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Abstract
Purpose: The purpose of this quality improvement project was to explore the complications and risk factors associated with unplanned extubation (UE) in the neonatal population and to implement an UE bundle to reduce UEs.
Background: UE contribute to a significant increase in morbidity among critically ill neonates in the Neonatal Intensive Care Unit (NICU). Short term complications include acute respiratory and cardiovascular compromise that may require resuscitation and increase the risk of intraventricular hemorrhage, reintubation, and longer use of mechanical ventilation with increased risk of chronic lung disease. The occurrence of UEs in the NICU setting should be a preventable event with the target UE rate of 1 per 100 ventilator days. UEs occur frequently in the NICU and are a common adverse event.
[bookmark: _Hlk64796977]Sample/Setting: This project was implemented in a 52-bed level III NICU in Colorado Springs, CO and included any patient intubated during the implementation period.  Five patients were intubated during the implementation period and were included in data collection. 
Methods: Factors associated with UE were analyzed and a 4-part UE bundle was implemented. Data collection included gestational age, weight, and duration of intubation.
Results: During a 11-week implementation period, 5 patients were intubated for a total of 7 ventilator days. There was no UE and all but 1 patient had standardized securement of the ETT. The average daily census was low compared to prior years and with lower patient acuity, assumed to be due to Covid-19, resulting in less than optimal data collection.
Conclusion:   By implementing an UE bundle, UE was prevented during the project implementation period. However, due to a low census and low acuity, continued data collection is needed to determine true efficacy of the UE bundle. 
Reducing Unplanned Extubations in the Neonatal Intensive Care Unit
	Neonates requiring endotracheal intubation in the Neonatal Intensive Care Unit (NICU) go through an invasive procedure to place the endotracheal tube (ETT) into the trachea for mechanical ventilation. These ETTs are not held in place with an inflated cuff like those in older patients in the Pediatric Intensive Care Unit (PICU) or adult ICU. Unplanned extubation (UE) is defined as the removal or dislodgement of an ETT at a time other than that specifically chosen or ordered by a provider for a planned extubation (Roddy et al., 2015). Agitation of the patient, positioning and handling by care providers, and suctioning all pose significant risks for UE and all of these activities can happen on a daily basis among intubated patients in the NICU. Neonates are at a higher risk for UE due to smaller airways and shorter tracheas, longer use of mechanical ventilation, challenges of using adhesive tape on immature skin or commercial ETT securing devices, and lack of routine sedation while intubated (Kandil et al., 2018). After an UE occurs, up to 69% of these infants require reintubation (Hatch et al., 2017). Any UE poses a threat to the infant of additional morbidities and can incur a higher hospital bill and prolonged NICU stay (Roddy et al., 2015). 
Morbidity and Mortality
	Currently, UEs are ranked 4th in the United States for adverse events that occur in the NICU setting with a rate of 8.3 per 100 ventilator days (Morriss, 2008). Another study demonstrated the UE rate of 0.14 to 5.3 UE per 100 ventilator days and these numbers have not changed over the last five years (Da Silva et al., 2013). UEs pose a significant increase in morbidity among the neonatal population. Short term complications include acute respiratory and cardiovascular compromise that may require resuscitation and increase the risk of intraventricular hemorrhage, another complication of prematurity (Merkel et al., 2014). Bradycardia was noted in up to 46% of patients with an UE and cardiopulmonary resuscitation was required in 5 to 13% of patients with an UE (Da Silva et al., 2013). Hypoxemia following UE also occurs posing an additional threat to other morbidities associated with UE. Hatch et al. (2017), suggests that 89% of patients with UEs in the study had oxygen saturations less than 80%.  In addition, there could be swelling of supraglottic tissue, the glottis, and subglottic tissue potentially complicating reintubation efforts. Long term complications include subglottic stenosis, an increased risk of ventilator associated pneumonia and an increase in the number of ventilator days which can lead to chronic lung disease (Merkel et al., 2014). UEs can contribute to significant complications that may lengthen the infant’s admission and cause additional harm to the infant’s condition. Mortality of UE is difficult to study and determine a true number because we are often able to re-intubate the infant and continue providing the critical care they require. Most infants are more likely to suffer additional morbidities and patient harm than to die from UE. 
Economic Burden
	UEs increase the risk of complications in the already critically ill neonate. Complications such as cardiovascular collapse and intraventricular hemorrhage may add additional imaging and laboratory studies, along with additional pharmacy costs to the climbing medical bill the neonate already has. Roddy et al. (2015) studied the cost of an unplanned extubation and found it to be associated with an increase of $36,692 due to pharmacy, radiology, and laboratory costs in addition to an increased hospital stay. Patients with an UE had an average hospital stay 6.5 days longer than those who did not have an UE and also had a longer ICU stay by 5.5 days (Roddy et al., 2015). 

