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Abstract
Objective To describe characteristics associated with repeated unplanned extubations, short-term complications and out-
comes, and longer-term morbidities including acquired subglottic stenosis.
Study design Cohort study including neonates admitted to a tertiary care neonatal intensive care unit who experienced an
unplanned extubation in a 5-year period.
Results We reviewed 588 events involving 300 patients. Ten percent had airway trauma with reintubation, 42% required ≥2
reintubation attempts, and 39% led to increased baseline oxygen. Increased odds of repeated events were seen in patients
with bronchopulmonary dysplasia and were associated with higher rates of tracheostomy and longer length of stay. The 9%
of patients diagnosed with acquired subglottic stenosis had more unplanned extubations, higher rates of airway trauma and
tracheitis, and were an older gestational age at birth.
Conclusion Unplanned extubations lead to short- and long-term morbidities. Certain patient characteristics are associated
with increased odds of repeated events and the development of acquired subglottic stenosis.

Introduction

An unplanned extubation (UE) is defined as the uninten-
tional dislodgement of an endotracheal tube (ETT) from a
patient receiving invasive mechanical ventilation [1]. In
North American neonatal intensive care units (NICUs), UE
requiring reintubation is the fourth most common adverse

safety event [2]. Reported rates of UE in the NICU vary
between 0.56 and 5.3 UEs per 100 ETT days [3, 4]. In a
review of the adverse events related to intubations in a
tertiary care NICU, four out of ten endotracheal intubations
were associated with adverse events. A greater than fourfold
increased odds of an adverse event was seen if the intuba-
tion was performed emergently, with UE found to be the
most common reason for an emergent intubation [5]. Other
studies demonstrated a 20% rate of cardiovascular collapse
following UE in NICU, pediatric ICU, and pediatric cardiac
ICU patients [6].

The risk of UE is generally higher in neonates when
compared to older patients, likely due to longer duration of
intubation, shorter trachea length, low use of routine seda-
tion, use of uncuffed ETTs, and encouragement of skin-to-
skin care [1]. Several studies have reported on the specific
risk factors for UEs, such as agitation, poor fixation of the
tube, and duration of mechanical ventilation. Reported rates
of reintubation following UE range from 8.3 to 100%,
though there are little data regarding risk factors in neonates
for requiring reintubation or the use of sedation and/or
restraints [2, 3, 7–9]. A recent single-center cohort study
reported that the use of a sedation infusion, high-frequency
ventilation, higher mean airway pressure, and need for
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cardiopulmonary resuscitation were associated with
immediate reintubation following UE without a trial of
extubation [10]. Despite studies investigating UEs in gen-
eral, there is little evidence in the literature about the risk
factors for repeated UEs or the short- and long-term out-
comes associated with these events in the NICU, except for
one case-control study of severe acquired subglottic stenosis
(SGS) in neonates that reported the incidence of repeated
UEs in these patients [11].

In this study, we aim to describe a 5-year cohort of
patients who experienced a UE, focusing on risk factors
contributing to UE and short-term outcomes and compli-
cations. We also will identify risk factors for experiencing
repeated UEs in the NICU, describe the outcomes of those
patients with more than one UE, and evaluate longer-term
outcomes in these infants. To our knowledge, this is the
largest cohort study focusing on risk factors and outcomes
associated with UEs, and the only study focusing specifi-
cally on repeated UEs.

Methods

Study population

We performed a cohort study of all NICU patients who had
at least one UE over a 5-year period at Nationwide Chil-
dren’s Hospital in Columbus, Ohio. Inclusion criteria are all
infants admitted to the NICU receiving invasive mechanical
ventilation via ETT who experienced a UE between January
1, 2014 and December 31, 2018. The only exclusion criteria
was if the patient had an unplanned removal of a tra-
cheostomy tube. This study was approved by the Nation-
wide Children’s Hospital Institutional Review Board. The
NICU at Nationwide Children’s Hospital is a 130-bed, level
IV referral center [12]. Our NICU cares for a wide range of
patients who might require prolonged mechanical ventila-
tion, including those with extreme prematurity, surgical
issues, congenital malformations, and a 24-bed referral
center for infants with severe bronchopulmonary dysplasia
(BPD). To optimize neurodevelopmental outcomes, routine
use of restraints and sedation to prevent UEs is discouraged.
The patients were enrolled prospectively and identified by
an institutional quality improvement project, in which the
Nationwide Children’s NICU has been tracking all UEs
since January 2014. Retrospective chart review was used to
collect additional clinical and demographic data.

