studies however had small
sample sizes that were unlikely to statistically detect differences
between groups and high risk of bias. Further, this argument fails to
account for the deleterious effect ETS has on lung volume. ETS
causes rapid, inhomogeneous, derecruitment (end-expiratory
collapse) of alveoli.4 LR applied after ETS may improve oxygenation
by providing positive airway pressure above the critical opening
pressure of the airspace to recruit (reopen) collapsed alveoli.4,12,13

This is of particular interest in children with acutely injured lungs
which are characterised by fluid filled, collapsed alveoli which does
not participate in gas exchange.14 Although regularly applied in the
PICU, ETS interventions including NSI and LR are not based on
compelling clinical trial data.

Clinical and best practice guidelines help reduce variation in
practice and inform clinical decisions at the bedside; however, such
practice documents rely on quality, relevant evidence to inform
recommendations. There are no published studies which defini-
tively test the safety and efficacy of NSI or LR in the PICUpopulation.
In the absence of NSI and LR trial data and clinical guidelines, it is
important to understand what influences nurses’ NSI and LR prac-
tice decisions. The primary objective of this study was to explore
PICU nurses' experiences with NSI and LR in association with ETS.
Further, we explored the clinical indicators that influence nurses to
applyNSIwith ETS.Wewill provide exploratory evidence fromPICU
nurses on NSI and LR practices with paediatric ETS, which will
provide the basis for further examination of ETS methods in PICU.

2. Methods

2.1. Qualitative approach

A descriptive, exploratory study of nurses' experiences of NSI
and LR with ETS was conducted using semistructured, face-to-face
interviews. The study is reported using the Standards for Reporting
Qualitative Research.15

An evidence-based practice model16 formed the conceptual ba-
sis for the study. A fundamental difficulty for clinicians is that many
PICU interventions like NSI and LR lack evidence.17e19 In the absence
of systematic scientific enquiry, nurses rely on other sources of ev-
idence to inform practice.20 The evidence-based practice model16

suggests knowledge which informs practice is derived from four
key sources of evidence: research evidence, clinical experience,
patient experience, and local context information. The clinicianmay
draw on multiple sources of evidence to inform practice decisions;
however, the way clinicians apply this evidence to inform practice
whilst considering individual patient needs has yet to be explored in
relation to NSI and LR in the PICU setting.

2.2. Researcher characteristics and reflexivity

Reflexivity is an important consideration in qualitative inquiry
as it emphasises the value of self-awareness of one's own
perspective. The aim of undertaking ongoing reflexive exercises is
to prevent researcher bias from diminishing the credibility and the
rigour of the methods.21 The research team comprised four females
including: one clinical nurse (PhD candidate and chief investigator
[CI]); a PICU nurse researcher (PhD), a professor of critical care
nursing (PhD), and a professor of nursing (PhD). The
clinicianeresearcher relationship was one that allowed the
researcher to have a deep understanding of the participants' situ-
ations however the established professional relationship may have
inhibited certain points of discussion. Participants were aware of
the CI's reason for conducting the research.

2.3. Setting

The single centre study took place at tertiary referral PICU in
Brisbane, Australia. Interviews were conducted in an office outside
the clinical environment. Only the participant and the researcher
were present during interviews.

2.4. Participant selection

A purposive sampling approach was used to recruit partici-
pants. Purposeful sampling is widely used in qualitative research
and involved the identification of PICU nurses who had experience
with the use of NSI and LR in the site PICU.22 Participants were
invited to participate in the study upon satisfying the inclusion
criteria: (i) permanently employed PICU nurse at the site and (ii)
mechanical ventilator competency. An email was sent to staff
advising them of the study and inviting participation. Contact de-
tails of the CI were provided. Sample size was not defined a priori,
and data were gathered until saturation was achieved, that is,
when no new information was being identified in interview
data.23,24

2.5. Ethical considerations

Ethics approval was obtained from the hospital and university
human research ethics committee (HREC/16/QRCH/374; 2017/065).
Participants were provided with verbal and written information
detailing the purpose of the study, right to withdraw consent,
assurance of confidentiality, and CI contact details. Written
informed consent was obtained before the interview which was
audio recorded. The confidentiality of participants was maintained
throughout the study. Recorded responses were de-identified, and
audio transcripts did not contain identifiable information.

2.6. Data collection methods and instruments

Interviews were conducted in February 2017. To ensure consis-
tency, an interview guide was used, and participants were asked
identical open-ended questions.23,25 The interviewing method
included a variation of both descriptive and structured questions.26

Questions were based on key areas of interest related to paediatric
ETS, NSI, and LR as identified in the literature and included: (i)
clinical indicators for NSI use; (ii) rationale for NSI and LR use or
non-use with ETS; and (iii) influences on practice.2,3,9,27e29 Follow-
up questions and prompts were adapted based on participant re-
sponses during the interview; this allowed a more individualised
approach30 and full exploration of participant experience and
viewpoint. Some forced response questions were included to
explore specific factors in relation to NSI use (for example in-
terviewee's clinical experience, habit, unit practice, and research
evidence). At the end of the interview nurses were asked to rate
factors that influence their use of NSI with ETS. A Likert scale of 1e5
(least influential to most influential) was used to determine the



Table 1
Example of line by line coding and concept formation.

Transcribed data Concepts

I would tend to use it with patients that have got
thick secretions.

Anyone that might be difficult to bag or sounds like
they've got a lot down their chest. Those patients
with quite concrete chests difficult to ventilate.
What am I trying to say? Stiff lungs. That's what
I'm trying to say. Those that you can hear the
secretions on.

I don't use it with every child that I bag and suck.

Thick secretions
Sick chest
Stiff lungs
Not always required

Table 2
Participant characteristics.

Demographic data Number of participants (n ¼ 12)

Identifying gender
Female 11
Male 1

Age (yrs)
20e30 5
31e40 7

Education
Bachelor in nursing 5
Postgraduate certificate in nursing 5
Masters of nursing 2

Nursing experience (yrs)
�5 3
6e10 7
10e20 2

PICU experience (yrs)
�5 7
6e10 4
11e20 1

PICU position
Registered nurse 7
Clinical nurse 5

Yrs ¼ years; PICU ¼ paediatric intensive care unit.
Clinical nurse: An experienced registered nurse who has usually undertaken
advanced qualifications or training in paediatric intensive care.

Table 3
Factors that influence nurses' use of NSI with ETS.

Factors Score (range 1e5) median (IQR)

Thick secretions 5 (5e5)
Clinical experience 4 (3.75e5)
Enhance secretion yield 3 (3e4.25)
No secretions without NSI 2.5 (1e4)
Education 2.5 (1e4)
Research evidence 2.5 (1e4)
Lubricate catheter 2 (2e3)
Unit practice 1.5 (1e2.25)
Co-worker practice 1 (1e3)
Stimulate cough 1 (1e2)
Habit 1 (1e2.25)

ETS ¼ endotracheal suction; IQR ¼ interquartile range; NSI ¼ normal saline
instillation.
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level of influence. All interviews were professionally transcribed for
accuracy.21 Field notes were made at the conclusion of the inter-
view. Participants were recruited until no new relevant information
was being obtained from new participants.11 Interview duration
was 15 min.

2.7. Data analysis

Inductive thematic analysis was used to code and analyse the
interview data and identify themes as interviews were conducted.
Analysis was data driven and as per Braun and Clarke's six phases of
thematic analysis: (i) familiarising with data; (ii) generating initial
codes; (iii) searching for themes; (iv) reviewing themes; (v)
defining and naming themes; and (vi) producing the report.31

Following full transcription, interview data were coded by the
first author, the CI. Initial codes were generated using line-by-line
coding (facilitating an audit trail) and a process of writing and
grouping like ideas and patterns (Table 1). Codes-informed concept
formation and themes were identified. Themes were reviewed and
defined with continued reference to codes and raw data via dis-
cussion with the project team.23

2.8. Reliability

In a reflexivity exercise, extracted themes were presented to all
interviewees. This provided a degree of trustworthiness and
confirmability of findings. Authenticity was addressed through
fairness (all PICU nurses who met eligibility criteria were invited to
participate in the project). Further the investigator maintained a
degree of reflective awareness of preconceptions and expectations
throughout the data collection period.32

3. Results

3.1. Participant characteristics

In total 12 nurses were interviewed. Participants' characteristics
are reported in Table 2. Participants were aged between 20 and 40
years, 11 were female. The majority of participants (n¼ 11) had less
than 10 years PICU experience, and more than half (n ¼ 7) had a
postgraduate nursing qualification.

3.2. Factors that influence nurses' use of NSI

Factors that influenced the nurses' use of NSI are listed in
Table 3. Nurses reported thick secretions as the top influencing
factor with a total score of 59 out of 60. Clinical experience (48/60)
and enhanced secretion yield (40/60) were the second and third
highest scoring factors, respectively.

3.3. Themes

Analysis of interview data revealed three main themes: (i) pa-
tient's clinical presentation; (ii) clinician judgement; and (iii) unit
practice norms. The thematic map is presented in Fig. 1.

3.3.1. Patient's clinical presentation
Two subthemes were apparent within this theme: lung pa-

thology and response to ETS. Nurses perceived children with res-
piratory disease or “sick lungs” asmore likely to need NSI or LRwith
ETS.

“I would tend to use it more in those patients that have an un-
derlying lung pathology or some kind of respiratory reason for their
admission” (S01).
“If it's a really healthy child that has just been intubated for the
sake of the procedure that they've had. I don't use it then” (S10).

The majority of nurses stated they apply NSI based on the pa-
tient's lung pathology and consistency of respiratory secretions. All
nurses discussed using NSI with ETS to loosen thick secretions and
aid in their removal. “It [NSI] helps with bringing up the secretions
when the secretions are quite thick” (S08).

One participant also talked about the perceived value of NSI
with ETS for breaking upmucous plugs whichmay obstruct the ETT
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“if there was a plug or resistance … at the end of the ETT, instilling a
liquid to help breakup a plug or loosen secretions in the ETT [is
helpful]” (S09).

Further, nurses identified children with underlying lung pa-
thology as more likely to have a poor response to the ETS proced-
ure, and they varied their practice accordingly. This was evident as
nurses frequently described children with respiratory disease or
sick lungs as more likely to decompensate after ETS “these kids don't
respond well to being bagged and sucked” (S01). The nurses who
applied LR (approximately one third) stated it would often depend
on the patient's response to the previous ETS that determined their
application of LR in subsequent ETS events “how they behave [post
suction], how they performed with the last suction” (S01). Nurses
stated these children are often “PEEP [Positive End Expiratory Pres-
sure] dependent,” and nurses described how they had to take the
initiative to resolve ETS complications such as post ETS desatura-
tion events by using LR:

“You can see as soon as you put them back on [the mechanical
ventilator] that their saturation starts to fall, I would re-recruit in
discussion with the medical staff…when the lungs are sick they
require high pressures to reinflate. That's (the) benefit, reinflating
the alveoli” (S09).

3.3.2. Clinician judgement
This theme incorporated three subthemes: experience, instinct,

and knowledge. Nurses described the importance of experience by
stating “Every suction event is different, it's experience and practice”
(S01) and “It's just experience” (S02). Nurses perceived a lack of
experience as problematic and expressed this through statements
like “Certainly the junior staff I don't think would ever do it [LR] unless
you specifically told them” (S01).

The second subtheme evident in the data suggested that nurses
rely on instinct to guide ETS practice decisions. Statements such as
“It's all a bit of a gut feel thing” (S01) and “It is just me. It's a gut feeling
… this is what I am going to do. People do what they feel is right” (S05)
mirrors most of the nurses' comments grouped in this theme.

The final subtheme knowledge captured nurses' understanding
of the practical aspects of the interventions NSI and LR and the
pathophysiological rationale behind the treatments. The data
captured highlighted nurses' uncertainty of the effect of NSI and
concern regarding the distribution of saline in the lungs, if the NSI
was not aspirated in its entirety with the suction. Nurses described
this using statements like “We don't know what saline does to the
lungs” S01; “I don't put too much saline in because we really don't
know how much we can suck out” (S07) and “I don't know if there is
any effect actually on the lung itself. I think it just helps the secretions
in terms of a good or bad effect. I don't know, actually” (S04).

Nurses also described a lack of knowledge in relation to LR and
an uncertainty in how to apply this treatment using statements
such as “I apply it when no one's looking” (S01), “It might not be the
best manoeuvre for them” (S12), and “I probably don't do it right”
(S10).
3.3.3. Unit practice norms
Two subthemes were contained within this overarching theme:

guidance and expectations. A sense of uncertainty was described by
all nurses who perceived there to be limited guidance to inform ETS
practices in the context of NSI and LR. Nurses used words such as
non-standardised and habitual to describe NSI and LR practice and
unsure and unclear to describe unit ETS expectations. Nurses across
all levels of experience and position (experienced nurse and
registered nurse) suggested this was not optimal. Nurses identified
a lack of research as contributing to this issue with statements like
“I don't have research or any evidence other than my own practise”
(S06) were common in this theme. Another nurse commented “…

there's quite a few things in this job that you don't actually have ev-
idence for but you know that it works and it's an accepted behaviour
rather than evidence based, as rightly or wrongly as that is” (S03).
Some nurses described uncertainty when faced with a lack of evi-
dence regarding safety and benefit of NSI with ETS, one participant
commented “There was not a lot of evidence to suggest it was actually
of benefit. I don't know if it was a harmful intervention” (S10).

A lack of NSI and LR protocols and awareness of protocols was
identified by the nurses. For example, nurses commented “We don't
have policy or protocol,” (S02) “there's nothing concrete, it seems to be
a lot of opinion-based,” (S09) and “we don't have structure around
what we should be doing, so it's hard to do evidence based nursing”
(S10). Nurses were motivated to explore how NSI and LR could
support them but felt restricted by a lack of guidance and protocols.

This theme also captured nurses' perceptions of unit expecta-
tions of ETS nursing practice in the context of NSI and LR. State-
ments such as “that's unit practice,” “it's the unit culture,” and “it's
what you see your colleagues doing” were common amongst
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participants when describing NSI use with ETS. Several nurses
commented on the expectation to use NSI routinely “it was belted
into my head, that's the accepted practice … but it shouldn't be a
routine” (S1) and “the nurse will be like, oh we'll just use saline any-
way. You're like well, there's no clinical indication to, but it seems to be
a bit routine now that we're using it” (S12).

The majority of nurses expressed uncertainty as to whose role it
was to perform LR after ETS. Statements such as: “whether we
should do it … I don't know?” (S02); “I would use it if it wasdif it had
been medically instructed;” (S09) and “I don't think our nursing
population has the skill set” (S01) captured nurses' hesitancy to
perform LR. For both NSI and LR interventions, nurses perceived a
lack of guidance and unclear expectations contribute to unstan-
dardised ETS practice. Nurses perceived this as both unavoidable
and a negative consequence “I think it's almost every man for him-
selfdjust aboutdof how you interpret how it's done to some degree”
(S10) and “techniques are quite variable in the unit … there's obvi-
ously a risk’ (S12). Nurses commented on the nature of PICU nursing
and the difficultly standardising practice “I don't think that there is
any rule or protocol or policy that covers every patient that we have
here in ICU” (S05) and “it's hard to standardise something because
obviously every patient is different” (S09).

4. Discussion

Study participants perceived nurses to be the key decision-
makers in ETS care and reported integrating multiple sources of
evidence to inform ETS practice decisions in the PICU. Nurses' un-
certainty regarding the physiological effects of NSI and LR and their
uncertainty when applying these interventions, in particular LR,
was a key finding of this study which has not previously been re-
ported in this context.

In the last decade, substantial focus has been on the evidence-
based practice revolution and the translation of research evidence
to guide clinical decisions. The evidence-based practice model
recognises the value of research evidence to inform nursing prac-
tice decisions.16 However, in PICU, few clinical interventions
including NSI10 and LR33 have sufficient clinical trial data to inform
safety and efficacy questions and best practice recommendations.19

This is evident when considering the main indication nurses cited
for NSI, “thick secretions”. Study participants perceived dry ETS (no
NSI) as having limited efficacy in terms of secretion mobilisation,
particularly in children with tenacious secretions, a finding that
aligns with other PICU ETS studies.34 However, a well cited,
benchtop study from the 70s showed normal saline and airway
mucous to be immiscible,35 raising the question why do nurses
perceive an increased secretion clearance with NSI, that extends
beyond the secretion volume?

