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Abstract
Unplanned extubation is the dislodgement or removal of an endotracheal tube at a time
other than a planned extubation. In the pediatric population, these events are associated with
increased morbidity, prolonged dependence on mechanical ventilation, increased hospital stay,
and life-threatening adverse events such as cardiovascular collapse. This quality improvement
project aimed to reduce the rate of unplanned extubations in the 60-bed pediatric intensive care
unit of a large teaching hospital by 25% within 6 months. Baseline data was retrospectively
gathered for the fiscal year 2018 and causes and drivers of unplanned extubations were
identified. Two Plan-Do-Study-Act cycles that consisted of a debrief process and an unplanned
extubation risk assessment tool were developed and applied over the next 6 months. Yearly
unplanned extubation rates decreased from 6.8 to 4.8 per 1000 ventilator days, a 29% decrease
although mean monthly unplanned extubation rates pre-intervention and post-intervention were
not significantly different (95%, p = .731) with a 9% decrease from 5.8 to 5.2. Run chart analysis
showed special cause variation with 9 consecutive points below the median. Pareto charts
displayed improved reporting of reasons for the events. There was no significant difference in
the mean age, the time of day when events occurred, or the reasons for the events when
comparing pre and post intervention unplanned extubations. Unplanned extubations in the
pediatric intensive care unit can be reduced using a debrief process and a risk assessment tool by
identifying unit-specific associated factors.
Keywords: unplanned extubation, unintended extubation, pediatric intensive care unit, children
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Reducing Unplanned Extubations in the Pediatric Intensive Care Unit
In 2000, the Institute of Medicine estimated that between 44,000 to 88,000 people die
every year due to adverse events resulting from preventable medical errors. These adverse events
are the 8th-leading cause of death, exceeding death rates of motor vehicle accidents, breast
cancer, or AIDS (Kohn, Corrigan, & Donaldson, 2000). In the pediatric population, unplanned
extubations were identified as an adverse event associated with prolonged dependence on
mechanical ventilation and increased hospital length of stay (Agarwal et al., 2010; Stockwell et
al., 2018). Unplanned extubations can have devastating consequences including pneumonia,
respiratory failure, and cardiovascular collapse (da Silva & Fonseca, 2017; Razavi, Nejad,
Mohajerani, & Talebian, 2013).
Al-Abdwani et al., (2017) conducted a systematic review of recent pediatric unplanned
extubation studies and discussed the significant morbidity that can occur following an event.
Common respiratory complications include desaturation, stridor, bronchospasm, pneumothorax,
and aspiration. Difficult re-intubation and vocal cord injury were seen in up to 6% of unplanned
extubations. Cardiac complications include bradycardia, arrhythmia, and cardiac arrest. Although
cardiac arrest occurred in only 2% of events, da Silva and Fonseca (2017) found that unplanned
extubations in pediatric patients were associated with a 20% increased risk of life-threatening
cardiovascular collapse with cardiopulmonary resuscitation required in up to 47% of patients.
While there were no deaths directly resulting from unplanned extubations, Al-Abdwani et al.
(2017) found that 6.3% of patients with one or more unplanned extubation events died in the
intensive care unit. While there is limited data on the economic burden of unplanned extubations,
a recent study conducted by Roddy, Spaeder, Pastor, Stockwell, and Klugman (2015) found that
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pediatric patients with an unplanned extubation have an increased hospital length of stay by 6.5
days/ case and an increased hospital cost of up to $37,000/ case.
Unplanned extubations occur when there is a displacement of the endotracheal tube
(ETT) at any time other than the planned extubation (da Silva & de Carvalho, 2010). The
displacement may be observed directly or radiographically as dislodgement of the tube from the
trachea. There is loss of bilateral breath sounds and end tidal carbon dioxide that can neither be
reestablished by suctioning nor by advancement of the ETT. Unplanned extubations are reported
by the number of events per 100 intubation days and not the percentage of ventilated patients to
avoid the confounding of disproportionate rates due to ventilated patient turnovers. The
incidence of unplanned extubations in the pediatric population varies widely with reports ranging
from 0.11 to 2.27 per 100 intubation days (da Silva, Farah, & Fonseca, 2018). Reintubation
occurs in 14% to 65% of these reported events. Unlike central line-associated bloodstream
infections (CLABSI) and catheter-associated urinary tract infections (CAUTI) which are tracked
by national standard surveillance protocols, there is no national system that registers or tracks
unplanned extubations. However, the most recent national consensus is a benchmark incidence
of less than 1.0 per 100 intubation days (da Silva & de Carvalho, 2010; da Silva, Farah, &
Fonseca 2018).
Risk factors for unplanned extubations have been identified in numerous studies. The
most common risk factors include younger children (< 2 years), inadequate sedation, agitation,
weaning, inadequate ETT fixation, copious secretions, ETT placement above the thoracic inlet in
the most recent chest x-ray, bedside procedures, transport, nurse experience, and increased
patient burden (Al-Abdwani et al., 2017; da Silva & de Carvalho, 2010; da Silva, Farah, &
Fonseca, 2018).
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A large teaching hospital in Philadelphia has identified an increase in unplanned
extubations in the pediatric intensive care unit (PICU). The PICU is a multidisciplinary unit
equipped with rapidly changing technology to provide care for critically ill or injured children
and adolescents. Critical illness and injury can involve acute respiratory distress, severe
infection, poisoning, drug overdose, shock, congenital anomalies, extensive surgeries, and
immunological disorders (Carpenter et al., 2018). Respiratory failure is the leading cause of
admission to the PICU with up to 55% of patients requiring endotracheal intubation or
mechanical ventilation (Farias et al., 2012; Nardi, Mortamet, Ducharme-Crevier, Emeriaud, &
Jouvet, 2017). The project site’s PICU saw an increase in the occurrence rate of unplanned