Definitions

We defined a UE as the unintended displacement of the
ETT without an order from the provider. Underlying causes
identified for UEs include events related to direct provider

contact or patient maneuvering, events during holding by
family, loose ETT securement device or tape, events related
to emesis, and unwitnessed events assumed to be due to
patient movement or other unidentified causes. If the ETT
was not visibly displaced based on inappropriate depth or
loose securement device, a UE was identified by lack of
appropriate color change on end-tidal carbon dioxide
detector, lack of vital sign improvement with positive-
pressure ventilation via ETT, and lack of breath sounds on
auscultation. Information about each UE and the reintuba-
tion procedure were collected from the medical record and
from a UE huddle form completed by bedside providers
immediately following the event. Completion of the UE
huddle form is the primary method of identification of UE
events, and capture of all events is further ensured through
multidisciplinary discussion at regular meetings and manual
chart review. Reporting of UEs was monitored by the
quality improvement committee, and multiple interventions
were implemented at the start of the project to optimize
identification of all UEs.

Short-term outcomes following UE were selected a priori
and were pulled from procedure notes, respiratory therapist
documentation, and the medication administration record.
Facial or airway trauma was defined as documentation of
airway edema or erythema noted during direct laryngoscopy,
trauma or bleeding to mucous membranes documented in
the intubation procedure note, or nursing notes describing
mucous membrane injury following the reintubation. For
those patients who remained extubated, stridor or hoarse cry
documented in the 6 h following UE was noted. Baseline
oxygen requirement is defined as the most frequent fraction
of inspired oxygen (FiO2) in the 12 h period before or after
the UE. Change in ETT depth is determined by comparing
the most recent ETT depth charted before the UE and the
depth documented after x-ray confirmation of appropriate
depth following reintubation. Appropriateness of the ETT
size is determined using the Sherman ratio, which is defined
as ETT internal diameter divided by gestational age, with a
value less than 0.1 considered acceptable [13]. Flowsheet
data were pulled for each patient to determine the total
number of different ETTs placed during the NICU stay, the
size of each ETT, and the total duration of intubation.
Longer-term outcomes at the time of NICU discharge or
transfer were defined a priori and were extracted from
medical record documentation and problem lists. BPD is
defined as the need for supplemental oxygen or respiratory
support at 36 weeks postmenstrual age (PMA) in those
infants born at less than 32 weeks or at 56 days of life in
those born at greater than 32 weeks [14, 15]. A diagnosis of
acquired SGS was determined by problem lists and doc-
umentation from procedure notes. Acquired SGS severity
was classified using the Cotton–Meyer system [16], as
documented in the direct laryngoscopy and bronchoscopy
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procedure note at the time of diagnosis. Data regarding
surgical interventions for acquired SGS were extracted from
operation notes and procedure codes.

Statistical analysis

Data were analyzed using GraphPad Prism 8.0.0, IBM
SPSS Statistics (Version 26), and R (Version 1.3.5033).
Categorical variables were compared using χ2 or Fisher’s
exact test. Continuous variables were examined using
Mann–Whitney U or Kruskal–Wallis test. Multivariable and
univariate logistic regression models were used for all
outcomes to determine associations between those listed
and the odds of having 2 or more UEs and the odds of
receiving a diagnosis of acquired SGS. Inverse probability
of treatment weighting (IPTW) was utilized as a method to
create unbiased comparisons between UE events and diag-
nosis of acquired SGS. One multivariable logistic regres-
sion model was used to assess the odds of having 1 UE vs. 2
or more UEs, while another was created to assess the odds
of having a diagnosis of acquired SGS vs. not having a
diagnosis of acquired SGS. Variables included in each
model to determine propensity scores and gain stabilized
weights were determined a priori and included those events
that happened prior to UE or receiving a diagnosis of
acquired SGS. These variables included sex, gestational
age, and birth weight. Standardized mean differences

(SMD) with a threshold of >10% were used to determine
clinically meaningful differences between covariates and
outcomes to include in the model. SMDs were calculated
prior to and after weighting. Weighted multivariable logistic
regression models were created to determine odds of having
1 UE vs. 2 or more UEs and having a diagnosis of acquired
SGS vs. not having a diagnosis of acquired SGS, condi-
tioned on covariates balanced after weighting (SMDs < 10%
threshold) and ETT days. A p value of <0.05 was con-
sidered statistically significant.

