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Counting unplanned extubations: marked variation among
neonatologists
S Mbi Ndakor1, MU Nelson2,3, JMB Pinheiro1 on behalf of the Thruway Collaborative to Reduce Unplanned Extubations

OBJECTIVE: To assess if neonatologists detect and count unplanned extubations (UEs) uniformly.
STUDY DESIGN: An Institutional Review Board-exempted anonymous web-based survey of neonatology attending and fellow
members of the AAP Neonatal-Perinatal Medicine section was administered. Respondents were queried on practices concerning
UE; they were then presented with different case scenarios and asked if they would count the event as a UE.
RESULTS: Of the 509 respondents, 61% track UE rates. Of those who track UE rates, 53% reported rates of 1–3 per 100 ventilator
days. The top two factors perceived as causing UEs were endotracheal tube (ETT) dislodgement by patient (65%) and failure of ETT
holding system at attachment to the face (56%). In the various scenarios where ETT was urgently removed by staff, only 19 to 62%
of respondents counted the event as a UE, including 23% if the ETT was removed by the attending. There was consensus on the
scenarios representing self-extubation and elective change of the ETT.
CONCLUSIONS: There is wide variation in methods for detecting and counting UE events among neonatologists, which precludes
comparison of UE rates across institutions. We speculate that a standardized definition and classification of events will enable
benchmarking among neonatal intensive care units, which should accelerate collaborative improvement efforts towards reducing
UEs in neonates.
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INTRODUCTION
Unplanned extubation (UE) requiring reintubation ranks as the
fourth most common adverse event in the neonatal intensive care
unit (NICU).1 Sixty-two percent of all emergent intubations occur
as a result of UE and there is a fourfold increase in the odds of an
adverse event occurring during an emergent intubation.2

Hazardous events previously associated with UE include airway
trauma, ventilator associated pneumonia, hypoxia, hypercapnia
and intraventricular hemorrhage.3

The U.S. News & World Report Best Children’s Hospitals Survey
from 2015 to 2016 Survey used unintended removal of the
breathing tube as one of the quality measures to rank hospitals.4

UE was defined simply as ‘invasive airway loss’ and also as
‘breathing tube that is removed by a patient or inappropriately by
care provider’ by the U.S. News & World Report Survey.4 Others
have defined UE as ‘any endotracheal tube removal at a time or
fashion, not specifically intended or ordered by a physician’5 or
‘dislodgement or removal of the endotracheal tube (ETT) from the
trachea in a patient receiving invasive mechanical ventilation at a
time that was not specifically intended or ordered by a physician.’6

These definitions might seem straightforward and equivalent,
but based on observations within the four regional perinatal
centers in the Upstate New York Collaborative to Reduce
Unplanned Extubations (CRUE), it was evident that they are
susceptible to individual interpretation. Similar observations were
made in the NICU at Albany Medical Center, wherein we observed
disagreements among providers on which extubations to classify
as unplanned, even after standardizing the definition.
In a commentary on UE in NICU patients, Meyers et al.7 used

case scenarios to highlight the fact that these definitions may be

subject to individual interpretation, and thus proposed a broad
definition of UE be adopted, for example, ‘any extubation that was
not intended for that time, or not carried out electively.’
Inconsistency in methods for counting and reporting UEs

diminishes the validity of this metric for quality improvement
efforts and precludes its use for benchmarking purposes. It may
underlie the striking range in monthly UE rates reported in the
literature, from o0.5 to about 50 UEs per 100 ventilator days.6,8

Therefore, we developed a survey questionnaire to better under-
stand how providers count UEs. We hypothesized that neonatol-
ogists in the United States do not count UEs uniformly.

METHODS
We created and administered an anonymous online survey to neonatology
attending and fellow members of the American Academy of Pediatrics
Section on Neonatal-Perinatal Medicine through SurveyMonkey (www.
surveymonkey.com). A group e-mail was distributed to approximately 3000
addresses with a link to the survey; a reminder e-mail was sent after
1 month. The survey project was deemed exempt by the Institutional
Review Board at Crouse Hospital (Syracuse, NY, USA). The survey contained
questions that targeted common practices and opinions on UE.
Respondents were asked if their institution currently tracks UEs, what
systems are in place to track UEs and to share their local UE rate if known.
Respondents were also presented with different case scenarios and asked
if they would count each event as a UE.
The seven clinical scenarios of UE varied by seniority of clinician who

