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Abstract 

Problem & Purpose: Intubated preterm infants ≤ 32 6/7 weeks gestation in a mid-

Atlantic level IV Neonatal Intensive Care Unit (NICU) faced a high number of days on the 

ventilator. The literature supported that use of an extubation guideline will decrease ventilator 

days, and this NICU lacked a standardized extubation guideline providing criteria to drive 

extubation eligibility. In 2020 this NICU had 22.0% of very low birth weight (VLBW) infants on 

a ventilator for > 28 days, compared to a median of 15.7% infants (in this subgroup) in other 

similar NICUs throughout the United States (U.S.). Based on six weeks of electronic health 

record (EHR) chart audits of extubations in this NICU in 2021, 44% of preterm infants ≤ 32 6/7 

weeks were intubated for > 28 days, with an average of 23 days on a ventilator. The purpose of 

this quality improvement (QI) project was to implement and evaluate the effectiveness of an 

extubation readiness guideline in preterm infants ≤ 32 6/7 weeks gestation in a mid-Atlantic level 

IV NICU. Methods: This project occurred over a 17-week period in fall of 2021. 

Implementation included a multidisciplinary committee formation, identification of champions, 

NICU staff education, guideline dissemination, completion of a guideline checklist by bedside 

nursing (for eligible patients), clinician reminders, and chart audits for collection of pre/post 

implementation data. Staff education completion, guideline use, guideline adherence, 

demographic patient data, ventilator days, time to first extubation, and need for reintubation were 

tracked. Results: Post implementation data indicated decreased: average total ventilator days, 

need for intubation > 28 days, and days to first extubation attempt for preterm infants ≤ 32 6/7 

weeks gestation. Conclusions: Results suggested that implementation of the evidence-based 

guideline was effective in decreasing average total ventilator days for preterm infants ≤ 32 6/7 

weeks gestation.  
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Implementation of an Extubation Readiness Guideline for Preterm Infants 

Respiratory distress syndrome (RDS) is a breathing disorder affecting nearly 100% of 

infants born < 28 weeks gestation (National Heart, Lung, and Blood Institute (NHLBI), n.d. b). 

RDS symptoms typically develop in the first 24 hours after birth, are a result of inadequate 

surfactant production, and may cause an infant to require breathing assistance frequently in the 

form of mechanical ventilation (NHLBI, n.d. b). Preterm infants subject to long periods of 

mechanical ventilation often face complications as a result of a high number of ventilator days. 

Specifically, longer duration of mechanical ventilation, which increases an infant’s risk for 

bronchopulmonary dysplasia (BPD) (National Organization for Rare Disorders (NORD), 2018). 

Preterm infants continuing to have breathing problems and requiring supplemental oxygen by the 

time they correct to 36 weeks gestation are diagnosed with BPD (NHLBI, n.d. b). Approximately 

10,000-15,000 infants are diagnosed with BPD each year, in the United States (U.S.) (NORD, 

2018). Infants with BPD are at risk for delayed growth in the first two years of life, need for 

ongoing oxygen therapy and respiratory treatments, increased risk for infection, increased risk 

for asthma, and trouble swallowing (NORD, 2018).  

Intubated preterm infants ≤ 32 6/7 weeks gestation in a mid-Atlantic level IV Neonatal 

Intensive Care Unit (NICU) faced a significantly high number of days on the ventilator. On 

average, over 700 patients are admitted to this NICU annually, with roughly one newly admitted 

intubated preterm infant ≤ 32 6/7 weeks gestation per week (based on previous data). Generally, 

over 50% of infants < 32 weeks gestational age, and over 75% of infants < 29 weeks gestational 

age; require some form of breathing assistance during their stay in this NICU. In 2020, preterm 

infants ≤ 32 6/7 weeks gestation in this NICU averaged 143 ventilator days per month. In 2020 

this NICU had 22.0% of very low birth weight (VLBW) infants on a ventilator for > 28 days, 
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compared to a median of 15.7% infants (in this subgroup) in other similar NICUs throughout the 

U.S (Vermont Oxford Network (VON) Database, 2011-2020). In regard to BPD, this NICU had 

a 53.3% incidence of BPD in infants < 33 weeks gestational age and of VLBW vs. a 30.9% 

median incidence of BPD in other similar NICUs throughout the U.S (in the subgroup) (VON 

Database, 2011-2020).  

A standardized approach to extubation has been linked to decreased ventilator days, reduced 

unnecessary adverse effects of prolonged mechanical ventilation, improved post extubation 

evaluation and management, improved extubation safety, and improved rates of extubation 

success or avoidance of the need for reintubation (Dassios et al., 2020; Eissa et al., 2020; 

Ferguson et al., 2017; Mandhari et al., 2019; Nakato et al., 2017; Robbins et al., 2015; & 

Spasojevic & Doronjski, 2018). In the pre-implementation period, this NICU lacked a 

standardized guideline to address extubation readiness and the extubation process for preterm 

infants ≤ 32 6/7 weeks gestation. Evaluation of extubation readiness was at the discretion of the 

individual provider. The pre-implementation process state is displayed in Figure 1, while the 

desired state with the intervention is displayed in Figure 2. The purpose of this Quality 

Improvement (QI) project was to implement and evaluate the effectiveness of an extubation 

readiness guideline in preterm infants ≤ 32 6/7 weeks gestation in a mid-Atlantic level IV NICU, 

with the intention to reduce ventilator days for this population. 

Literature Review 

This literature review focused on methods in the literature utilized to support successful 

extubation of the infant (Tables 1 & 2). A systematic review with meta-analysis for successful 

extubation, multiple mechanical ventilation cohort studies, extubation bundles, extubation 

protocols, extubation guidelines; all specific to neonatal patients and/or preterm infants; were 
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analyzed for this QI project. Specifically, in a systematic review with meta-analysis, of 47 

studies in a qualitative synthesis and 34 studies in a meta-analysis, Ferguson at al. (2017) found 

that for preterm infants < 37 weeks gestation, noninvasive respiratory support is beneficial post 

extubation and Methylxanthines reduce extubation failure.  

In a QI initiative, Eissa et al., (2020) found that the use of an extubation bundle with 

specific components, for preterm infants ≤ 30 weeks gestation, could predict successful 

extubation. With use of an extubation protocol, Mandhari et al. (2019) found that a two-stage 

extubation readiness testing protocol was statistically significant in its effectiveness to reduce 

extubation failure rate, without increasing days of intubation, in preterm infants ≤ 32 6/7 weeks. 

Both Eissa et al., (2020) and Mandhari et al. (2019) had large sample sizes to ultimately show 

improved extubation success through the use of a bundle or algorithm.  

Dassios et al. (2020) conducted an adequately powered cohort study which found tidal 

volumes > 4.5 mL/kg as statistically significant for predicting successful extubation of ventilated 

infants < 32 weeks gestational age. Dassios et al. (2020) also utilized guidelines for considering 

extubation as well as specific reintubation criteria for consideration. In a small cohort study, 

Nakato et al. (2018) found that in premature infants 24 weeks- 36 weeks 6/7 days gestational 

age, Caffeine and continuous positive airway pressure (CPAP) are important in avoiding need for 

reintubation. Robbins et al. (2015) found through a cohort study of intubated premature infants < 

27 weeks gestation, earlier day of life of first extubation attempt was associated with shorter 

length of stay and decreased likelihood of developing BPD. Spasojevic & Doronjski (2018) 

identified specific associations with extubation failure and identified specific reintubation criteria 

in a small cohort study of very low birth weight infants < 1.5kg. Dassios et al., 2020; Nakato et 

al., 2018; Robbins et al., 2015; & Spasojevic & Doronjski, 2018; all collectively utilized specific 

https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Al%20Mandhari%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31667334


  

IMPLEMENTATION OF AN EXTUBATION READINESS GUIDELINE                              6 

extubation criteria and specific reintubation criteria in cohort studies, to demonstrate improved 

outcomes for intubated preterm infants. 

Overall, the most recent evidence-based practice (EBP) supported that use of an 

extubation readiness guideline for preterm infants will aid in a decreased number of ventilator 

days. Based upon seven collective sources of  level one to four grade A to C evidence, use of a 

standardized extubation readiness guideline decreased ventilator days, reduced unnecessary 

adverse effects of prolonged mechanical ventilation, included specific criteria for extubation, 

improved post extubation evaluation and management, improved extubation safety, and 

improved rates of extubation success or avoided need for reintubation (Dassios et al., 2020; Eissa 

et al., 2020; Ferguson et al., 2017; Mandhari et al., 2019; Nakato et al., 2017; Robbins et al., 

2015; & Spasojevic & Doronjski, 2018).  

Theoretical Frameworks 

As displayed in Figure 3, The Theory of Planned Behavior by Ajzen (1991) placed focus 

on attitudes towards the behavior, subjective norms, and perceived behavioral control. A central 

factor in this theory was that an individuals’ intention to perform a given action is influenced by 

motivational behaviors (Ajzen, 1991). For this QI project, motivational tactics to promote use of 

the new guideline included data reporting, presence of change champions on the unit, and 

educational visuals. Ajzen (1991) also noted in this theory that opportunities and resources often 

contribute to the success of the performed behavior. The Extubation Readiness Guideline 

included prompts and reminders to initiate team decision making and options to consider for 

extubation (Appendix A). The guideline also listed references utilized for relevant EBP support. 