Results

Study population

During this study period, our NICU had ~850 admissions
per year. Among these patients, we had an average of 5243
ETT days per year. The UE rate in our NICU at the start of
this project was 3.3 UE events per 100 ETT days and
decreased to 2.0 UE events per 100 ETT days with quality
improvement interventions approximately halfway through
the study period. Our baseline rates of BPD during this
study period ranged between 46 and 69%. During our 5-
year study period, there were 588 UEs among 300 patients.
At least 2 UEs were experienced by 133 (44.3%) of these
patients. Of these 300 patients, 183 (61.0%) are male.

Table 1 Overall patient
demographics and comparison
between 1 UE and ≥2 UE
groups.

Parameter Total (n= 300) 1 UE (n= 167) ≥2 UE (n= 133) P value*

Male sex 183 (61.0%) 96 (57.5%) 87 (65.4%) 0.19

Gestational age at
birth (weeks)

26.7 (24.6; 33.1) 28.0 (25.4; 37.0) 25.4 (24.0; 27.9) <0.0001

Postmenstrual age at
first UE (weeks)

34.3 (28.8; 39.8) 36.4 (30.4; 40.1) 32.1 (27.7; 38.6) 0.003

Birth weight (g) 859.0 (615.0; 1964.0) 1069.0 (695.0; 2490.0) 743.0 (583.0; 982.5) <0.0001

Intrauterine growth
restriction

65 (21.7%) 33 (19.8%) 32 (24.1%) 0.40

Weight at first UE (g) 1775.0 (999.8; 2967.5) 2220.0 (1187.5; 3275.0) 1280.0 (885.0; 2640.0) 0.0002

Day of life at first UE 25.4 (8.6; 65.8) 19.3 (6.6; 62.5) 32.9 (13.5; 69.3) 0.01

Day of life at
admission to
Nationwide
Children’s NICU

12.9 (34.6) 7.9 (25.1) 19.1 (43.1) 0.02

Length of stay (days) 147.0 (90.0; 214.0) 107.0 (48.0; 180.0) 191.5 (137.8; 283.0) <0.0001

ETT days during
NICU stay

41.0 (15.0; 85.5) 21.0 (6.0; 56.0) 62.0 (34.0; 118.0) <0.0001

Number of ETTs
during NICU stay

3 (2; 6) 2 (1; 4) 6 (4; 8) <0.0001

Bold values indicate statistical significance p < 0.05.

Data are expressed as n (%), median (IQR), or mean (SD).

UE unplanned extubation, NICU neonatal intensive care unit, ETT endotracheal tube, IQR interquartile
range, SD standard deviation.

*P value compares 1 UE vs. ≥2 UE groups.
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Demographic information for these patients is described in
Table 1. The majority of patients in this overall cohort were
premature, with 217 (72.3%) born at less than 32 weeks
gestation. These patients tended to have a long duration of
intubation and long length of hospital stay, with 174
(58.0%) having greater than 30 ETT days and 173 (57.7%)
having a length of stay in the NICU greater than 120 days.
As shown in Table 1, the patients who experienced a single
UE and those who experienced repeated events were quite
different at baseline.

Events surrounding UE

Details about the events surrounding each of the 588 UE
events and potential causes or contributing factors are listed in
Table 2. Of note, 16.3% percent of the UEs occurred during
skin-to-skin care or holding by family members and 39.8%

Table 2 Events surrounding each UE event and short-term
complications.