extubations from 4.5 per 1000 intubation days in 2017 to 6.8 per 1000 intubation days in 2018.
Depending on the needs of the institution, multi-pronged quality improvement (QI)
studies and plan-do-study-act (PDSA) cycles that address modifiable risks have been
implemented with great success (da Silva et al., 2018). Quality improvement interventions that
reduce the incidence of unplanned extubations require the collaboration of a multidisciplinary
healthcare team (da Silva & de Carvalho, 2010). Interventions that have been successful include
1) 1:1 nurse-to-patient ratio, 2) establishment of a multidisciplinary QI team that meets regularly,
3) standardization of ETT fixation, monitoring, and care, 4) standardization of approach to high
risk situations, 5) early recognition of readiness for extubation, and 6) standardization of sedation
protocols. In addition to these structural and process recommendations, emerging literature show
that the use of a risk assessment score (RAS) tool for unplanned extubations can identify high
risk patients, increase staff awareness, and guide risk-specific protocols for the prevention of
unplanned extubation events (Vats, Hopkins, Hat, Yan, Palmer, & Keskinocak, 2017).
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This project aimed to reduce the unplanned extubation rates at the project site by at least
25% in 6 months. To achieve this aim, the project team set out to use a continuous QI initiative
with two rapid PDSA cycles to test the effect of small changes in the rate of unplanned
extubation in the PICU. Several best practice recommendations were already in place at the
institution including 1:1 nurse to patient ratios for intubated patients, standardization of ETT
fixation and care, early recognition of readiness for extubation, and standardization of sedation
protocols. The QI initiative focused on initiatives which did not exist at the project site. These
initiatives were developed with a multidisciplinary QI team. First, a debrief process and tracking
database was implemented to monitor unplanned extubations, the characteristics of patients, and
the circumstances surrounding these events. Subsequently, a RAS tool was incorporated during
respiratory therapy shift handoff to stratify unplanned extubation risk and guide risk specific
interventions.
Methods
Human subjects’ protection
Prior to implementation, the Institutional Review Board (IRB) of the University of
Pennsylvania granted an exemption because the project was a QI initiative. It did not meet the
definition of human subjects research.
Setting
The QI initiative was conducted at the Children’s Hospital of Philadelphia (CHOP), a
564-bed teaching hospital located in Philadelphia, Pennsylvania. CHOP has more than 1 million
outpatient visits and inpatient admissions each year. The PICU at CHOP is composed of 60
licensed beds and staffed by 225 registered nurses with 58-68 nurses assigned per shift, 42
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physicians, >25 advanced practice providers and 100 respiratory therapists with 10 assigned per
shift.
Planning the intervention
The initial steps of the QI initiative began during the last quarter of 2018 following an
increase in unplanned extubation events from 2017 to 2018. An interdisciplinary mortality and
morbidity conference in December 2018 was conducted to review the most recent events,
examine the circumstances surrounding the events, spread awareness of the phenomena, and
gather and consult with multidisciplinary clinicians to identify areas for improvement. In
preparing for the conference, the lack of database for tracking unplanned extubations was
apparent. Data identifying the circumstances surrounding unplanned extubation events was
fragmented and required sourcing through incidence reports and individual chart review.
Incidence reports were occasionally incomplete or missing. These factors were identified as key
drivers and were addressed in the QI initiative. Furthermore, while individual unplanned
extubation events were discussed as they occurred, there was a lack of a dedicated committee or
QI team that consistently monitors initiatives and analyze events.
Quality Improvement Team
A multidisciplinary unplanned extubation QI team was embedded in an existing PICU
airway committee beginning January 2019 and was involved in developing the QI initiatives.
The unit-based committee composed of PICU leadership, physicians, nurses, advanced practice
nurses, and respiratory therapists began integrating discussions on unplanned extubation drivers
and targeted solutions. Baseline data for key drivers was retrospectively collected for unplanned
extubation events occurring in the fiscal year of 2018 through review of incident reports and
electronic health records. Based on this data, feedback from the committee, and existing
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literature, a driver diagram was created, seen in Figure 1. Initiatives were developed to lower the
unplanned extubation rates following the Model for Improvement through sequential PDSA
cycles (Langley et al., 2009).
Unplanned Extubation Debrief
The first PDSA cycle began in March 2019 and consisted of establishing an unplanned
extubation debrief process. An existing unplanned extubation debrief form used in the Neonatal
Intensive Care Unit (NICU) at CHOP was adapted for the PICU with modifications from
identified baseline key drivers, a review of literature, and recommendations from the unplanned
extubation QI team. The changes included a streamlined layout and ensured the relevance of the
debrief tool to the pediatric population.
Immediately after an unplanned extubation, an interdisciplinary debrief was conducted.
The debrief was led by the assigned respiratory therapist and involved participation from the
nurse and the provider assigned to the patient. The debrief form, seen in Figure 2, was completed
by the respiratory therapist during this meeting. Data collected in the debrief form included
patient demographics, type of intubation, airway difficulty, sedation scores, presumed cause of
the event, circumstances and patient condition preceding the event, associated adverse events,
and persons present at the time of the event. This data was coded in Research Electronic Data
Capture (REDCap), a secure online database that allows easy storage and data export for
statistical analysis.
Risk Assessment Score Tool
The second PDSA cycle was implemented in June 2019. An unplanned extubation RAS
tool developed by Vats et al. (2017) was used to stratify individual patient risk. The tool, seen in
Figure 3, assigns a score between 0 to15 and stratifies risk into low (<2), moderate (3–4), high

