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INTRODUCTION
The neonatal intensive care unit (NICU) at 
Nationwide Children’s Hospital includes 
114 beds caring for a heterogeneous pop-
ulation, including premature neonates as 
young as 22 weeks’ gestation, newborns 
with congenital (including airway) malfor-

mations, and patients up to 2 years old with 
bronchopulmonary dysplasia. Many NICU 

patients require prolonged invasive mechani-
cal ventilation, during which unintentional endo-

tracheal tube (ETT) dislodgment poses a risk. As part of 
our institution-wide goals to eliminate preventable harm, 
the Zero Hero initiative,1,2 as well as part of Solutions for 
Patient Safety (SPS),3 we sought to reduce the unplanned 
extubation (UE) rate in our NICU.

UEs lead to short- and long-term complications. In 
a large level-IV NICU,4 Hatch et al5 demonstrated that 
emergent intubations (most commonly occurring after 
UE) have a 4-fold odds of increase in adverse events 
when compared with elective and urgent intubations. 
Cardiovascular collapse occurs in 20% of UEs for infants 
and children admitted to the NICU, pediatric intensive 
care unit, or cardiac intensive care unit, with 83% of 
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these cases requiring cardiopulmonary resuscitation.6 
Complications from repeated intubation attempts per-
formed emergently include intraventricular hemorrhage, 
tracheal injury, and pulmonary injury.7 Additionally, 
Thomas et al8 demonstrated that repeated intubations 
after UE is a potential risk factor for severe acquired sub-
glottic stenosis in NICU graduates.

Similar institutions have reduced their UE rate fol-
lowing quality improvement (QI) initiatives focused 
on enhanced UE recognition, staff education, and stan-
dardizing practices. Merkel et al9 reported a significant 
improvement in UE from 2.38 to 0.41 per 100 ETT days 
following multiple Plan, Do, Study, Act (PDSA) cycles, 
with the most significant reduction in UE rate seen after 
implementing the use of mittens on the hands of infants 
older than 34 weeks’ postmenstrual age and a visible 
progress display. Similarly, Crezeé et al10 demonstrated a 
decrease in UE from 1.15 to 0.54 per 100 ventilator days 
following similar interventions, but including the use of 
procedural sedation to resecure ETTs, in a level-IV NICU 
with a low baseline UE rate. Our project, however, differs 
significantly from those listed above by avoiding sedation 
and restraints in intubated patients and the active encour-
agement of skin-to-skin care for all infants.

As part of the Nationwide Children’s Neonatal 
Network’s effort to ensure optimal neurodevelopmental 
outcomes, skin-to-skin care of intubated infants (includ-
ing those on high-frequency ventilation) is encouraged, 
while sedation and restraints to prevent UE are strongly 
discouraged. Our older patients are expected to perform 
developmentally appropriate tasks with the arms and 
hands, including grabbing objects. While the multidisci-
plinary team was charged with making interventions to 
reduce UE and the associated risks, we decided interven-
tions impairing long-term neurodevelopmental outcomes 
would be unacceptable.

This QI project aimed to decrease the UE rate in infants 
admitted to the Nationwide Children’s Main Campus 
NICU from 1.85 to 1.5 per 100 ETT days by December 
31, 2017, and sustain this decrease for 12 months.11

METHODS
Context
This project occurred at Nationwide Children’s Hospital 
Main Campus NICU, a 114-bed, level-IV NICU with 
approximately 850 all outborn admissions per year. Like 
other level-IV NICUs, Nationwide Children’s Hospital 
has many neonates requiring prolonged intubation sec-
ondary to various diagnoses, including extreme prema-
turity and congenital anomalies. Nationwide Children’s 
Hospital’s NICU also has 24 beds dedicated to caring for 
patients with severe bronchopulmonary dysplasia.12,13 
Nationwide Children’s Hospital participates in SPS, a 
national collaborative of more than 130 children’s hospi-
tals working to eliminate preventable harm. This project 
occurred as part of the institution’s Zero Hero1,2 effort 

to eliminate preventable harm and an SPS3 initiative to 
decrease UE.