Parameter (n= 588) Value

ETT securement method

Standard commercial device 569 (96.8%)

Tape 18 (3.1%)

Nasal intubation 1 (0.2%)

Type of ventilation at time of UE

Conventional 541 (92.0%)

High frequency oscillatory ventilation 47 (8.0%)

Skin-to-skin care or holding at time of UE 96 (16.3%)

Primary cause identified

Direct provider contact 234 (39.8%)

Unwitnessed 23 (3.9%)

Emesis 98 (16.7%)

ETT re-taping 35 (6.0%)

Loose securement device or tape 125 (21.3%)

Unknown 73 (12.4%)

Time of day

Day shift (7 a.m.–7 p.m.) 322 (54.8%)

Night shift (7 p.m.–7 a.m.) 266 (45.2%)

Day of week

Monday 81 (13.8%)

Tuesday 83 (14.1%)

Wednesday 85 (14.5%)

Thursday 87 (14.8%)

Friday 84 (14.3%)

Saturday 84 (14.3%)

Sunday 84 (14.3%)

Feeds held

None/already NPO 516 (87.8%)

1–3 feeds 60 (10.2%)

Made NPO 12 (2.0%)

Resuscitation

None 328 (55.8%)

Bag-mask ventilation to stabilize 242 (41.2%)

Chest compressions 14 (2.4%)

Othera 4 (0.7%)

Death immediately following UE 2 (0.3%)

Airway trauma

None 527 (89.6%)

Mucous membrane bleeding 20 (3.4%)

Airway edema/erythema 33 (5.6%)

Stridor and/or hoarse cry 8 (1.4%)

Reintubated within 60 min of UE 470 (79.9%)

Trial of extubation before reintubation (n= 470) 15 (3.2%)

Medications received for reintubation (n= 470)

None 304 (64.7%)

Opiate alone 26 (5.5%)

Table 2 (continued)

Parameter (n= 588) Value

Benzodiazepine alone 101 (21.5%)

Opiate and benzodiazepine 10 (2.1%)

Chloral hydrate 4 (0.9%)

Sedation plus neuromuscular blocker 25 (5.3%)

Number of reintubation attempts (n= 470)

1 274 (58.3%)

2 113 (24.0%)

3 50 (10.6%)

≥4 33 (7.0%)

Otolaryngology or anesthesia required for reintubation
(n= 470)

8 (1.7%)

Change to baseline oxygen requirement after reintubation (n= 470)

Lower 69 (14.7%)

No change 217 (46.2%)

Increased 1–10% 136 (28.9%)

Increased >10% 48 (10.2%)

Depth of new ETT compared to previous (n= 470)

Less deep 32 (6.8%)

Same depth 230 (48.9%)

0.5–1 cm deeper 173 (36.8%)

>1 cm deeper 10 (2.1%)

Previous depth unknown or not documented 25 (5.3%)

Reintubation alternative (n= 118)

Room air 13 (11.0%)

Low flow nasal cannula 6 (5.1%)

High flow nasal cannula 10 (8.5%)

Continuous positive airway pressure 89 (75.4%)

Data are expressed as n (%).

UE unplanned extubation, ETT endotracheal tube, NPO nil per os.
aIncluding treatment for bronchospasm and pulmonary hemorrhage.
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were attributed to direct provider contact or maneuvering.
Short-term complications and outcomes in the period imme-
diately following the UE are detailed in Table 2. Resuscita-
tion, including bag-mask ventilation, cardiopulmonary
resuscitation with chest compressions, and treatment for pul-
monary hemorrhage or bronchospasm, was needed following
260 (44.2%) of the UEs. Additionally, two (0.3%) of the UEs
resulted in death. Of the 470 events that led to reintubation
within 60 min of UE, 166 (35.3%) received sedation or
paralytic medications and 196 (41.7%) needed more than one
attempt at reintubation. In 183 (38.9%) events, the appropriate
position of the new ETT following reintubation was noted to
be deeper than the previous tube had been.

Table 3 compares the number of patients who experi-
enced specific adverse events after at least one UE. A sig-
nificantly greater number of patients in the ≥2 UE group
were exposed to short-term adverse events related to a UE.
More patients in the ≥2 UE group had feeds held after a UE,
required resuscitation including bag-mask ventilation or
chest compressions, had airway trauma associated with a
UE, received sedative medications for reintubation, required
multiple attempts at intubation, and had an increase in
baseline oxygen requirement of >10% following a UE.