Significance
Although there are no formal guidelines published by a national neonatal or pediatric organization for UE, the current widely accepted standard of UE in many NICUs in the US is to achieve an UE rate of less than or equal to 1 per 100 ventilator days (Merkel et al., 2014). Many NICUs have an UE rate above this acceptable standard and need further quality improvement and patient safety efforts to reduce these numbers.  
The Airway Safety Movement organized by the Society for Airway Management and the Coalition for Unplanned Extubation Awareness and Prevention have organized a group of quality and patient safety organizations to increase awareness about the incidence of UE (Airway Safety Movement, 2019). This organization aims to first bring awareness to the issue of UE and address that UE should not be an accepted risk of mechanical ventilation and airway management, and instead, should be recognized as a preventable event that can lead to patient harm (Airway Safety Movement, 2019). With increased awareness, the hope is to improve quality and safety to patients by tracking UEs and putting a process in place to prevent UEs from occurring. 
Clinical Problem
UE contribute to a significant increase in hospital costs as well as potentially causing increased morbidity to critically ill neonates. The occurrence of UEs in the NICU setting should be a preventable event with the target acceptable UE rate of 1 per 100 ventilator days (Merkel et al., 2014). 
Purpose
The purpose of this quality improvement project was to decrease the rate of UEs in the NICU setting among infants who are mechanically ventilated to within the acceptable range of 1 or less per 100 ventilator days. To evaluate this project, the outcome of measure was the number of UE per 100 ventilator days.
Aims of this project included:
1. Develop a UE bundle or protocol consisting of evidence-based interventions to prevent UE and educate staff on UE and the implementation of the UE bundle
2. Develop a UE debrief form to be filled out after any UE in collaboration with RN, RT, and providers to determine potential causes of UE and areas for improvement
3. Compare rates of UE per 100 ventilator days prior to and after implementation of the UE bundle
4. Continuously evaluate the UE bundle for flaws in design, restructure the bundle as needed, and begin a new cycle of data analysis to include UE rate and causes.
For this project, the expected outcome involved observing a decrease in the UE rate in the NICU after implementation of the UE bundle.
Literature Review
Causes of Unplanned Extubation
	In order to improve the UE rate, we must know what caused an UE or specific factors that put infants at risk for UE. Hatch et al. (2017) conducted a large prospective study consisting of 5611 ventilator days to determine causes of UE and relative risk of UE in critically ill neonates. During the study, which occurred over 18 months, the UE rate was 2.09 per 100 ventilator days (Hatch, et al., 2017). Factors identifying infants at higher risk for UE were more preterm at birth as well as at term or post-term at the time of NICU admission, had a birth weight of <1700 grams, and a longer duration of mechanical ventilation (Hatch et al., 2017). The probability of UE also increased between day of life 7 and 28 by 36% per week (Hatch et al., 2017). The most reported cause of UE was dislodgement during patient movement (40%) with reasons cited as pain and agitation, poor sedation, and normal developmental activity (Hatch et al., 2017). Patients who self-extubated were typically of larger weight, more mature, and older at the time of extubation (Hatch et al., 2017). The second most common cause of UE was accidental dislodgement during ETT securing or re-taping, accounting for 27% of UE (Hatch et al., 2017). Another study demonstrated that the most common cause of UE was patient handling and suctioning, followed by re-taping the ETT, and patient movement (Merkel et al., 2014). Risk factors for UE were also described as patient weight <1000g, previous tracheoesophageal fistula repair, history of UE or a difficult intubation, airway malformations, and patients on ECMO (Merkel et al., 2014). 
Strategies to Prevent Unplanned Extubations
Two-person patient positioning and ETT assessment
	Two care providers for positioning of an intubated patient has long been a part of NICU policies, but this is not consistently done in all NICUs. Merkel et al. (2014) reported a reduction in UE rate from 2.4 to 0.8 per 100 ventilator days after implementation of 2 RNs or RTs at the bedside for patient repositioning, procedures, or re-taping ETTs. Powell et al. (2016) were also able to lower the UE rate in their study by implementing a 2-person handling technique when any movement of the patient’s head was required. During the movement procedure, 1 person was solely responsible for managing the ETT at the lip to prevent dislodgement. Additionally, the bedside RN and RT were to assess ETT position and securement at the beginning of the shift together and any unexpected findings could be investigated or addressed, preventing potential UE (Powell et al., 2016). Utilizing this 2-person technique, Powell et al. (2016) reported a drop in UEs from 3.8 to 2.7 per 100 ventilator days. In a study by Kandil et al. (2018), direct visualization of the ETT and verbal confirmation of ETT depth and securement were required before any patient repositioning or high-risk movement, followed by another direct visualization by two caregivers and verbal confirmation of ETT depth and securement once the positioning was complete. 