In the Theory of Planned Behavior, Ajzen (1991) further mentioned that intentions and 

perceptions of control interact in the prediction of behavior. It is noted in the theory that the 
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greater the favorable social pressure and the greater the perceived behavioral control, the greater 

the intention to perform a given behavior (Ajzen, 1991). For this QI project, education regarding 

the guideline was presented to all staff at the same time to create equal opportunity and group 

consensus. Change champions also served as key personnel in promoting favoritism of the 

guideline. The guideline further allowed for behavior control, as some of the elements in the 

guideline remained at the discretion of the provider. A modified figure of Ajzen’s theory, with 

applicability to the implemented guideline, is shown in Figure 4.  

A presented in Figure 5, The Framework for Complex Innovations described by Helfrich 

et al. (2007) focused on innovation, champions, management support, available financial 

resources, implementation policies and practice, implementation climate, and implementation 

effectiveness. Helfrich et al. (2007) emphasized coordinated use of complex innovations by 

multiple organization members. For this QI project a committee was formed to create a strong 

communication network involving champions, management, and various levels of staff. Best 

practice literature supported the implementation of a guideline into practice, an implementation 

climate of shared importance for the change, and goal achievement. Employee training was 

emphasized to achieve buy-in for the necessity of the guideline. Helfrich et al. (2007) 

additionally discussed the need for prioritizing roles or tasks within the organization. For this QI 

project, the bedside nurse (RN) held primary responsibility in completing the bedside checklist, 

for engaging team members in guideline use and adherence (Appendix B). Providers, respiratory 

therapists (RTs), and nursing held joint responsibility in reviewing guideline criteria, ensuring 

extubation preparation, and expressing any patient concerns. These efforts created joint 

initiatives for a collective vision and goal of timely and appropriate extubation. A modified 

figure of Helfrich’s Framework, specific to this QI project, is displayed in Figure 6. 
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Methods 

This 49-bed level IV NICU provides 24 hour care to infants ages 23 weeks gestational 

age to one year of age. This unit employs approximately 150 NICU nurses, 32 NICU respiratory 

therapists, as well as 48 designated NICU providers (21 attendings, 18 nurse practitioners, and 

nine fellows). For this QI project, all intubated preterm infants ≤ 32 6/7 weeks gestational age 

were included regardless of their demographics. To avoid contributing factors and 

inconsistencies, criteria for exclusion from the practice change was limited to premature infants 

≤ 32 6/7 weeks gestational age with a known: complex/extensive cardiac defect, congenital 

craniofacial anomaly, neurological syndrome or other syndrome affecting respiratory status, 

and/or known airway abnormality. Infants intubated solely to receive in and out surfactant, 

intubated for < 22 hours, infants with an unplanned extubation(s), and intubated infants meeting 

criteria but transferred to another facility were also excluded.  

The evidence-based intervention implemented for this QI project was an Extubation 

Readiness Guideline (Appendix A). The key elements included in the guideline were: patient 

inclusion/exclusion criteria, sedation review, vital sign analysis, blood gas and oxygen 

requirement threshold, Caffeine use, patient assessment, provider orders, feeding 

recommendations, equipment and staff preparation, minimal patient handling, documentation, 

and patient follow-up and reportable events. Led by the QI project lead (QI-PL), the formation of 

a multidisciplinary committee (compromised by RTs, RNs, nursing leadership, and providers) 

was utilized to guide the development of the guideline specific to this NICU’s needs, facilitate 

staff education, perform EHR chart audits (Appendix C), and develop a team of unit-based 

champions. The unit’s pre-implementation process is displayed in Figure 1, while the desired 

state with the intervention (post-implementation process) is displayed in Figure 2. The pre-
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implementation period (six weeks) and post-implementation period (11 weeks) of this QI project 

occurred over a 17-week period in the fall of 2021. This project was approved by both university 

and hospital institutional review boards and deemed non-human subjects quality improvement. 

Structure, process, and outcome measures used to track implementation progress and 

impact included: staff education completion, guideline availability, guideline use, ventilator 

days, time to first extubation, patient’s intubated for > 28 days, and need for reintubation 

(Appendix D). Initial implementation strategies and tactics included: an educational staff 

PowerPoint (Appendix E), an educational post-test (Appendix F), committee formation with 

project champions, and committee meetings. Post-implementation strategies and tactics included: 

committee meetings, unit signage (Figure 7), bedside visuals and catchy slogans (Figures 8-9), 

email reminders, staff newsletter notices with visuals (Figures 7-10), staff meeting 

announcements, food and treats, safety work group meeting presentations, guideline uploading 

into the unit SharePoint site, additional copies of relevant forms in a storage room for champions 

to distribute and access if necessary, direct verbal feedback, and a hard copy of the guideline at 

every patient bedside in the bedside reference. Additional strategies and tactics added towards 

the end of project post-implementation (to promote continued guideline adherence) included 

emailed meeting minutes, paper copies of the guideline and bedside checklist placed in the 

bedside rounding script folder for applicable patients, assistance from the rounding nurse, and 

use and presentation of run charts and data. Specific adjustments to strategies and tactics during 

post-implementation included: the addition of more eye-catching visuals, individually targeted 

email reminders and feedback, and weekly communication with champions. 

Individual chart audits performed by the QI-PL, in a private locked office, were used as 

the primary patient data collection method. Recorded patient information included patient: 
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coded/assigned number, gestational age, corrected age, birth weight, current weight, gender, 

ventilator days, days to first extubation attempt, need for reintubation, checklist received, 

guideline used, patient qualified for guideline use, and exclusion diagnosis if applicable 

(Appendix D). Staff education data, patient data, and the chart audit data were all completed and 

analyzed weekly by the QI-PL in an Excel data management file, on a password protected and 

encrypted computer (Appendix D). Run Charts were used to analyze data on a weekly basis in 

order to identify trends. All data entered into the Excel file was coded, for patient and staff 

privacy protection. The Checklist for Extubation Readiness Guideline Use, the Champion Chart 

Audit Tool for Extubation Readiness Guideline Use, and the Patient Code Key and Staff Code 

Key were completed as paper documents (Appendix G). These paper documents were stored in a 

private locked office in a locked cabinet. All paper documents were destroyed at project 

completion.  

Results 

Based on six weeks of pre-implementation EHR chart audits of the nine eligible patients 

in this NICU, 44% of preterm infants ≤ 32 6/7 weeks gestation were intubated for > 28 days, 

averaged 23 days on a ventilator, averaged 22 days to the first extubation attempt, and 11% 

required reintubation within 72 hours (n=1) (Table 3).  

Post-implementation, a positive trend in rolling education completion was indicated by 

78% of staff completing education by project completion (Figures 11 & 12). The target project 

goal for education completion was 100%. Post-implementation, the guideline was utilized and a 

checklist was received for 100% of the six applicable patients (Figure 13). Post-implementation 

adherence with guideline use, obtained via EHR chart audits by the QI-PL, was 91% (Figure 14). 

The target goals for guideline utilization, checklist completion, and guideline adherence were 
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100%. Post-implementation, 33% of preterm infants ≤ 32 6/7 weeks gestation were intubated for 

> 28 days, averaged 22 days on a ventilator, averaged 18 days to first extubation attempt, and 

33% required reintubation within 72 hours (n=2) (Table 3). There was a decrease in need for: 

intubation > 28 days, average total ventilator days, and days to first extubation attempt post-

implementation. Post-implementation, there was a slight increase in the need for reintubation. 

The target goals for all of these outcome measures were 0 days or 0%. As displayed via run 

chart, weeks fourteen through seventeen of the post-implementation period began to display a 

decreased percentage of days to first extubation attempt vs. total ventilator days for patients, 

associated with earlier attempts at first extubation (Figure 15). More specifically, during the 

post-implementation period, preterm infants 28 weeks gestational age to 32 6/7 weeks 

gestational age averaged 3 days on a ventilator, a marked improvement (Table 3 & Figure 16).  

Facilitators in achieving intended outcomes included the strategies and tactics previously 

mentioned. Improved champion communication, assistance from the rounding nurse, and 

continued distributed of the guideline, were particularly helpful in sustaining: checklist 

completion, guideline adherence, improved patient outcomes, and project interest. Project 

barriers included: many staff to educate, staff turnover, project time constraints, competing unit 

projects, the use of paper documents, and patient acuity. Information listed on the paper patient 

checklists, completed by bedside nursing, was often inaccurate when compared to patient EHR 

documentation and results reviewed by the QI-PL. As a result, data obtained from QI-PL EHR 

chart review was primarily used for reporting accuracy (Table 4). The small sample size, quality 

improvement nature of this project, and project timeline limited the generalizability of all project 

findings. Other notable limitations included competing unit projects and a large number of staff 

to educate. 
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Discussion 

Key findings for the targeted population in this QI project were an associated decrease in: 

total ventilator days, length of intubation > 28 days, and average days to first extubation attempt 

post-implementation (Figure 16). Particularly, a notable decrease in ventilator days, by 22 days, 

for preterm infants 28 weeks gestational age to 32 6/7 weeks gestational age was seen post-

implementation. This QI project showed improvement in length of intubation through use of a 

guideline, as consistent with other literature demonstrating use of specific criteria (in a bundle, 

parameters, or protocols) for successful extubation of the neonate (Eissa et al., 2020; Mandhari et 

al., 2019; Nakato et al., 2017). Strengths of the implemented guideline included the incorporation 

of: pharmacological interventions, non-pharmacological interventions, teamwork, patient 

assessment, and outlined procedures and criteria into a single point of reference. Caffeine 

administration prior to extubation for applicable patients, for example, was notably improved 

post-implementation through guideline use and adherence.  