REDUCING UNPLANNED EXTUBATIONS

9

(5), and extreme (>6). A higher RAS was shown to correlate with a higher risk for unplanned
extubation.
Risk assessments were performed on all intubated patients by the day shift and the night
shift respiratory therapists during change of shift hand-off and on an as needed basis. When a
patient had a RAS ≥ 3, the assigned respiratory therapist communicated the increased risk of an
unplanned extubation to the bedside nurse. In addition, any planned movement of the patient
(e.g. position changes, linen changes, imaging) required a clinician dedicated to holding the ETT
and ventilator tubing. Clinicians responsible for holding the tubes were registered nurses,
respiratory therapists, physicians, and nurse practitioners.
Education and Information Dissemination
Several methods educating the PICU healthcare team and disseminating information on
QI interventions were utilized. First, monthly meetings of the unit-based airway committee
included focused discussions on unplanned extubations and QI initiatives. Second, electronic
notifications in email were sent to all the members of the PICU healthcare team describing
unplanned extubations, the interventions, their purpose, significance, and application. These
electronic notifications were sent through the monthly PICU Press newsletter prior to
implementation, during the month of implementation, and on an as needed basis. Screensavers
for computers describing the unplanned extubation debrief process were also developed and
applied throughout the PICU workstations. Finally, as described by Rachman and Mink (2013),
education sessions in the form of interactive sessions for PICU staff were conducted through
safety huddles, leadership rounding, and in-person education sessions. No formalized curriculum
or competency testing was required as this was a trial of the interventions.
Measures and Analysis
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A pre-posttest design was utilized for statistical analysis of this QI project. The
population included all intubated patients in the CHOP PICU from May 2019 through August
2019. Monthly unplanned extubation occurrence rates from January 2017 to August 2019 were
calculated and reported as the number of unplanned extubations per 1000 ventilator days.
Although unplanned extubation rates are measured as events per 100 intubation days in the
literature review, CHOP traditionally measures rates as events per 1000 intubation days. This
format was used for consistency during data collection and analysis unless otherwise specified.
An intubation was defined as a child admitted with an ETT or a child with the placement or
exchange of an ETT. An unplanned extubation was defined as any extubation occurring in the
absence of a predetermined plan and time. A Shapiro-Wilk test was used to examine the normal
distribution of unplanned extubation rates (p = .08) and since the rates were non-significant, the
data was assumed to be normally distributed. The mean monthly unplanned extubation rates
were compared by year using an analysis of variance (ANOVA). A t-test was used to examine
the difference in average monthly unplanned extubation rates pre and post intervention.
A retrospective data review of unplanned extubation events occurring 6 months prior to
the first PDSA cycle was conducted through incident reports. Data missing from incident reports
were obtained via electronic chart review. Data collected from incident reports and chart reviews
mirrored the debrief form and included patient demographics, presumed cause of the event, time
of the event, sedation scores, type of intubation, airway difficulty, circumstances and patient
condition preceding the event, and adverse events occurring as a result of the unplanned
extubation. The characteristics of the unplanned extubation events that occurred in the pre- and
post- intervention period were compared using nonparametric statistics due to the small count of
unplanned extubation events. Mann-Whitney U tests were used to compare the interval level
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values and chi-square tests were used to compare categorical data in the pre- vs. postintervention periods. A Fisher’s Exact test was used to compare the proportion of unplanned
extubations that occurred by time of day between the pre- and post-intervention periods. A run
chart analysis was conducted and displayed graph data over time, evaluated the process, and
identified trends or variations. Two pareto charts were developed for both pre- and postintervention to compare common causes of unplanned extubation events. Finally, descriptive
statistics were used to examine the characteristics of the unplanned extubation events occurring
following the intervention.
Results
A multidisciplinary debrief process established in March 2019 addressed the lack of a
database and of a tracking system for unplanned extubations. The process was led by respiratory
therapy and required the participation of the provider present and of the nurse assigned to the
patient. There were fields in the debrief form that depended on nursing assessment. These fields
included the State Behavioral Scale (SBS) that scores the sedation or agitation levels in
mechanically ventilated pediatric patients, and the Cornell Assessment of Pediatric Delirium
(CAPD) Scale (Curley, Harris, Fraser, Johnson & Arnold, 2006; Traube et al., 2014). During the
first PDSA cycle, the debrief form did not include the RAS. Once the RAS tool was
implemented in the second PDSA cycle, the debrief form was modified to include the score.
The implementation of the RAS tool in the second PDSA cycle addressed the need for
identifying patients at risk, improving communication of the risk, and standardizing an approach
to high risk situations that required patient movement. While the RAS can range from 0 to 15,
developers of the tool found that a RAS ≥ 3 was associated with a higher risk for an unplanned
extubation (Vats et al., 2017). Based on this finding, a process change of communicating the risk
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to nursing and “hands on tube” during patient movement was implemented for patients scoring ≥
3.
During the implementation of process changes in the PICU, there were a total of 394 ETT
with over 1750 intubation days in a 6-month period. As of August 2019, the mean monthly
unplanned extubation rate was 5.29 per 1000 intubation days, a decrease of 9% when compared
to the pre-intervention rates of 5.82 beginning January 2017 to February 2019 (see Figure 4).
This decrease was not statistically different (p = .731). As seen in Table 1, an ANOVA analysis
of mean monthly unplanned extubation rates in 2017, 2018, and 2019 indicated no significant