Repeated UE

Repeated UEs were experienced by 133 (44.3%) of patients
included in this study. The group that experienced multiple
UEs had a lower median gestational age at birth and PMA at

the time of UE, but experienced the first UE at a significantly
older day of life (DOL). The multiple UE group also had a
significantly higher total number of ETT days during the
initial NICU admission. Table 4 compares patients who
experienced a single UE with those who experienced at least
two. Crude, adjusted, and weighted and adjusted odds ratios
are shown to compare clinical characteristics between the two
groups and identify factors that are associated with a higher
odds of experiencing repeat UEs. Longer-term outcomes were
also compared between the two groups. Patients who received
a diagnosis of BPD had significantly increased odds
(weighted and adjusted OR 6.78, p= 0.02) of experiencing
more than one UE compared to those with no BPD diagnosis.
Significantly increased odds of having a length of stay greater
than 90 days (weighted and adjusted OR 3.12, p= 0.04) and
having a tracheostomy placed during admission (weighted
and adjusted OR 4.16, p= 0.002) were also seen in those
with more than one UE.

Table 2 shows the respiratory outcomes following UE.
Of the 470 events leading to reintubation within 60 min,
only 15 (3.2%) were given a trial of extubation. Of the
events leading to reintubation within 60 min, 184 (39.1%)
led to an increase in oxygen requirement between 1 and
49% above baseline, with a median increase of 5% (inter-
quartile range (IQR) 3–11%). Following the 118 events
that did not lead to reintubation within 60 min, the majority
required continuous positive airway pressure (CPAP), but
16 (13.6%) only needed nasal cannula and 13 (11.0%)
remained stable in room air.

Table 3 Number of patients
experiencing adverse short-term
outcomes following any UE.

Parameter 1 UE (n= 167) ≥2 UE (n= 133) P value

Being held at time of any UE 27 (16.2%) 50 (37.6%) <0.0001

Any number of feeds held after a UE 22 (13.2%) 38 (28.6%) 0.001

Made NPO after a UE 7 (4.2%) 4 (3.0%) 0.76

Required any resuscitation 45 (26.9%) 104 (78.2%) <0.0001

Required bag-mask ventilation 45 (26.9%) 104 (78.2%) <0.0001

Required chest compressions 3 (1.8%) 11 (8.3%) 0.01

Any documented airway trauma 18 (10.8%) 35 (26.3%) 0.001

Any medication administered for reintubation 28 (16.8%) 60 (45.1%) <0.0001

Any benzodiazepine given for reintubation 8 (4.8%) 48 (36.1%) <0.0001

Any opiate given for reintubation 28 (16.8%) 25 (18.8%) 0.65

Any neuromuscular blocker given for reintubation 12 (7.2%) 14 (10.5%) 0.31

Ever reintubated within 60 min of UE 100 (59.9%) 91 (68.4%) 0.15

Ever needed >1 attempt at reintubation 35 (21.0%) 99 (74.4%) <0.0001

Ever needed >2 attempts at reintubation 15 (9.0%) 55 (41.4%) <0.0001

Ever needed otolaryngology or anesthesia for reintubation 1 (0.6%) 5 (3.8%) 0.09

Ever had baseline oxygen requirement increased by >10%
after UE

33 (19.8%) 44 (33.1%) 0.01

Bold values indicate statistical significance p < 0.05.

Data are expressed as N (%).

UE unplanned extubation, NPO nil per os.
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Outcomes at NICU discharge

On assessment of outcomes at the time of NICU discharge
or transfer to another facility for these 300 patients, 36
(12.0%) died during their initial NICU stay. Two deaths
were directly following the UE; in both cases, the babies
had a modified Allow Natural Death order and were not
reintubated due to parental preference for comfort care. Of
these 300 infants, 215 (71.7%) were diagnosed with BPD
and 53 (17.7%) required tracheostomy placement. In addi-
tion to those requiring home ventilatory support via tra-
cheostomy, 129 (43.0%) were discharged with nasal
cannula oxygen and 3 (1.0%) required CPAP at home.