decided to remove the ETT as well as urgency and location of extubation.
The eighth scenario was intended as a control and represented a planned
extubation. Respondents were then asked to share their opinion on
whether they would count each scenario as a UE. For the purpose of the
survey, we defined UE as ‘any extubation that was not performed electively
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or not previously intended for that time.’ A dislodged tube was defined as
any ETT that was found to be out of the trachea. If there was no clear
evidence that the ETT was already out of the trachea, it was classified as a
removed tube. Simple descriptive statistical analyses were performed with
Excel (Microsoft Corporation, Redwood, WA, USA), and correlation analyses
were carried out with Stata 13 (StataCorp, LLC, College Station, TX, USA).
The survey questionnaire is detailed in Supplementary Appendix SA1.

RESULTS
There were 509 survey respondents. Attending neonatologists
comprised 89% and fellows 11%. Forty-nine percent of the
respondents practiced in a level III NICU, 46% in a level IV NICU
and 5% in a level II NICU. Ninety-four percent of the respondents
have an obstetrics/delivery service and 82% have a neonatal
transport team.
Eighty-nine percent of neonatologists surveyed believe the

frequency of UEs should be routinely tracked. Sixty-one percent of
the respondents currently have a system in place to track UEs. Fifty-
three percent of those who have a system in place to track UEs
reported rates of 1 to 3 per 100 ventilator days in their NICU setting.
The primary data source for tracking UE events was a paper-

based system (42%), followed by web-based (26%) and electronic
medical record (20%). Respondents could indicate one or more
method used to secure ETTs in their NICU setting. The most
commonly used device was tape (65%), followed by NeoBar
(Neotech, Valencia, CA, USA) (48%) and NEO-fit (Cooper Surgical,
Trumbull, CT, USA) (10%). Respondents surmised that the top two
factors that contributed to UE were ETT dislodgement by patient
and failure of ETT holding system at attachment to the face
(Table 1).
The clinical scenarios explored how respondents would count

an extubation if the ETT was dislodged or removed (Figure 1). In
the various extubation scenarios where the ETT was urgently
removed by staff, the event was counted as a UE by 19 to 62% of
respondents. In the scenario in which a baby acutely decom-
pensated and the ETT was urgently removed by the attending
neonatologist, only 23% counted the event as a UE.
For UEs occurring at a location outside the NICU, 76% of

respondents would count a UE if it occurs in the delivery room,
73% if the UE happens in the operating room and 85% if it takes
place on transport. If the baby remains extubated after a UE, 15%
of the respondents would not count the event as a UE.
There was no correlation between the UE detection and

reporting method (paper-based, web-based, electronic medical
record, other) and the reported UE rate (continuity corrected
Kendall’s tau-b =− 0.045, P= 0.5). However, the reported UE rate
was significantly correlated with the ETT holding method, with
rates o1/100 ventilator days being reported more frequently in
association with securement by tape than with commercial or
other devices (Kendall’s tau-b =− 0.256, P= 0.002) (Supplementary
Table S2).

DISCUSSION
Our survey confirms that there is wide heterogeneity in how
neonatologists count UEs. This variation likely stems from the use
of commonly cited definitions of UE that are not explicit
operational definitions and are thus subject to individualized
interpretations. Meyers et al.7 brought attention to the fact that
providers may not be counting UEs similarly given the same
clinical scenarios. A potential reason for this disparity might be
ambiguity in the commonly cited definitions of UE. The
interchange among terms such as ‘unintended extubation,’
‘unplanned extubation’ and ‘self-extubation,’ each with subtly
different connotations, likely contributes to the inconsistency in
counting and reporting UEs.
The U.S. News and World Report Best Children’s Hospitals

defines unintended removal of the breathing tube as a ‘breathing
tube that is removed by a patient or inappropriately by a care
provider.’4 When the above definition is applied, all ‘self
extubations’ should be counted as UEs. Our survey results support
this concept, as almost all respondents counted an extubation as
unplanned when the ETT was dislodged by the patient. However,
this definition also leaves room for individual interpretation as to
what is considered ‘inappropriate’ removal of the ETT by a care
provider. This ambiguity may have translated into the dissim-
ilarities observed in how respondents counted UEs when the ETT
was removed by a provider. The majority of neonatologists in our
survey did not count an extubation as unplanned when the ETT
was removed by a care provider.
Loughead et al.5 defined UE as ‘any endotracheal tube removal