Research undertaken in the 1980/90s found NSI had a positive
effect on secretion volume and weight36,37; however, the authors
describe this increase as not clinically meaningful. More recently,
research undertaken in porcine airway mucosa found that aqueous
salt solutions such as normal saline could hydrate airway surfaces
and restore mucociliary transport.38 These findings suggests NSI
achieves its effect not through the dilution of respiratory secretions
as previously proposed35 but through the hydration of airway
mucosa and subsequent restoration of mucociliary transport. These
results, while tested in animal models and yet to be confirmed in
human studies, offer a plausible explanation for nurses' perceptions
of enhanced secretion clearance in ventilated children with thick
airway mucous.

The safety of NSI is strongly debated in current literature. Lung
mechanics markedly deteriorate after ETS due to pulmonary der-
ecruitment,12 often irrespective of NSI administration.39 Whilst the
association between NSI and oxygen desaturation is not definitively
proven, studies which report significant difference in oxygen
saturation describe a transient event with no studies reporting
ongoing hypoxia after the 10 min mark.10 In paediatric studies,
limited conclusions and recommendations can be drawn from
existing empirical studies which are limited by both size (one
randomised controlled trial, n ¼ 2440) and methodology (lack of
random allocation).34 Nurses in our study did not perceive negative
clinical effects to be associated with NSI administration. This
finding highlights the need for further observational work into the
prevalence of ETS-related complications in the general PICU cohort.
Future studies could measure the number of desaturation events
which required clinician intervention (e.g. in rescue
oxygenation) to provide a clinical indication of the perceived sig-
nificance of the desaturation.

In our study, nurses perceived the greatest lack of evidence and
guidance situated around the application of LR. Nurses were un-
sure of the correct technique (PEEP manipulation versus sustained
inflation) and discussed perceptions of serious complications as a
result of incorrect technique (e.g air leaks). Research undertaken
in 60 mechanically ventilated children, found doubling the PEEP
for two minutes after ETS significantly improved end-expiratory
lung volume in children with “healthy lungs” and acute lung
injury.41 Conversely, when examining dynamic compliance,
Morrow et al.'s42 RCT of 34 mechanically ventilated children (48
recruited, 14 excluded from analyses) found that a sustained
inflation (30 cm H2O for 30 s on manual bag) following ETS did
not lead to a significant change in dynamic compliance in non-
paralysed, ventilated, and spontaneous breathing children.
Whilst this finding is limited by sample size, they suggest that LR
may not improve lung mechanics following ETS as previously
thought. Furthermore, whilst recruitment manoeuvres have been
suggested as a means to regain lung volume after ETS, practical
and clinical guidelines for the bedside clinician are lacking
because of lack of safety and efficacy evidence. Consequently, PICU
nurses are making LR decisions in a vacuum of evidence, and
many study participants reported a lack of confidence to apply LR
following ETS.

Overall, we found that whilst nurses perceived research find-
ings as a valuable source of evidence, they perceived it to be
difficult to access and translate to everyday practice. In the absence
of ETS best practice recommendations, nurses expressed a pref-
erence for using clinical experience as their main source of evi-
dence. Almost every participant referred to the importance of
having previous clinical experience with a similar patient “so you
know what to expect in terms of disease progression and suction
needs”. Clinical experience as a source of information is widely
recognised as an essential but fallible source of evidence.43 Expe-
rienced nurses in the study reported considering individual patient
characteristics such as medical diagnosis, disease progression, and
thickness of secretions when determining ETS interventions.
Conversely, less experienced nurses reported routine NSI use and
an abstinence of LR application. These nurses discussed a
perceived lack of experience and pathophysiologic reasoning
(mechanism of action of NSI or LR) as the primary reasons for
routine NSI use and failure to apply LR. While randomised
controlled trials are appropriate methods for evaluating the effi-
cacy and safety of complex interventions,17,44 other sources of
evidence including clinical experience are essential in PICU nurses'
daily practice. No single source of evidence was sufficient to guide
PICU nurses ETS decisions.

Variability in NSI and LR practice may be acceptable when based
on the consideration of clinical guidelines, medical knowledge, or
patient status.44 However, integrating multiple sources of
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information and evidence is a process which can lead to practice
variability,45 which was evident in our findings. Clinicians need
support to determine whether the application of guidelines is
appropriate or an alternate approach should be employed. Exten-
sive work is being undertaken by Australian researchers to develop
and validate an Endotracheal Suction Assessment Tool, a decision
making tool for assessing the clinical indication to perform an
ETS.28,46 Once validated, this tool will be particularly valuable to
novice PICU nurses with limited experience and pathophysiological
understanding of indications for ETS. However, further testing of
NSI and LR is urgently needed to determine what safe and effica-
cious practice is. We do not know if current ETS practice in the
context of NSI and LR is ultimately causing harm as has been sug-
gested in the case of NSI. Rigorous clinical trial data will enable the
translation of these findings into clinical guidelines and best
practice recommendations, thereby constructing knowledge to
support all levels of PICU nurses. Further, we need to support
nurses to understand the physiological mechanisms of ETS and
related interventions as this is an important first step in nurses'
decision-making.

In this study, we report useful insights into PICU nurses' expe-
riences with NSI and LR; however, there are some limitations. We
drew from a single site where open ETS technique was predomi-
nantly used. Although we achieved saturation of data, the resulting
themes may not be generalisable to units using closed ETS where
alternative treatment considerations may have ensued. Our find-
ings therefore provide an initial understanding of the influencing
factors nurses apply to NSI and LR interventions in the PICU; yet,
further research is needed to determine what is ETS “best practice”
in this vulnerable and heterogeneous population.

5. Conclusion

Variability in nurses' NSI and LR practice in ETS was marked. In
the absence of evidence-based clinical guidelines, nurses relied on
knowledge of individual patient's condition, clinical knowledge and
experience, and the local setting expectations to guide NSI and LR
intervention decisions. The development of ETS protocols without
the consideration of the multiple sources of evidence may be
problematic and result in poor clinician uptake or adherence. The
generation of paediatric ETS best practice guidelines is urgently
needed; however, this should occur in consultation with key
stakeholders including bedside clinicians.
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Summary 

The results of Phase 1 and Phase 2 of the PhD research have been outlined in this 

chapter. Phase 1 reported the findings of a prospective observational study undertaken 

in a large tertiary PICU in Queensland, Australia, contributing to the understanding of 

current ETS practice and associated AEs. The information and learnings generated from 

this study informed the design of study interventions and intervention fidelity strategies.  

Phase 1 of the research demonstrated the most frequent AEs that need further 

investigation and research. Specifically, oxygenation and measures of lung function. 

This phase demonstrated current ETS practice is hampered by uncertainty regarding 

best-practice, when to apply ETS interventions and how, which has resulted in an 

inconsistent approach to ETS and the adhoc use of interventions such as NSI and RMs. 

This phase also highlighted the need to capture more clinically important endpoints. It 

was during the observational study and undertaking the literature reviews that VAP was 

identified as a constantly overlooked outcome measure that has significant burden and 

prevalence in paediatrics, contributed to by ETS practice. The pragmatic decision was 

made to investigate this outcome in this trial to shape the research processes of a larger 

definitive trial.  

Phase 2 of this research reported a qualitative exploration of nurses’ experience with 

NSI and RMs with paediatric ETS. This phase informed the development of the 

interventions, specifically the dosing strategy of NSI as weight-based as opposed to age-

adjusted increments. For example, the NSI dosing strategy had initially been developed 

to be based on patient’s age, 1ml for 1-4year olds, and 2 ml for 5-10-year olds. However 

following discussion with PICU clinicians this was revised to be a weight-based dosing 

strategy 0.1ml/kg max 2.0mls. Strategies to enhance intervention fidelity in Phase 3 

were also identified during Phase 2 interviews as nurses described a preference for 
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bedside electronic prompts and ventilator reminders of RM strategies. The results of a 

pilot RCT comparing NSI versus no NSI and RM versus no RM with ETS follow in the 

next chapter, which comprises a manuscript currently under review in Pediatric Critical 

Care Medicine.
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Chapter 6. Results—Phase 3 

Introduction 

In this chapter, the findings of the PhD research Phase 3, a pilot factorial RCT of NSI 

and RMs for paediatric ETS are presented. The objectives of the research were to: 

a) Evaluate the feasibility of conducting a full-scale RCT of NSI and RMs with 

paediatric ETS using pre-defined feasibility criteria;  

b) Evaluate the effectiveness of NSI and RMs on VAP and measures of gas 

exchange, lung function and impedance measures; 

c) Provide estimates of effect for NSI and RM interventions in mechanically 

ventilated children on the incidence of VAP. 

The research questions for Phase 3 were: 

1) Is it feasible to conduct a factorial RCT to test the effectiveness and safety of 

NSI and RMs with ETS in mechanically ventilated children?  

2) In mechanically ventilated children requiring ETS, is (i) NSI superior to (ii) no 

NSI to prevent VAP and improve measures of gas exchange, lung function and 

impedance measures?    

3) In mechanically ventilated children requiring ETS, is (i) RM superior to (ii) no 

RM to prevent VAP and improve measures of gas exchange, lung function and 

impedance measures?    

Phase 3 was a pilot RCT with the primary aim of establishing the feasibility of a 

definitive trial. As such, a null hypothesis was not tested. A full-scale RCT would be 

required to test a powered, primary, clinical end-point (such as VAP).  
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This chapter comprises one co-authored manuscript. The results of the pilot 

factorial RCT of NSI and RMs with paediatric ETS in the PICU are reported. The 

manuscript has been prepared and submitted for peer review to the journal Pediatric 

Critical Care Medicine.  
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Normal saline and lung recruitment with paediatric endotracheal suction: A 

pilot factorial randomised controlled trial [Publication 7] 

A note regarding formatting: the following manuscript has been submitted to a peer 

reviewed journal and American publisher. Therefore, to comply with journal 

specifications, the manuscript contains American spelling (e.g., maneuver), and use of 

clinicians (instead of nurses). Journal specifications for data reporting are also followed; 

for example, reporting of P values.  

Protocol amendments 

The study protocol was carried out under the observation of a Data Safety and 

Monitoring Committee, which comprised a PICU specialist, anaesthetist (trialist) and 

physiotherapist. It transpired that it was not feasible to obtain an EIT one hour post the 

ETS due to bedside registered nurse clinical workload and patient acuity; this was 

discussed with the Committee, PICU quality safety team and, upon agreement, amended 

in the clinical trial registration. The initial plan was to compare airway resistance; 

however, this was not completed due to the relevant ventilator resources not being 

available. 

Lung volume changes were assessed using EIT. Studies have shown end-

expiratory lung impedance (EELI) has a strong linear correlation with changes in end-

expiratory lung volume (Hinz et al., 2003; van Genderingen, van Vught, & Jansen, 

2003). In other literature, this has been referred to as end-expiratory level or EEL 

(Hough et al., 2014; Humphreys, Pham, Stocker, & Schibler, 2011). Similarly, regional 

and global VT changes are correlated with tidal impedance variation (VARt) (van 

Genderingen et al., 2003). Outcome measures were relabelled from protocol description 
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from EEL to EELI and regional VT to VARt as they were more appropriate descriptions 

of lung volume outcomes for the NARES trial. 

Statement of contribution to co-authored paper 

This chapter includes a co-authored paper, which has been prepared and submitted for 

review (14 February 2020) to Pediatric Critical Care Medicine (IF: 3.09; rank 12/89 

Critical Care and Intensive Care Medicine). The status of the co-authored paper, 

including all authors, is: 

Schults, J., Cooke, C., Long, D., Schibler, A., Ware, R., Charles, K., Irwin, A. & 

Mitchell, M. (2020). Normal saline and lung recruitment with pediatric endotracheal 

suction: A pilot factorial randomised controlled trial. Pediatric Critical Care Medicine.   

My contribution to the paper involved a critical appraisal of the literature, 

conceptualisation and development of study protocol, ethics and governance 

applications, development of data collection tools, participant screening and enrolment, 

data collection including EIT measures, intervention fidelity monitoring, data entry, EIT 

reconstruction (supported by Ms Amanda Corley and Mr Lawrence Caruana), data 

analysis and interpretation (supported by Professor Robert Ware), drafting of the 

manuscript, manuscript revision and approval of the final version.    
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Normal saline and lung recruitment with pediatric endotracheal suction: A pilot 

factorial randomized controlled trial 

Objective: To establish the feasibility of a randomized controlled trial (RCT) 

examining the effectiveness of normal saline instillation (NSI) and a positive end-

expiratory recruitment maneuver (RM) with endotracheal suction in a paediatric 

intensive care unit (PICU).  

Design: Pilot 2x2 factorial RCT. 

Setting: 36-bed tertiary PICU in Australia. 

Subjects: Fifty-eight children less than 16-years old undergoing tracheal intubation and 

invasive mechanical ventilation. 

Interventions: Participants were randomized to receive i) NSI or no NSI and ii) RM or 

no RM.  

Outcomes: Primary: feasibility; Secondary: effect estimates for: ventilator associated 

pneumonia (VAP), change in end-expiratory lung volume assessed using electrical 

impedance tomography, dynamic compliance and ratio of oxygen saturation to the 

fraction of inspired oxygen (SpO2/FiO2).  

Measurements and main results: Recruitment, retention and missing data feasibility 

criteria were achieved. Eligibility and protocol adherence criteria were not achieved, 

with 818 patients eligible and 58 enrolled; cardiac surgery was the primary reason for 

exclusion. Approximately 30% of patients had at least one episode of non-adherence. 

Children who received NSI had a reduced incidence of VAP, however this did not reach 

statistical significance (Incident Rate Ratio 0.12, 95% CI 0.01–1.10; p = 0.06). NSI was 

associated with a significantly reduced SpO2/FiO2 ratio up to 10 minutes post-suction. 

RMs were not associated with a reduced VAP incidence (IRR 0.31, 95% CI 0.05–1.88), 
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but did significantly improve end-expiratory lung volume at 2- and 5-minutes post-

suction, dynamic compliance and SpO2/FiO2 ratio.  

Conclusion: RMs significantly improved end expiratory lung volume and oxygenation. 

NSI with suction led to a reduced incidence of VAP however a definitive RCT is 

needed to test statistical differences. A RCT of study interventions is worthwhile and 

may be feasible with protocol modifications including the widening of participant 

eligibility. 

Clinical trial registration: ACTRN12617000609358. 

Keywords: Pediatrics, endotracheal suction, normal saline, recruitment manoeuvre, 

positive end expiratory pressure, critical care 

Introduction 

For mechanically ventilated children in the pediatric intensive care unit (PICU), 

endotracheal suction (ETS) is an essential procedure to maintain airway patency 

(ANZICS Centre for Outcome and Resource Evaluation, 2017; Morrow & Argent, 

2008). Despite its importance, ETS can result in patient harm, with a recent 

observational study showing suction related adverse events (AEs) occur in up to 47% of 

children (Schults, Long, et al., 2019). While factors such as diagnosis, mode of 

ventilation and endotracheal tube (ETT) size contribute to the degree of physiological 

compromise (Tume, Baines, Guerrero, Johnson, et al., 2017; Tume et al., 2011), the 

cumulative effect and longitudinal impact of ETS associated AEs, such as alveolar 

collapse and resultant hypoxemia, are relatively unknown. ETS related complications, 

such as atelectasis, impaired gas exchange, decreased lung compliance (Liu & Liu, 

2007; Morrow & Argent, 2008) and ventilator associated pneumonia (VAP) (Maggiore 
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et al., 2003; Maggiore & Volpe, 2011; Morrow & Argent, 2008), can prolong a child’s 

length of mechanical ventilation and impact recovery and the development of secondary 

morbidities.   

ETS practice lacks standardization, with variations in adjunct interventions used 

(Schults et al., 2020). Many ETS interventions such as normal saline instillation (NSI) 

and lung recruitment maneuvers (RMs) have not been rigorously evaluated in 

randomized controlled trials (RCTs) and, consequently, it is unclear whether these 

interventions are causally associated with improved outcomes for children. Because 

more than 40% of PICU admissions require mechanical ventilation and ETS, 

improvement in ETS care could equate to improved health outcomes for a large number 

of children and substantial savings for healthcare services. Prospective phase 3 RCT 

data is needed to determine the efficacy of the ETS interventions of NSI and RMs. 

Therefore, we sought to evaluate the feasibility of undertaking an RCT comparing two 

intervention pairs (NSI and RMs) in mechanically ventilated children using pre-defined 

criteria for eligibility, protocol adherence and sample size estimates. Our study reports 

effective estimates of NSI and RMs on measures of infection, gas exchange, and lung 

mechanics and impedance to inform future studies.   

 

MATERIALS AND METHODS  

Design 

A 2x2 factorial pilot RCT was undertaken at a single centre Australian PICU between 

October 2017 and October 2019. Children receiving invasive mechanical ventilation 

were allocated to receive i) NSI versus no NSI, and ii) RM versus no RM with ETS.  