variance (p = .833). However, when comparing yearly rates, the rates in 2019 saw a 29%
reduction from 6.8 to 4.8 per 1000 intubation days, compared to the previous year’s 50%
increase from 4.54 in 2017.
A run chart, seen in Figure 5, was developed, capturing data from January 2017 to
August 2019 and marking when PDSA cycles and process changes were introduced. Relevant
events were also marked on the chart. A key event was the mortality and morbidity conference in
December 2018. It is important to note that multidisciplinary discussions on initiating a QI
project began prior to this. While there were no recognizable trends in the chart, there was a preintervention run of occurrence rates falling below the median that began during this period
running from October 2018 to March 2019. A possible explanation for this run is that the higher
frequency of unplanned extubation events, seen as a run of above the median beginning February
2018, were accompanied by discussions in safety huddles and in the PICU airway committee,
increased vigilance by providers, respiratory therapists, and nursing staff. The October 2018 to
February 2019 run also precedes the first PDSA cycle, with February 2019 as a period where
information and education on unplanned extubation initiatives were disseminated in the PICU.
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Patient characteristics and circumstances surrounding unplanned extubations were
examined. Pre- intervention data was gathered from general safety incident reports and electronic
chart review 6 months preceding the first PDSA cycle. There was an attempt to use preintervention data for the fiscal year of 2018, however the majority of unplanned extubation
events during that period either had missing fields or lacked clarity in electronic documentation
referencing the actual event. This may be due to the absence of a formal debrief process and the
lack of a dedicated data tracking system for unplanned extubations. In contrast, post intervention
data was collected through unplanned extubation debrief forms that were encoded in REDCap.
The majority of data was available on the debrief forms although two fields, the most recent
SBS, and the most recent CAPD, were incomplete on a number of forms and required retrieval
from electronic medical records. These two assessment scores are dependent on the nursing staff
as part of their routine assessment. The SBS was assessed every 4 hours, prior to ETT
suctioning, and as needed, while the CAPD was measured twice daily (Curley et al., 2006;
Traube et al., 2014). Since the CAPD and SBS are charted in the electronic health record, the
additional step of retrieving them immediately after an unplanned extubation may have
contributed to the challenge of completing these fields. To encourage filling out the CAPD and
SBS and based on feedback from respiratory therapists, both fields were highlighted on the form,
and reinforced during educational initiatives.
There was a total of seven unplanned extubations in the 6-month pre-intervention period
and a total of 13 unplanned extubations in the 6-month post-intervention period. All 13 of the
post intervention unplanned extubations had corresponding debrief forms, a 100% compliance
rate. There was no significant difference in patient characteristics in the median age of patients,
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the time of day, or the reasons and circumstances for the unplanned extubation events as seen in
Table 2 and Table 3.
An important finding when describing unplanned extubations were the times when the
events occurred. As seen in Table 3, 72% of pre-intervention unplanned extubations occurred
during the day shift, between 08:00 to 19:59, with 58% occurring between 12:00 to 15:59. Post
intervention, the events were evenly distributed between day shift and night shift, although 12:00
to 15:59 still had the highest percentage at 33% of events, followed by 00:00 to 03:59 at 25%.
The reduction of post-intervention unplanned extubation events on the day shift may be
attributed to a relatively higher exposure to educational initiatives. For instance, site visits and
education rounds by the project team were primarily conducted during the day shift. In terms of
the circumstances surrounding unplanned extubations, 85% of pre-intervention events occurred
during routine care. Likewise, 31% of post-intervention events also occurred during routine
care, 15% during positioning, and 15% upon admission.
Finally, data on outcomes following unplanned extubations revealed that approximately
40% of unplanned extubations required reintubation both for pre and post intervention. This rate
is consistent with those cited in the literature where reintubation rates range from 14 to 65% (da
Silva et al., 2010). The most common adverse outcome was desaturation, occurring in 42% of
pre-intervention events, and 30% of post-intervention events. Chest compressions were initiated
in 8% of post intervention events.
The RAS was implemented in June 2019. While June 2019 had a decrease in unplanned
extubation rates from the previous month, August 2019 saw a sharp increase in the run chart of
13.8 per 1000 intubation days following a 9-point run below the median rate. Several contextual
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elements were examined. First, June to August is the period when new medical residents arrive
at the institution. More importantly, the three unplanned extubations during the month of August
2019 occurred under atypical circumstances. One of the events occurred immediately upon
admission to the unit. A second event occurred with the PICU team at bedside preparing for a
planned extubation. And finally, a third event appeared to be associated with delirium. Since the
implementation of the RAS tool, there were six unplanned extubation events, only three of which
had a RAS prior to the event (see Table 2). It is important to note that all three events did not
have RAS immediately preceding the unplanned extubation.
These events identified opportunities with implementing the RAS and highlighted
inherent challenges in the pediatric population. While competing priorities during the admission
process may not allow immediate risk assessment, a possible approach to admitting intubated
patients may include the default application of “hands on tube” particularly since admissions
involve patient transport and can be considered a high-risk situation. Likewise, the importance of
a risk assessment upon admission need reinforcement since the initial focus of the RAS
implementation was during shift hand-off. Another unique challenge in the pediatric population