Standardized ETT securement
	ETTs can be secured by either adhesive tape or a commercial ETT securing device. In the study by Merkel et al. (2014) implementing the use of a commercial ETT securement device resulted in an increase in UE from 1.03 to 1.8 per 100 ventilator days. The authors attributed this increase to a need for further education on ETT securing devices, their sizing, and use. In a large cohort study by Kandil et al. (2018) involving a total of 14,558 ventilator days over a 2-year timespan, the UE rate was reduced from 1.2 to 0.3 per 100 ventilator days, a reduction by 76%, by standardizing ETT securement and utilizing a 2-person repositioning technique. 
Bedside high-risk UE identification cards and patient rounds
	Placing a reminder at the patient’s bedside about the risk for UE provides a visual alert to providers who may be responding to alarms that UE is a risk in this particular infant. In one study, airway alert cards were placed at all intubated patient’s bedsides. Yellow cards indicated a general risk for UE while red cards denotated a significant risk of UE which was based on patient weight <1000g, previous tracheoesophageal fistula repair, history of UE or a difficult intubation, airway malformations, and patients on ECMO (Merkel et al., 2014). These changes resulted in the UE rate remaining the same at 1.03 per 100 ventilator days (Merkel et al., 2014). Altering the airway cards in a later PDSA cycle to include days since last UE, which was updated daily during rounds and discussed in the plan of care to ensure airway management was a priority for the entire team, resulted in a decreased UE rate in combination with other interventions previously discussed (Merkel et al., 2014). In the study by Powell et al. (2018), a weekly discussion in rounds about patient growth and ETT manipulation was developed. Each week, patient weight was discussed with the interdisciplinary team prompting discussions about patient growth and the need to adjust the ETT to prevent dislodgement (Powell et al., 2016). Again, in combination with other interventions discussed earlier, the authors noted a decreased UE rate. 
Unplanned Extubation Debrief Forms
The Kandil et al. (2018) study, utilized a provider and beside caregiver questionnaire within 24 hours after any UE to identify potential causes. This allowed for additional information to be provided to the researcher regarding what event had occurred, staff perception on potential causes of UE, and areas for improvement to prevent UE in the future. 
Rationale
To successfully change the UE rate in the NICU, a culture change needed to occur among the staff providing care to the patients. Kurt Lewin developed a 3-step approach to change in 1951 consisting of unfreezing current behavior, changing the behavior, and finally refreezing the behavior with the desired changes in place (Kritsonis, 2005). To unfreeze the current norms, driving forces has to be increased in the staff to direct behavior away from the current status quo. This was done by providing education to staff members during staff meetings prior to this QI project’s launch. Education included the unit’s UE rate and the impact UE has on potential complications for our neonatal population. Decreasing restraining forces of change also had to occur in the unfreezing process. By involving staff in the implementation of the UE bundle and utilizing debrief forms after UE where suggestions can occur for the process change, unfreezing behavior was encouraged as staff have input opportunities (Kritsonis, 2005). In the changing process, persuading fellow staff that the current UE rate is unacceptable and is harmful to our patients, and encouraging them to work together by utilizing the UE bundle to decrease the UE rate, helped staff see the problem from a new perspective and encourage the change. Again, utilizing the UE rate from the NICU and emphasizing complications of UE impacted staff perception of the problem. Having leader buy-in from management and medical staff also assisted in the change process. In the third and final step of refreezing, the process change needed to be sustained over time for the new process to stick and prevent staff from reverting to old behavior (Kritsonis, 2005). A formal method for refreezing may evolve into a policy and procedure once the QI project results are deemed beneficial. In addition, staff were briefed on the beneficial results, showing their hard work has paid off and improved the care provided to the patients. Sharing results with staff members and developing official guidelines for the NICU assisted in this change of behavior and nursing practice. To sustain change during the implementation process and over time, super users were trained on the UE bundle such as RTs and charge RNs who were consistently in the unit and at the bedside with the patient. This facilitated use of the UE bundle and debrief form and allowed for questions to be asked as they arose rather than having to wait for the person facilitating the change. 
Table 1
Lewin’s 3-step change model applied to the UE bundle
	Stage of Change Process
	Elements involved
	Methods Utilized