The trial was prospectively registered with the Australian New Zealand Clinical Trials 

Registry (ACTRN12617000609358) and RCT methods published (Schults, Cooke, et 



191 

al., 2018). Ethical approval to undertake the trial was received from Children’s Health 

Queensland (HREC/16/QRCH/374) and Griffith University (2017/065).  

Study setting 

The RCT was conducted at the Queensland Children’s Hospital (QCH), Brisbane. QCH 

is a tertiary referral, specialist teaching facility that provides advanced life support 

interventions, including extracorporeal life support to infants and children. The QCH 

PICU has an average annual admission rate of 2000 children. 

Participants  

Eligibility criteria were: aged 0 (>37weeks) to 16 years of age, intubated with an ETT, 

anticipated to require >24 hours of invasive ventilation and attainment of informed 

consent. Patients were ineligible for trial enrolment if they had: cardiac surgery in the 

admission, a diagnosed air leak syndrome, been ventilated for >48 hours prior to 

screening, pulmonary hypoplasia, a current diagnosis of VAP, tracheal reconstruction, 

cystic fibrosis, significantly raised intracranial pressure or previous study enrolment in 

the hospital admission.  

Interventions  

All participants received ETS as per the existing PICU’s clinical guidelines 

(Supplementary material 1). Additionally, children were randomly assigned to receive a 

suction element from each intervention pair: 

1. Normal saline instillation (NSI), 0.1ml/kg 0.9% normal saline (maximum

2.0mls) with ETT suction versus no normal saline (Schults et al., 2020; Schults, 

Mitchell, et al., 2018; Schults, Cooke, et al., 2019; Schults, Cooke, et al., 2018). 

NSI was administered prior to ETS upon disconnection from the ventilator 

circuit. The patient was than manually ventilated using an anaesthetic bag prior 

to insertion of the suction catheter.   
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2. Recruitment maneuver (RM), increase in baseline positive end expiratory 

pressure (PEEP) by a factor of two (maximum 18mm Hg) for two minutes post 

ETT suction versus no recruitment maneuver (Jauncey-Cooke et al., 2015; 

Jauncey-Cooke et al., 2011; Schults, Cooke, et al., 2019; Schults, Cooke, et al., 

2018). 

Outcomes 

The primary outcome was feasibility of a definitive factorial RCT investigating NSI and 

RMs with ETS (Schults, Cooke, et al., 2018). Feasibility was determined through 

composite analysis of eligibility, recruitment, retention, protocol adherence and missing 

data (Lancaster et al., 2004; Thabane et al., 2010). Secondary outcomes were clinically 

suspected VAP defined in accordance with the Centers for Disease Control and 

Prevention (CDC) definition (Centers for Disease Control and Prevention, 2004a; 

Foglia et al., 2007), oxygen saturation (SpO2) to fraction of inspired oxygen (FiO2) 

ratio, dynamic compliance (Cdyn, ml/cmH2O), end-expiratory lung impedance (EELI) 

and tidal impedance variation (VARt). Primary and secondary trial outcomes are 

defined fully in Supplementary material 2.   

Sample size 

The target sample size was 100 subjects. Sample size was based upon requirements for 

feasibility testing and calculating primary endpoint effect size estimates for an efficacy 

trial (Hertzog, 2008; Lancaster et al., 2004). 

Study procedures 

Clinical research nurses (CRNs) screened all patients daily during business hours 

Monday to Friday and obtained written informed consent. A central-web based 

randomization service was used to randomize patients and ensure allocation 

concealment. Randomization occurred twice (once for each intervention pair), generated 

on a 1:1 ratio between groups. Randomization was stratified by reason for intubation 
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(respiratory versus non-respiratory) with randomly varied block sizes (4 or 6) within 

each stratum. NSI and RMs were not amenable to masking of patients, clinical staff or 

CRNs. A masked infectious disease pediatrician assessed criteria for VAP. Participants 

remained in the treatment phase of the study for 48 hours, or until tracheal extubation, 

whichever occurred first.  

Data were collected and managed in REDCapTM (Research Electronic Data 

Capture v7, Vanderbilt, USA). A screening log was used to record patient information, 

including name, diagnosis, eligibility, recruitment and group allocation. Patient and 

clinical characteristics recorded included admission source, PICU admission time, 

diagnosis, age, sex, weight, date and time of intubation, ETT size and oxygen saturation 

index (OSI) (Rotta, Piva, Andreolio, de Carvalho, & Garcia, 2015).  The CRN collected 

data on the primary and secondary outcomes.  

ETS procedures  

With the exception of study interventions, ETS was performed when clinically indicated 

(American Association for Respiratory Care, 2010; Davies et al., 2015) and as per local 

clinical policy. Changes in Sp02/Fi02 (Rice et al., 2007), Cdyn were compared at baseline 

(2 minutes pre ETS), on reconnection post ETS, 2 minutes post ETS and 10 minutes 

post ETS. Secondary outcome data were collected on the bedside monitor (Phillips, 

IntelliVue) and mechanical ventilator and stored on the clinical information system 

MetaVision (iMDsoft). All patients were ventilated using an Evita XL (Dräger, Lübeck, 

Germany) or SERVO-U/i (Maquet Medical Systems USA) in volume or pressure-

controlled modes. 

Lung volume changes were assessed using electrical impedance tomography (EIT), 

EELI has a strong linear correlation with changes in end-expiratory lung volume 

(EELV) (Hinz et al., 2003; Hough et al., 2014; Humphreys et al., 2011; van 

Genderingen et al., 2003). Similarly, regional and global tidal volume (VT) changes are 
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correlated with tidal impedance variation (VARt) (van Genderingen et al., 2003). 

Therefore, the effect of RMs and NSI at a pulmonary level can be assessed using EIT 

measurements, which were performed once per day (with ETS) during study enrolment 

with the PulmoVista 500, Dräger Medical, Lübeck, Germany. A frequency of 50 kHz 

was used and EIT data were filtered using a low-pass filter. Four key time points were 

assessed (spontaneous or ventilated supported breathing pre ETS, on reconnection post 

ETS, 2- and 5- minutes post ETS; Figure 9). EIT files were saved on the device’s hard 

drive and analyzed using the Dräger review software v5.1. Patients were assessed in a 

supine or semi-Fowlers position in bed (head of bed elevation of at least 30o) (Caruana, 

Paratz, Chang, & Fraser, 2011; Frerichs et al., 2017).  

  
Note. EIT = Electrical Impedance Tomography; ETS = Endotracheal Suction; RM = 
Recruitment Maneuver; PEEP = Positive End-Expiratory Pressure; min = Minute. 

Figure 9. EIT measurements and trace during a suction and PEEP recruitment. A loss of 

EELI is seen during the two suction procedures, indicated by the arrows.  Note that the 

area under the curves (marked by the first horizontal line) remains diminished compared 

to pre-suction levels following the two suction procedures, indicating a loss of EELV. 

EELI is seen to improve with PEEP recruitment, returning to baseline at 5 minutes.  

Data analysis 

Comparability of groups at baseline was assessed using clinical parameters and reported 

using descriptive statistics. Means and standard deviations were used to report normally 

distributed continuous data, medians and interquartile ranges were used for interval data 
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that could not be approximated with a normal distribution. Ventilator free days at 28 days 

were calculated using published methods, and censored at 28 days (Yehya, Harhay, 

Curley, Schoenfeld, & Reeder, 2019). Feasibility was reported descriptively, against 

predefined criteria. Incidence rates of VAP per 1000 ventilator days and 95% confidence 

intervals were calculated using Poisson regression. Interaction effects between NSI and 

RM were investigated in the regression models. In the absence of significant interaction, 

Poisson regression models were constructed with treatment as the main effect and the pre-

suction measurement of the outcome included as a covariable. Models were offset by the 

natural logarithm of the time the child was at risk of VAP. Secondary outcomes measured 

using interval data (SpO2/FiO2, Cdyn) were analysed, adjusting for baseline measurement, 

using linear regressions, in a pairwise sequential manner to compare NSI and RM. (Bland 

& Altman, 2011). To assess EELI and VARt we used a mixed effects linear regression 

model with time and intervention (NSI or RM) included as main effects and a time by 

intervention interaction. Patient was included as a random effect to account for the 

repeated measures nature of the data. Analyses were undertaken on an intention-to-treat 

basis. Data were analyzed using StataSE v14.1 (StataCorp Pty Ltd, College Station, 

Texas).  

RESULTS 

Recruitment and retention 

Between October 2017 and October 2019, 3881 children were admitted PICU and 818 

(21%) children were eligible for inclusion. Of the 818 subjects, cardiac surgery was the 

primary reason for exclusion (479/818; 59%), followed by readmission (123/818; 15%). 

Thirty-six children were admitted outside CRN work hours; eight were excluded due to 
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treating physician decisions and 17 due to inappropriate patient circumstances (e.g. end 

of life care). Ninety percent of families approached for consent agreed to enrol. Seven 

families refused participation. Median time to randomisation from tracheal intubation 

was 15 hours (IQR 11 – 21), suction was performed as per unit policy prior to 

enrolment. Following randomization two children required escalation of care to high 

frequency oscillation ventilation (HFOV) after 10 and 24-hours of study enrolment. 

Data prior to escalation were included in the analyses. Figure 10 depicts the flow of 

participants through the study. 

NARES recruitment was ceased after two years, enrolling 58 participants, for 

whom 599 suctions were studied. Twenty patients (34%) received the randomized 

allocation at all times. The remaining 38 (66%) patients received the allocated 

intervention for some but not all of the study period. Non-adherence to protocol 

included saline administration in the no saline arm (21 patients; 89/341 suctions, 26%), 

failure to apply an RM in the RM arm (22 patients; 87/301 suctions; 29%), non-use of 

saline in the saline arm (6 patients; 19/257 suctions, 7%) and RM use in the no RM arm 

(1 patient; 1/297 suctions, 0.3%). Non-adherence was greater on the day shift (0700-

1900hours; accounting for 53% of protocol breaches) when compared to the night shift 

(1900hours-0700hours; 47%). Of the 58 patients 100% follow up was achieved, with no 

missing data for primary outcomes, five patients (8%) did not contribute EIT data due to 

unforeseen patient or equipment circumstances (unplanned extubation, patient refusal 

[15-year-old], escalation of care, equipment service and repair, corrupted EIT file).  
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Figure 10. CONSORT Flowchart  
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Participants were on average 11 months old (interquartile range [IQR] 2–43), admitted 

for a respiratory diagnosis (27/58; 47%), with a median pediatric index of mortality-3 

score (PIM3) of 1.0 (IQR 0.4–3.3) (Table 6 and Table 7). The median duration 

of ventilation was 2.7 days (IQR 1.8-4.6) with a PICU length of stay of 4.5 days (IQR 

3.3–8.1). Fifty-seven (98%) children were intubated with a cuffed ETT, one child (no 

RM allocation) received an uncuffed ETT.     

Table 6. Participant demographic characteristics 

0.9 % Normal Saline Recruitment Maneuver 

Variable 

No saline 

(n = 28) 

0.1ml/kg 

(n = 30) 

No RM 

(n = 29) 

RM 

(n = 29) 

Age, median (IQR), months 15 (2–76) 11 (2–42) 19 (2–62) 9 (2–31) 

Male, n (%) 13 (46) 18 (60) 14 (48) 17 (59) 

Weight, median (IQR), kg 10 (4–22) 10 (4–15) 10 (4–17) 10 (4–16) 

Source of admission, n (%) 

Retrieval 

Emergency department 

Operating room 

Hospital floor 

Another hospital 

13 (47) 

6 (21) 

5 (18) 

2 (7) 

2 (7) 

18 (60) 

4 (13) 

3 (10) 

4 (13) 

1 (4) 

13 (45) 

6 (21) 

5 (17) 

3 (10) 

2 (7) 

18 (62) 

4 (14) 

3 (10) 

3 (10) 

1 (4) 

Primary diagnosis, n (%) 

Respiratory 

Neurology 

Medicine 

Surgical 

Other 

11 (39) 

7 (25) 

5 (18) 

5 (18) 

0 (0) 

16 (53) 

5 (17) 

4 (13) 

3 (10) 

2 (7) 

14 (48) 

7 (24) 

4 (14) 

3 (10) 

1 (4) 

13 (45) 

5 (17) 

5 (17) 

5 (17) 

1 (4) 

Note. IQR = Interquartile Range; kg = Kilograms; RM = Recruitment Maneuver. 
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Table 7. Participant clinical characteristics 

 0.9 % Normal Saline Recruitment Maneuver 

Variable 

No saline 

(n = 28) 

0.1ml/kg 

(n = 30) 

No RM 

(n = 29) 

RM 

(n = 29) 

ETT size, mm 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

≥6.0 

 

10 (36) 

3 (11) 

6 (21) 

2 (7) 

0 (0) 

2 (7) 

5 (18) 

 

6 (20) 

11 (37) 

3 (10) 

6 (20) 

1 (3) 

0 (0) 

3 (10) 

 

7 (24) 

5 (17) 

5 (17) 

6 (21) 

1 (3) 

1 (3) 

4 (15) 

 

9 (31) 

9 (31) 

4 (14) 

2 (7) 

0 (0) 

1 (3) 

4 (14) 

Number of ETT suctions, 

median (IQR)b 

4 (3-6) 4 (2-6) 4 (2-6) 4 (2-6) 

Hours between ETT 

suctions, median (IQR) 

3 (1-4) 3 (1-4) 3 (1-4) 3 (1-4) 

PIM3, median (IQR) 0.98 

(0.45–3.28) 

1.23 

(0.98-3.11) 

0.98 

(0.43-3.50) 

1.28 

(0.60-3.26) 

OSI, median (IQR), D1 3.90 

(3.1-5.6) 

3.32 

(2.6-4.5) 

3.7 

(2.5-4.8) 

3.78 

(3.0-5.3) 

PARDSa severity, n (%) 

Mild 

Moderate 

Severe 

 

4 (14) 

0 (0) 

1 (4) 

 

2 (7) 

1 (3) 

0 (0) 

 

0 (0) 

0 (0) 

0 (0) 

 

6 (21) 

1 (3) 

1 (3) 

Day 1, median (IQR)  

PEEP, mm Hg 

PIP, mm Hg 

FiO2 requirement, % 

MAP, mm Hg 

 

8 (5-8) 

18 (16-21) 

30 (30-35) 

11 (9-14) 

 

6 (5-8) 

19(15-21) 

30 (25-35) 

10 (8-12) 

 

7 (5-8) 

17 (13-21) 

30 (25-35) 

10 (8-12) 

 

8 (5-8) 

19 (16-21) 

30 (26-35) 

10 (9-13) 

Shifted to HFOV, n (%) 0 (0) 2 (7) 0 (0) 2 (7) 

Mechanical ventilation, 

median (IQR), d  

2.9 

(2.4-4.5) 

2.6 

(1.3-4.9) 

2.4 

(1.5-3.7) 

3.1 

(2.3-5.8) 

Ventilator free daysC, 

median (IQR), d  

25 

(23-25) 

25 

(23-26) 

25 

(24-26) 

24 

(22-25) 

PICU LoS, median (IQR), d 4.5 4.6 4.5 5.2 
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(3.4-7.3) (3.1-8.0) (3.1-6.3) (3.4-10.4) 

Hospital LoS, median 

(IQR), d 

9.7 

(7.4-19.6) 

11.9 

(7.2-27.3) 

10.4 

(7.9-21.5) 

10.0 

(6.5-20.0) 

Mortality, n (%) 

Death in PICU 

Death in hospital 

0 (0) 

0 (0) 

0 (0) 

1 (3) 

0 (0) 

0 (0) 

0 (0) 

1 (3) 

Note. RM = Recruitment Maneuver; ml = Milliliters; kg = Kilograms; ETT = Endotracheal Tube; 

mm = Millimeters; IQR = Interquartile Range; PIM3 = Pediatric Index of Mortality 3 score; OSI 

= Oxygen Saturation Index; d = Days; PARDS = Pediatric Acute Respiratory Disease; n = 

Number; PEEP = Positive End Expiratory Pressure; PIP = Positive Inspiratory Pressure; FiO2 = 

Fraction of Inspired Oxygen; MAP = Mean Airway Pressure; mmHg = Millimeters of Mercury; 

HFOV = High Frequency Oscillation Ventilation; PICU = Pediatric Intensive Care Unit; LoS = 

Length of Stay;  
a Mild (5≤ OSI < 7.5), moderate (7.5 ≤ OSI < 12.3), severe (OSI ≥ 12.3)(Pediatric Acute Lung 

Injury Consensus Conference Group, 2015); b Per patient per day; CAt 28 days.   