Although need for reintubation increased during the post-implementation period, this was 

1 patient pre-implementation vs. 2 patients post implementation, due to the small number of 

patients acquired for this QI project. However, literature does suggest that early first extubation 

attempts reduce length of stay, even if reintubation is necessary (Robbins et al., 2015). The small 

number of patients observed pre and post implementation limited overall associations, as well as 

anticipated outcomes for this QI project. However, patient demographics were very similar pre 

and post intervention (Table 5), allowing for general comparisons by gestational age, pre and 

post intervention. Additionally, as previously mentioned, information recorded by bedside 

nursing on the paper checklists, was often inaccurate when compared to patient EHR 

documentation. Bedside nursing often reported that vital signs were documented per guideline 
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recommendations, when in fact this documentation was not recorded in the EHR. Bedside 

nursing also inaccurately reported lab values, including last recorded pH and patient Oxygen 

requirement in the EHR. Possible explanations for these inaccuracies may have included the high 

patient acuity and ongoing staffing shortages in this NICU. 

Conclusions 

A standardized guideline for extubation readiness may reduce number of ventilator days, 

days to first extubation attempt, and need for intubation > 28 days, for infants ≤ 32 6/7 weeks 

gestation in the NICU. Ongoing staff education, multidisciplinary cooperation, and EHR audits 

for guideline compliance are necessary for long-term change and sustainability. EHR integration, 

with a trigger of the guideline for referencing on applicable patients; is essential to promote use, 

ease of use, and awareness of the guideline. Use of a bedside paper checklist may not be a 

sustainable practice, as staff notations were often conflicting or inaccurate when reviewing data 

in the patient’s EHR. Paper checklists also risk becoming misplaced. 

Mechanisms for project sustainability include: continual guideline revisions from staff 

feedback and new EBP, keeping the hard copy of the guideline at every patient bedside in the 

bedside reference, educating new hires, allowing all staff members access to the guideline on the 

unit SharePoint site, QI-PL and champion presence on the unit, and work group continuation. 

Future projects and follow-up are necessary to explore extubation readiness in the NICU, as well 

as reduction in annual BPD rates. Relevant 2021 VON data will be reviewed and shared when 

available. Reporting of relevant outcome data to staff should be continued annually, at a 

minimum. Shifting guideline ownership into a previously established workgroup would be 

recommended for similar projects as well. 
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Table 1 

Evidence Review Table (For Implementation of an Extubation Readiness Guideline for Preterm Infants) 

Citation: Dassios, T., Williams, E., Ambulkar, H., Shetty, S., Hickey, A., & Greenough, A. (2020). Tidal volumes and outcome of 

extubation in mechanically ventilated premature infants. American Journal of Perinatology, 37(2), 204-209. 

https://www.doi.org/10.1055/s-0039-1696714 

LEVEL: 4 

Quality: B 

Hypothesis “Premature infants who fail extubation are ventilated with lower tidal volumes (VTs) at extubation compared with the ones who 

successfully wean off mechanical ventilation.” 

Design 2 center (King's College Hospital (KCH) & St George's University Hospital (SGUH); London, United Kingdom), prospective, 

observational, cohort, February-September 2018 

Sample 

 

Sampling Technique: Consecutive, purposive sampling 

Eligible Participants: 93 ventilated infants <32 weeks gestational age, without congenital anomalies 

Excluded: 37/93 not included due to: unavailability of study team, transferred out, death before extubation 

Accepted: 56 infants (29 male, 27 female; 30 at KCH, 26 at SGUH) 

Successfully Extubated Group: 36 infants  

Failed Extubation Group: 20 infants  

Was the Study Adequately Powered? Yes 

Power Analysis: 95% power at the 1% level (for 15 infants in each group) 

Group Homogeneity: successfully extubated infant characteristics did not differ significantly compared to failed extubation infants 

characteristics (birth weight z-score p=0.388, fraction of inspired oxygen (FiO2) at extubation p= 0.053, Mean arterial pressure at 

extubation p= 0.456, incidence of Patent Ductus Arteriosus p= 0.242) 

Intervention Study Protocols: Local guidelines at both centers did not specify the targeted VT at extubation but recommended VT 5-7 mL/kg 

extubation considered if: FiO2<0.4, blood gases pH >7.25 & PaCO2<65 mm Hg, infant breathing rate above set ventilator rate, sedation 

discontinued at least 12 hours before extubation, infant receiving caffeine at standard maintenance dose 

specific reintubation criteria: respiratory acidosis (pH < 7.25 & PaCO2 > 65 mm Hg), significant apnea requiring bag & mask ventilation, 

frequent episodes of apnea requiring stimulation, FiO2 > 0.6 to maintain saturations 91-95% 

Treatment Fidelity: infants ventilated with 2.5 mm or 3.0 mm endotracheal tube, infants on volume-targeted patient-triggered assist 

control with the SLE6000 neonatal ventilator or the Stephanie Pediatric Ventilator, ventilator trigger sensitivity set at 0.4-0.6 L/min, 

ventilators compensated for endotracheal tube leak, mode of support post extubation at discretion of medical team, specific criteria for 

consideration of extubation (as mentioned above) 

Outcomes DV: Need for reintubation within 72 hours of extubation, VT at extubation 

DV Measurement Method and Time: pre-extubation mean value of VT over 10 minutes was prospectively calculated and recorded (hand 

copied from the ventilator display screen by the medical team), infants studied prospectively within 4 hours before extubation 

Results Statistical Results: VT > 4.5 mL/kg predicted successful extubation with 82% sensitivity & 58% specificity (area under the curve = 0.786, 

adjusted p= 0.022, confidence intervals (CIs) 1.07–2.34) 

Statistical Procedure: factors statistically different were inserted into binary multivariate regression, differences between infants who 

failed extubation & infants who succeeded were assessed for statistical significance using Mann-Whitney's rank-sum test or chi-square 

test, data tested for normality using Kolmogorov-Smirnoff's test 

https://www.doi.org/10.1055/s-0039-1696714
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Primary Outcome: success of extubation 

Clinical Significance: extubation failure has been associated with numerous clinical parameters, prolonged mechanical ventilation is 

injurious & too early extubation risks respiratory failure and/or reintubation  

Conclusions: unadjusted-for-weight VT can predict the outcome of extubation with moderate sensitivity & specificity, extubating from 

low unadjusted VTs is associated with extubation failure, successful extubation in prematurely born infants is associated with ventilation 

with higher VTs 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation: Eissa, A., Rifai, H. A. Abdelmaaboud, M., Eldakrouri, A., Santos, J., Pastoral, G., Furigay, J., & Girish, S. (2020). Use of 

extubation bundle including modified spontaneous breathing trial (SBT) to reduce the rate of reintubation, among preterm neonates ≤ 30 

weeks.  Journal of Neonatal-Perinatal Medicine, 13, 359–366. https://www.doi.org/10.3233/NPM-190236  

LEVEL: 4 

Quality: B 

Hypothesis  “extubation bundle including modified SBT prior to extubation can independently predict successful extubation in preterm babies ≤ 30 

weeks gestation” 

Design Quality improvement project of prospective use of an extubation bundle in the Women’s Wellness and Research Center (WWRC) NICU 

(tertiary level care unit, 110 beds (tiny baby unit, intensive care unit, & intermediate care unit); Doha, Qatar; January 2015- December 

2017 

Sample 

 

Sampling Technique: purposive 

Eligible Participants: preterm infants ≤ 30 weeks gestation subjected to mechanical ventilation & extubation   

Excluded: none 

Accepted: 465 premature infants 24-≤30 weeks gestational age; divided into 2 groups- group 1 was 245 premature infants 24-≤27 weeks  

gestational age & group 2 was 220 premature infants >27-≤ 30 weeks gestational age  

Power Analysis: Not reported 

Group Homogeneity: No statistically significant differences in gestational age (p=0.2767), mode of delivery (p=0.06345), use of 

antenatal steroids (p=0.1009), APGAR scores (p=1.03), age at extubation (p=0.5161), surfactant doses administered (p=0.3616), & use of 

caffeine therapy between those who failed extubation & those who were successfully extubated 

There were statistically significant differences between groups regarding birth weight (p=0.00159) & gender (p=0.02905) 

Intervention Study Protocols:  

modified 10 minute SBT performed when ventilated infant met criteria for extubation as outlined in the extubation bundle (guideline and 

algorithm) 

Plan, Do, Study, Act (PDSA) cycle process utilized 

Specified indications for reintubation: >1 episode significant apnea requiring intervention in 8 hours, respiratory acidosis (PaCO2 >65 mm 

Hg & pH < 7.25), and/or   FiO2 ≥ 60% to maintain SpO2 90–95%  

Extubation success: if remained without invasive ventilatory support for 24 hours 

Extubation failure: if need for reintubation for any reason within 24 hours after extubation 

Treatment Fidelity: Mechanical ventilation using Dragger VN 5000 & SLE 5000 ventilators, gestational age determined by ultrasound or 

the date of the mother’s last menstrual period & new Ballard maturational score   

Outcomes DV: successful extubation (number of infants successfully extubated) & value of the modified SBT in determining extubation success 

DV Reliability, Measurement Method and Time: the extubation bundle with modified SBT predicted success of extubation with 95% 

sensitivity & 90.4% positive predictive value in group 1 & 95.3% sensitivity and 90% positive predictive value in group 2, all data was 

recorded in the standard medical chart by care providers in real time, provider compliance rate with the extubation bundle was 95% 

Who and How Conducted the Measurement: the medical team completed various statistical analyses of the complied data 
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Results Statistical Results: extubation failure rate of 5% with the use of this bundle compared to reported rates of 20–22% in the premature infant 

population  

Statistical Procedure: analyses using Excel & OpenEpi (Version 3) & open source calculator, t-tests & chi-square tests, statistical 

significance p <0.05 

Primary Outcome: successful extubation (number of infants successfully extubated) & value of the modified SBT in determining 

extubation success 

Secondary Outcomes: bundle compliance 

Clinical Significance:  Prolonged mechanical ventilation &endotracheal intubation may be associated with ventilation-associated 

pneumonia, pneumothorax, BPD, & periventricular hemorrhage. Guidelines for extubation among premature babies are needed to reduce 

unnecessary adverse effects of mechanical ventilation. 