	Unfreezing
	· Increase driving forces for change towards desired behavior
· Decrease restraining forces that have a negative impact on the change
	· Educate staff on the risks of UE
· Facilitate discussions on practical use of UE bundle
· Discuss proper use of Neobar securing device

	Stages of Change Process
	Elements Involved
	Methods Utilized

	Changing
	· Persuade staff that current UE rate is not normal and is unacceptable
· Encourage well respected leaders to support the change
	· Continued emphasis on current UE rate and complications 
associated with UE in NICU patients
· Encourage staff feedback on the UE bundle
· Encourage medical staff to share their knowledge about UE and methods to prevent UE
· Utilize project “superusers” to facilitate UE bundle questions and adherence

	Refreezing
	· Integration of new values into the community
· Establish formal and informal guidelines or policy and procedures
	· Provide feedback on UE bundle and outcomes such as a lower UE rate to show the impact of staff’s hard work
· Celebrate success of UE bundle in lowering UE rate 
· Implement UE bundle as a guideline for NICU care of intubated patients



Methods
	This evidence-based quality improvement project was conducted on patients in a 52-bed level III NICU at St. Francis Medical Center. This facility has neonatologists on staff and 24/7 advanced practice providers on site, along with respiratory therapist coverage at all times. A team collaborative approach with management, medical staff, and respiratory therapist occurred to develop an UE bundle. The definition of UE was defined as any patient who was intubated and had their ETT dislodged prior to an order from the provider to remove the ETT. The goal for the QI project was to decrease the UE rate to within the widely acceptable range in the US of 1 per 100 ventilator days. A retrospective chart review was unable to be conducted to evaluate past UE events to determine the UE rate for this NICU prior to implementation due to complications related to manpower hours available associated with the COVID-19 pandemic. A plan-do-study-act approach was used to implement changes and continuously evaluate the outcomes associated with the changes. 
Any infant who was intubated on mechanical ventilation, regardless of gestational age, was included in this project. As research has shown that UEs occur in both preterm and term neonates, inclusion of all gestational ages was important to evaluate the UE rate and causes of UE based on gestational age (Hatch et al., 2017). An UE bundle was developed by the collaborative team and consisted of 4 key factors identified within the literature. 
Standardized securement of ETT
	A commercial securing device (NeoBar) was utilized to secure the ETT on all infants of appropriate size. If the neonate was deemed too small for the smallest NeoBar, adhesive twill tape was utilized to secure the ETT. The infant’s gum line was the anatomical guide for securement depth to ensure everyone acknowledges the depth at the same location. At the start of the shift, the bedside RN examined the ETT for proper depth and securement of the ETT and addressed any concerns such as loose tape at the time of discovery to prevent an UE.
Positioning using 2-person Technique
	Bedside RNs and RTs utilized a 2-person technique for any position change that involves movement of the head. Prior to any movement, visualization of the depth of the ETT by both care providers occurred. One person was solely responsible for maintaining ETT position while the other managed movement of the patient. After any movement, the 2-person technique consists of both people once again verifying proper ETT depth and securement. 
Bedside UE risk cards
	Bedside UE cards detailing those at risk of UE and days since last UE were developed and placed at the head of the bed attached to the ventilator for all parents and bedside care providers to visualize easily. These bedside cards served as a reminder of UE risk and the 2-person positioning technique (Appendix A). Cards were updated daily regarding days since last unplanned extubation and depth of ETT if adjustment occurred that day. This intervention allowed for anyone responding to an alarm in the patient’s room to know both the increased risk for UE and proper ETT depth by quickly glancing at the card. 
UE debrief form
	After any UE, bedside care providers, in addition to RT and provider input, completed a form detailing potential causes of the UE, what activity occurred prior to UE, and any suggestions for improvement to the UE bundle to prevent UE in the future (Appendix B). This debrief form provided information to the project leader regarding UEs, potential causes of UEs, and allowed staff to suggest future improvements to the UE bundle. 
Analysis of the Intervention	
The primary outcome of the project was to observe a decrease in UE rate per 100 ventilator days. Results were measured over an 11-week period from October 2020 to January 2021 with UE rate calculated at 4-week intervals to determine progress of the intervention, with changes to the project as needed. UE debrief forms sent to the project leader identified patients with UE and triggered a chart review for information regarding causes of UE. 