VAP 

The highest incidence rate (IR) of VAP occurred in the no saline group (IR 109 per 1,000 

ventilator days, 95% confidence interval [CI] 41, 290). Participants in the saline group 

had a reduced IR (3%; IR 13 per 1,000 ventilator days, 95% CI 2, 96) and were 8.1 times 

less likely to acquire VAP, however this did not reach statistical significance 

(Incident Rate Ratio [IRR], 0.1, 95% CI 0.01, 1.10; p = 0.06, see Table 8). When 

compared to no RM (IR 84 per 1,000 ventilator days, 95% CI 27, 262), the application 

of a RM resulted in a decreased risk of developing VAP, however this was not 

statistically significant (IR 26 per 1,000 ventilator days, 95% CI 7, 106; IRR 0.31, 95% 

CI 0.05, 1.88, p = 0.20). There was no interaction between study interventions, however 

an exploratory analysis of VAP IR across study arms is presented in Supplementary 

material 3.  
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To sufficiently power a future trial to examine the effect of saline (alpha=0.05, 

power=80%) assuming IR=0.109/day and an average of 1 day-at-risk for participants, 

then 94 children in each group would be required to detect an IRR of 0.15 or lower. 

When considering RMs, and assuming alpha=0.05, 80% power, IR = 0.084/day, and an 

average risk time of 1 day, then 277 children in each group would be required to detect 

an IRR of 0.35 or lower. 
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Table 8. VAP incidence rates for factorial groups 

Factorial groups                    Saline vs no saline                         RM vs no RM 

 

Variable 

No saline 

(n = 28) 

Saline 

(n = 30) 

 

P 

No RM 

(n = 29) 

RM 

(n = 29) 

 

P 

VAP, n (%) 4 (14) 1 (3)  3 (10) 2 (7)  

VAP IR (1,000 ventilator days 

a, 95% CI) 

109 (41–290) 13 (2–96)  84 (27–262) 27 (7–106)  

VAP IRR (95% CI) 1.00 (Referent) 0.12 (0.01-1.10) 0.06 b  1.00 (Referent) 0.31 (0.05-1.88) 0.20b 

Note. VAP = Ventilator Associated Pneumonia; RM = Recruitment Maneuver; CI = Confidence Interval. 
aAt-risk days; bPoisson Regression;  
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Oxygenation indices 

Group data for the measurement time points as well as group comparisons are presented 

in Table 9. RMs were found to result in a significantly improved SpO2/FiO2 ratio at 2 

minutes (+10 mm Hg, 95% CI 1, 19; p = 0.02) and 10 minutes (+16mm Hg, 95% CI 6, 

26; p = 0.01) post ETS. When compared with no NSI, NSI led to a significantly reduced 

SpO2/FiO2 ratio at 2 minutes (-12, 95% CI -21, -3; p = <0.01) and 10 minutes (-10, 95% 

CI -20, -0.87; p = 0.03). Outcome measurements post ETS are outlined in 

Supplementary material 3.  

Dynamic compliance 

RM application increased mean Cdyn by 0.20 ml/cmH2O/kg at 10 minutes post ETS 

(95% CI 0.1, 0.3; p = 0.001). No significant relationship was found between RM and 

improved Cdyn at 2 minutes post ETS. NSI increased mean Cdyn by 0.29 ml/cmH2O/kg at 

2 minutes post ETS (95% CI 0.09, 0.49; p = <0.01) when compared to no NSI. A 

significant difference in Cdyn was not found with NSI at 10 minutes.  

Impedance measures 

In total, 61 EITs were completed on 53 patients. ETS resulted in a decreased mean 

EELI from 2054 units (standard deviation [SD] ± 1153) to -232 (± 2226; post ETS) 

across all study participants. RMs significantly increased mean EELI by 2434 

impedance units (95% CI 1605-3263; p <0.001) at 2 minutes and 2268 units (95 % CI 

1421-3115; p <0.001) at 5 minutes post ETS, indicating a similar increase in EELV. No 

significant difference was found in VARt at 2- or 5-minute measurements on 

comparison between RM versus control, suggesting no significant change in tidal 

volume. NSI significantly decreased mean EELI at 2 minutes post ETS by -1108 

impedance units (95% CI -2025, -192; p = 0.01). This suggests a decrease in EELV at 2 



 

204 

minutes post-suction. No significant differences in VARt were found on comparison of 

NSI and no NSI at any time point post-ETS. No participant had an ETT leak ≥20% and, 

therefore, none were excluded from the analyses (Kuo, Gerhardt, Bolivar, Claure, & 

Bancalari, 1996; Main, Castle, Stocks, James, & Hatch, 2001; Morrow et al., 2007). 

Median time from last suction to ETS with EIT measurement was 3 hours (IQR 1-4).  
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Table 9. Secondary outcome measure comparisons for study groups 

 Saline vs no saline RM vs no RM 

 

Outcome measure 

No saline 

(n = 28) 

Saline 

(n = 30) 

Mean difference, 

(95% CI) 

 

P 

No RM 

(n = 29) 

RM 

(n = 29) 

Mean difference 

(95% CI) 

 

P 

SpO2/FiO2
 ratio (mm Hg)a 

Pre ETS 

2 min post 

10 min post 

 

341 (93) 

347 (86) 

343 (87) 

 

302 (92) 

306 (89) 

305 (90) 

 

-39 (-54 - -25) 

-12 (-22 - -3) 

-11 (-20 - -0.8) 

 

<0.001 

0.009 

0.03 

 

306 (96) 

310 (90) 

306 (92) 

 

343 (90) 

348 (85) 

349 (84) 

 

37 (23-52) 

10 (1-19) 

17 (7-26) 

 

<0.001 

0.02 

0.01 

Cdyn (ml/cmH2O/kg)a 

Pre ETS 

2 min post 

10 min post 

 

0.9 (0.7) 

0.9 (0.6) 

0.9 (0.7) 

 

0.9 (0.9) 

1.0 (1.7) 

0.8 (0.9) 

 

0.1 (-0.1-0.1) 

0.3 (0.1-0.4) 

-0.03 (-0.1– 0.1) 

 

0.77 

0.004 

0.58 

 

0.9 (0.8) 

1.0 (1.5) 

0.8 (0.8) 

 

0.9 (0.9) 

1.0 (0.9) 

1.0 (0.8) 

 

-0.0 (-0.1-0.2) 

0.1 (-0.1-0.2) 

0.2 (0.1-0.3) 

 

0.97 

0.43 

0.001 

EELI (units)a 

Pre ETS 

2 min post 

5 min post 

 

1147 (1124) 

3076 (3587) 

2343 (3077) 

 

1294 (968) 

1967 (2694) 

2017 (1977) 

 

147 (-768–1064) 

-1108 (-2025- - 192) 

-496 (-1429 – 436) 

 

0.75 

0.01 

0.20 

 

1275 (928) 

1455 (3013) 

1278 (2061) 

 

1145 (1179) 

3715 (3147) 

3217 (2837) 

 

75 (-746-897) 

2434 (1605-3263) 

2268 (1421-3115) 

 

0.85 

<0.001 

<0.001 

Tidal variation (units)a
 

Pre ETS 

2 min post  

5 min post 

 

2127 (1241) 

2274 (1489) 

2259 (1302) 

 

1956 (1018) 

2091 (1343) 

1837 (1176) 

 

-174 (-803-453) 

-187 (-815-440) 

-265 (-899 – 368) 

 

0.58 

0.55 

0.41 

 

2043 (1023) 

2132 (1248) 

1970 (1183) 

 

2065 (1273) 

2257 (1587) 

2178 (1341) 

 

-99 (-664-465) 

39 (-530-610) 

155 (-421-732) 

 

0.73 

0.89 

0.59 

Note. RM = Recruitment Maneuver; SpO2 /FiO2 = Oxygen saturation to Fraction of inspired Oxygen ratio; Cdyn = Dynamic compliance; EELI = End-expiratory Lung 

Impedance; ml = Milliliters; cmH20 = Centimeters of water; kg =kilograms; ETS = Endotracheal Suction; min = Minute. 
aMean and standard deviation
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Safety and adverse events  

No serious AEs including ETT occlusion (suspected or confirmed), pneumothoraxes or 

death were observed in any participant. There was no significant difference in heart rate, 

systolic blood pressure or mean arterial pressure across groups at 2 and 10 minutes post-

suction (Supplementary material 4).  

Discussion 

The pilot trial demonstrated with modification to the inclusion and exclusion criteria, 

multi-site recruitment and the inclusion of a process evaluation a RCT of NSI and RMs 

may be feasible. The pilot trial highlighted issues with trial recruitment, which was 

stopped early due to eligibility challenges and protocol adherence that need to be 

addressed for a definitive trial. A number of barriers impeded rapid participant enrolment, 

including a restrictive eligibility/inclusion criterion (pragmatic decision to exclude high-

risk populations) or missed opportunity to identify eligible patients (Denhoff, Milliren, 

de Ferranti, Steltz, & Osganian, 2015). Protocol modifications necessary to support a 

large RCT feasibility would include the widening of inclusion criteria to include cardiac 

surgical patients (Amorim Ede et al., 2014; Heinze et al., 2011) and PICU readmissions 

(as long as other inclusion/exclusion criteria were met), following the same randomized 

allocation (Rickard et al., 2017) would double the percentage of eligible patients at the 

site. Multicentre PICU recruitment, and improved human resource allocation (e.g., 

weekend and after business hours coverage of CRN) would also increase the rate of 

recruitment and enhance generalizability of findings. Non-adherence occurred in two 

thirds of the study participants in at least one suction, therefore the inclusion of a 

concurrent process evaluation in the larger trial would also facilitate formal and rigorous 

intervention fidelity monitoring, addressing non-adherence as it is identified. Recruitment 

challenges encountered during the NARES trial have been reported internationally in 
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pediatric studies (Curley, 2011; Denhoff et al., 2015). However, as recommended by the 

United Kingdom’s Medical Research Council’s framework for Developing and 

Evaluating Complex Interventions (Craig et al., 2008), this pilot RCT has provided 

important feasibility data for a future efficacy trial. 

As anticipated in this pilot trial, we did not find NSI or RM to be significantly 

associated with a reduced risk of acquiring VAP. However, NSI led to clinically 

significant differences in the number of VAP cases (IRR 0.12, 95% CI 0.01, 1.10, p = 

0.06) and approached statistical significance. Findings of our study are similar to the only 

other published work investigating the effects of NSI on VAP. In a cohort of adult 

oncology ICU patients, Caruso and colleagues (2009) demonstrated that saline instillation 

prior to ETS led to a 54% (95% CI, 18%, 74%) risk reduction in developing VAP. 

Findings from this study, for the first time in pediatrics, indicate that NSI may reduce a 

child’s risk of acquiring VAP as per the CDC definition. If this association between NSI 

and reduced risk of VAP does exist, it is an important finding and should be tested in an 

appropriately powered Phase 3 RCT in future. Trial definitions will need to be adapted to 

meet the new ventilator associated events (Willson, 2019; Ziegler et al., 2019) definitions 

with respect to possible and probable VAP.  

Trial data indicated that RMs applied post ETS were associated with significant, 

short term increases in EELI in mechanically ventilated children and therefore improved 

functional residual capacity. This is an important finding as ETS and the mechanical 

aspiration of secretions cause sudden and profound loss of FRC resulting in atelectic 

segments of the lung (Heinze et al., 2011; Lindgren et al., 2007). The increase in EELV 

seen with RM application, could be attributed to the recruitment of atelectic alveoli and 

the prevention of further lung collapse, as a result of the transient increase in 

transpulmonary pressure generated by the increased PEEP (Caironi et al., 2010; Pelosi et 

al., 2010).   
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Despite seeing improvements in EELI, we did not find significant increases in 

VARt following the RM but found improvements in dynamic compliance and SpO2/FiO2
 

ratio. These findings are similar to the few published studies investigating RMs following 

ETS (Dyhr et al., 2003; Jauncey-Cooke et al., 2011). RMs have been shown to maintain 

EELV following ETS in mechanically ventilated adults, with patients not receiving an 

RM having significantly reduced EELV at 15 minutes post ETS (p = 0.01) (Dyhr et al., 

2003).  In mechanically ventilated children, a cross-over RCT (n = 60) found that a double 

PEEP RM led to improved EELV and oxygenation, particularly in children with lung 

pathology (Jauncey-Cooke et al., 2011). Improvements in impedance and lung volumes 

from RMs may be more significant in patients with pulmonary disease, who have non-

compliant lungs with closing volumes greater than functional residual capacity and are 

prone to atelectasis and desaturation during ETS. This could be examined in a larger trial 

with sub-analyses of PARDS severity. No adverse side effects with the application of 

PEEP RMs were observed during the trial. The finding of the NARES trial when 

combined with the existing evidence, suggests that PEEP RMs are a promising 

intervention to consider with existing ETS practices in the general PICU population; at 

least with respect to the effect on short-term lung volume recovery, oxygenation and 

dynamic compliance. Whilst we did not observe any AEs in this trial, this will need to be 

evaluated in a definitive RCT. Additionally, prospective trial data are needed to determine 

whether re-expansion of collapsed alveolar units can be sustained, with studies showing 

RMs may only lead to transient re-expansion and improvement in oxygenation indices 

and lung mechanics (Choong et al., 2003; Maggiore et al., 2003).   

ETS is frequently complicated by oxygen desaturation (Maggiore et al., 2013; 

Schults, Long, et al., 2019). In line with current evidence, we confirmed the negative 

effect NSI with ETS has on oxygenation indices, with statistically significant reductions 

found in SpO2/FiO2 at all-time points for children suctioned with saline. However, 
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compared to current evidence, which suggests the decrease is transient and returns to 

baseline at 10 minutes (Schults, Mitchell, et al., 2018), our data indicated significant 

differences in mean SpO2/FiO2 persisting at 10 minutes. This finding however, may be 

due to the measurement of different clinical endpoints; SpO2 versus SpO2/FiO2. ETS 

leads to significant lung volume loss; NSI further contributes to gas mal-distribution, 

worsening derecruitment by increasing the alveolar threshold opening pressure (Sud et 

al., 2008). If NSI has the potential to prevent the development of serious healthcare 

acquired infections, clinicians require improved guidance around its application, with 

greater access to data allowing clinicians to make more informed decisions. There needs 

to be an increased focus on preventing the adverse effects of ETS, and consideration of 

what the appropriate ETS intervention is for the clinical diagnosis and disease progression 

of PICU patients. Interventions such as RMs may be used in conjunction with NSI and, 

in this study cohort were demonstrated to significantly improve measures of oxygenation 

following ETS. Re-recruitment of collapsed alveoli can improve pulmonary gas exchange 

and lung mechanics, and also help protect the lung from further insult.   

Strengths and Limitations  

This feasibility and pilot trial provided important information regarding study processes 

to inform the undertaking of a definitive trial. It assessed pre-defined feasibility criteria, 

including: patient eligibility, recruitment, retention, protocol adherence and missing data. 

Trial interventions were informed by systematic literature reviews (identified gaps), an 

observational study (site practice variability) and interviews with clinicians (intervention 

fidelity strategies). Despite robust methodology, our trial has a number of limitations. 

Firstly, the study was undertaken in a single, tertiary pediatric facility, and the number of 

patients recruited to this trial might be insufficient for multiple comparisons of two 

separate interventions.  With patient recruitment was limited by eligibility criteria for 
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RMs (no high-risk patients), limiting its generalizability to other critical care populations 

such as cardiac, trauma or children with head injuries. Although the pilot trial aimed to 

examine feasibility and had a small sample size, investigators were able to describe 

significant differences in clinical markers between RM and no RM usage in mechanically 

ventilated children. Additionally, it was not possible to blind the study interventions from 

clinical and research staff due to the nature of the NSI and RM procedures. However, the 

infectious disease paediatrician (who assessed all patients against the CDC VAP criteria) 

was blinded to group allocation, thus reducing the risk of bias. Finally, participants 

received the allocated intervention for 48hours or extubation whichever came first in a 

pragmatic attempt to encourage intervention adherence, importantly, median duration of 

ventilation for participants was 2.7 days. Since trial registration the definition of VAP 

(used in this study) has been superseded by the new Ventilator Associated Events 

(PedVAE) definition (Cocoros et al., 2016; The Centres for Disease Control and 

Prevention, 2020) which may limit comparability of findings. Study rigor was promoted 

by following a registered trial protocol (with registered amendment), independent 

randomization and concealed allocation.  