at a time, or fashion, not specifically intended or ordered by a
physician.’ Most providers will agree that an ETT that is dislodged
while being secured or found to be out of the trachea is a UE.
Disagreement is observed, however, with ETTs that are or might
be intentionally removed from the trachea when a patient is
decompensating. In our survey, 71% of respondents failed to
count an extubation as a UE if the ETT was removed by the
provider. Applying the above definition by Loughead et al., any
ETT that was removed in the setting of patient decompensation
should be a UE because it was not planned for that time a priori.
However, an argument can also be made not to count the removal
of the ETT as a UE if the physician gave the order. The word
‘ordered’ in the definition by Loughead et al. might be inferred to
entail a planned decision. Removal of the ETT in an acutely
decompensating patient, although possibly necessary and appro-
priate, represents a reaction by the clinician, rather than an action
planned before the onset of the event.
A majority of our respondents did not count extubations as UEs

when the decision was made by the attending neonatologist.
Perhaps this logic is similar to the interpretation of Loughead
et al., wherein if the ETT is intentionally removed by a physician it
is not a UE. If the ETT was removed at a time not previously
planned, even though the decision to remove the ETT was made

Table 1. Factors believed to contribute to unplanned extubation

Factors that contribute to UE Cumulative percentage of top two factors identified by survey
respondents

ETT dislodged by patient 64.7
Failure of ETT holding system at attachment to the face 55.7
ETT dislodged by staff or family-initiated care or procedures 39.4
ETT not necessarily dislodged, but pulled by staff due to patient
decompensation

23.1

Failure of ETT holding system at attachment to ETT 13.7
Other 3.4

Abbreviations: ETT, endotracheal tube; UE, unplanned extubation.
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(and implicitly ordered) by a physician, we would argue that this
should be counted as a UE.
Including ‘physician’ in the definition of UE is also problematic

because many other healthcare providers, including trainees,
nurse practitioners, physician assistants, respiratory therapists,
nurses and others, are also involved in making decisions regarding
removal of ETTs. Although it may seem reasonable to assume that
a more experienced attending physician is less likely to remove an
ETT inappropriately, attending physicians are often secondary
responders to airway-related crises, and they may have little time
to fully evaluate the airway before acting. Hence, it is not clear that
the classification of a UE should be dependent on the rank or
experience of the provider making the emergent decision to
remove the ETT.
Based on our survey results, an ETT that was removed as a result

of patient decompensation during surfactant administration was
almost universally not counted as a UE by the respondents. In this
scenario, ETT removal may possibly be life-saving for the patient.
However, the pre-procedure plan would certainly not have been
to remove the ETT urgently before the end of surfactant
administration, even if there was an intention to extubate after
the procedure was completed, such as in the INSURE approach.9

Fontánez-Nieves et al. did not include ETTs that were removed
emergently as UE events in their quality improvement work out of
concern for ETT occlusion. Of note, among the five patients whose
ETT was removed due to fear of plugging, only one of the ETTs
was confirmed to be plugged; consequently, the other four ETTs
were, in retrospect, removed unnecessarily.8 Similarly, only 1 of 95
UE events was attributed to actual ETT occlusion at the Albany
Medical Center NICU.7 Since ETTs are frequently removed by fear
of occlusion, having criteria that help distinguish occlusive from
non-occlusive contents of the ETT lumen is essential to estimate
the proportions of life-saving versus ultimately unnecessary ETT
removals.
The location where the extubation event occurred also

appeared to contribute to whether survey respondents would
count it as a UE. Our survey shows that over 70% of respondents
would count UEs that occur outside the NICU, for example on
transport, in the delivery room or operating room. However, we
did not inquire about the systems used for reporting or identifying
those events. The definitions commonly used for UE do not place
restrictions on the location of the events, but extubations
occurring outside the NICU require specific systems (often
separate from an electronic record or from paper forms designed

for the NICU or delivery room settings) to ensure that they are not
missed.
In our survey, the most commonly reported UE rate range was 1