Conclusions: The use of an extubation bundle with modified SBT, prior to elective extubation, may be used in predicting successful 

extubation in premature babies.  

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation: Ferguson, K. N., Roberts, C. T., Manley, B. J., & Davis, P. G. (2017). Interventions to improve rates of successful extubation in 

preterm infants a systematic review and meta-analysis. JAMA Pediatrics, 171(2), 165-174. 

https://www.doi.org/10.1001/jamapediatrics.2016.3015 

LEVEL: 1 

Quality: B 

Purpose  “To conduct a systematic review (SR) and meta-analysis of interventions to improve rates of successful extubation in preterm infants” 

Design Cochrane SR with meta-analysis 

Sample 

 

Search Strategy: utilized methods of the Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. 7; PubMed, The 

Cochrane Library, & reference lists of included articles were searched; the PubMed search strategy utilized MESH terms “infant”, 

“premature”, “low birth weight”, “newborn”, “airway”, “extubation”, “intubation”, “intratracheal”, “ventilator”, “weaning”, “randomized 

controlled trial”; titles & abstracts of all retrieved articles (1,379) were screened independently by 2 investigators 

Eligible Studies: 50 included in qualitative synthesis (3 ultimately excluded due to unacceptably high risk bias), 34 included in meta-

analysis 

Excluded Studies: studies reporting intubation solely for surfactant administration followed by rapid extubation, study protocols, cohort 

studies, retrospective studies, review articles, abstracts, editorials, animal studies; 100 full text assessed for eligibility with 50 full-text 

excluded (16 test predicting extubation readiness, 11 not randomized clinical trial, 11 extubation failure not an outcome, 8 extubation not 

planned, 2 study groups not comparable, 1 not in English, 1 intubation solely for surfactant administration) 

Included Studies: randomized clinical trials (RCTs) published in English, enrolled intubated preterm infants  < 37 weeks gestation, & 

reported 1 or both primary outcomes 

PRISMA: detailed inclusion/exclusion criteria for SR & meta-analysis 

Intervention Control and Intervention Parameters for the Selected RCTs: 

Control: varied: protocol for standard of care, mode of ventilation (room air, HFNC, CPAP, NIPPV, BiPAP, head box oxygen), 

medication (Methylxanthine dosage) 

Intervention: varied: mode of ventilation (HFNC, CPAP, NIPPV, BiPAP), medication (Methylxanthine use or dosage, Corticosteroid use, 

Doxapram use), chest physiotherapy 

Outcomes DV: Investigators selected articles with primary outcomes of treatment failure and/or reintubation (both within 7 days of extubation) 

Measure: Presence of an endotracheal tube & need for mechanical ventilation within 7 days of extubation  

https://www.doi.org/10.1001/jamapediatrics.2016.3015
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Results Levels of Measurement: Additional analyses performed using the Cochrane Review process (Revman, version 5.3); Consistent with 

recommendations made by the Cochrane Neonatal Review Group, a fixed-effects model was used; Where significant heterogeneity 

between studies was detected (I² >50%), an additional random-effects analysis was undertaken; Outcomes reported as risk ratio (RR), risk 

difference (RD), & where a significant difference exists, number needed to treat (NNT), RR, & RD presented as point estimate with 95% 

CI 

Outcome Data Retrieval: Investigators pooled data from selected articles & past Cochrane Reviews 

Outcome Data Analysis:  

Cochrane Review meta-analysis of 8 studies, with the addition of Kahramaner et al.: any mode Nasal intermittent positive pressure 

ventilation (NIPPV) or Biphasic positive airway pressure (BiPaP) yielded significant reduction in respiratory failure compared with  

Continuous positive airway pressure (CPAP) (RR 0.70, CI 0.60-0.81, RD −0.13, CI −0.18 to −0.08,  NNT 8, CI 5-13, I² 66%) 

Methylxanthines reduced extubation failure (RR 0.48, CI 0.32-0.71, RD −0.27, CI −0.39 to −0.15, NNT 4, CI 2-7, I² 0%)  

Cochrane Review 9 studies: CPAP reduced extubation failure compared with head-box oxygen (RR 0.59, CI 0.48-0.72, RD −0.19, CI 

−0.26 to −0.12, NNT 6, CI 3-9, I² 46%)  

NIPPV or BiPaP use associated with significantly reduced reintubation need (RR 0.74, CI 0.64-0.85, RD −0.10, CI −0.15 to −0.05, NNT 

10, CI 6-20, I² 51%) 

3 studies: Nonsynchronized NIPPV/BiPaP associated with significantly reduced extubation failure (RR 0.64, CI 0.44-0.95, RD −0.13, CI 

−0.24 to −0.02, NNT 8, CI 4-50, I² 12%) 

5 studies in Cochrane Review: Synchronized NIPPV associated with significantly reduced extubation failure (RR 0.25, CI 0.15- 0.41, RD 

−0.33, CI −0.43 to −0.23, NNT 4, CI 2-5, I² 0%) 

7 studies: NIPPV use associated with significant decrease extubation failure (RR 0.28, CI 0.18-0.43, RD −0.28, CI −0.36 to −0.20, NNT 4, 

CI 2-5, I² 0%) 

Pooled analysis: no difference between High-flow nasal cannula (HFNC) & CPAP in treatment failure (RR 1.11, CI 0.84-1.47, RD 0.02, 

CI −0.04 to 0.09, I² 55%) or reintubation need (RR 0.94, CI 0.68-1.31, RD −0.01, CI −0.06 to 0.04, I² 64%) 

NIPPV superior to CPAP in preventing extubation failure (RR 0.70, CI 0.60-0.81, NNT 8, CI 5-13) 

HFNC & CPAP had similar efficacy (RR 1.11, CI 0.84-1.47) 

7 studies: Corticosteroids & chest physiotherapy associated with significant adverse effects & questionable safety 

3 studies: Corticosteroids did not reduce reintubation need when random-effects model used (RR, 0.20; 95% CI, 0.04-1.11; RD, −0.08; 

95% CI, −0.23 to 0.07) 

1 Study: Doxapram did not aid successful extubation (RR 0.80, CI 0.22-2.97, RD −0.05, CI −0.36 to 0.26) 

Conclusions: Preterm infants should be extubated to noninvasive respiratory support. Caffeine should be used routinely.   

Bias Risk: Generally low; Risk of bias assessed using the Cochrane Collaboration tool; there was inconsistent definition of “respiratory 

failure” as well as instances of I² >50% throughout, yet in most cases random-effects & subgroup analyses did not change conclusions 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation:  Mandhari, H. A.,  Finelli, M.,  Chen, S., Tomlinson, C. , & Nonoyama, M. L. (2019). Effects of an extubation readiness test 

protocol at a tertiary care fully outborn neonatal intensive care unit. Canadian Journal of Respiratory Therapy, 55, 81-88. 

https://www.doi.org/10.29390/cjrt-2019-011 

LEVEL: 4 

Quality: B 

Purpose “an evidence-based extubation readiness testing protocol to standardize the process (with objective measures), improve extubation rates, & 

promote earlier liberation from mechanical ventilation” 

https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Al%20Mandhari%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Finelli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Chen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Tomlinson%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Nonoyama%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
https://www.doi.org/10.29390/cjrt-2019-011
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Design longitudinal retrospective chart review of intubated infants admitted 1 year prior (February 2012-February 2013) & 1 year after (February 

2014-February 2015) extubation readiness testing protocol implementation at The Hospital for Sick Children (SickKids) 36-bed level III 

fully outborn NICU; Toronto, Ontario 

Sample 

 

Sampling Technique: Purposive 

Eligible Participants: All intubated infants (intubated at day of life 1), admitted to the NICU 1 year prior (Group 1) & 1 year after (Group 

2) extubation readiness testing protocol implementation 

Eligible Participants: 820 infants (Group 1=397 infants, Group 2=423 infants) 

Included Participants: 589 infants total (Group 1=294 infants, Group 2=295 infants) 

(84 infants were ≤32 6/7 weeks (with 46 in Group 1 & 38 in Group 2)) 

(32.9% of infants were 23–32 6/7 weeks in Group 1 & 28.4% of infants were 23–32 6/7 weeks in Group 2), (21.4% of infants were 33–36 

6/7 weeks in Group 1 & 27.4% of infants were 33–36 6/7 weeks in Group 2), (44.8% of infants were ≥37 weeks in Group 1 & 44% of 

infants were ≥37 weeks in Group 2) 

Excluded Participants: 231 infants (Group 1=103 infants (11 unplanned extubations, 28 airway abnormalities, 34 palliative care, 28 

transferred, 2 missing data); Group 2=128 infants (18 unplanned extubations, 20 airway abnormalities, 42 palliative care, 15 transferred, 26 

SBT not documented, 7 missing data)) 

Power Analysis: Not reported 

Group Homogeneity: No significant difference between the 2 groups for sex (p=0.39), gestational age (p=0.38), birth weight (p=0.72), 

weight at extubation (p=0.88), FiO2 prior to extubation (p=0.17), and main diagnosis category, for all infants and for preterm infants ≤32 