Interventions
In January 2014, a monthly staff meeting was initiated 
across the hospital’s intensive care units to discuss indi-
vidual UE events and possible causation factors. The 
teams in the hospital used the Institute for Healthcare 
Improvement methodology implementing multiple PDSA 
cycles.14

In May 2014, a multidisciplinary NICU-specific team, 
including a QI specialist, neonatal nurse practitioners, 
nurses, a nurse educator, respiratory therapists (RTs), 
and physicians, began meeting biweekly to review each 
UE event and associated failure modes. Our working 
group devised multiple interventions (Table  1) and UE 
event review identified high-risk elements, which became 
the UE prevention bundle in December 2014. Audits 
were performed to track specific interventions, including 
bundled elements and taping technique compliance. The 
team, however, struggled with event capture. In February 
2015, a questionnaire was placed in all intubation boxes 
to improve reporting, evaluate potential factors that con-
tributed to each event, and identify immediate adverse 
outcomes, such as the need for cardiopulmonary resusci-
tation (See figure 1, Supplemental Digital Content, which 
displays unplanned extubation questionnaire, http://
links.lww.com/PQ9/A208). At this time, RTs began own-
ing the reporting process.

In July 2015, to decrease the UE preventable events 
attributed to loose securement devices, the NICU imple-
mented manufacturer guidelines and added replacing the 
ETT securement device every 7 days to the prevention 
bundle. Before this intervention, the time between secure-
ment device changes was not standardized.

To achieve the aim of the project without compromis-
ing Nationwide Children’s Hospital’s Neonatal Network 
neurodevelopmental goals, we tried multiple options to 
address ETT securement, while allowing infants to be 
awake and interactive (Table  1). Noteworthy interven-
tions included defining preventable versus nonprevent-
able UE and “candy-caning” the tape used to secure the 
ETT to the commercial device. We defined preventable 
UE as any UE during which a caregiver (parent or staff) 
was engaged with the infant or was manipulating the 
tube. We defined unpreventable UE as those caused by 
normal infant movements that cannot be prevented with-
out restraint or sedative medications. Candy-caning is 
a method of wrapping the tape around the platform of 
the securement device and around the ETT in an upward 
fashion to increase the contact surface area of the adhe-
sion with the ETT device and to prevent tube migration 
through dilated or moist tape. The application of the 
candy-caning method began in May 2017 and stopped 
in July 2017 with the introduction of a new tape thought 
to have sufficient adhesive properties, which would not 
require this technique. The candy-caning technique was 

http://links.lww.com/PQ9/A208
http://links.lww.com/PQ9/A208


Bertoni et al • Pediatric Quality and Safety (2020) 5:5;e346 www.pqs.com

3

reintroduced in November 2017 with auditing beginning 
in January 2018, when UE events increased without it.

Measures
The team collected multiple measures throughout the 
project. Outcome measures were the overall UE rate (the 
number of UEs per 100 ETT days) and the preventable 
UE rate (the number of preventable UEs per 100 ETT 
days). The SPS defines UE as any unintentional ETT 
dislodgement from the trachea. This definition includes 
any patient with an ETT but excludes those with trache-
ostomy tubes and events occurring outside the hospital 
during transport.3 We determined the total number of 
ETT days by adding up the number of days all infants in 
the unit were intubated. The process measures included 
UE bundle compliance (completion of all bundled ele-
ments) and compliance with the candy-caning technique 
while taping. The bundled procedures were updated 
throughout the project, as noted in Table 1. Current bun-
dled elements include commercial securement device use, 
appropriate size and location of securement device, device 
labeling with the date of placement, securement device 
change every 7 days, intact device adhesive, and appropri-
ate ETT position (within 0.5 cm) per documentation. The 
balancing measure was the reintubation rate after UE.