Acquired subglottic stenosis

Of these 300 patients, 28 (9.3%) were diagnosed with
acquired SGS. The severity of acquired SGS was classified
as Cotton–Myer grade 1 in 9 patients, grade 2 in 6, the most
severe grade 3 in 9, and not graded in the remaining 4
patients. The crude, adjusted, and weighted and adjusted
odds ratios comparing those who were diagnosed with
acquired SGS and those who were not are detailed in
Table 5. Significantly fewer patients in the group diagnosed
with acquired SGS were born at less than 25 weeks’
gestational age (3.5% vs 11.3%, p= 0.043). After weight-
ing and adjusting for sex, gestational age at birth, birth
weight, and total number of ETT days, characteristics
associated with a significantly increased odds of having

acquired SGS were having at least four UEs, having
documented airway trauma during an intubation attempt,
having a history of tracheitis, and having a diagnosis of a
major chromosomal anomaly or syndrome. Experiencing
the first UE at a weight of <1500 g was associated with a
decreased odds of having a diagnosis of acquired SGS.
When the subgroup with severe acquired SGS requiring
surgical intervention, including balloon dilations and lar-
yngotracheal reconstruction, was compared to the group
with no SGS or mild SGS not requiring surgery, no sig-
nificant differences were seen between the two groups.

The median age of acquired SGS diagnosis in this cohort
was 3.6 months (IQR 2.8–8.5), and all but one case was
diagnosed by 14 months of life. The initial presentation
leading to diagnosis of SGS was stridor in 10 of the patients
and inability to extubate after multiple attempts in 12 of the
patients, with the remainder diagnosed incidentally on
direct laryngoscopy and bronchoscopy for another clinical
indication. Surgical intervention was required in 13 (46.4%)
of the patients with acquired SGS, including balloon dila-
tions in 8 (28.6%) patients and laryngotracheal reconstruc-
tion in 5 (17.9%) patients. The median age at initial SGS
surgery was 4 months (IQR 3–10).

Discussion

UE requiring reintubation is among the most common
adverse safety events reported in North American NICUs [2].

Table 4 Characteristics and outcomes of those patients with ≥2 UEs compared to those with 1 UE.

Parameter 1 UE
(n= 167)

≥2 UE
(n= 133)

Crude OR Adjusted ORa Weighted and adjusted
ORb

P value*

Weight at first UE < 2000 g 75 (44.9%) 86 (64.7%) 2.24 (1.41; 3.60) 1.28 (0.68, 2.38) 1.29 (0.69, 2.40) 0.42

PMA at first UE < 30 weeks 39 (23.4%) 55 (41.4%) 2.31 (1.41; 3.83) 1.74 (0.92, 3.31) 2.01 (1.06, 3.83) 0.03

DOL at first UE < 30 days 89 (53.3%) 72 (54.1%) 1.03 (0.66; 1.64) 0.88 (0.52, 1.48) 0.83 (0.47, 1.44) 0.50

Length of stay >90 days 101 (60.5%) 120 (90.2%) 7.64 (3.87; 16.45) 2.21 (0.92, 5.69) 3.12 (1.08, 9.03) 0.04

Critical airway 6 (3.6%) 3 (2.3%) 0.62 (0.13; 2.39) 2.09 (0.35, 11.17) 1.31 (0.26, 6.68) 0.75

Chromosomal anomaly/genetic
syndromec

18 (10.8%) 15 (11.3%) 1.05 (0.51; 2.17) 1.89 (0.66, 5.59) 2.32 (0.72, 7.47) 0.16

Mortality during initial
hospitalization

22 (13.2%) 14 (10.5%) 0.81 (0.39; 1.63) 0.41 (0.16, 0.99) 0.41 (0.16, 1.08) 0.07

Bronchopulmonary dysplasia 96 (57.5%) 119 (89.5%) 7.81 (3.96; 16.92) 3.08 (0.88, 11.73) 6.78 (1.42, 32.31) 0.02

Tracheostomy 18 (10.8%) 35 (26.3%) 2.96 (1.59; 5.61) 3.03 (1.38, 6.95) 4.16 (1.68, 10.31) 0.002

Bold values indicate statistical significance p < 0.05.

Data are expressed as N (%) or odds ratio (95% confidence interval).

UE unplanned extubation, OR odds ratio, PMA postmenstrual age, DOL day of life, IPTW inverse probability of treatment weighting.