to 3 UEs per 100 ventilator days. In a systematic review on
neonatal UE by da Silva et al.,10 a target benchmark for UE rate
was suggested to be o1 UE per 100 ventilator days. However, the
CRUE network adopted a goal rate of ⩽ 2 UE per 100 ventilator
days after participating in the Vermont Oxford Network’s iNICQ
Collaborative on Controversies in Respiratory Care in 2012. An
even lower rate of ⩽ 1 UE per 100 ventilator days was targeted by
Merkel et al.6 in their quality improvement work. Knowing that the
frequently used definitions of UE are subject to bias, the UE rates
reported by survey respondents likely underrepresent the
incidence of UE under a more inclusive definition. It is challenging
to accurately compare UE rates from one NICU to another for
benchmarking purposes if each uses a different version or
interpretation of the current UE definitions. Both a uniformly
applied definition and reporting systems that capture UE events
with similar sensitivity will be required if UE rates are to be
compared across NICUs or over time. Nevertheless, even an
inaccurate enumeration of these events may yield useful
information to guide the minimization of UEs in individual NICUs
and thereby enhance patient safety. For regulatory or payment
purposes, the existence of a local program to minimize UEs should
be noted, but it would be premature to compare UE rates across
NICUs without further qualification, at the present time.
Survey respondents perceived ETT dislodgement by the patient

and failure of ETT holding system at the attachment to the face as
the top two factors contributing to UE. These are the same factors
that have been identified by the CRUE, although the proportion of
ETTs removed by staff varies across centers (unpublished
observations). Understanding these factors will help design
interventions that can be implemented to potentially reduce UE
rates such as staff education on effective use of the particular
holding device used in that NICU. Fontánez-Nieves et al. identified
loose tape exacerbated by excessive secretions as the primary
driver that led to UEs. In addition to staff education, they
standardized the method of securing the ETT which led to a
decreased UE rate.8

Finally, although more than two-thirds of respondents agreed
that an extubation should be counted as a UE even if the baby did
not require immediate reintubation, a significant proportion
would excuse these events, presumably because they are less
consequential. The small proportion of respondents who would
count a planned, elective ETT change as a UE may reflect the

Figure 1. Responses to clinical scenarios, regarding when a UE would be counted. ETT, endotracheal tube; Rx, treatment; UE, unplanned
extubation.
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importance given by some practitioners to reintubation as the
most undesirable component of UE events. There is evidence that
multiple intubation attempts is associated with higher adjusted
risk of severe intraventricular hemorrhage11 and neurodevelop-
mental impairment or death in extremely low birth weight infants
when compared with a single successful intubation.12

From a patient’s perspective, a UE may occasionally be life-
saving but it can also lead to significant morbidity in cases where
there is cardiorespiratory decompensation and the need for
emergent reintubation. Therefore, even the rare necessary UE due
to a plugged ETT indicates a risk to the patient. Furthermore,
unobstructed ETTs removed by providers due to fear of plugging
are in retrospect unnecessary UEs. Thus, we suggest that a
standardized operational definition of UE should capture all the
events where the ETT is dislodged or removed at a time or in a
manner not planned, regardless of whether or not it leads to
reintubation. Further characterization of the subtypes of UE will
enable NICUs to not only compare rates but also discern ways by
which they can most effectively decrease their local UE rates. From
the perspectives of both patients and individual NICUs, it may be
more important to have a formal system designed to identify and
reduce local, cause-specific rates of UE and their associated
sequelae than to aim for a benchmark rates derived from
heterogeneous and dissimilarly measured events.
This study has limitations inherent to any survey study. Despite

the large number of respondents and their valuable responses,
there is potential response bias which cannot be further evaluated
since we have no information on the non-responders. We cannot
precisely calculate the response rate, since we cannot exclude
invalid e-mail addresses, but it is probably not much greater than
20%. It should be noted that the unit of analysis was the individual
respondent, not the institution—anonymity precluded analysis at
the institutional level. Another limitation is that non-physician
providers were not polled. It would also have been useful to
include the perspective of families on safety-related events such
as UEs. Finally, the responses relied on the memories and opinions
of the survey respondents, which may be subjective and might
not accurately represent the reality in their respective NICUs.
Nevertheless, these limitations do not invalidate the heterogeneity
of interpretation of UEs reflected in the responses to this survey.

CONCLUSIONS
There is presently marked variation in how neonatologists count
UEs. We postulate that many of these differences occur because
current definitions of UE are ambiguous. We therefore suggest a
more simplified standardized definition of UE that will not be
susceptible to individuals’ interpretations. An example of such a
definition is ‘any extubation that was not performed electively, or
not previously intended for that time.’ A standardized definition
will allow benchmarking and enable better comparisons of UE
rates within and among NICUs. Further classification of UE as

dislodged or removed ETTs (with or without obstruction) should
aid providers in identifying solutions targeted to the predominant
types of UEs in their practice setting.
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