Analysis and Ethical Considerations
Microsoft Excel 2010 was used for data analysis and dis-
play. Control charts were developed using a Microsoft 
Excel plug-in coded by our statistician. We used the 
American Society for Quality special-cause rules to exam-
ine the control charts and separate common-cause versus 
special-cause variation.15 The institutional review board 
waived this project as QI work.

RESULTS
Baseline data from August 2014 to February 2015 
showed 1.85 total UE events per 100 ETT days. In March 
2015, we designated a single process owner for UE event 
capture and began placing the UE huddle forms in the 
reintubation boxes. We noted special-cause variation and 
had an increase to 3.26 total UE events per 100 ETT days, 
most likely due to improved event capture from these 
interventions. In October 2015, we began to distinguish 
preventable from nonpreventable events. A retrospective 
review of reported events distinguished preventable ver-
sus unpreventable events through the baseline period. The 
preventable UE (Fig. 1) trend mirrored the total UE trend.

The prevention bundle was audited every 2–4 weeks 
(Fig. 2). Review of UE huddle forms revealed that 20% 

Table 1. Intervention Timeline

Date Intervention(s)

January 2014 • Began participation in Solutions for Patient Safety UE Initiative
May 2014 • Biweekly NICU multidisciplinary team meetings began
August 2014 • Start of NICU data collection

• Current UE questionnaire form initiated, including binary responses related to best practices for ETT position 
maintenance (see figure 1, Supplemental Digital Content)

December 2014 • “UE Bundle” developed
○ Commercial securement device use
○ Appropriate size and location of the device
○ Device adhesive intact
○ Appropriate position of ETT documented
○ ETT in place within 0.5 cm of documentation

February 2015 • Respiratory therapist made responsible for event capture
• ETT forms added to intubation boxes

July 2015 • Labeling securement device and replacement every 7 days added to bundle based on manufacturer’s 
recommendation

October 2015 • Categorization of events as preventable (caregiver engaged with infant or manipulating ETT tube at the time of 
event) or unpreventable to increase staff empowerment

March 2016 • Project presented to Family Advisory Council for parental feedback
May 2016 • Tape for ETT securement to device discontinued by manufacturer
May 2016 to June 2017 • Multiple tape brands tried
June 2016 • “Airway Cards” initiated at bedsides of ventilated patients (including ETT size and depth, cuffed versus 

uncuffed): Trouble with adaptation and implementation
January 2017 • UE adopted as NICU service line QI metric for bonus and best practice
May 2017 • Candy-caning started as standard of care
July 2017 • New tape chosen as replacement and candy-caning taping technique stopped
November 2017 • Candy-caning reinitiated due to increased events related to tube sliding through tape
January 2018 • Candy-caning added to audit

• Encouraged “airway guardian” use—ETT sole responsibility
March 2018 • Airway cards re-emphasized

• Respiratory care assistants became responsible to place and fill out airway cards
April 2018 • Radiology collaborative—initiated “best position during x-ray” to standardize patient positioning and ETT 

placement during films
May 2018 • RT presence at x-rays (confirm placement and monitor ETT)

• RT presence at morning x-ray rounds to discuss ETT placement on film
July 2018 • Airway cards transitioned to RT responsibility and updated to include the following:

○ ETT size and depth
○ Due date for ETT securement device change
○ ETT depth and patient weight at last x-ray
○ Date, time, and RT initials from last airway card update

August 2018 • Parent education handout for skin-to-skin updated with information about intubated infants
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of events were attributed to an equipment issue, including 
loose tape and loose or expired securement devices. In 
spite of adding securement device change every 7 days 
to the prevention bundle in July 2015, compliance with 
securement device change every 7 days did not improve 
until March 2016 (85.9% before versus 87.9% after,  
P = 0.048). Furthermore, in March 2016, the project 
was presented to the Family Advisory Council for paren-
tal feedback and buy-in. The combination of increased 
compliance with securement device change every 7 days 
and increased parental involvement decreased overall and 
preventable UE rates. Since March 2016, the total UE rate 
has remained 2.03 events per 100 ETT days.