is that the majority of delirium are either of the hypoactive (46%) or of the mixed (45%) subtype
with mechanical ventilation considered as an independent risk factor (Traube et al., 2017). In
fact, SBS sedation/ agitation scores, seen in Table 2, in both pre and post intervention events fall
within the sedation goal despite a wide ranging CAPD score. Although it was unclear how recent
the SBS scores were, based on the institution guidelines, sedation/ agitation assessments are
within the most recent 4 hours. Finally, compliance with RAS was difficult to determine since
the method of assessment was done on paper, separate from the electronic record. In terms of
unplanned extubation events, only 50% of events occurring since implementation of the RAS
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tool had a score. All the August 2019 unplanned extubation events lacked a recent RAS. When
RAS was available, patients are correctly identified as having a high risk for unplanned
extubation.
Discussion
Summary
In the pediatric population, unplanned extubations have been associated with detrimental
patient outcomes. Despite best practices in place, the CHOP PICU experienced an increase in
unplanned extubation rates. In an effort to reduce unplanned extubation rates and to better
understand the circumstances of these events, QI initiatives were developed by a
multidisciplinary QI unplanned extubation team and implemented through rapid PDSA cycles.
Two PDSA cycles applied over the course of 6 months consisted of a debrief process followed
by an unplanned extubation RAS tool. While an analysis of the circumstances surrounding pre
and post intervention events showed no significant difference, the data shed light on patient and
event characteristics, time of the event, common causes, and outcomes of unplanned extubation
events. This information can drive future interventions and QI initiatives.
This QI project has a number of strengths. First, multiple disciplines collaborated through
a QI team approach to develop the initiatives used. The project is also the only reported initiative
to use a combination of establishing a debrief process, a data tracking system, and risk
stratification through a RAS tool to reduce unplanned extubation rates in a PICU. In addition,
because there are a number of debrief processes already in place at the site and because the
debrief form was adapted from an existing NICU form, the integration of an unplanned
extubation debrief process was intuitive to the PICU healthcare team and had a 100%
compliance rate. Another strength of this project was the use of a RAS tool which identifies
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individual patient risk and addresses multiple factors associated with unplanned extubations. It
facilitated the communication of unplanned extubation risk during shift change between
respiratory therapists as well as communication of the risk between respiratory therapists and
nurses. The RAS also provided clinicians a quick reference for risk factors of unplanned
extubation events. In addition, the identification of a patient at risk was actionable since it
required interprofessional communication and a “hands on tube” intervention during patient
transfers.
Interpretation
The unplanned extubation QI team was embedded in an existing multidisciplinary airway
committee that regularly held meetings during the first Thursday of every month. Incorporating
discussions on unplanned extubation initiatives was convenient and easily adapted to the existing
airway committee. Through this, staff members were updated with the process of the project and
were able to continuously identify any areas that needed adjustments. Discussions included but
were not limited to the QI initiatives, number of unplanned extubations that month, data
collection and results from the statistical analysis of data.
While the mean monthly rate of unplanned extubations pre and post intervention were not
significantly different, there was a reduction in the occurrence rate by 9%. Yearly unplanned
extubation rates from 2018 to 2019 also decreased by 29%. In addition to reducing unplanned
extubation rates, common factors associated with unplanned extubations pre- and postintervention were displayed using a Pareto chart, seen in Figure 6 and Figure 7. The use of the
debrief tool improved the identification of the causes attributed to the unplanned extubation
events. Pre-intervention, 78% of events were attributed to coughing or gagging, movement of
head or excessive movement, and other reasons. Post-intervention, “reason for event” was more
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explicitly described with 80% attributed to agitation or inadequate sedation, coughing or
gagging, other reason, movement of head or excessive movement, and patient self-extubation.
These identified “reasons for event”, however, may be viewed as contradictory to the SBS
scores. Although data shows that SBS scores, seen in Table 2, were at goal, the most cited
reasons for unplanned extubations were agitation or inadequate sedation, coughing or gagging,
movement of head or excessive movement, and patient self-extubation. There is a possibility that
these events were unrecognized delirium considering that hypoactive or mixed delirium subtypes
are predominant types of delirium in the PICU. Compared to other QI initiatives, inadequate
sedation and “patient suddenly awake” were also major reasons identified in unplanned
extubation events (da Silva et al., 2018). Conversely, while the literature cited the integrity of
ETT taping as a reason, none of the unplanned extubations at the project site identified the ETT
taping as a factor (da Silva et al., 2018).
Another important piece is determining the cause for agitation or sudden coughing or
gagging and excessive head movement. The results show that routine care and repositioning or
position-related events are the most common context where these unplanned extubations occur.
Furthermore, events often occur either between 12:00 to 15:59 or between 00:00 to 03:59,
periods which may correspond with activities or stimulation that contribute to sudden
wakefulness.
When looking at the RAS tool, patients who had unplanned extubations were correctly
identified as having a higher risk. However, it is important to note that out of the six events that
occurred following the implementation of the RAS, only three had a documented RAS prior to
the patients’ unplanned extubations. The other three events without RAS occurred in the same
month under atypical circumstances previously discussed. While there was only a 50%
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compliance rate of using the RAS tool in patients who had unplanned extubations, it was difficult