Conclusion  

The pilot trial identified necessary protocol modifications to support the feasibility of a 

future RCT of NSI and RMs. NSI was associated with a reduced incidence  of VAP, and 

RMs were associated with improvements in oxygenation, lung compliance and EELV, 

however a definitive trial is needed to determine effect. With targeted protocol 

modifications a future RCT of NSI and RM may be feasible and is worthwhile. 
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Supplementary material 1. Local endotracheal suction procedure 

Endotracheal suction procedures 

1. Two appropriately skilled staff to perform the procedure 

2. Hand hygiene 

3. Wear personal protective equipment 

4. Assemble suction equipment, suction catheter size (2 x ETT internal diameter size) 

5. Disconnect patient from the ventilator  

6. Utilize clean hand/dirty hand technique to perform suction using dedicated clean hand 

7. Insert suction catheter to the end of the ETT and not beyond a depth of 0.5cm past the end 

of the ETT (length is determined using cm markings on the ETT) 

8. Total suction procedure should be less than 15 seconds 

9. Suction is only applied (70mmHg) during catheter withdrawal and for no longer than 5 

seconds 

10. Suction catheter can be used for repeated suctions during the same suction episode 

11. Discard suction catheter if contaminated during the suction procedure or upon completion 

of the suction 

12. Manually ventilate the patient and reconnect patient to the ventilator 

Note. ETT = Endotracheal Tube; cm = Centimeters; mmHg = Millimeters of Mercury;  

 

Supplementary material 2. Primary and secondary outcomes of the NARES trial 

Primary outcome 

Feasibility of a efficacy trail will be established by a composite analysis of: 

- Eligibility:≥ 75% of patients screened will be eligible 

- Recruitment: ≥ 70% of eligible patients agree to enrol 

- Retention:  ≤ 15% of patients withdraw from the study or are lost to follow-up  

- Protocol adherence: ≥ 80% of participants will receive their allocated treatment throughout 

their study participation  

- Missing data:  <10% of data are missed  

 

Secondary outcomes 

- SpO2/FiO2 (Rice et al., 2007) 

- Lung compliance (Cdyn, ml/cmH2O) 

- End-expiratory lung impedance (EELI) 

- Tidal impedance variation (VARt).  

- Ventilator associated pneumonia (VAP): Patients ventilated for more than 48 hours with two 

or more serial chest imaging test results with at least one of the following: new or progressive 
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and persistent infiltrate, consolidation, cavitation, pneumatoceles (infant’s ≤1 year old).  

Patients without underlying pulmonary or cardiac disease (e.g., respiratory distress 

syndrome, bronchopulmonary dysplasia, pulmonary oedema, or chronic obstructive 

pulmonary disease), one definitive imaging test result is acceptable.  In addition the patient 

must have at least one of the following: fever (>38.0°C), leukopenia (≤4000 WBC/mm3) or 

leukocytosis (>12,000 WBC/mm3), and at least two of the following criteria: new onset of 

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

increased suctioning requirements, new onset or worsening cough, or dyspnea, or tachypnea, 

rales or bronchial breath sounds, or worsening gas exchange (e.g., O2 desaturations (e.g., 

PaO2/FiO2 <240), increased oxygen requirements, or increased ventilator demand).  

Alternate criteria for diagnosing infants (<1 year) are:  worsening gas exchange (e.g., O2 

desaturations [e.g., pulse oximetry <94%], increased oxygen requirements, or increased 

ventilator demand), and at least three of the following: temperature instability, leukopenia 

(≤4000 WBC/mm3) or leukocytosis (>15,000 WBC/mm3) and left shift (>10% band forms), 

new onset of purulent sputum or change in character of sputum, or increased respiratory 

secretions or increased suctioning requirements, apnea, tachypnea , nasal flaring with 

retraction of chest wall or nasal flaring with grunting, wheezing, rales, or rhonchi, cough or 

bradycardia (<100 beats/min) or tachycardia (>170 beats/min).  Alternate criteria for 

children aged 1 – 12 years is the presence of at least three of the following: fever (>38. 0°C) 

or hypothermia (<36. 0°C), leukopenia (≤4000 WBC/mm3) or leukocytosis (≥15,000 

WBC/mm3), new onset of purulent sputum or change in character of sputum, or increased 

respiratory secretions, or increased suctioning requirements, new onset or worsening cough, 

or dyspnea, apnea, or tachypnea, rales or bronchial breath sounds, or worsening gas 

exchange (e.g., O2 desaturations [e.g., pulse oximetry <94%], increased oxygen 

requirements, or increased ventilator demand) (Centers for Disease Control and Prevention, 

2004b; Foglia et al., 2007).  

Note. SpO2 /FiO2 = Oxygen saturation to Fraction of inspired Oxygen ratio. 
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Supplementary material 3. VAP incidence rate for study arms 

 

Variable 

No RM + no saline 

(n = 13) 

No RM + saline 

(n = 16) 

RM + no saline 

(n = 15) 

RM + saline 

(n = 14) 

VAP, n (%) 2 (15) 1 (6) 2 (13) 0 (0) 

VAP incidence rate (1,000 

ventilator days a, b, 95% CI) 

120 (30–141) 55 (7–375) 100 (25-398) 0 (0-67) 

VAP incidence rate ratio (95% 

CI) 

1.00 (Referent) 0.45 (0.04-4.95) 0.83 (0.12-5.86) 0.00 (0.00-1.60) 

Note. VAP = Ventilator Associated Pneumonia; RM = Recruitment Maneuver; CI = Confidence Interval. 
aAt risk days; bPoisson regression.  
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Supplementary material 4. Secondary outcome data  

 

Variable 

No saline 

(n = 28) 

Saline 

(n = 30) 

Mean difference 

(95% CI) 

 

P 

No RM 

(n = 29) 

RM 

(n = 29) 

Mean difference 

(95% CI) 

 

P 

SpO2/FiO2
 ratio (mm Hg)a 

Post ETS 

 

343 (91) 

 

300 (96) 

 

-13 (-23- -3) 

 

0.009 

 

303 (97) 

 

347 (89) 

 

15.6 (5.6-25.5) 

 

0.002 

Cdyn (ml/cmH2O/kg)a 

Post ETS 

 

0.90 (0.72) 

 

1.0 (1.6) 

 

0.23 (0.18-0.47) 

 

0.01 

 

0.9 (1.4) 

 

0.9 (0.9) 

 

0.05 (-0.1-0.2) 

 

0.56 

EELI (units) a 

Post ETS 

 

-138 (2505) 

 

-357 (1784) 

 

-219 (-1135 – 697) 

 

0.47 

 

-685 (1949) 

 

207 (2390) 

 

1067 (238-1896) 

 

0.01 

Tidal variation (units) a 

Post ETS 

 

2334 (1858) 

 

1898 (1857) 

 

-440 (-1069 – 187) 

 

0.16 

 

1910 (1439) 

 

2378 (2184) 

 

382 (-188-852) 

 

0.18 

Heart Rate a 

Pre ETS 

2min post 

10 min post 

 

124 (28) 

127 (28) 

122 (27) 

 

122 (22) 

125 (20) 

122 (20) 

 

-2.2 (-6.6-2.0) 

0.2 (-2.3-2.9) 

1.8 (-0.6-4.3) 

 

0.32 

0.84 

0.15 

 

119 (23) 

123 (23) 

120 (22) 

 

126 (27) 

129 (26) 

125 (24) 

 

6.7 (2.4-11.0) 

1.5 (-1.0-4.2) 

0.30 (-2.2-2.8) 

 

0.002 

0.24 

0.81 

Systolic BP a, b 

Pre ETS 

2min post 

10 min post 

 

98 (22) 

97 (21) 

92 (20) 

 

100 (23) 

100 (22) 

95 (19) 

 

1.8 (-3.1-6.9) 

2.2 (-1.1-5.6) 

1.5 (-1.6-4.6) 

 

0.46 

0.19 

0.35 

 

98 (22) 

98 (21) 

94 (20) 

 

100 (22) 

98 (23) 

92 (19) 

 

1.7 (-3.3-6.8) 

-1.7 (-5.1-1.7) 

-2.9 (-6.1-0.2) 

 

0.50 

0.32 

0.07 

Mean arterial pressure a, b 

Pre ETS 

2min post 

10 min post 

 

70 (15) 

69 (14) 

65 (12) 

 

71 (19) 

71 (18) 

66 (14) 

 

1.4 (-2.3-5.3) 

1.2 (-1.5-4.1) 

0.5 (-1.9-3.0) 

 

0.44 

0.37 

0.68 

 

68 (15) 

68 (16) 

64 (13) 

 

75 (18) 

73 (16) 

68 (14) 

 

6.7 (2.9-10.5) 

0.35 (-2.6-3.3) 

0.75 (-1.8-3.3) 

 

0.001 

0.81 

0.56 
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Note. RM = Recruitment Maneuver; SpO2/FiO2 = ratio of oxygen saturation to fraction of inspired oxygen; Cdyn = Dynamic Compliance; BP = Blood Pressure; 

EELI = End-Expiratory Lung Impedance; ml = Milliliters; cmH20 = centimeters of water; kg =Kilograms; ETS = Endotracheal Suction; min = Minute. 
aMean and standard deviation; b33 patients, 328 suctions with peripheral arterial catheter insitu.  
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Summary 

Containing a manuscript submitted for peer review, this chapter reported on the pilot 

RCT undertaken in Phase 3 of the PhD research. Feasibility and clinical outcomes were 

reported in line with the published protocol unless otherwise explained. The pilot trial 

demonstrated with modification to the eligibility criteria, multi-site recruitment and the 

inclusion of a process evaluation, a RCT of NSI and RMs may be feasible.  

The recruitment challenges encountered during the trial were not anticipated with 

the site PICU having an annual ventilation activity of 900 children per annum (ANZICS 

Centre for Outcome and Resource Evaluation, 2017). Accounting for 40% of these 

numbers for cardiac surgery and 10% for readmissions, there remained 450 children as 

potentially eligible for trial recruitment in a 2 month period. Further only one-third of trial 

participants received the allocated intervention at all times, given the extensive 

intervention development work that was undertaken this was not anticipated. 

Recommendations the larger RCT protocol would therefore include: 

- Widening of participant eligibility criteria to include readmissions and cardiac 

surgical admissions (previously excluded pragmatically on request on treating PICU 

clinicians due to a lack of safety evaluation of the double PEEP RM intervention. 

- Multi-site recruitment to broaden sample pool and facilitate more rapid trial 

recruitment and enrolment.  

- Inclusion of a process evaluation to monitor intervention fidelity and address issues 

of non-compliance as they arrive.  

- Establishing an advisory group to co-develop the intervention role out in PICU to 

support fidelity and buy-in. 
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Finally, trial results indicated that NSI led to clinically meaningful reductions in the 

incidence of VAP; however, this was not statistically significant and further testing is 

needed. RMs led to statistically significant improvement in oxygenation, lung 

compliance (at 10 minutes) and EELI. NSI led to significantly decreased oxygenation 

indices post ETS. As per the underpinning conceptual framework for this research, this 

pilot RCT was an important step to test research processes and trial design before 

conducting a definitive study. 
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Chapter 7. Discussion and Conclusion 

Introduction 

An overview of the research study methods and findings is presented in this final 

chapter of the thesis. A discussion of the contribution this body of work has made to the 

knowledge base related to the use of NSI and RMs with ETS in paediatrics is also 

provided. Finally, the conclusion for this PhD research offers recommendations for 

clinical practice, education, healthcare policy and future research.  

Overview of structure and methods 

The overarching aim of this PhD research was to investigate the application and 

efficacy of two ETS interventions, NSI and RMs, on important clinical outcomes in an 

Australian PICU. This aim was achieved, firstly by describing current practice for NSI 

and RM use with ETS, secondly by conducting a qualitative exploration of nurses’ 

experience with NSI and RMs, and, finally, by conducting a feasibility RCT of NSI 

versus no NSI and RM versus no RM to optimise ETS outcomes.  

 The research was underpinned by the MRC framework for the evaluation of 

complex interventions (Craig et al., 2008). This framework was chosen due to the 

complexities of the interventions, driven by the PICU population and context. 

Specifically, factors considered in the development of intervention included the range of 

possible outcomes, physiological variation in those receiving the intervention, the 

number of groups targeted by the intervention, the number and difficulty of behaviours 

required by those delivering the intervention, the setting, and most importantly the 

interactive components of interventions to be given. In this respect this framework was 

very helpful in determining aspects of both the intervention and outcomes of interest. It 

facilitated extensive development work and the pilot testing of both interventions. 
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Further it supported extensive efforts to identify and select the right outcomes for the 

clinical trial. Use of the pilot trial as recommended by the MRC framework also 

allowed the evaluation of the poor performing aspects of trial implementation such as 

the under recruitment of participants and intervention fidelity. By conducting a pilot 

trial, research processes were able to be tested and effect size estimates calculated to 

inform the sample size of a larger definitive trial. Earlier preliminary work such as the 

literature reviews, observational study and interviews with key stakeholders enabled the 

identification of the existing evidence base, development of interventions from the staff 

perspective and modelling processes and outcomes. In future works this MRC guidance 

is not only important but essential for the development of paediatric critical care 

interventions and trial processes. 

The identification of the existing evidence base achieved by conducting two 

systematic literature reviews of ETS interventions and a critique of CPGs and 

recommendations. Next, to understand current ETS practice, an observational study was 

undertaken in an Australian PICU and published in Australian Critical Care. This study 

provided new and important information regarding rates of AEs associated with ETS 

and risk factors. This study also provided baseline knowledge regarding NSI and RM 

application in mechanically ventilated children. To contextualise these findings, a 

qualitative exploration of nurses’ experiences with NSI and RMs was then undertaken 

and published in Australian Critical Care. Interview data informed the development of 

interventions tested in the pilot RCT (e.g., NSI weight-based dosing strategy) and 

identification of strategies to maximise intervention fidelity (e.g., electronic medical 

record prompts for PICU ward round).  

 The first integrative review and critical appraisal of evidence were conducted to 

determine the efficacy of ETS interventions on paediatric outcomes. The initial 
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inclusion criteria for the review were broadened to include observational studies due to 

an identified scarcity of RCTs in this patient population. Using well-established 

methods for integrative review methods and quality appraisal ROB tool (Higgins & 

Green, 2011), NOS (Wells et al., 2018) and GRADE criteria (GRADE Working Group, 

2004)—findings were reported using the PRISMA checklist (Moher, Liberati, Tetzlaff, 

& Altman, 2009). The results of which are currently in press with Australian Critical 

Care. 

 Next, a systematic critique of the literature was conducted to explore the safety 

and efficacy of NSI with ETS in the PICU. This integrative review included studies 

with a minimum level of design as observational with no comparator. This literature 

review and critique were conducted to describe the paediatric considerations and 

available evidence to understand NSI as an adjunct ETS intervention. Results are 

summarised (published in Australian Critical Care), identifying the current knowledge 

gap related to this practice and highlighting the need for quality RCTs to test the safety 

and efficacy of NSI.  

 In the process of conducting the ETS systematic review, a literature review 

summarising and appraising evidence relating to RMs in paediatrics was identified 

(Jauncey-Cooke et al., 2015). Consequently, the paediatric considerations for RMs with 

ETS are summarised narratively in this thesis.  

 Following this, a systematic search and critical appraisal of ETS CPG 

recommendations pertaining to NSI and RMs were undertaken. Using rigorous methods 

(AGREE II), eligible CPGs were summarised and critiqued. This critique identified the 

current limitations of international ETS practice recommendations in relation to NSI 

and RMs. The results of this study are currently under peer review by Dimensions of 

Critical Care Nursing. 
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  In Phase 1, a prospective observational study was conducted at the 36-bed mixed 

Queensland Children’s Hospital PICU, in order to understand current practice and 

associated ETS complications. This study addressed Research Objective 1: ‘To identify 

current ETS practice and establish a baseline of NSI and RM application’. The results of 

this study highlighted current ETS practice variation and the modest rate (22%) of 

associated AEs. In the study population, the risk of suction related AEs increased with 

NSI, while patient factors such as the smaller internal diameter of the ETT (related to 

age) were associated with an increased risk. This study demonstrated the need for 

further testing of the commonly applied suction interventions NSI and RMs. 