In late summer 2016, after the vendor discontinued the 
ETT tape, biweekly event reviews noted an increase in UE 
events related to the ETT becoming detached from the 
securement device. As a result, an intervention to enhance 
the contact surface area of the adhesion of the ETT to 
the securement device (“candy-caning”) was developed, 
as discussed in the section Interventions. Abandoning the 
candy-caning technique following the permanent intro-
duction of a new tape brand (Fig. 1, No. 11) resulted in 
a special-cause variance with high UE rates in September 

and October 2017. Therefore, candy-caning was reinsti-
tuted in November 2017, and auditing, including random 
independent evaluation for appropriate technique, started 
in January 2018 (Fig.  3, No. 3). Though not a special 
cause, there were zero preventable events in 3 months 
in early 2018. There were no identified explanations for 
the slightly increased rates during June and July 2018, 
and these numbers remained within the expected com-
mon-cause variation. During this period, 16.3% of events 
occurred during parental holding or during skin-to-skin 
care, so the parent education handout about skin-to-skin 
care was updated in August 2018 to include care of intu-
bated patients (Fig. 1, No. 16).

DISCUSSION
This QI project aimed to reduce UEs in a busy, level-IV, all 
referral center as part of the institutional road map elim-
inating adverse events, “Zero Hero.”1,2 The challenge was 
to achieve this aim in a neurodevelopmentally friendly 
unit, which encourages skin-to-skin care in all infants and 
avoids practices that compromise NICU graduates’ neu-
rodevelopmental outcomes, such as routine sedation and 

Fig. 1. U-Chart for preventable unplanned extubations requiring reintubation within 60 minutes.
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restraint use in intubated babies. We achieved our goal of 
reducing all UE by reducing “preventable UE” through a 
multidisciplinary team effort to study and adapt multiple 
QI interventions.

At first, the UE rate increased noticeably early in the 
project in 2015. The increase was likely due to improved 
detection, which we achieved after developing a detailed 
questionnaire for each UE (see figure 1, Supplemental 
Digital Content, which displays unplanned extubation 
questionnaire, http://links.lww.com/PQ9/A208) and 
assigning the patient’s respiratory therapist as a “single 
owner” for event capture. Similar findings of increased 
rates after implementing new detection techniques have 
been shown previously in UE research.16 One study 
has documented underreporting and underdetection of 
adverse events, in general, in the NICU, including UEs.17 
Studies have also showed marked institutional variabil-
ity in defining and reporting UEs, making it difficult 
to compare rates between hospitals directly.18,19 In this 
study, we report the rate of preventable UE that required 
reintubation within 60 minutes, leading to relatively 
lower rates of UE when compared with studies report-
ing only total UE rates rather than focusing on a specific 
subgroup of events.

Biweekly multidisciplinary event review identified ETT 
securement and taping as the root cause of UE in many 
cases, which led to adopting and standardizing ETT 
taping, using a “candy-caning” taping technique to the 
securement device. With improved candy-caning compli-
ance, a significant reduction in the preventable UE rate 
occurred, making candy-caning one of our most effective 
interventions. Notably, around the time that candy-caning 
began, differentiation of preventable versus unprevent-
able events also likely led to enhanced staff empowerment 
and increased buy-in, as discussed below.

Although multiple previously published studies demon-
strated the ability to reduce UE in the NICU using QI 
methods,9,10 our QI project differs from these projects by 
avoiding tools that may affect an infants’ short- or long-
term neurodevelopmental outcomes. We avoided seda-
tive and paralytic drug use, anything that might restrain 
the infants’ normal head, hand, or body movement, and 
anything that may affect their normal sensory develop-
ment, such as mittens. Besides, mittens are considered a 
restraint when used in any patient older than 28 days at 
our institution. The majority of patients who experienced 
a UE during this period were intubated beyond the first 
28 days of life.