6/7 weeks intubated at day of life 1 

Intervention Study Protocol: 2-stage extubation readiness testing consisting of 3 minutes CPAP followed by 7 minutes CPAP & pressure support, the 

extubation readiness testing protocol was combined with the ventilation algorithm for the unit, documentation was incorporated into the 

electronic medical record, only the 1st planned extubation was included for each patient, March 2013-January 2014 was a transition and 

educational period in which no data was included or collected 

Exclusion Criteria: unplanned extubation, airway abnormalities, tracheostomy, transferred to another unit with an endotracheal tube in 

place, extubated for palliative care, no electronic medical record documentation of the extubation readiness testing, active necrotizing 

enterocolitis with decompensation, surgical contraindications, muscle relaxed patient, labile/unstable patient, severe cardiac abnormality 

(i.e. single ventricle) 

Relative Contraindication Criteria: tension pneumothorax, sepsis, seizure, neuromuscular disorder, recently placed on high-frequency 

ventilation, or need for increasing pain management/sedation affecting respiration 

Treatment Fidelity: all intubated infants assessed for spontaneous breathing trial eligibility by respiratory therapy twice per day between 

8-10 am & 8-10 pm, baseline patient demographic data collected by 6 volunteer respiratory therapy students 

Outcomes DV: extubation failure (requiring re-intubation within 72 hours) 

DV Measurement Method and Time: collected by the principle investigator through retrospective chart review of the patients’ electronic 

medical record 

Who and How Conducted the Measurement: data was recorded in real time by the medical team 

Results Statistical Results: For all patients, extubation failure decreased from 9.9% to 4.1% with use of the extubation readiness testing protocol 

(p= 0.006) 

Extubation failure in the preterm subgroup decreased from 21.7% to 2.6% with use of the extubation readiness testing protocol (p= 0.01) 
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Statistical Procedure: p < 0.05 considered statistically significant, 2-sample t-test for normally distributed continuous variables, Wilcoxon 

2-sample test for non-normally distributed continuous variables, χ2 test for categorical variables, univariate & multiple logistic regression 

analysis, statistical analyses using SAS 9.4 

Primary Outcome: use of the extubation readiness testing protocol significantly reduced extubation failures 

Clinical Significance: 20%-35% of preterm infants fail their 1st extubation attempt, this interprofessionally developed NICU extubation 

readiness testing protocol was effective at reducing extubation failure rate, infants were about 2.5 times more likely to have extubation 

failure during the period when no extubation readiness testing protocol existed (compared with when one existed) 

Conclusions: A 2-stage extubation readiness testing protocol was effective at reducing extubation failure rate, without increasing days of 

intubation, in preterm infants 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation: Nakato, A. M., Cavalcante da Silva, R., & Filho, N. R. (2018). Analysis of respiratory behavior and clinical parameters for 

successful extubation in premature infants. International Journal of Pediatrics, 6(9), 8215-8223. 

https://www.doi.org/10.22038/ijp.2018.31384.2774 

LEVEL: 4 

Quality: C 

Purpose  “to investigate the respiratory parameters and clinical conditions associated with extubation success in premature babies” 

Design observational cohort study, Hospital de Clínicas NICU (Curitiba, Brazil), July 2014-November 2016 

Sample 

 

Sampling Technique: convenience, purposive 

Eligible Participants: 177 premature infants 24 weeks-36 weeks 6 days gestational age & requiring invasive mechanical ventilation 

(IMV) on 1st day in NICU 

Excluded: 125 premature infants with: neurological impairment or syndrome, severe hemodynamic instability, airway malformation, 

accidentally extubated, transferred to other hospitals, early death, big instabilities & inability to obtain consent from parents  

Accepted: 51 premature infants 

Successfully Extubated Group: 39 premature infants  

Failed Extubation Group: 6 premature infants  

Attrition: 6 premature infants (died before 1st extubation attempt) 

Was the Study Adequately Powered? No, small sample size 

Power Analysis: Not reported 

Group Homogeneity: Gestational age, weight, & temperature were similar in both groups; presence of RDS was high in both groups 

(success group 82.05%, failure group 100%) 

Intervention Study Protocols: criterion for extubation followed those recommended by the Manual of the Routine Practice of the Neonatal Intensive 

Care Unit/Hospital de Clínicas-Universidade Federal do Paraná (NICU/ HC-UFPR of 2014): regular spontaneous breathing & cough 

reflex, FiO2 ≤ 40% to maintain saturation ≥ 90%, peak inspiratory pressures (PIP) < 15-18 cm H2O, respiratory rate 15-20/min, pH >7.25,  

partial pressure arterial carbon dioxide (PaCO2) < 50 mmHg 

Considered, routine, intubation criteria: recurrent apnea associated with bradycardia (< 80-100/min) requiring a ventilation mask more than 

once every 12 hours, hypoventilation with pH < 7.25 & PaCO2 > 55-60 mmHg, hypoxemia with  partial pressure arterial oxygen (PaO2) < 

50 with an inspired fraction of oxygen (FiO2) 70%, anticipation of imminent cardiovascular collapse or ventilatory instability, frequent 

apneas even without the need for Positive Pressure Ventilation (PPV), newborn with necrotizing enterocolitis & the need for ventilatory 

support, periventricular or intraventricular hemorrhage, sepsis 

Treatment Fidelity: Failed extubation= need for reintubation within 72 hours of extubation, Puritan Bennett 840 ventilator used 

https://www.doi.org/10.22038/ijp.2018.31384.2774
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Outcomes DVs: Respiratory rate, heart rate, body temperature, incubator temperature, oxygen saturation, plateau pressure, positive end-expiratory 

pressure (PEEP), PIP, PaCO2, tidal volume, static compliance, dynamic compliance, FiO2, PaO2/FiO2, pH, PaO2, bicarbonate, base excess, 

end tidal of carbon dioxide (EtCO2), caffeine periextubation, CPAP post extubation 

DVs Reliability, Measurement Method, and Time: blood gas analysis samples analyzed with the GEM Premier equipment 3000 

(calibrated daily), EtCO2 measured by mainstream portable Capnometer Monitor, values of heart rate & oxygen saturation used the pulse 

oximetry monitor, analyses started on 1st day of the mechanical ventilation until removal of endotracheal tube, only data from 1st attempt 

extubation was included, data collected from the medical record 

Results Statistical Results:  

Statistical differences between success & failure groups: PEEP (p = 0.03), plateau pressure (p = 0.03), PaO2 (p = 0.04), pH (p = 0.04), 

EtCO2 (p = 0.01) & heart rate (p = 0.04) (successful group had values closer to reference values) 

Infants in failure group had lower pressure value & higher CO2 values, heart rate was higher in failed groups, use of caffeine 

periextubation during post extubation period was higher in success group (46.15%) vs. failure group (33.33%), CPAP during post 

extubation period was higher in success group (87.18%) vs. failure group (33.33%) 

Statistical Procedure:  Student’s paired t-test used to analyze differences between groups, Mann-Whitney test used for abnormally 

distributed variables, p-value < 0.05 considered significant 

Primary Outcomes: Parameters & clinical conditions for successful extubation 

Clinical Significance: Longer time requiring IMV= higher morbidity & mortality, ventilator parameters & clinical conditions related to 

extubation success & failure in premature infants are generally limited & unclear 

Conclusions: Pressure values, arterial blood gas analyses, & capnometry are important parameters to evaluate in the weaning process; 

Caffeine & CPAP are important to avoid need for reintubation 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation: Robbins, M., Trittmann, J., Martin, E., Reber, K. M., Nelin, L., & Shepherd, E. (2015). Early extubation attempts reduce length 

of stay in extremely preterm infants even if re-intubation is necessary. Journal of Neonatal-Perinatal Medicine, 8(2), 91-97. 

https://www.doi.org/10.3233/NPM-15814061 

LEVEL: 4 

Quality: C 

Hypothesis  “earlier extubation attempts would decrease length of hospital stay and bronchopulmonary dysplasia (BPD)” 

Design Prospective, observational cohort study, 10-bed small baby Level IV NICU at Nationwide Children’s Hospital (SBICU, in Ohio), 

1/1/2005-12/31/2008 

Sample 

 

Sampling Technique: purposive 

Eligible Participants: 224 premature infants <27 weeks gestation & intubated admitted to the SBICU 

Attrition: 62/224 premature infants died  

Accepted: 162/224 (87.5 % survival rate) 

Successfully Extubated Group (After 1st Attempt): 55 premature infants (38%) 

Failed Extubation Group (After 1st Attempt): 107 premature infants (66%)  

Power Analysis: Not mentioned  

Group Homogeneity: generally an all-referral small baby population with likely co-morbidities requiring specialized care, there were no 

statistically significant differences between all infants and infants surviving to discharge home 

Intervention Study Protocols:  intubation & extubation was not protocol-driven; interdisciplinary, family-centered, & guideline-driven approach to 

care; small baby guidelines offered limited general guidance on extubation & re-intubation 

Treatment Fidelity: only those discharged to home were included in the length of stay analysis, a standardized severity-based definition 

of BPD utilized  

https://www.doi.org/10.3233/NPM-15814061
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Outcomes DV: length of stay (days) 

DV Reliability: no significant differences were found in hospital outcome data compared between all patients & those surviving to 

discharge with t-test or χ2-analysis  

Results Statistical Results:   

Day of life of 1st extubation attempt correlated with the need for re-intubation (p < 0.001), but not with mortality (p = 0.27) 

In survivors, earlier day of life of 1st extubation attempt was associated with shorter length of stay (p < 0.001) 

Earlier day of life of 1st extubation attempt was associated with less need for supplemental oxygen at 36 weeks corrected gestational age (p 

< 0.001), while re-intubation was not (p = 0.50) 

Date of 1st extubation attempt was positively correlated with mechanical ventilation days (R = 0.62, p < 0.001) 

In survivors, day of life of 1st extubation attempt positively correlated with discharge day of life (R = 0.43, p < 0.001)  

Linear regression model suggests that for every day that 1st extubation attempt is postponed an additional $4,555 in hospital charges is 

incurred 

Statistical Procedure: Linear regression, Spearman rank order correlation  

Primary Outcomes: length of stay 

Secondary Outcomes: mortality 

Clinical Significance: 77% premature infants with birth weight < 1kg have BPD, prolonged mechanical is associated with BPD 

development, day of life of first extubation attempt was positively correlated with the length of mechanical ventilation, re-intubation did 

not correlate with development of BPD; there was an association between early first attempts at extubation and a lower need for 

supplemental oxygen at 28 days, supplemental oxygen at 36 weeks, need for intermittent positive pressure ventilation at 36 weeks, and 

need for nasal CPAP at 36 weeks  

Conclusions: earlier the first extubation = sooner patient discharged home & less likely to develop BPD, extubation should not be delayed 

in extremely premature infants due to fears of reintubation 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence 

Citation: Spasojevic, S., & Doronjski, A. (2018). Risk factors associated with failure of extubation in very-low-birth-weight newborns. 