 In Phase 2, a qualitative exploration of nurses’ experiences with NSI and RMs 

was undertaken to gain a greater understanding of current clinical practice. Twelve 

PICU nurses were enrolled from the Queensland Children’s Hospital PICU, Australia, 

and addressed Research Objective 2: ‘To explore PICU nurses’ experiences with NSI 

and RMs with ETS’. This study identified gaps between recommended ETS practice 

and current ETS practice in the PICU. Interview data revealed this knowledge practice 

gap might be attributed to clinicians’ preference for historic ETS practices, such as NSI, 

and inexperience or lack of knowledge with more recent lung protective ventilation 

strategies, such as RMs. This study highlighted the need for clinical trial data and ETS 

practice recommendations that are accessible, interpretable and generalisable to the 

variety of PICU patients. Improved data and guidance are needed to reduce ETS 

practice variation and improve the appropriate use of ETS NSI and RM interventions in 

the PICU.  

Finally, in Phase 3, a pilot trial was undertaken to assess the feasibility of 

conducting a definitive factorial RCT to test the safety and efficacy of NSI and RMs on 

VAP, measures of gas exchange, lung function and impedance measures. The primary 
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outcome was the feasibility of a definitive trial, assessed by a priori established criteria 

including participant eligibility, recruitment, retention and attrition, protocol adherence, 

missing data and intervention fidelity. The sample size for this pilot RCT was consistent 

with recommendations for feasibility trials to test the processes for a subsequent 

definitive RCT (Thabane et al., 2010). The pilot trial answered Research Questions 1: 

‘Is it feasible to conduct a factorial RCT to test the efficacy and safety of NSI and RMs 

with ETS in mechanically ventilated children?’; 2: ‘In mechanically ventilated children 

requiring ETS, is (i) NSI is superior to (ii) no NSI to prevent VAP and improve 

measures of gas exchange, lung function and impedance measures?’; and 3: ‘In 

mechanically ventilated children requiring ETS, is (i) RM is superior to (ii) no RM to 

prevent VAP and improve measures of gas exchange, lung function and impedance 

measures ?’  

In line with recognised standards for good clinical practice in research, the pilot 

factorial trial used computer-generated randomisation, ensuring allocation concealment. 

Due to the nature of the intervention, it was not possible to blind treating clinicians, 

patients or patient representatives. However, a blinded infectious disease physician 

assessed suspected VAP occurrences. Trial findings were reported using the 

Consolidated Standards of Reporting Trial extension for randomised pilot and 

feasibility trials (Eldridge et al., 2016; Thabane et al., 2016). 

The reliability and validity of the trial were enhanced using a number of 

strategies. To ensure the reliability of the RCT, the trial protocol was prospectively 

registered and published in a peer-reviewed journal (Schults, Cooke et al. 2018). Ten 

per cent of data entry were cross-referenced, with missing data and ambiguous values 

queried and corrected where possible using the electronic medical record. Intervention 

fidelity was maximised through: study design (same treatment dose for all participants); 
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provider training, re-enactment of interventions in simulated scenarios; and monitoring 

of protocol adherence by the chief investigator. Protocol non-adherence was discussed 

with treating clinicians to understand the origin of non-adherence when identified 

during site monitoring. Outcomes were defined with the rigour of benchmark standards 

(i.e., VAP) or in line with accepted, published definitions in the literature for measuring 

lung mechanics and gas exchange. A pragmatic approach of usual ETS practice ensured 

results were clinically relevant.      

This PhD program of research has been guided by the MRC framework for 

developing and evaluating complex interventions (Craig et al., 2008). The research has 

provided several important contributions to advance ETS practice in the context of NSI 

and RM use. Further, it has confirmed the feasibility (with protocol modifications) of 

conducting a large, multicentre RCT to determine the safety and efficacy of NSI and 

RMs with paediatric ETS.  

Discussion of findings 

Current evidence for normal saline instillation and recruitment manoeuvres 

To determine the current state of evidence for ETS interventions including NSI and 

RMs, a systematic review and critical appraisal using GRADE criteria was undertaken. 

The systematic search identified 17 studies, eight RCTs (Choong et al., 2003; Gonzalez-

Cabello et al., 2005; Jauncey-Cooke et al., 2011; Lema-Zuluaga et al., 2018; McKinley 

et al., 2018; Morrow et al., 2007; Ridling et al., 2003; Tume, Baines, Guerrero, Hurley, 

et al., 2017), one non-randomised study (Morrow et al., 2012) and eight observational 

studies (Chegondi et al., 2018; Cury et al., 2013; Duff et al., 2007; Evans et al., 2014; 

Owen et al., 2016; Sonmez Duzkaya & Kuguoglu, 2015; Tingay et al., 2010; Tume et 

al., 2011). Four (24%) studies evaluated RMs (Duff et al., 2007; Jauncey-Cooke et al., 
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2011; Morrow et al., 2007; Tingay et al., 2010) and three (18%) NSI efficacy 

(McKinley et al., 2018; Owen et al., 2016; Ridling et al., 2003). Current evidence 

suggests NSI leads to significant transient desaturation post ETS (≤ 10 minutes) (Owen 

et al., 2016; Ridling et al., 2003) but does not impact on clinically important outcomes 

such as duration of ventilation, with a single-centre RCT demonstrating no significant 

difference between children suctioned with or without saline (p = 0.36) (McKinley et 

al., 2018). No studies included in the review evaluated NSI efficacy for clearing 

respiratory secretions or its impact on measures of lung function, which plays a 

contributing role in post-suction derecruitment. 

Reports of RM efficacy were mixed across studies. In one study, application of 

an SI did not significantly improve post-suction arterial saturations (SaO2 1.7 ± 3.9 vs 

0.8 ± 1.8) (Morrow et al., 2007); however, a single-centre observational study found an 

increase in both SpO2/FiO2 (9% at 6 hours post-RM; p = 0.01) and a decrease in FiO2 

requirement 6 hours post RM (p = 0.01) (Duff et al., 2007). There was a moderate level 

of evidence from two trials to suggest RMs may have a positive effect on measures of 

lung mechanics, specifically EEL, up to 60 minutes post ETS (Jauncey-Cooke et al., 

2011) and expired spontaneous VT (Morrow et al., 2007). However, inconsistencies in 

populations and interventions across studies, and imprecision and risk of bias in 

included studies precluded data pooling to provide an estimate of interventions effect.  

Overall, the majority of evidence to inform ETS best practice in paediatrics was 

limited by small sample sizes, imprecision and a high risk of bias due to an inability to 

mask study interventions—an unavoidable limitation of this research. The completed 

systematic review demonstrated there is limited high quality international evidence to 

inform the use of NSI and RMs (or other ETS interventions) with paediatric ETS. 

Findings of the systematic review also highlighted the need for a core outcome set in 
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paediatric critical care respiratory trials, with widespread variation in the use of 

outcome measures, definitions and time points.  

This systematic review is the first of its kind to provide a comprehensive 

understanding of the quality of evidence for ETS interventions to inform evidence-

based practice. The identified lack of high-quality evidence to inform the application of 

NSI and RMs has contributed to existing practice variability and sub-optimal ETS care. 

With 40% of children admitted to PICU requiring ETS (ANZICS Centre for Outcome 

and Resource Evaluation, 2017), this means poorer patient outcomes for a large number 

of Australian children. This systematic review identified a need for improved evidence, 

particularly prospective clinical trial data to inform the application of NSI and RMs 

with ETS in the paediatric population. 

In order to understand current guidance for NSI and RM use with ETS in 

paediatrics, a systematic search and critical appraisal of CPGs and practice 

recommendations were also conducted. The systematic search identified four CPGs 

(American Association for Respiratory Care, 2010; Great Ormond Street Hospital for 

Children, 2018; Our Lady's Children's Hospital, 2017; Royal Children's Hospital, 2016)  

and two literature reviews (Morrow & Argent, 2008; Tume & Copnell, 2015), which 

included practice recommendations for NSI and/or RM use with paediatric ETS.   

Overall, there was minimal variability across guidelines, with the routine use of 

NSI and RMs not recommended (American Association for Respiratory Care, 2010; 

Great Ormond Street Hospital for Children, 2018; Morrow & Argent, 2008; Our Lady's 

Children's Hospital, 2017; Royal Children's Hospital, 2016; Tume & Copnell, 2015). 

CPGs cited best available evidence against practice recommendations, including small 

experimental studies, and preliminary epidemiological and descriptive studies. Practice 

recommendations relating to NSI and RMs were consistently broad due to a lack of 
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evidence to guide definitive recommendations. For example, ‘the use of NSI may be 

justified in certain situations’ (Tume & Copnell, 2015, p. 61) or‘…use of lung 

recruitment manoeuvres are suggested if suctioning induced lung derecruitment occurs’ 

(American Association for Respiratory Care, 2010, p. 761). Across all guidelines, more 

detail could be provided regarding the process of CPG development, flexibility of 

recommendations (e.g., different lung pathologies) and applicability of guidelines.  

This critique of CPGs found that CPGs related to NSI and RM use in paediatrics 

are limited by low to moderate evidence, with a knowledge gap in high-quality evidence 

to support the use of NSI or RMs. This further confirmed a need for prospective clinical 

trial data to establish whether there is a benefit to NSI or RM use with paediatric ETS. 

These data can be used to inform the development of an ETS CPG to guide clinical 

decision-making related to ETS in PICUs.   

Endotracheal suction practice and adverse events 

Phase 1 addressed the first objective of the PhD research, which involved the 

determination of current ETS practice, including baseline NSI and RM use.  A 

secondary objective of this phase was to determine the frequency of ETS related AEs 

and identify modifiable and non-modifiable risk factors. Using a prospective 

observational method, NSI was found to be used in 64% of ETS events (n = 614/955), 

at an average dose of 0.1mls/kg (median, IQR 0.09-0.22). Thick secretions were the 

primary indication for saline use (n = 520/614, 85%), a finding consistent with existing 

evidence (Owen et al., 2016). RMs (defined as PEEP manipulation in this study) were 

infrequently applied, with 2% (n = 22/955) of suctions involving pre-suction 

recruitment and 7% (n = 69/955) involving post-suction recruitment. The frequent use 
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of NSI and the limited application of RMs were consistent with the findings of the 

Phase 2 clinician interviews.  

Phase 1 (observational study) showed AEs occurred in 22% of ETS (n = 

211/955), a number consistent with findings from a single observational study (Owen et 

al., 2016). Oxygen desaturation was the most frequently observed AE (n = 180/211, 

85%), followed by haemodynamic interactions (bradycardia or hypotension; n = 30/211, 

14%). The odds of desaturation decreased as the internal diameter of the ETT increased 

(OR 0.59; 95% CI 0.37-0.95; p = 0.02), but this surrogate measure for age did not 

remain significant in multivariate models.  

NSI was significantly associated with increased odds of an AE from ETS 

(Adjusted Odds Ratio [aOR] 2.76; 95% CI 1.74-4.37; p<0.001), and specifically 

increased a child’s odds of experiencing a desaturation event post-ETS (aOR 3.23; 

95%CI 1.99-5.40; p<0.001). This finding is supported by a single RCT (n = 24) 

(Ridling et al., 2003) and an observational study (Owen et al., 2016), which showed 

short-term desaturation was associated with NSI with ETS. A recent meta-analysis 

undertaken in an adult cohort (5 RCTs, 337 patients) found NSI with ETS led to a mean 

difference in SpO2 of -1.14 (95% CI, -2.25–0.03) (Wang et al., 2017). The authors did 

not comment on the clinical significance of a -1 point saturation change; however, the 

strength of the findings is restricted by the quality of included trials, with studies having 

a high risk of bias from unclear allocation generation and concealment or reporting data 

more than 15 years old (n = 3 trials), limiting its relevance to current practice. More 

information is needed regarding NSI impact on clinically important outcomes such as 

VAP.  

Pre-suction increases in FiO2 (aOR 2.0; 95% CI 1.27-3.15; p = 0.01) were 

significantly associated with a greater odds of having an AE (any AE) from ETS 
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(Schults, Long, et al., 2019). This risk factor, whilst modifiable, is likely an indicator of 

illness severity and therefore difficult to modify, with existing evidence showing 

preoxygenation is more frequently performed in situations where the OSI is consistent 

with severe PARDS (OR 6.1; 95% CI, 2.6–14.0) (Chegondi et al., 2018). Finally, ETT 

occlusion was confirmed as rare, with no cases observed. 

  Variability in ETS practice was evident in Phase 1, a finding supported by the 

systematic literature reviews and Phase 2 results. The application of NSI or RMs with 

ETS depended on the clinician performing the ETS. Overall, approximately 1 in 2 

children experienced an AE following ETS (n = 42/90, 47%). While not all AEs in the 

Phase 2 study were considered clinically significant (defined as requiring clinician 

intervention; n = 124/180, 69%), this result demonstrated a large proportion of the PICU 

population are affected by sub-optimal ETS practices. The quality of ETS care is highly 

variable and delivered by a system not supported by clinical guidelines. This is 

problematic, as variability in NSI and RM application contributes to sub-standard care, 

resulting in poorer clinical outcomes and wastage of scarce healthcare resources 

(Brogan et al., 2012). There are multiple and diverse reasons for practice variation in 

healthcare settings that reflect clinician, unit and system levels; these were further 

explored in Phase 2.  

Phase 1 findings demonstrated improved evidence (prospective clinical trial 

data) is needed to inform practice recommendations and support the appropriate use of 

NSI and RMs with ETS in paediatrics. Determining the true burden attributable to poor 

ETS practices is important, as clinicians require an accurate measure of the impact of 

ETS on patient outcomes, such as lung function and VAP. Secondly, these data 

informed the development of Phase 3 of the research (pilot RCT), enabling the 

development and evaluation of two ETS interventions to target the most frequent 
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indications for ETS and clinically important AEs: NSI for thick secretion removal and 

RMs for desaturation events secondary to alveolar collapse. 

The Phase 1 observational study is the first of its kind to provide a 

comprehensive understanding of current ETS practice, and the frequency of AEs 

associated with ETS procedures in the general PICU population.  With 5000 Australian 

children annually requiring ETS as frequently as seven times a day, improved guidance 

is needed for clinicians to reduce practice variability and the high rate of associated 

AEs. The evidence generated from Phase 1 builds upon existing observational data 

obtained in high-risk populations, such as patients with single ventricle physiology or 

TBI (Tume, Baines, Guerrero, Johnson, et al., 2017; Tume et al., 2011).  

Nurses’ perceptions of normal saline instillation and recruitment manoeuvres 

In the PICU, ETS is primarily a nursing role. In order to understand nurses’ clinical 

decision-making regarding the application of NSI or RMs with ETS, semi-structured 

interviews were undertaken with nurses responsible for suctioning mechanically 

ventilated children. Underpinned by an evidence-based practice model (Rycroft-Malone 

et al., 2004), Phase 2 of the research demonstrated variability in ETS practice, 

particularly methods and use of NSI and RMs. This may be indicative of nurses’ 

‘perceived failure’ to consistently recognise the indication or absence of indication for 

NSI or RMs with ETS. With the systematic literature reviews demonstrating a limited 

evidence base to inform ETS intervention decisions, Phase 2 showed that, in the 

absence of evidence, clinicians rely on clinical experience, knowledge and gestalt to 

inform NSI and RM use with ETS.   

Nurses’ preference or reliance on their own and peers’ clinical knowledge and 

intuition in the PICU is not surprising and has been described in adult ICU cohorts 
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(Marshall, West, & Aitken, 2011). This finding has important implications for PICU 

educators, with Phase 2 interviews finding less experienced nurses reporting greater 

uncertainty regarding the appropriate technique or indication for NSI or RM use with 

ETS (e.g., NSI dose or method of RM application). Conversely, more experienced 

PICU nurses (clinical nurses) reported tailoring the use of NSI or RMs to the patient’s 

clinical situation or disease state: if the child was ‘sicker’, or in the presence of lung 

pathology (e.g., PARDS), nurses were more likely to administer NSI or RMs. This 

individualised approach to ETS practice is an important finding, as airway clearance 

therapies should align with the child’s clinical circumstances (e.g., disease progression), 

with consideration of the benefits versus risks of NSI or RMs. However, this ad hoc 

approach to NSI and RM use has contributed to practice variability and a greater 

potential for patient harm from ineffective or inappropriate use. Due to the 

heterogeneity of the PICU population, it is not possible to develop a ‘prescription’ 

guideline for ETS care as the child’s clinical picture will determine the need for 

intervention. However, improved guidance from prospective RCT data (Phase 3 pilot 

RCT) and NSI and RM appropriateness recommendations for different patient 

circumstances will help reduce practice variability and associated AEs.  

The growing evidence-based practice movement suggests clinical decisions 

should be routinely based on the best available evidence (Thompson et al., 2001). 

However, in PICU, and in the context of ETS, the body of evidence from which nurses 

can base practice decisions is limited. This is evident in the infrequent use of RMs 

following ETS observed in Phase 1. Phase 2 of the research demonstrated this is largely 

due to uncertainty regarding the correct application of RMs, the lack of safety data and 

the uncertainty regarding whose role it is to apply RMs (e.g., nurse versus doctor). 