Fig. 2. Compliance with unplanned extubation prevention bundle overall and by element.

http://links.lww.com/PQ9/A208
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Furthermore, our team is the first to distinguish UEs 
as preventable and unpreventable in response to staff 
feedback about the project. We acknowledge that unre-
strained and intubated NICU patients will experience UEs 
because of developmentally appropriate hand-to-mouth 
movements and the normal grasping reflex. Although 
we counted these events in our total UE rate and tried 
to decrease their incidence, we consider such events 
unpreventable. We believe that neurodevelopmentally 
unfriendly measures might be required to prevent them, 
and we were not willing to accept this trade-off. Dividing 
events led us to focus on eliminating the preventable UE, 
a task that staff deemed inspiring, which led to a decrease 
in the total UE rate.

Despite the demonstrated outcome improvements, 
this project had limitations. Before project initiation, 
a mechanical ventilation weaning protocol to expedite 
extubation for extremely low-weight infants was devel-
oped, which our UE committee emphasized during 
this project. This protocol could have decreased the 
overall UE number by reducing opportunities; how-
ever, mechanical ventilation weaning should not affect 

the UE rate, as this ratio factors in the total number 
of ETT days. Another limitation is that, although we 
emphasize the avoidance of using sedative medications 
to prevent UE and this is the general practice in our 
NICU, we do not have data on the use of sedation in 
this population.

This project’s generalizability also has potential lim-
itations. First, we understand that, depending on staffing 
and job responsibilities, integrating RT into UE track-
ing and evaluation may be difficult for all units. Our 
team feels strongly that involving frontline staff with 
the most access to and experience with the ETT, namely 
RT and bedside nursing, is the best way to keep people 
engaged and excited about the project. We also recognize 
that some units have lower UE rates due to sedation or 
restraints for prevention and may hesitate to abandon 
these practices. However, we feel that the neonatal staff’s 
goal is not only to optimize outcomes during the NICU 
stay but to enhance both short-term and long-term results 
for infants requiring intensive care unit admission after 
birth. We demonstrate the feasibility of reducing UEs 
while still providing neurodevelopmentally friendly care 

Fig. 3. Compliance audits with the candy-caning methodology for taping the endotracheal tube to the securement device. Candy-
caning is a method of wrapping the tape up the ETT to increase the contact surface area of the adhesion with the ETT device and to 
prevent tube migration through dilated or moist tape.
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by avoiding restraints and sedation and encouraging skin-
to-skin care for all intubated neonates.

In spite of improvement shown with this project, we 
desire additional improvement. Given that almost 20% 
of total UE events occurred during holding or skin-to-
skin care, including transferring the baby back to the crib, 
small PDSA cycles geared toward decreasing UEs during 
skin-to-skin care, including increased parental involve-
ment and education, are ongoing. Furthermore, PDSA 
cycles to optimize accurate ETT depth and to minimize 
unnecessary ETT manipulation are being developed in 
close collaboration with our Radiology colleagues, based 
on analysis of x-ray technique and ETT position during 
clinically indicated films.

CONCLUSIONS
This QI project presents an effort to tackle a significant 
health care event, UEs, using neurodevelopmental friendly 
tools. It enriches the QI literature with a new logical defi-
nition of preventable UE, which might need more focus to 
improve the overall UE rate.

DISCLOSURE 
The authors have no financial interest to declare in rela-
tion to the content of this article.

REFERENCES
 1. Brilli RJ, McClead RE Jr, Crandall WV, et al. A comprehensive patient 

safety program can significantly reduce preventable harm, associ-
ated costs, and hospital mortality. J Pediatr. 2013;163:1638–1645.

 2. Brilli  RJ, McClead  RE Jr, Davis  T, et al. The preventable harm 
index: an effective motivator to facilitate the drive to zero. J Pediatr. 
2010;157:681–683.