The Journal of Maternal-Fetal and Neonatal Medicine, 31(3), 300-304. https://www.doi.org/10.1080/14767058.2017.1285884 

LEVEL: 4 

Quality: C 

Purpose  “To identify risk factors associated with the failure of extubation of mechanically ventilated very low birth weight (VLBW) newborns” 

Design Prospective, observational cohort study, NICU, 7/1/2015-12/1/2015 

Sample 

 

Sampling Technique: purposive 

Eligible Participants:  VLBW newborns (<1500 grams) subjected to invasive mechanical ventilation (MV) in the NICU 

Excluded:  major congenital anomalies, congenital heart disease, use of high-frequency ventilation, newborns accidentally extubated 

Accepted: 50 VLBW newborns 

Successfully Extubated Group: 36 VBLW newborns 

Failed Extubation Group: 14 VLBW newborns (28%) 

Was the Study Adequately Powered? No, small sample size 

Power Analysis: Not reported 

Group Homogeneity: 30 males (60%) & 20 females (40%),  

Caffeine used in 34 patients (68%), 27 patients (54%) ventilated with volume guarantee & 23 patients (46%) ventilated with pressure 

controlled support modes  
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Intervention Study Protocols:  Extubation attempted when: ventilator set to support mode with back-up rate 25, FiO2<35%, clinical hemodynamic 

stability (no inotrope use), regular respiratory drive, sedation stopped at least 12 hours prior to extubation 

Reintubate if 1 of the following criteria met: ˃6 apnea episodes requiring tactile stimulation over 6 hours and/or ˃1 apnea episode requiring 

manual ventilation, respiratory acidosis (pCO2>8.5 kPa and/or pH <7.25) & FiO2>60% (for target pulse oximetry saturation (SpO2)= 90–

95%) 

Spontaneous breathing test (SBT) was performed prior to extubation: patient switched to CPAP mode while on ventilator with unchanged 

values of PEEP for 30 minutes (Positive=no episodes of hypoxemia (SpO2<85%) despite up to 15% increase FiO2 and/or bradycardia 

(heart rate <100) >15 seconds) 

Serial evaluation of breathing performance using Silverman-Andersen score (SAS)  

Extubation failure= need for reintubation within 72 hours post extubation  

Treatment Fidelity: Caffeine given to all with birth weight ≤1250 grams & in other cases before or after extubation at clinician’s 

discretion, post extubation CPAP provided, SpO2 measured using DASH 4000/5000 patient monitors with disposable probes on right hand 

Strategy of gentle ventilation: ventilator support reduced for pH >7.25 & pCO2<7.5 kPa, target   SpO2 90-94%, FiO2 decreased for 

SpO2>95% 

Outcomes DV: gestational age, birth weight, APGAR score at 1 & 5 minutes, corrected gestational age at extubation, weight at extubation, caffeine 

use, associated conditions, PIP, PEEP, ventilator rate, FiO2, mean arterial pressure (MAP), VT, SpO2, SpO2/FiO2 ratio, SBT result, SAS 

scores 

DV Reliability, Measurement Method and Time:  

SAS: extensively used in newborns, simple & easy scoring system (values >0 indicate respiratory distress, evaluates 5 parameters of work 

of breathing); scores recorded at 30 minutes, & 1, 6, 12, 24, 48, & 72 hours post extubation 

SBT validity (from use in other studies): 97% sensitivity & 73% specificity with 93% positive & 89% negative predictive value for 

extubation success; 92% sensitivity & 50% specificity with 88% positive & 63% negative predictive value for successful extubation 

Who and How Conducted the Measurement: medical team documented the data 

Results Statistical Results:   

Risk factors associated with extubation failure: male gender (p = 0.046), birth weight (p≈0.000), APGAR score at 1 minute (p = 0.033) & 

5 minutes (p = 0.025), & weight at extubation (p = 0.003) 

Lower VT yielded significant association with reintubation (p = 0.030) 

SpO2/FiO2 ratio (p = 0.006), negative SBT (p = 0.034), all SAS scores 1 hour post extubation & later (p = 0.010, p = 0.000001, p≈0.000, 

respectively) showed a significant association with reintubation  

Statistical Procedure: STATISTICA version 8.0, standard statistical tests, Significance= 95% (p < 0.05) & 99% (p < 0.01) 

Primary Outcomes: risks for extubation failure  

Secondary Outcomes: clinical measures predicting risk for extubation failure  

Clinical Significance:  prolonged use of mechanical ventilation may lead to bacterial colonization, infection, plugged endotracheal tube, 

pneumothorax, subglottic injury, and/or BPD 

Conclusions: Male gender, lower birth weight, APGAR scores, & lower weight at extubation were associated with extubation failure; VT, 

SpO2/FiO2 ratio, SBT, & SAS scores 1 hour post extubation & later might be valuable in identifying patients at risk to fail extubation 

*Applied Melnyk Rating Hierarchy for leveling and Newhouse Rating Scale for quality of evidence  
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Table 2 

Synthesis Table (For Implementation of an Extubation Readiness Guideline for Preterm Infants) 

Level of 

Evidence 

# of 

Studies 
Summary of Findings Overall Quality 

1 1 

Ferguson at al. (2017) found that for preterm infants <37 weeks 

gestation, noninvasive respiratory support is beneficial post 

extubation & Methylxanthines reduce extubation failure. 

Corticosteroids & chest physiotherapy for preterm infants <37 

weeks gestation may be associated with significant adverse 

effects & questionable safety. With the use of a random-effects 

model Corticosteroids did not reduce reintubation for preterm 

infants <37 weeks gestation. Doxapram does not aid in 

successful extubation for preterm infants <37 weeks gestation. 

B: SR and meta-analysis with extensive search strategy, 

specific inclusion/exclusion criteria, & RCTs included. 

Utilized pooled data & past Cochrane Reviews. 

Inconsistencies in definition of “respiratory failure”, 

variation of defined duration of successful extubation 

between studies, instances of I² >50% throughout but in most 

cases random-effects & subgroup analyses did not change 

conclusions. Overall consistent results and measures. Clear, 

consistent recommendations, as well as recommendations for 

future research. 

4 6 

 

 

 

 

 

 

 

 

Eissa et al., (2020) found that the use of an extubation bundle 

with modified SBT, prior to elective extubation, was useful in 

predicting successful extubation in preterm infants ≤ 30 weeks 

gestation. The bundle components included: stable 

temperature, stable vital signs, presence of a cough/gag, blood 

gas and CO2 targets, a sedation review, a maximum oxygen 

requirement, recommended ventilator settings, and an SBT 

algorithm. 

 

Mandhari et al. (2019) found that a 2-stage extubation 

readiness testing protocol was effective in reducing extubation 

failure rate, without increasing days of intubation, in preterm 

infants ≤32 6/7 weeks. Extubation failures also significantly 

All: All were cohort studies or quality improvement 

projects with no randomization & no control: 

 

B’s: All had larger sample sizes. Dassios et al. (2020), 

reported adequate power. Results consistent & 

recommendations clear. 

 

 

B: Quality improvement project with use of a guideline and 

algorithm. Various statistical tests were used for analysis. 

 

 

 

 

 

 

 

B: Specific exclusion criteria, protocol, and defined 

parameters were utilized. Multiple statistical tests were used 

for analysis. Future studies are needed on extubation 

readiness testing protocols for older infants. 

https://www-ncbi-nlm-nih-gov.proxy-hs.researchport.umd.edu/pubmed/?term=Al%20Mandhari%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31667334
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decreased for all eligible infants at this level III fully outborn 

NICU. The protocol included: ventilator setting requirements, 

an FiO2 requirement, respiratory effort, clinical stability, pH 

and CO2 goals, and presence of a cough/gag. 

 

Dassios et al. (2020) found that VT > 4.5 mL predicted 

successful extubation of ventilated infants <32 weeks 

gestational age. Both centers also utilized guidelines for 

considering extubation if: FiO2<0.4, blood gases pH >7.25 & 

PaCO2<65 mm Hg, infant breathing rate above set ventilator 

rate, sedation discontinued at least 12 hours before extubation, 

infant receiving caffeine at standard maintenance dose. Both 

centers also specified specific reintubation criteria for 

consideration. 

 

 

 

Nakato et al. (2018) found that in premature infants 24 weeks-

36 weeks 6 days gestational age, Caffeine & CPAP are 

important in avoiding need for reintubation. Pressure values 

(PEEP & plateau pressure), arterial blood gases, & capnometry 

are important parameters to evaluate in the weaning & 

extubation process. Criteria for extubation included: 

spontaneous breathing, a cough reflex, FiO2 ≤ 40%, ventilator 

settings, pH >7.25, and PaCO2 < 50 mmHg. Criteria for 

reintubation were also specified. 