Survey research undertaken in adult ICU nurses found nurses report a reluctance and 
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uncertainty in applying RMs (Pilten & Eldh, 2009). This finding may be attributed to 

historic RM practices where medical staff deliver high ‘pressure’ breath holds (SIs) in 

paralysed patients, an intervention that may fall outside of nurses’ scope of practice in 

some countries. Phase 2 revealed the existence of a knowledge practice gap, where 

nurses lacked knowledge about how to safely deliver RMs with ETS within their scope 

of practice in some countries. The prevention of ETS induced alveolar derecruitment is 

an important consideration for clinicians looking to optimise ventilation strategies; 

therefore, consideration needs to be given as to how these interventions can be delivered 

safely and consistently by multi-disciplinary clinicians (Maggiore et al., 2003).  

This Phase 2 study was the first qualitative, exploratory study to describe PICU 

nurses’ experiences of NSI and RMs with ETS. This study confirmed that in the absence 

of prospective trial data nurses rely on multiple sources of evidence, in the absence of 

clinical trial data to inform practice decisions. It highlighted the need for new evidence 

and guidance to inform bedside practice and reduce uncertainty regarding the safe 

application of NSI and RMs with ETS.  

Normal saline instillation and recruitment manoeuvres with paediatric endotracheal 

suction 

The primary objective of this PhD research was to evaluate the feasibility of a large 

RCT of NSI versus no NSI, and RM versus no RM, to improve the efficacy of ETS in 

mechanically ventilated children. This feasibility and pilot trial provided important 

information regarding study processes and implementation of a proposed definitive 

factorial trial. The pilot RCT (NARES trial) of 58 patients assessed pre-defined 

feasibility criteria, including patient eligibility, recruitment, retention, protocol 

adherence and missing data. Trial interventions were informed by the systematic 
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literature reviews (identified gaps), observational study (site practice variability) and 

interviews with clinicians (intervention fidelity strategies).  

 Eligibility for child participation was restrictive, with 3881 subjects screened 

(2521 non-ventilated), 818 (21%) patients eligible, and 58 (7%) recruited. Thirty-six 

children were missed due to admission outside of CRN work hours. Sixty-three families 

were approached for consent, seven families declined child participation (90% 

recruitment rate) and no patients were lost to follow-up. Cardiac surgery (479/818; 

59%) followed by readmission (123/818; 15%) were the primary reasons for exclusion. 

Similar recruitment challenges encountered during the trial have been reported 

internationally by paediatric critical care researchers (Curley, 2011; McKinley & 

Kinney, 2009). In recognition of this, protocol modification to widen eligibility criteria 

to include cardiac surgical patients (Amorim Ede et al., 2014; Heinze et al., 2011) and 

allow repeat admissions into a previously allocated arm (Rickard et al., 2017) are 

recommended and would increase the number of eligible patients to 660 (80% of 

screened patients). Further, increased resourcing (e.g., funding to support extended 

CRN hours over the weekend) would enable participants to be recruited outside of 

business hours. Adaption of the NARES trial eligibility criteria will ensure a greater 

number of children are eligible for participation in the definitive trial.  

There were no missing data for primary outcomes, five patients’ (8%) EIT 

measurements were missed due to patient or equipment circumstances (e.g., unplanned 

operating theatre extubation, patient refusal [15 year old], escalation of care [HFOV], 

equipment service and repair, corrupted EIT file). Protocol adherence was moderate, 

with the lowest compliance in the RM group. Non-adherence included failure to apply 

RMs in the RM arm (87/301 suctions; 29%), saline administration in the no saline arm 

(89/341 suctions; 26%), non-use of saline in the saline arm (19/257 suctions; 7%) and 
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RM use in the no RM arm (1/297 suctions; 0.3%). Similar rates of non-compliance have 

been reported in other paediatric RCTs evaluating NSI (McKinley & Kinney, 2009; 

McKinley et al., 2018). Failure to apply the RM was noted by clinicians as a ‘nursing 

decision’ or ‘medical decision’. Whilst the NARES pilot identified reasons for protocol 

non-adherence and will help in planning a definitive trial, implementing a process 

evaluation within the larger RCT will support careful monitoring of intervention fidelity 

and protocol adherence (Oakley, Strange, Bonell, Allen, & Stephenson, 2006). In 

addition, a process evaluation would help to identify issues with implementation failure 

(interventions poorly designed or delivered, in this case, the RM) and contextual factors, 

as is likely the case with NSI and existing nursing bias to use NSI as demonstrated in 

Phase 1 and 2. Participant recruitment, retention and missing data feasibility criteria 

were met in line with the trial protocol.  

As a critical clinical and patient outcome, VAP is the primary end-point 

proposed for a definitive RCT, with current feasibility data informing necessary 

recruitment requirements. To sufficiently power a future trial to examine the effect of 

saline (alpha=0.05, power=80%) assuming IR=0.109/day and an average of 1 day-at-

risk for participants, then 115 children in each group (total sample including 10% 

attrition = 253) would be required to detect an IRR of 0.15 or lower. When considering 

RMs, and assuming alpha=0.05, 80% power, IR = 0.084/day, and an average risk time 

of 1 day, then 277 children in each group (total sample including 10% attrition = 610) 

would be required to detect an IRR of 0.35 or lower. 

While the sample size of the pilot RCT was small, and the study was not 

designed to test statistical differences, the study investigators were able to describe 

some meaningful differences in the VAP IR. A key finding of the trial was that NSI 

with ETS might lead to a reduced incidence of VAP in mechanically ventilated children 
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(IRR, 0.12, 95% CI 0.01-1.10; p = 0.06) with a lower IR in the NSI group. These results 

are clinically meaningful given the substantial burden associated with a VAP diagnosis. 

As anticipated in the pilot trial, RMs were not associated with a change in VAP 

incidence but were generally lower in the RM group. To our knowledge, this PhD 

research is the first study worldwide to show there may be an association between NSI 

with ETS and decreased risk of acquiring VAP in PICUs and therefore warrants further 

investigation. 

Benefits and adverse effects of study interventions 

The effectiveness of the RM intervention was confirmed using EIT, demonstrating the 

beneficial oxygenation, lung impedance and compliance effects RMs can have in the 

general PICU patient. Additionally, the trial demonstrated that bedside clinicians can 

safely apply RMs when following a protocol, with no significant AEs observed during 

the study period, including barotrauma or haemodynamic impairment.   

ETS causes significant loss of EELV (Jauncey-Cooke, 2012); consequently, 

ETS is frequently complicated by oxygen desaturation (Maggiore et al., 2013; Schults, 

Long, et al., 2019). In line with current evidence, the pilot RCT confirmed the negative 

effect NSI with ETS has on oxygenation indices, with statistically significant reductions 

found in SpO2/FiO2 at all time points for children suctioned with NSI compared with no 

NSI with ETS. However, no difference in duration of mechanical ventilation or length of 

PICU admission was observed. RMs may be used in conjunction with NSI and in this 

study cohort were demonstrated to significantly improve measures of oxygenation 

following ETS.  Re-recruitment of collapsed alveoli can improve pulmonary gas 

exchange and lung mechanics but also help protect the lung from further insult.   
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Where to from here 

To date there have been no large multicentre RCTs investigating RM application in the 

context of paediatrics ETS. One large, single site RCT investigated NSI effect on 

duration of ventilation and found no significant difference (McKinley et al., 2018). 

Current ETS practices hampered by lack of evidence. To date current studies have 

focused on measuring short-term, oxygenation derived outcomes compared to clinically 

important endpoints such as duration of mechanical ventilation, length of PICU stay, 

VAP or other ventilator associated complications. As previously reported the personal, 

clinical and economic burden of VAP and other longer-term outcomes is significant, 

therefore interventional research which investigates methods to decrease these PICU 

acquired harms are urgently needed. Investigating clinically significant endpoints such 

as duration mechanical ventilation, oxygenation requirement and PICU length of stay 

will provide important economic evaluation data to develop new models of PICU.  

The pilot factorial RCT has provided preliminary data for generating 

hypotheses. Using the learnings from this PhD research, recommendations for a future, 

larger RCT include: 

1. Participants. Widening of eligibility criteria to include cardiac surgical cases 

and readmission using previously allocated randomisation. Further consideration could 

be given to the patient population and whether to target children with respiratory disease 

or acute lung injury to ascertain benefit in this high-risk population. 

2. Intervention. The dosing strategy for both the NSI and RM intervention was 

found to be safe in this single site pilot RCT. However significant limitations were 

identified in the application of the intervention with only one third of participants 

receiving intervention in all suctions. Recommendations for future RCT would include 
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the addition of a process evaluation conducted alongside the trial to explore the 

processes involved in delivering the intervention, in order to identify factors and the 

mechanisms of their interaction that may impact on trial outcomes. 

3. Comparisons. No change to usual care or comparators recommended. 

4. Outcomes. To examine a primary outcome of VAP additional consideration 

will have to be given to the new definition proposed in the 2019 CDC guidelines. These 

guideline now asses ventilator associated events, ventilator associated complications, 

possible VAP and probable VAP. The inclusion of an infectious disease physician in the 

investigation team of the larger trial will be essential to these decisions and ongoing 

conduct of a larger trial. 

5. Study design. Findings from this pilot study indicate a multicentre trial will be 

needed to support timely recruitment of trial participants. Two options moving forward 

in terms of trial design are whether to conduct a superiority, parallel RCT for each 

intervention pair or combine within a larger factorial RCT and assess for evidence of 

interaction. Either trial design is feasible but comes with considerations of protocol 

modifications as detailed above. 

6. A final recommendation based on the findings of the pilot trial is the inclusion 

of an economic evaluation. The inclusion of cost-effectiveness analysis performed by a 

health economist from the perspective of the hospital to estimate the cost per 

complication avoided at 28 days through the measurement of respiratory complications 

would provide invaluable information. Hospital service use including patient flow 

through PICU should also be summarised. 

A larger RCT is worthwhile and feasible with protocol modifications but also 

the inclusion of a process and economic evaluation. The resulting clinical trial would 
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provide invaluable clinical, implementation and cost effectiveness data to shape future 

ETS care and optimise health outcomes and mechanically ventilated children.  

Contribution to knowledge 

Using rigorous and reliable methods, this PhD research has described current ETS 

practice and demonstrated a relatively high rate of AEs associated with ETS practices in 

an Australian PICU. The systematic literature reviews and CPG appraisal highlighted that 

the current lack of high-quality evidence to inform NSI and RM use is a global problem 

and has resulted in practice variation and low-quality ETS practice recommendations in 

children. Interviews with nurses identified uncertainty regarding ETS best practice and 

when or how to apply NSI or RMs with ETS. These results highlighted the need for 

prospective clinical trial data to establish the safety and efficacy of NSI and RMs with 

ETS, and further identified many areas for potential research enquiry, guideline 

improvement, and safety and quality initiatives. 

Using a programmatic approach, not previously reported in international paediatric 

critical care literature, this research has provided new knowledge and confirmed a gap in 

the evidence regarding NSI and RM efficacy and safety on clinically important endpoints, 

such as lung mechanics and infection. The systematic literature reviews, CPG critical 

appraisal, and Phases 1 and 2 led to the first international factorial trial comparing two 

ETS intervention pairs: NSI versus no NSI and RM versus no RM. This pilot RCT 

established the feasibility of a factorial trial (with protocol modifications) to test the safety 

and efficacy of NSI against no NSI and RM against no RM on VAP and measures of lung 

mechanics and gas exchange.  

The finding of the NARES trial when combined with the existing evidence, 

suggests that clinicians should consider the use of a double PEEP RM with existing 

ETS practices, specifically with respect to its effect on short-term lung volume 
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recovery, oxygenation and dynamic compliance. However, this needs to be confirmed in 

an efficacy RCT. With respect to NSI, no evidence was found of improved outcomes 

for mechanically ventilated children in this comparison pair, finding short-term 

differences in oxygenation with NSI. However, particularly for children with lung 

pathology or copious secretions who may require the use of NSI, evaluation of longer-

term outcomes are needed to enable clinicians to make fully informed decisions about 

what ETS approaches are optimal.   

Theoretical implications of the PhD research 

The observational study in this research found that approximately 1 in 2 children (47%) 

experience an AE related to ETS, most commonly desaturation. The systematic review 

in this thesis found oxygen desaturation was the most frequently measured outcome, 

therefore suggesting the paediatric scientific community believe a change in baseline 

oxygenation is the main AE associated with ETS. Researchers over the past two 

decades have predominately focused on evaluating the short-term physiological 

interactions associated with NSI, producing evidence of immediate interactions of 

unknown clinical significance, compared to longer-term outcomes such as VAP. This 

has likely resulted in sub-optimal evidence to inform NSI and RM use in paediatrics to 

improve important clinical endpoints. Given ETS is associated with transient 

oxygenation changes, perhaps it is not the most useful outcome measure and the 

outcome measures of this pilot trial could change thinking on the value of other 

measures of lung mechanics and longer-term outcomes of ETS practices, such as VAP, 

for a larger definitive RCT.  

 The theoretical implications of this research demonstrate the premise that RMs 

can prevent or minimise lung volume loss post ETS is likely although further definitive 

testing is needed. The application of negative pressure and discontinuation of PEEP 
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during ETS results in insufficient aeration of a lung region (Maggiore et al., 2003) and 

acute pulmonary derecruitment (Dyhr et al., 2003; Fernandez, Piacentini, Blanch, & 

Fernandez, 2004).  Alveolar collapse impairs ventilation through a loss of gas exchange 

surface area, and oxygenation and lung compliance are negatively affected (Bourgault et 

al., 2006; Jauncey-Cooke et al., 2015; Rocco et al., 2010). The pilot trial demonstrated 

RMs may improve lung compliance post ETS and minimise or reverse the accumulative 

loss of lung volume incurred from repeat ETS over the course of mechanical ventilation.  

An intubated child can receive upwards of 40 ETSs per episode of ventilation 

(Davies et al., 2017; Schults et al., 2020; Tume & Copnell, 2015), approximately one 

quarter of these suctions will result in an AE. Reducing patient harm during a hospital 

admission should be the key driver behind increased enquiry into ETS practices and the 

development of improved bedside guidance. Due to limited data, current international 

guidelines released by the AARC recommend the non-routine use of most ETS 

interventions, failing to provide clear recommendations around historical and 

ambiguous interventions such as NSI and RMs (American Association for Respiratory 

Care, 2010). These recommendations are largely based on low-quality evidence and, 

consequently, there has been poor uptake of these in CPGs (Ntoumenopoulos, 2013). 

These guidelines also fail to consider to heterogeneous PICU population and disease-

progression factors.  

Consequently, ETS practice in PICUs lacks a standardised approach. This gap 

has resulted in a nursing workforce who are uncertain regarding ETS best practice due 

to a lack of guidance. Findings from Phase 2 of the research demonstrated nurses want 

improved guidance, for example: ‘I struggle with what [suction] interventions to apply, 

particularly for children who deteriorate with each suction’ (Schults, Cooke et al., 

2019, p. 16). Consequently, new recommendations incorporating best available 
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scientific evidence and experts’ collective judgement are urgently needed to guide 

bedside ETS practice and decrease practice variability and ETS related AEs. If 

clinicians, policy-makers, and safety and quality teams are to work towards a solution to 

decrease suction related AEs, which may be attenuated by the appropriate use of ETS 

interventions, then improved guidance for bedside clinicians is needed. 

Limitations 

There are several limitations to this work which should be acknowledged. For the 

systematic review in Chapter 2, study and intervention heterogeneity meant there was 

an inability to pool data to provide an estimate effect, either in magnitude or direction 

for any ETS intervention. For Phase 1, bedside clinicians collected ETS data and there 

was a relatively large portion of missing ETS episode data; as such, results need to be 

interpreted with caution. Further, the single-site study was conducted in a PICU using 

OS systems as standard practice; this may limit the generalisability of study findings. 

Despite these limitations, the study represents the current ETS practices of PICU 

clinicians in a real-world, pragmatic study not confined by controlled study settings.  

In Phase 2, as previously described, the sample was drawn from a single site 

where OS was predominantly used.  Although data saturation was achieved, the 

resulting themes may not be generalisable to units using CS ETS where alternative 

treatment considerations may have ensued. Our findings therefore provide an initial 

understanding of the influencing factors nurses apply to NSI and RM interventions in 

the PICU, yet further research is needed to determine what ETS ‘best practice’ is in this 

vulnerable and heterogeneous population. 