Ethical Considerations 
	This project was considered quality improvement with human subjects and was submitted to Creighton University IRB and Catholic Health Initiatives IRB prior to implementation. No patient identifying information was collected. No interventions compared therapies thus no randomization occurred. Due to the QI nature of the project, consent was not required. 
Dissemination of Findings
	Upon completion of the quality improvement project, results were disseminated to NICU staff at staff meetings and through email communications. In addition, this QI project was discussed in detail at Creighton University’s annual Research Day and the Academy of Neonatal Nursing Advanced Practice Virtual Spring 2021 conference.
Results
During the 11-week implementation period, 5 patients were intubated and placed on mechanical ventilation. The average gestational age was 30 2/7 weeks at birth. The average duration of ventilation was 1.4 ventilator days per patient for a total of 7 ventilator days during the implementation period. The average birth weight was 1,590 grams. 
Table 2
Patient Data
	Patient #
	GA at birth
	CGA
	Weight @birth (g)
	Weight @ extubation (g)
	# of days intubated
	Date of UE
	UE?
	Neobar?

	1
	31 5/7
	31 6/7
	1893
	1825
	1
	N/A
	N
	No

	2
	31 5/7
	32    
	1965
	1635
	2
	N/A
	N
	Yes

	3
	33
	33 1/7
	2785
	2675
	1
	N/A
	N
	No

	4
	27 3/7
	27 5/7
	900
	900
	2
	N/A
	N
	No

	5
	27 3/7
	27 4/7
	930
	930
	1
	N/A
	N
	No


All but 1 patient had standardized securement of the ETT. However, the method of securement was not the intended method of ETT securement for the project. The NeoBar was utilized once and all other patients had tape as the securement method for the ETT.
Discussion
	The UE bundle was successfully implemented in this level III NICU and resulted in no UE during the project period. The method of securement remained unchanged, showing staff reluctance to try a new method of securement despite education on proper use. While the goal was to secure all ETTs with the commercial securing device, tape was utilized on most patients. According to Kandil et al. (2018), the method of securement does not matter if it is standardized for all patients. Continuation of utilizing tape for all patients may be appropriate unless we see an increase in UE at any point and decide to switch to a commercial securing device for securing the ETT. Two-person positioning was utilized and assisted in optimizing our UE bundle. This aligned with the study by Powell et al. (2016) which showed a reduction in UE rate when 2-person positioning of the patient was utilized. Bedside high-risk airway alert cards were placed on each ventilator which allowed staff members responding to alarms to quickly identify where the ETT is supposed to be. While we had no UEs, or malposition of the ETT, these alert cards were utilized in multiple studies and showed to improve the UE rate (Merkel et al., 2014; Powell et al., 2016). Staff developed a liking for the high-risk airway cards as it was a quick visual of where the ETT should be. Staff involvement is crucial in determining cause of UE and to evaluate for areas of improvement. Staff were involved in the project and we received feedback that this was a much-needed project from members of the multidisciplinary team. 
	Although the number of patients included in this project was not as high as we hoped, the results show that by implementing an UE bundle, UE can be successfully prevented. UE are associated with comorbidities neonates are already at increased risk for due to prematurity. By preventing UE, we improve the quality of care we provide to our neonates in the NICU and can reduce the medical costs associated with a NICU hospitalization. 
	Unfortunately, due to COVID-19, we were unable to determine the unit’s UE rate prior to implementation. The IT and EMR teams were downsized due to budget constraints put in place during the pandemic and were forced to operate only for mission essential purposes. Anecdotally, there were at least 3 UEs in early 2020 and with the limited use of mechanical ventilators in our unit, it is safe to say our UE rate was higher than the widely acceptable UE rate of 1 per 100 ventilator days. With continued use of the UE bundle, the UE rate will be continuously monitored to gather data and work towards implementing a policy to prevent UE and improve the care provided to neonates in our unit. 