to determine the compliance rate for all intubated patients since the assessment was conducted on
paper. Both the low compliance found in patients who experienced unplanned extubations, and
the correct identification of a higher risk in the instances when a RAS was available underscores
the utility of the tool and the importance of identifying individual patient risk.
The results of the QI project follow previous initiatives found in the literature. As
discussed da Silva et al. (2010) and da Silva et al. (2018), QI initiatives with PDSA cycles that
used a combination of multiple evidence-based initiatives were successful in reducing unplanned
extubations. The majority of these initiatives were developed by multidisciplinary teams that
were similar to the one established at the project site. In addition, this project followed previous
initiatives by initially identifying drivers and by developing strategies that target modifiable risk
factors. The debrief process allowed accurate data tracking similar to Kauffman et al.’s (2018)
project which, in addition to practice changes, reduced unplanned extubation rates in the PICU.
There were no reported projects that used the RAS tool developed by Vats et al. (2017).
However, prospective identification of patient risk coupled with evidence-based process changes
as described by Tripathi, Nunez, Katyal, and Ushay (2015) found a 27% reduction in unplanned
extubation rates from 3.55 to 2.59 per 100 ventilator days. Other projects in the literature saw a
reduction in unplanned extubation rates by combining practice changes through sedation
protocols, early extubation pathways, and ETT management and care. Most of these projects,
however, have timelines longer than six months which preface the need for continued
implementation to determine whether the initiatives have a sustained effect (da Silva et al., 2010;
da Silva et al., 2018).
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The use of the debrief form and the RAS tool was easily incorporated at a low cost into
the daily work routine of respiratory therapists. Having respiratory therapy in charge of the QI
initiative instead of nursing made the project more sustainable since the PICU nursing staff had
multiple daily tasks and several ongoing QI projects. Likewise, embedding the QI team in an
existing airway committee ensured the sustainability of monitoring and continuously improving
the initiatives. While this project team does not predict that this QI initiative would be difficult to
replicate, barriers that may be encountered are the lack of staff members per shift, the lack of
buy-in from staff members, and resistance to change the culture.
Limitations
There were several limitations of this QI project. First, there was a high turnover of
nursing staff as well as new residents during the implementation period. This made it challenging
to ensure that all participants were adequately prepared for the project. Second, pre-intervention
data was collected retrospectively and allowed a chance for bias. As previously mentioned, this
data was fragmented and incident reports were incomplete, reducing the accuracy of data
collection. Third, the RAS tool was developed by a multidisciplinary team based on a patient
population from the Children’s Hospital of Atlanta. This may restrict generalizability of using
the tool in other hospital settings. Furthermore, the RAS tool is a novel approach, used only in
the pilot project by Vats et al. (2017). The tool also had a few variables that were not rigidly
defined, which permitted some degree of subjective variability in scoring by different respiratory
therapists using the tool. A specific variable that caused confusion throughout the respiratory
team was agitation (low/moderate/severe) although this room for subjectivity was intended by
Vats et al. to allow for clinician discretion. Fourth, there was a lack of a measure of the
compliance rate for the utilization of the RAS tool. This reduced the ability to measure its full
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effect on unplanned extubation rates. Finally, in the first few months of implementing the
debrief tool, there was a low incidence of unplanned extubation events. This may be due to the
possibility of participants altering their behavior because of changes in their perception of the
issue, suggesting a Hawthorne Effect.
Conclusion
The use of a multidisciplinary QI team approach in developing and implementing QI
initiatives such as a debrief process after an unplanned extubation event, and a RAS tool to
identify patient risk, can reduce the rate of unplanned extubations within a PICU. The findings of
this QI project emphasize the need for multidisciplinary collaboration to address a multi-factorial
problem. In order to efficiently reduce unplanned extubation rates, identifying unit-specific
drivers is crucial in developing targeted interventions. Unplanned extubations are a common and
national issue. Other pediatric healthcare facilities that have existing protocols and standardized
approaches to risk factors of unplanned extubations can look to establishing a QI team and an
event database to monitor the progress of their QI interventions. A debrief process after every
unplanned extubation event can also be adapted to the facility’s specific needs. Likewise,
identifying individual patient risk with a RAS tool can drive interventions specific to a risk
category. More QI initiatives using the debrief process and the RAS tool are necessary in various
populations and settings. Finally, while the literature suggests an arbitrary threshold for pediatric
unplanned extubation rates, an established national benchmark will allow healthcare
organizations to compare their performance with their peers and identify opportunities for
improvement.
Future direction of the QI initiative is to consider a monthly review throughout the PICU
of all unplanned extubation events in order to increase staff awareness and participation.
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Incorporation of the RAS tool in the electronic health record can monitor and increase
compliance, communication, and awareness in other healthcare disciplines. Interventions similar
to “hands on tube” can be developed and implemented in response to a high-risk trigger on the
RAS tool. Correlating the RAS to SBS and CAPD scores can also shed light on the subjectivity
of assessments. Finally, since most of the events occur during routine care, larger involvement of
the nursing staff can strengthen the sustainability of the project.
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Table 1
ANOVA Mean Monthly Unplanned Extubation Rates by Year
Year
UE Rate, mean (SD)