In Phase 3, the main limitation was that, as a pilot RCT, the study was unable to 

provide definitive results regarding the safety and efficacy of NSI or RMs with 
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paediatric ETS. A powered, superiority trial is needed to test scientific hypotheses and 

avoid Type II errors. The NARES trial was rigorous in methods and design; however, 

trial recruitment ceased at 58 participants, following 24 months of recruitment. This 

decision was made in collaboration with a statistician and the independent Data Safety 

and Monitoring Committee. The main contributing factor in this limitation was narrow 

eligibility criteria, with extensive exclusion criteria included for safety with RM 

application. This decision was based on similar participant eligibility criteria reported in 

international respiratory trials (of RMs in paediatrics) (Boriosi et al., 2011; Morrow et 

al., 2007). Further, due to the nature of the outcome measurement, trial recruitment and 

enrolment was restricted to within ‘research’ business hours that further restricted 

recruitment numbers. However, this limitation was reduced by allowing participant 

enrolment up to 48 hours post intubation.  

The PICU population is typically aged less than 24 months old. Due to the small 

sample size there was no stratification for age. This is an important consideration for 

future efficacy trials where age stratification would be performed with blocking during 

the randomisation process. Further, there was no stratification for PARDS severity 

(OSI, the measure used in Phase 3) due to the small sample size; this is an important 

consideration for future efficacy trials of RMs, in particular those seeking to 

demonstrate benefit in children with lung pathology.  

The RM evaluated was double PEEP as opposed to incremental or SI; this was 

an important process consideration as intervention fidelity would be hard to ensure and 

monitor in over 200 full-time equivalent PICU nurses. The non-blinding or masking of 

interventionists and family representatives is an additional source of potential bias. 

However, due to the nature of the intervention it was not possible to blind nurses or 

patient representatives. Importantly, a blinded infectious disease specialist assessed the 
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VAP outcome measure. Data analysis was unblinded. All suctions were as per unit 

policy; however, they were based on individual clinician assessment (i.e., assessment of 

when the ETS was ‘clinically indicated’).  

Recommendations  

From the results of the research included in this PhD, seven recommendations are 

presented to guide clinical practice, healthcare policy education and future research. 

Recommendation 1: Audit and benchmark local endotracheal suction practice and 

outcomes and implement appropriate education and clinical practices 

To improve the clinical practice of PICU clinicians performing ETS, and to better 

quantify the effect ETS practices have on patient outcomes, it is important to identify 

practice variation and benchmark VAP incidence rates with other healthcare facilities. 

This can be achieved by developing a consensus-derived respiratory dataset, which can 

be used for clinical auditing and subsequent external benchmarking. Data items may 

include clinical and demographic data (for risk factors analysis), ventilation data and 

outcome data (e.g., VAP). With advances in electronic medical record interoperability, 

the opportunities for streamlined, less resource-intensive data capture will open many 

possibilities for consumers, patient representatives, clinicians, policy-makers and 

executives wanting comparative ETS data and associated outcomes. Further, a PICU 

respiratory dataset could be integrated with the existing Australian and New Zealand 

Paediatric Intensive Care Registry, a binational clinical quality registry, abstracting data 

from more than 200 PICUs (ANZICS Centre for Outcome and Resource Evaluation, 

2017; Haitsma, 2007) 

Standardised, routine data collection in PICUs can facilitate benchmarking and 

national surveillance, identify sub-optimal ETS practices and facilitate the evaluation of 
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quality improvement initiatives (e.g., educational strategies) (Salluh, Chiche, Reis, & 

Soares, 2018). Such a response has been achieved internationally in other healthcare 

specialities and industries, including cardiac surgery (Grover, Shahian, Clark, & 

Edwards, 2014) and geriatric care (Rahman & Applebaum, 2009).  

Recommendation 2: Consider adopting pilot trial findings to facilitate improved 

endotracheal suction care, although further testing is needed. 

The finding of the NARES trial when combined with the existing evidence, suggest that 

clinicians should consider the use of a double PEEP RM with existing ETS practices, at 

least with respect to its effect on short-term lung volume recovery, oxygenation and 

dynamic compliance. 

Lung-protective strategies, including RMs, are valuable in preventing lung 

injury or reversing/minimising lung collapse as a consequence of disease or repetitive 

ETS. The pilot trial in this PhD research demonstrated an RM using PEEP manipulation 

can lead to improvements in EELV, oxygenation and dynamic compliance in a general 

PICU cohort. Therefore, a recommendation of this research is the gradual and cautious 

integration of ‘nurse friendly’ RMs with associated instructions into PICU ETS 

guidelines. Given the limitations of this research, this recommendation needs to be 

weighed with the potential benefits, AEs and complications of the RM. However, this 

research has shown that in the ‘general’ (not high-risk) PICU population, RMs can be 

performed safely with good clinical effect. If practical and feasible, the effectiveness of 

the RM could be evaluated using imaging techniques (EIT) or lung mechanics 

measurements obtained via the ventilator. Patient treatment plans could be discussed 

during multi-disciplinary ward rounds and re-evaluated throughout the day in 

consideration of disease progression, lung injury severity markers and oxygenation 

indices. Development of RM clinical guidance could include safety stop points; for 
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example, if AEs were observed such as reduced venous return and cardiac output and 

hypotension despite maintaining intravascular space expansion (Marraro, 2003).  

With respect to NSI, there was no evidence of improved oxygenation outcomes 

for mechanically ventilated children in this comparison pair, with short-term, negative 

effects in oxygenation in the NSI group. However, evaluations of longer-term 

outcomes, such as VAP (now a concept of VAEs) are needed to enable clinicians to 

make fully informed decisions about what ETS approaches to take, particularly for 

children with lung pathology or copious secretions who may require the use of NSI.   

Recommendation 3: Develop and implement appropriate use criteria to inform 

endotracheal suction intervention use in paediatric intensive care units 

New guidance incorporating best available evidence and expert consensus is urgently 

needed to inform ETS intervention use and prevent patient harm. Results from Phase 1, 

Phase 2 and the systematic literature reviews found increased guidance is needed to 

inform clinicians of ETS intervention use, particularly NSI and RMs. This could be 

achieved through appropriate use criteria, developed using the RAND 

Corporation/University of Los Angeles (RAND/UCLA) Appropriateness Method 

(Fitch, Bernstein, Aguilar, Burnand, & LaCalle, 2001); appropriate use criteria are a 

derivative of CPGs. The appropriate procedure (in this case ETS intervention) is 

evidence-based, individualised to the patient, cost-effective and achieves expert 

consensus. Appropriateness refers to the relative weight of the benefits and harms of an 

intervention (Fitch et al., 2001). The method balances the best available scientific 

evidence with the collective judgement of experts to form a statement regarding the 

appropriateness of using ETS interventions for a patient and the circumstance. The 

appropriateness method has been successfully applied and validated nationally and 

internationally across healthcare specialties, including intensive care (Salik, Sen, Picard, 
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Weiner, & Dudzinski, 2019; Suh et al., 2015), to reduce the overuse and underuse of 

interventions.  

Recommendation 4: Develop and offer a mechanical ventilation and endotracheal 

suction professional practice module for paediatric intensive care unit clinicians  

To improve ETS care and reduce the practice variability associated with NSI and RMs, 

clinicians need to have a comprehensive understanding of lung mechanics and the 

negative sequelae associated with ETS. An advanced ventilation and associated care 

(including ETS practice) professional practice module, targeted at current PICU 

clinicians, could build improved knowledge of ventilation modes, lung-protective 

ventilation strategies, including RMs and evidence-based ETS care. The results of this 

research could be used to inform the ETS components of the course. The results of the 

systematic literature reviews and critical appraisal of CPGs could be used to highlight 

the global impact of sub-optimal ETS practices. The observational study results could 

be used to demonstrate the frequency of AEs associated with ETS and, in combination 

with other key research, illustrate risk factors associated with ETS (Owen et al., 2016). 

Factors such as NSI may be amenable to modification with education or a greater 

understanding of when it is ‘appropriate’ to use this ETS intervention. Further, this 

education program could focus on how to safely administer ETS interventions in high-

risk populations, such as infants with single ventricle physiology or children with 

significantly raised intracranial pressure.   

The learning objectives of the professional practice module could include: i) 

demonstrated competency in advanced respiratory assessment (including x-ray 

interpretation), ii) advanced comprehension of lung mechanics and measurement 

(including EIT) and iii) development and application of advanced clinical decision-

making in the context of individualised ETS care. The professional practice module 
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would best be delivered using multi-level pedagogy (a combination of immersive 

simulation learning, online learning and clinical experience) and restrict eligibility 

criteria to current PICU nurses. It could be delivered in partnership with professional 

PICU associations, such as the Australian Critical Care Paediatric Special Interest 

Group, and with contributions from the World Federation of Pediatric Intensive & 

Critical Care Societies. This would ensure the relevancy of practice and access to PICU 

educators for ongoing support and competency evaluation. Development and delivery of 

this module would ensure PICU nurses are best equipped to understand how ETS 

interventions impact patient outcomes and contribute to harm, as well as offering 

professional development for lifelong learning. 

Recommendation 5: Replication and extension of the pilot factorial randomised 

controlled trial of NSI versus no NSI and RM versus no RM in a definitive, 

multicentre study  

High-quality research is needed regarding measures to prevent endotracheal suction 

adverse events and to inform endotracheal suction best practice. This program of 

research has demonstrated that more prospective clinical trial data and large cohort 

studies are needed to test ETS intervention efficacy to reduce associated AEs and 

inform ETS practice. Almost half of the patients suctioned in Phase 1 of the research 

experienced a suction related AE, the majority of which (69%) required clinician 

intervention to re-establish baseline observations. With a number of ETS interventions 

available to PICU clinicians, prospective data are needed to inform clinical decision-

making regarding the efficacy of currently used interventions, particularly NSI and 

RMs.  

 Secondly, this research identified short-term measures of gas exchange 

(predominately oxygenation) were more likely to be included as trial endpoints 
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compared with important clinically significant outcomes such as VAP. This highlights a 

need for high-quality RCTs to inform ETS best practice and NSI and RM use with 

respect to the incidence of VAP in mechanically ventilated children. 

Finally, the high ETS AE rate reported in this research emphasises the underappreciated 

complexity of this airway intervention. Within medical literature, increasing focus now 

situates on patient phenotypes and the role these groupings can play in determining the 

treatment plan in critical care or acute care settings (Schuler et al., 2016). Clinicians 

may be able to base their use of NSI or RMs on the patient phenotype or underlying 

disease process of that phenotype (e.g., PARDS). Using existing PICU clinical 

information systems, researchers can use a combination of artificial intelligence 

methods, such as machine learning, to identify patient phenotypes and potential risk 

factors for ETS related AEs. This may be particularly important in high-risk patient 

populations who perhaps experience more severe responses to sub-optimal ETS 

practices. Tailoring ETS care and use of NSI or RMs for patient phenotypes may 

improve patient safety and reduce the harm associated with AEs.      

The NARES feasibility study pointed to potential problems in relation to 

participant eligibility and protocol adherence. These findings have implications for the 

decision-making around the transition from a pilot study to full-scale trial. Suggested 

methods to navigate these challenges include the widening of participant eligibility 

criteria and inclusion of process evaluation in the larger trial. Further, to improve the 

usability and impact of findings from a full-scale NARES trial, further modifications 

such as stratification by age and PARDS severity are recommended. Recommendations 

arising from the PALICC Group conference suggest risk stratification by lung 

compliance may be appropriate in specific studies; however, this measure would remain 

an important clinical endpoint in the NARES trial (Khemani et al., 2015).  
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This feasibility RCT, while preliminary, extended knowledge of RM superiority 

to current approaches (no RM) and the role NSI may play in reducing VAP incidence 

rates. A recommendation from this research is, therefore, to replicate this pilot RCT, 

with protocol modifications, in a full-scale multicentre study. Inclusion of international 

sites would provide valuable evidence to support ETS best practice in the context of 

NSI and RM use, increasing generalisability of findings.   

Recommendation 6: Development of standardised core outcomes for respiratory 

research and reporting  

Development of a core outcome set and reporting metrics (e.g., participant 

characteristics table) for PICU respiratory research would help facilitate research, 

reduce waste and aid data aggregation. The systematic review in Chapter 2 found a 

widespread range and heterogeneity of outcome measures used in ETS studies. In 

RCTs, endpoint selection is crucial to determining the intervention effect. Further, the 

selection of surrogate or inappropriate endpoints can compromise the utility and 

generalisability of results and limit future meta-synthesis (Sinha, Jones, Smyth, & 

Williamson, 2008). The decision regarding the choice of outcome measures should be 

based upon a core outcome set achieved through consensus, such as is the case with the 

Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (McGrath 

et al., 2008). Although core outcomes in paediatrics are generally lacking (Chong et al., 

2017), this initiative has contributed to improved trial feasibility (in the relevant 

populations) and relevance and acceptability of trial endpoints on a global scale  (Sinha 

et al., 2008). In adults, this has been achieved through the ‘Core Outcome Set for 

Critical Care Ventilation Trials’ which achieved agreement (using Delphi methods) on 

six core outcome sets: extubation, reintubation, duration of mechanical ventilation, 

length of stay, health-related quality of life and mortality (Blackwood et al., 2019). This 
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has not yet been addressed in paediatric respiratory research; however, given the 

increasing reach and impact of the Pediatric Acute Lung Injury and Sepsis Investigators, 

this is likely to change in the coming decade. A harmonised core outcome set would 

positively affect the usability of trial data by researchers, clinicians and healthcare 

facilities and ultimately contribute to improved patient outcomes. 

Final summary 

ETS is an important procedure for mechanically ventilated children. This PhD research 

has shown that ETS is associated with high rates of AEs, many of which require 

immediate clinician intervention. This program of research has contributed new 

knowledge regarding current ETS practice in an Australian PICU, nurses’ experiences 

with NSI and RMs, and preliminary evidence regarding the safety and efficacy of NSI 

and RMs with paediatric ETS. It has clearly demonstrated a definitive RCT to test the 

safety and efficacy of NSI and RMs on important clinical outcomes such as VAP is 

needed, and is feasible with protocol modifications. This research has shown that ETS-

associated AEs are not fully appreciated by key stakeholders, and this patient safety 

issue requires immediate attention from clinicians, policy-makers, researchers and 

health services. Nurses need improved evidence to guide NSI and RM practice.  
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Appendices 

 

Appendix A: Copyright permission to reproduce Schults, Mitchell et al. 

(2018)  
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Appendix B: Copyright permission to reproduce Schults, Cooke et al. (2018)  

NARES trial protocol 

This is an Open Access article distributed in accordance with the Creative Commons 

Attribution Non-Commercial (CC BY-NC 4.0) licence, which permits others to 

distribute, remix, adapt, build upon this work non-commercially, and license their 

derivative works on different terms, provided the original work is properly cited and the 

use is non-commercial. 

 

Permission was obtained for abstract inclusion (no option was available for the whole 

article); however, this was not necessary due to open access published under CC BY-

NC 4.0.    
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Appendix C: Copyright permission to reproduce Schults, Long et al. (2019) 
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Appendix D: Copyright permission to reproduce Schults, Cooke et.al (2019) 
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Appendix E: Copyright permission to reproduce Craig et al. (2008) figure 
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Appendix F: Clinical report form—Phase 1 
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Appendix G: Paediatric intensive care unit edotracheal suction policy 

1. Two appropriately skilled staff to perform the procedure 

2. Hand hygiene 

3. Wear personal protective equipment 

4. Assemble suction equipment, suction catheter size (2 x ETT internal diameter size) 

5. Disconnect patient from the ventilator  

6. Utilise clean hand/dirty hand technique perform suction using dedicated clean hand 

7. Insert suction catheter not beyond a depth of 0.5cm past the end of the ETT (length 

is determined using cm markings on the ETT) 

8. Total suction procedure should be less than 15 seconds 

9. Suction is only applied (70mmHg) during catheter withdrawal and for no longer 

than 5 seconds 

10. Suction catheter can be used for repeated suctions during the same suction episode 

11. Discard suction catheter if contaminated during the ETS procedure or upon 

completion of the suction 

12. Manually ventilate the patient (return of baseline Sp02) prior to reconnecting to the 

ventilator 
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Appendix H: Ethical approval Children’s Health Queensland and Griffith 

University—Phase 1 
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Appendix I: Ethical approval Children’s Health Queensland and Griffith 

University—Phases 2 and 3 
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Appendix J: NARES consent—Phase 2 
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Appendix K: Interview guide—Phase 2 
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Appendix L: NARES randomised controlled trial consent—Phase 3 
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