 

Robbins et al. (2015) found that in intubated premature infants 

<27 weeks gestation, earlier day of life of 1st extubation 

attempt was associated with shorter length of stay & decreased 

likelihood of developing BPD. 

 

Spasojevic & Doronjski (2018) found that in VLBW newborns 

(<1500 grams) subjected to mechanical ventilation; male 

gender, lower birth weight, APGAR scores, & lower weight at 

extubation were associated with extubation failure. VT, 

SpO2/FiO2 ratio, SBT, & SAS scores 1 hour post extubation & 

later might be valuable in identifying patients at risk to fail 

extubation.  An extubation was attempted when: FiO2<35%, 

clinical hemodynamic stability, regular respiratory drive, and 

 

 

 

 

 

B: 2 center study. Predictive ability of the VT method 

classified as moderate.  No data was collected regarding 

infection in the cohort, so it is possible that sepsis may have 

impacted the outcome of extubation (confounding variable). 

This was the 1st study to investigate relation between 

VT during weaning/extubation. 

 

 

 

C’s: All had no power analysis reported 

 

 

C: Small sample size (hospital strike & NICU reform made 

it impossible to obtain a larger sample size). Hospital in 

Brazil (possibly limits credibility). Recommendations clear 

& consistent with previous research. 

 

 

 

 

 

 

C: Limited to extremely premature infants (possible threat to 

generalizability). The results were consistent and 

recommendations were clear. 

 

 

C: Limited to VLBW newborns (possible threat to 

generalizability). Recommendations clear & consistent with 

previous research, but future research still recommended. 
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sedation stopped at least 12 hours prior. Specific reintubation 

criteria were also defined.  
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Table 3 

Patient Outcome Data 

Patient Outcome Data 

 

Pre-implementation 

(n=9) 

Post-implementation 

(n=6) 

Mean Total Ventilator Days 23 (n=9) 22 (n=6) 

Mean Days to 1st Extubation Attempt 22 (n=9) 18 (n=6) 

% of Infants Intubated > 28 Days 44% (n=4) 33% (n=2) 

% Very Low Birth Weight Infants (<1.5 kg) 

Intubated > 28 Days 50% (n=4) 50% (n=2) 

Mean Ventilator Days <28 weeks gestational age 

subgroup 22 (n=5) 32 (n=4) 

Mean Ventilator Days 28-32 6/7 weeks gestational 

age subgroup  25 (n=4) 3 (n=2) 

Mean Days in the NICU (excluding those who 

remained in the NICU at project completion) 79 (n=8) 26 (n=3) 

% of Infants Requiring Reintubation Within 72 

Hours 11% (n=1) 33% (n=2) 
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Table 4 

Infant Chart Audit Data 

Infant Chart Audit Data  

 Pre-implementation (n=9) Post-implementation (n=6) 

Provider Present at Bedside for Extubation 44% of the time (n=9) 50% of the time (n=6) 

Extubation Order Placed 44% of the time (n=9) 100% of the time (n=6) 

Charge RN Present at Bedside for Extubation 0% of the time (n=9) 17% of the time (n=6) 

Nursing and Respiratory Documented the Same 

Time of Extubation 33% of the time (n=9) 33% of the time (n=6) 

Oxygen Requirement <40% 89% of the time (n=9) 83% of the time (n=6) 

Last Blood Gas with pH >7.25 100% of the time (n=9) 83% of the time (n=6) 

Not on Paralytics at Time of Extubation 100% of the time (n=9) 100% of the time (n=6) 

Caffeine Citrate Ordered at any Point 100% of the time (n=9) 100% of the time (n=6) 

Caffeine Citrate Ordered Prior to Extubation if 

Applicable 50% of the time (n=6) 83% of the time (n=5) 

Follow-up Blood Gas Obtained 100% of the time (n=9) 100% of the time (n=6) 

Non-Invasive Support Documented 100% of the time (n=9) 100% of the time (n=6) 
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Table 5 

Infant Demographics 

Infant Demographics  

 

Pre-implementation 

(n=9) Post-implementation (n=6) 

<1.5kg at birth 89% (n=8) 67% (n=4) 

<1.5kg at time of 1st extubation attempt 67% (n=6) 67% (n=4) 

Male 44% (n=4) 50% (n=3) 

<28 weeks gestational age male 22% (n=2) 17% (n=1) 

28-32 6/7 weeks gestational age male 22% (n=2) 33% (n=2) 

Female 56% (n=5) 50% (n=3) 

<28 weeks gestational age female 33% (n=3) 50% (n=3) 

28-32 6/7 weeks gestational age female 22% (n=2) 0% (n=0) 

28-32 6/7 weeks gestational age  44% (n=4) 33% (n=2) 

<28 weeks gestational age  56% (n=5) 67% (n=4) 

<28 weeks corrected age at time of 1st 

extubation attempt  22% (n=2) 17% (n=1) 

Overall mean birth weight 0.836 kg 1.085 kg 

Overall mean weight at time of at time of 

1st extubation attempt 1.171 kg 1.308 kg 

Overall mean gestational age 27 weeks 28 weeks 

Overall mean corrected age at time of 1st 

extubation attempt 30 2/7 weeks 31 weeks 
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Figure 1 

Pre-implementation Process Flow Map 
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Figure 2 

Desired State Flow Map 
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Figure 3 

Practice Theory: The Theory of Planned Behavior (Ajzen, 1991) 
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Figure 4 

Practice Theory: The Theory of Planned Behavior (Ajzen, 1991): Modified for Application to this Guideline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attitude 

•Change champions as key 

personnel in promoting favoritism 

of the guideline 

Intention 

•Motivational tactics of: data 

reporting, change champions, and 

educational visuals 

•Prompts and reminders Subjective Norm 

•Education to all 

staff members 
Behavior 

Perceived Behavioral Control 

•Some of the elements in the 

guideline remain at the discretion 

of the provider 
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Figure 5 

Framework: Framework for Complex Innovations (Helfrich et al., 2007) 
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Figure 6 

Framework: Framework for Complex Innovations (Helfrich et al., 2007): Modified for Application to this Guideline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Innovation 

•Recent and best practice 

evidence pulled from the 

literature 

Champions 

•Work group creation 

Management Support 

•Medical director 

support 

Implementation Policies 

and Practices 

•Formal guideline 

•Completion of a checklist 

by the bedside nurse for 

guideline adherence 

Implementation 

Climate 

•Education to staff 

Implementation 

Effectiveness 

•Chart audits 

•Data reports 

Available Financial 

Resources 
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Figure 7 

Implementation Visual Aid Bathroom and Workroom Door Signage 

RNs, RTs, & all Providers  

Complete the Required Education on the 

Extubation Readiness Guideline 

(New 9/27/21) 

 

https://www.surveymonkey.com/r/FGRGWTN 
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Figure 8 

Implementation Visual Aid with Slogan Placed on the Patient’s Ventilator 

             

 

 

 

 

 

 

 

 

 

 

 

DON’T WAIT TOO LATE TO EXTUBATE  
USE THE EXTUBATION READINESS GUIDELINE 

 

 

USE THE EXTUBATION READINESS GUIDELINE 
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Figure 9 

Implementation Visual Aid Placed on Patient Name cards on Patient Room Doors 
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Figure 10 

Implementation Visual Placed in Staff Newsletter Notice 
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Figure 11 

NICU Staff Education Completion Pie Chart 

  

 

 

 

NICU STAFF EDUCATION COMPLETION 
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Completion Rates by Role 
Nursing 86% (129/150) 
Providers 63% (30/48) 

Respiratory 63% (20/32) 
Nursing 
56% 

(n=129) 
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Figure 12 

NICU Staff Education Completion Run Chart 
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Figure 13 

Bedside Nursing Checklist Completion Run Chart 
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Figure 14 

Staff Guideline Adherence Run Chart 
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Figure 15 

Days to 1st Extubation Attempt vs. Total Ventilator Days Run Chart 
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Figure 16 

Pre/Post Implementation Patient Data Bar Graph 
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Appendix A 

Extubation Readiness Guideline Implemented 

Extubation Readiness Guideline 

 

Guideline Inclusion Criteria 

• Intubated premature infant ≤32 6/7 weeks GESTATIONAL AGE 

Guideline Exclusion Criteria 

• Known complex/extensive cardiac defect  
o (i.e. tetralogy of fallot (TOF), dextrocardia, coarctation of the aorta, double aortic arch, double outlet right ventricle, double inlet left ventricle, 

Ebstein’s anomaly, hypoplastic left heart, hypoplastic right heart, tricuspid atresia, pulmonary atresia, total anomalous pulmonary venous 

return, transposition of the great arteries, vascular ring, etc.) 

• Known congenital craniofacial anomaly  
o (i.e. Pierre Robin, cleft palate, cystic hygroma, etc.) 

• Known neurological syndrome/defect or other syndrome affecting respiratory status  
o (i.e. spinal muscular atrophy (SMA), congenital central hypoventilation syndrome, cystic fibrosis (CF), Down Syndrome, anencephaly, etc.) 

• Known airway abnormality  
o (i.e. congenital pulmonary airway malformation (CPAM), congenital diaphragmatic hernia (CDH), tracheoesophageal fistula (TEF), 

tracheomalacia, etc.) 