 3. Children’s Hospitals’ Solutions for Patient Safety. Operational defini-
tions. https://www.solutionsforpatientsafety.org/wp-content/uploads/
sps-operating-definitions.pdf. 2019. Accessed December 20, 2019.

 4. American Academy of Pediatrics Committee on Fetus and Newborn. 
Levels of neonatal care. Pediatrics. 2012;130:587–597.

 5. Hatch LD, Grubb PH, Lea AS, et al. Endotracheal intubation in neo-
nates: a prospective study of adverse safety events in 162 infants. J 
Pediatr. 2016;168:62–6.e6.

 6. Klugman D, Berger JT, Spaeder MC, et al. Acute harm: unplanned 
extubations and cardiopulmonary resuscitation in children and 
neonates. Intensive Care Med. 2013;39:1333–1334.

 7. Silva  PS, Reis  ME, Aguiar  VE, et al. Unplanned extuba-
tion in the neonatal ICU: a systematic review, critical 
appraisal, and evidence-based recommendations. Respir Care. 
2013;58:1237–1245.

 8. Thomas RE, Rao SC, Minutillo C, et al. Severe acquired subglottic 
stenosis in neonatal intensive care graduates: a case–control study. 
Arch Dis Child Fetal Neonatal Ed. 2018;103:F349–F354.

 9. Merkel L, Beers K, Lewis MM, et al. Reducing unplanned extuba-
tions in the NICU. Pediatrics. 2014;133:e1367–e1372.

 10. Crezeé KL, DiGeronimo RJ, Rigby MJ, et al. Reducing unplanned 
extubations in the NICU following implementation of a standard-
ized approach. Respir Care. 2017;62:1030–1035.

 11. Ogrinc  G, Davies  L, Goodman  D, et al. SQUIRE 2.0 (standards 
for quality improvement reporting excellence): revised publica-
tion guidelines from a detailed consensus process. BMJ Qual Saf. 
2016;25:986–992.

 12. Shepherd  EG, Knupp  AM, Welty  SE, et al. An interdisciplinary 
bronchopulmonary dysplasia program is associated with improved 
neurodevelopmental outcomes and fewer rehospitalizations. J 
Perinatol. 2012;32:33–38.

 13. Trittmann JK, Nelin LD, Klebanoff MA. Bronchopulmonary dys-
plasia and neurodevelopmental outcome in extremely preterm neo-
nates. Eur J Pediatr. 2013;172:1173–1180.

 14. Langley G, Moen R, Nolan K, et al. The Improvement Guide: a 
Practical Approach to Enhancing Organizational Performance. 2nd 
ed. San Francisco: Jossey-Bass Publishers; 2009.

 15. American Society for Quality. Quality resources: control chart. 
https://asq.org/quality-resources/control-chart. 2019. Accessed 
December 20, 2019.

 16. Birkett  KM, Southerland  KA, Leslie  GD. Reporting unplanned 
extubation. Intensive Crit Care Nurs. 2005;21:65–75.

 17. Sharek PJ, Horbar JD, Mason W, et al. Adverse events in the neo-
natal intensive care unit: development, testing, and findings of an 
NICU-focused trigger tool to identify harm in North American 
NICUs. Pediatrics. 2006;118:1332–1340.

 18. Mbi Ndakor  S, Nelson  MU, Pinheiro  JMB. Counting unplanned 
extubations: marked variation among neonatologists. J Perinatol. 
2017;37:698–701.

 19. Meyers  JM, Pinheiro  J, Nelson  MU. Unplanned extubation in 
NICU patients: are we speaking the same language? J Perinatol. 
2015;35:676–677.

https://www.solutionsforpatientsafety.org/wp-content/uploads/sps-operating-definitions.pdf
https://www.solutionsforpatientsafety.org/wp-content/uploads/sps-operating-definitions.pdf
https://asq.org/quality-resources/control-chart