2017
(n=12)
5.09 (4.78)

2018
(n=12)
6.68 (4.27)

2019
(n=8)
5.29 (4.13)

Note. SD = Standard Deviation. ANOVA = Analysis of variance.

ANOVA P Value
0.833
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Table 2
Patient Characteristics

Age, median [IQR]
Difficult Airway, n (%)
Critical Airway, n (%)
Facial Deformity, n (%)
Restraints Present, n (%)
Intubation, n (%)
Oral
Nasal
Restraints
Present
Not Present
Unknown
Last SBS, median [IQR]
Last CAPD, median [IQR]
Risk Assessment Score,
Median [IQR], n=3

Pre-Intervention
(n = 7)

Post
(n = 13)

p

0.67 [0.56, 11.00]

5.00 [1.50, 14.00]

0.362

2 (28.6)
1 (14.3)
1 (14.3)
0 (0.0)

2 (15.4)
0 (0.0)
1 (7.7)
4 (30.8)

0.907
0.747
0.999
0.171
0.550

7 (100.0)
0 (0.0)

11 (84.6)
1 (7.7)
0.171

0 ( 0.0)
4 ( 57.1)
3 ( 42.9)
0.00 [-0.50, 0.00]
10.00 [2.00, 12.00]

4 ( 30.8)
7 ( 53.8)
2 ( 15.4)
0.00 [-1.00, 0.50]
5.00 [3.00, 9.00]

0.811
0.639

-

4.00 [ 2.00, 4.00]

0.999

Note. IQR = Interquartile range. SBS = State Behavioral Scale; CAPD = Cornell Assessment of
Pediatric Delirium (CAPD) Scale. The SBS scores the sedation or agitation levels in
mechanically ventilated pediatric patients.
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Table 3
Description of Unplanned Extubation Events
Pre
(n = 7)
Time Event Occurred, n (%)
00:00 to 03:59
04:00 to 07:59
08:00 to 11:59
12:00 to 15:59
16:00 to 19:59
20:00 to 23:59
Reason for Event, n (%)
Coughing/Gagging
Excessive Oral Secretions
Suspected Mucous Plug
Confirmed Mucous Plug
Weaning for Extubating
Agitation/Inadequate
Sedation
Movement of Head
Excessive Movement
Patient pulled out ETT
Not Seen
Other
Event Occurred During, n (%)
ETT Retaping
ETT Suctioning
Routine Care
Not witnessed
Admission/ Arrival on unit
Position-related/
Repositioning
Other
Unknown
Note. ETT = endotracheal tube

Post
(n = 13)

p
0.564

0 (0)
1 (14)
1 (14)
4 (58)
0 (0)
1 (14)

3 (25)
2 (17)
2 (17)
4 (33)
0 (0)
1 (8)

2 (28.6)
0 (0.0)
0 (0.0)
0 (0)
0 (0.0)

4 (30.8)
1 (7.7)
1 (7.7)
0 (0)
1 (7.7)

1 (14.3)

5 (38.5)

2 (28.6)

2 (15.4)

1 (14.3)
0
3 (42.9)

2 (15.4)
1 (7.7)
2(15.4)

0.999
0.999
0.964

1 (14.3)
0 (0.0)
6 (85.7)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
1 (7.7)
4 (30.8)
1 (7.7)
2 (15.4)
2 (15.4)

0.222

0 (0.0)
0 (0.0)

2 (15.4)
1 (7.7)

0.999
0.999
0.999
0.999
0.999
0.539
0.837
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Table 3
Description of Unplanned Extubation Events

Person present
RN
NP
RT
SNA
MD
X-ray Tech
Family/ Caregiver

Pre
(n = 7)

Post
(n = 13)

p

3 ( 42.9)
0 ( 0.0)
1 ( 14.3)
0 ( 0.0)
0 ( 0.0)
0 ( 0.0)
0 ( 0.0)

10 ( 76.9)
0 ( 0.0)
4 ( 30.8)
1 ( 7.7)
3 ( 23.1)
0 ( 0.0)
6 ( 46.2)