 

Guideline for Extubation 

1. Extubation Readiness Assessment 

• Review sedation weaning plan2,3,9  

• Ensure patient is no longer on paralytic medications1 

• Ensure stable temperature3  

• Ensure stable vital signs3  

• Ensure hemodynamic stability1,9  

• Discuss the extubation readiness plan with team on morning rounds 

o If ALL Extubation Readiness Criteria are met, obtain an order in EPIC for extubation (utilize Extubation Order set) 

2. Extubation Readiness Criteria 

• Most Recent Blood Gas  

o pH >7.255 

• FiO2 Requirement 
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o <40% FiO25 

• RR 

o Patient has respiratory effort above the set rate on the ventilator2,5, 6,9 

• Presence of a gag/cough1,5, 6 

3. Caffeine Citrate 

• Consider a loading dose of Caffeine prior to extubation at the provider’s discretion (especially for patients who have never 

received Caffeine) 2,4,10 

4. Immediately Prior to Extubation 

• An extubation order should be written in EPIC by the Provider (utilize Extubation Order set) 

• The Bedside Nurse (RN), Charge RN, Provider, and Respiratory Therapist (RT) should be present at the bedside for the 

extubation1,8 

• Prepare non-invasive respiratory support (i.e. CPAP, HNC)1,4,8,10 

• Ensure proper emergency equipment and intubation supplies are at the bedside1 

• Aspirate residual stomach contents from the NG/OG tube immediately prior to extubation10 

▪ For patients on continuous feeds- stop feeds 1 hour prior to extubation and aspirate any residual stomach 

contents from the NG/OG tube immediately prior to extubation as well10 

• Suction infant via ETT and/or orally if indicated10 

• Strict minimal handling/hands off as much as possible10 

• Assure order from Provider written in EPIC for new non-invasive respiratory support (utilize Extubation Order set) 

 

Post Extubation 

• Strict minimal handling/hands off as much as possible10 

• Obtain a follow up blood gas8 

 

Required Documentation 

• RN to document monitor vital signs at time of extubation, 15 minutes post extubation, and 1 hour post extubation1 

• RN to document any changes in vital signs or concerning events indicating need for reintubation 

• RN to notify Provider and RT with any concerns for need for reintubation 

• RT to separately document time of extubation 

 

Post Extubation Reportable Events  

• Greater than 6 apnea episodes requiring tactile stimulation in 6 hours9  

https://www-sciencedirect-com.proxy1.library.jhu.edu/topics/medicine-and-dentistry/loading-drug-dose
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• Frequent apneas6  

• Apnea episode requiring positive pressure ventilation (PPV)8,9  

• Sustained FiO2 requirement >60%9  

• Excessive work of breathing and severe retractions8  

• pH <7.258,9   
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Appendix B 

Bedside Nursing Checklist Data Collection Form 

Checklist for Extubation Readiness Guideline Use (Paper Document for Bedside RN)  

Patient Name: 

Patient MRN: 

Bedside RN completing checklist: 

 Check One Comments (Required for Any No’s) 

Yes No N/A Comments if No Chosen Other Comments 

Patient Inclusion Criteria Met for Guideline Utilization      

Sedation Reviewed      

Paralytics Discontinued      

Vital Signs Reviewed      

Patient Hemodynamically Stable      

Extubation Plan Discussed on Rounds      

Blood Gas Criteria Met      

FiO2 Requirement Met      

Patient Respiratory Rate Above Set Rate on Ventilator      

Caffeine Use Discussed      

Gag/Cough Present      

Extubation Order Obtained      

Required Staff Present for Extubation      

Equipment and Supplies Present at Bedside for Extubation      

Patient Suctioned (mouth, nares, ETT, other)      

Stomach Contents Aspirated and/or Feedings Paused       

Minimal Patient Handling      

Follow-up Blood Gas Obtained      

Order Obtained for New Non-Invasive Respiratory Support (if patient requires)      

Documentation Completed      

Provider Informed of Any Reportable Events       

LEAVE COMPLETED CHECKLIST IN PATIENT BEDSIDE CHART (BLUE BEDSIDE CHART) 
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Appendix C 

Champion Chart Audit Tool Data Collection Form 

Champion Chart Audit Tool for Extubation Readiness Guideline Use (Paper Document for Champions) 

Patient MRN:  

Champion Completing Audit: 

 Check One Comments (Required for Any No’s) 

Yes No N/A Comments if No Chosen Other Comments 

Patient Met Inclusion Criteria for Guideline 

Utilization 

     

Patient Not on Paralytic Medications at Time 

of Extubation  

     

Vital Signs Documented per Guideline by 

Bedside Nurse in Epic  

     

Patient Last Blood Gas with Ph > 7.25      

Oxygen Requirement Met per Guideline      

Patient Received Caffeine at Any Point      

Caffeine Citrate Ordered Prior to Extubation      

Follow-up Blood Gas Obtained       

New Orders Written by Provider      

Non-Invasive Respiratory Support 

Documented by Bedside Nurse in Epic  

     

Time of Extubation Documented by 

Respiratory Therapy in Epic 

     

Return directly to Emily Biser or leave in patient bedside chart (blue bedside chart) 
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Appendix D 

Staff Education, Patient Data, and Chart Audit Tool Data Collection Forms 

 

Staff Education (Excel) 

Coded/Assigned 

Staff Number 

Education Completed (Yes-1, No-0) Post Test Completed (Yes-1, No-0) 

   

   

   
              

 

 
Patient Data (Excel) 

Coded/Assig

ned Patient 

Number 

Patient 

Gestatio

nal Age 

(weeks 

and days 

out of 7) 

Patient 

Current 

(Correct

ed) Age 

(weeks 

and days 

out of 7) 

at 

Extubati

on 

Patie

nt 

Birth 

Weig

ht 

(kg) 

Patient 

Current 

Weight 

(kg) at 

Extubati

on 

Patient 

Gender 

(Male-0, 

Female-

1, 

Unassign

ed-2) 

Total 

Numbe

r of 

Ventilat

or Days 

Number 

of Days 

to First 

Extubati

on 

Attempt 

Need for 

Reintubat

ion at 72 

hours 

with 1st 

Extubatio

n Attempt 

(Yes-1, 

No-0) 

Complet

ed 

Checklis

t 

Receive

d from 

Bedside 

Nurse 

(1-Yes, 

0-No) 

Guideli

ne 

Used 

(1-Yes, 

0-No) 

Patient 

Qualifi

ed for 

use of 

the 

Guideli

ne (1-

Yes, 0-

No) 

Patient 

Diagnosi

s with 

ICD-10 

Code for 

Exclusio

n from 

Guidelin

e Use (if 

Applicab

le) 

             

             

             

 

Chart Audit Tool (Excel) 

Coded/A

ssigned 

Patient 

Met 

Criteri

Patient 

Not on 

Paralyt

Vital 

Signs 

Docum

Patient 

Last 

Blood 

Oxygen 

Require

ment 

Caffe

ine 

Citra

Caffein

e 

Citrate 

Follo

w-up 

Blood 

Orde

rs 

Writt

Non-

invasive 

Ventilat

Time of 

Extubati

on 

Calculated 

Team 

Adherence 

Coded/Ass

igned 

Champion 
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Patient 

Number 

a for 

Guideli

ne Use 

(Yes-1, 

No-0) 

ic 

Medica

tions at 

Time of 

Extuba

tion  

(Yes-1, 

No-0) 

ented 

Per 

Guideli

ne by 

Bedside 

Nurse 

in Epic 

(Yes-1, 

No-0) 

Gas 

with 

Ph > 

7.25  

(N/A-

2, Yes-

1, No-

0) 

Met per 

Guidelin

e  (Yes-

1, No-0) 

te 

Orde

red at 

Any 

Point 

(Yes-

1, 

No-0) 

Ordere

d Prior 

to 

Extuba

tion  

(N/A-2, 

Yes-1, 

No-0) 

Gas 

Obtai

ned  

(Yes-

1, No-

0) 

en by 

Provi

der 

(Yes-

1, No-

0) 

ory 

Support 

Docume

nted by 

Bedside 

Nurse in 

Epic 

(Yes-1, 

No-0) 

Docume

nted by 

Respirat

ory 

Therapi

st in 

Epic 

(Yes-1, 

No-0) 

to Listed 

Guideline 

Recommend

ations 

(Percentage) 

Number 

Completin

g Audit 
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Appendix E 

NICU Staff Educational PowerPoint
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Appendix F 

NICU Staff Educational Post Test on Survey Monkey 

Did you view the Extubation Readiness Guideline Implementation Staff Education PowerPoint? w 

Yes 

True or False: Use of a standardized extubation guideline in the JHH NICU for infants less than 33 weeks gestational age may decrease number of ventilator days 

and reduce unnecessary adverse effects of prolonged mechanical ventilation. w 

True 

False 

True or False: The extubation readiness guideline for infants less than 33 weeks gestational age in the JHH NICU includes recommendations for patient oxygen 

requirement, handling, feeding, orders, Caffeine use, and documentation. w 

True 

False 

Bronchopulmonary Dysplasia (BPD) may lead to: w 

continued problems with delayed growth in the 1st 2 years of life 

increased risk for infection 

increased risk for asthma 

need for ongoing oxygen therapy 

ALL of the above 
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The Extubated Readiness Guideline is located in: w 

the nursing bedside reference (pink binder) 

the equipment room 

the locker room 

the dirty utility room 

Completed extubation readiness checklists should be placed in: w 

the charge nurse office 

the patient's bedside chart (blue chart) 

the blood gas room 

the attending office 
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Appendix G 

Patient and Staff Code Keys Data Collection Forms 

Patient Code Key (Paper Document) 

Patient Name Patient MRN Coded/Assigned Patient Number 

   

   

   
    

 

Staff Code Key (Paper Document) 

Staff Member 

Name 

Coded/Assigned Staff Number Staff Role 

   

   

   
  

 