	By utilizing Lewin’s 3-step change model, we were able to bring attention to UE by describing how UE affects the neonate and associated comorbidities that may develop as a result. Staff became aware of the patients most as risk for UE and common causes of UE during the unfreezing part of Lewin’s change theory. The change and refreezing section of the change theory proved to be difficult. Staff were more comfortable with tape as the securement method despite being trained how to properly apply the NeoBar and providing quick tip sheets for use. Although this was acceptable given most patients had the same method of securement, to successfully change behavior, future statistics need to be developed regarding the NeoBar, or any other commercial securing device, to demonstrate its ability to potentially prevent UE. 
Limitations
The number of patients included in this project was insufficient to draw any conclusions from. With a low census during the implementation period and low patient acuity, the number of patients needed to generate statistics on the success of our UE bundle were lacking. This project will continue to be in place in our unit and data collection will continue. With the inability to gather baseline data on the UE rate, this project was also limited by not knowing the UE rate pre-implementation. Baseline data is needed to evaluate the efficacy of the UE bundle. 
Future Implications
	Areas of future study include determining if any specific commercial securing device provides better securement leading to a reduction in UE rate. There are many different commercial securing devices and studying which device works the best to prevent UE would improve neonatal outcomes among patients who are mechanically ventilated by decreasing risk of UE therefore, reducing the risk of complications associated with UE. 
Conclusion
	There are many comorbidities that are associated with prematurity. The risk for morbidity increases when there is an UE in the neonate. Cardiopulmonary compromise may affect blood pressure resulting in an increased risk for intraventricular hemorrhage. Reintubation may result in increased time on mechanical ventilation which increases the risk of ventilator associated pneumonia, chronic lung disease, and subglottic stenosis. UE should be a preventable event that is recognized as causing patient harm. Several studies have shown that UE can be prevented by implementing a UE bundle. Standardized securement of the ETT and 2-person positioning were the two most common methods of reducing UE in the NICU. UE bundles are a low cost, low stakes, and rapid method of improving patient outcomes. By implementing a 4-part UE bundle in a level III NICU, UE can be successfully prevented.
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Appendix A
[image: Teddy Bear Clipart]Buddy Up for Airway Safety
ETT Size: _________
ETT Depth: ________
Suction depth: ______________
Days since last 	Please remember to utilize 2
Unplanned Extubation:           people when repositioning me and double check my ETT placement and securement when you get me comfy!
High Risk Patients for an Unplanned Extubation (UE):
Extremely preterm infant or term infant
Birth weight <1700 grams
Longer duration of mechanical ventilation 
Previous UE or a difficult airway












Appendix B
NICU Unplanned Extubation (UE) Debrief Form
After any UE, please discuss with the care team the situation and complete the form below
Date of UE ______________  Time of UE  ____________
Corrected Gestation Age ________              Neobar in use? (circle one):   Yes / No
Activity prior to or during UE (i.e. patient agitation, suctioning, positioning, skin to skin, etc.):
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
If repositioning, was the 2-person technique utilized?  Yes / No
Is there anything you or other members of the interdisciplinary team feel could have prevented this UE ( use of positioning aids, not using the flexible arm to support the ventilator tubing etc.)?: ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Place completed forms in UE project lead’s mailbox. 
Place patient sticker here
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