0.302
0.999
0.787
0.999
0.470
0.999
0.102

Note. RN = registered nurse; NP = nurse practitioner; RT = respiratory therapist; SNA = nurse
assistant; MD = medical doctor; X-ray Tech = X-ray technician.
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Table 4
Unplanned Extubation Event Outcome

Reintubation, n (%)
Noninvasive ventilation,
n (%)
Desaturation, n (%)
Bradycardia, n (%)
Compressions, n (%)
Hypercapnea, n (%)
None, n (%)
Other, n (%)

Pre
(n = 7)

Post
(n = 13)

p

3 (42.9)

5 (38.5)

3 (42.9)

4 (30.8)

0.999
0.961

3 (42.9)
1 (14.3)
0 (0.0)
0 (0.0)
4 (57.1)
0 (0.0)

4 (30.8)
0 (0.0)
1 (7.7)
0 (0.0)
9 (69.2)
0 (0.0)

0.961
0.747
0.999
0.999
0.961
0.999

REDUCING UNPLANNED EXTUBATIONS

32

Table 5
Timeline of Interventions
PDSA Cycle
Pre-intervention

Date
January 2017- February
2019
November 2018

December 2018
January 2019
February 2019- ongoing

Debrief Form
(PDSA Cycle 1)

March 2019 - ongoing

May 2019 - ongoing
July 2019 - ongoing

RAS Tool (PDSA
Cycle 2)

June 2019 – ongoing

October 2019

Events
UE incident reports completed
Meeting with PICU leaders to
discuss QI project
Retrospective data collection via
incident reports
Interdisciplinary M&M conference
IRB approval
Announcement of project via
monthly batched emails
Dissemination of
information/education sessions
for debrief form
Continuous weekly education
sessions
REDcap database created and
maintained
Data collection for debrief tool
UE screensaver developed
Monthly airway safety conference
incorporating QI project
Dissemination of
information/education sessions
for RAS tool
Continuous weekly education
sessions
Data collection for RAS tool
Monthly airway safety
conferences incorporating QI
project
Statistical analysis of data

Note. UE= unplanned extubation; EMR = electronic medical record; PICU = pediatric intensive
care unit; M&M = morbidity and mortality; QI = quality improvement; IRB= institutional review
board; RAS= risk assessment score
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Figure 1. Driver diagram of unplanned extubations. UE = unplanned extubation. Primary drivers
were grouped according to da Silva and de Carvalho (2010). Secondary drivers were identified
through a retrospective review of unplanned extubation events occurring in fiscal year 2018,
discussions with a PICU airway quality improvement team, and a review of literature.
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Figure 2. Unplanned Extubation Debrief Form. RN = registered nurse; NP = nurse practitioner;
RT = respiratory therapist; SNA = nurse assistant; MD = medical doctor; X-ray Tech = X-ray
technician; SBS = State Behavioral Scale; CAPD = Cornell Assessment of Pediatric Delirium
(CAPD) Scale. The SBS scores the sedation or agitation levels in mechanically ventilated
pediatric patients.
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A risk assessment will be performed on every intubated patient
during RT change of shift hand off.
A risk assessment score (RAS) ≥ 3 increases the risk for an
unplanned extubation.
If the patient has a RAS > 3 the RT will discuss with the bedside
RN the need to have a clinician* dedicated to holding the
endotracheal tube and ventilator tubing with any planned
movement of the patient (e.g. position changes, linen changes,
CXR)
Hands On Tube for RAS ≥ 3
Blank forms, active patient forms, and completed forms will be kept
at each RT touchdown station

*A clinician can be a RN, RT, or MD/NP
Figure 3. Unplanned Extubation Risk Assessment Scoring Tool. RT = respiratory therapist; RN
= registered nurse; MD = medical doctor; NP = nurse practitioner. The RAS was conducted by
RT during shift handoff. Adapted from Vats et al. (2017)
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Figure 4. Monthly unplanned extubation rates in (number of unplanned extubation events per
1000 ventilator days) from January 2017 to August 2019. The total unplanned extubation rate in
2017 was 4.58 per 1000 intubation days. There was a 50% increase in total unplanned
extubations in 2018 with 6.83 per 1000 intubations. In 2019, the unplanned extubation rate saw a
decrease of 29% with 4.89 per 1000 intubations.
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Figure 5. Run chart for unplanned extubation rate (number of unplanned extubation events per
1000 ventilator days) from January 2017 to August 2019. A multidisciplinary mortality and
morbidity conference (M & M Conference) on recent unplanned extubations events was
conducted in December 2018. The unplanned extubation debrief process was implemented on
March 2019. A risk assessment scoring (RAS) tool was implemented in June 2019.
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Figure 6. Pareto chart of reported reasons for unplanned extubation event six months prior to
intervention. Data was retrieved from unplanned extubation incident reports between September
2018 to February 2019. Data missing from the report was gathered through a manual review of
electronic health records. The solid line represents the cumulative percentage for each reason
with 78% of events attributed to coughing or gagging, movement of head or excessive
movement, and other reasons.
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Figure 7. Pareto chart of reported reasons for unplanned extubation during the intervention. Data
was retrieved from debrief forms. The solid line represents the cumulative percentage for each
reason. Agitation or inadequate sedation, coughing or gagging, other reason, movement of head
or excessive movement, and patient self-extubation were responsible for 80% of unplanned
extubation events.