*P values are displayed from weighted and adjusted models.
aAdjusted odds ratios displayed as adjusted for sex, gestational age, birth weight, and total number of ETT days during initial hospitalization.
bWeighted and adjusted ORs are IPTW weighted for sex, gestational age, and birth weight; and adjusted for sex, gestational age, birth weight, and
total number of ETT days during initial hospitalization.
cIncluding Trisomy 21, Stickler syndrome, CHARGE syndrome, Wolff–Hirschhorn syndrome, DiGeorge syndrome, and a chromosome 19 anomaly.
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In this study spanning 5 years, we describe factors sur-
rounding UEs, short-term outcomes, and longer-term mor-
bidities in a level IV NICU. UEs in general were associated
with many short-term complications such as increase in
baseline oxygen requirement, missed feeds, airway trauma,
and need for cardiopulmonary resuscitation. Repeated UEs
were common among this population and were associated
with increased odds of longer-term morbidities, including
BPD, need for tracheostomy, and a longer length of stay.

Previous studies support the idea that standardizing the
ETT securement leads to fewer UEs [1, 17]. In agreement
with these studies, the standard practice in our unit is to
secure the ETT using a commercial ETT holder, and this
device was used in the vast majority of these events. Skin-
to-skin care is strongly encouraged in our NICU, and we
found that 16% of the events occurred during skin-to-skin
care or holding, which higher than rates reported in other
studies [18, 19]. This finding prompted further quality
improvement interventions to ensure airway safety.

Previous studies have shown mixed results regarding the
association of weight and PMA with UE. One study showed
that most events happened at <31 weeks PMA, but others
showed that most patients were >34 weeks [8, 18, 20]. In
our study, the patients had a median birth gestational age of
26.7 weeks, but the UEs happened at a median PMA of

34.3 weeks. Our patients had a median weight of 1775 g at
the time of UE, whereas other studies have shown the
majority of UEs occurring in smaller babies [3, 21]. Older
and larger patients may be more difficult to contain and
warrant creative non-pharmacologic interventions to main-
tain airway safety.

Several short-term complications were noted as a direct
result of the UEs, including increased oxygen requirement
and discontinued feeds. About 10% had documented airway
trauma and almost half of patients who were reintubated
required multiple attempts. Notably 14 events led to chest
compressions and 41.2% required bag-mask ventilation to
stabilize vital signs before a reintubation attempt was made.
These short-term complications likely contribute to an
increased length of stay and long-term morbidities in these
patients, reinforcing the need to focus efforts on UE pre-
vention. Many patients received sedative or paralytic med-
ications for reintubation. In our efforts to improve the
potential neurodevelopmental outcome of the patients, our
unit discourages the routine use of sedation or restraints to
prevent UE. The use of sedation in the setting of reintu-
bation may also negatively impact neurodevelopment.
When specifically comparing the single UE group to those
patients who experienced multiple UEs, there was greater
exposure to many adverse events among the patients with

Table 5 Characteristics of those patients with acquired SGS compared to those without acquired SGS.

Outcomes No SGS
(n= 272)

SGS
(n= 28)

Crude OR Adjusted ORa Weighted and adjusted
ORb

P value*

Postmenstrual age at first UE <
32 weeks

116 (42.6%) 6 (21.4%) 0.37 (0.13, 0.88) 0.44 (0.15, 1.19) 0.40 (0.15, 1.07) 0.07

Weight at first UE < 1500 g 128 (47.1%) 7 (25.0%) 0.38 (0.14, 0.87) 0.37 (0.13, 0.96) 0.34 (0.13, 0.91) 0.03

DOL at first UE < 21 days 122 (44.9%) 11 (39.3%) 0.80 (0.35, 1.74) 0.77 (0.34, 1.7) 0.73 (0.32,1.67) 0.46

≥ 4 UEs 30 (11.0%) 8 (28.6%) 3.23 (1.25, 7.75) 3.54 (1.19, 10.07) 4.25 (1.35,13.45) 0.01

≥ 3 reintubation attempts
following any UE

63 (23.2%) 7 (25.0%) 1.11 (0.42, 2.61) 0.97 (0.36, 2.36) 0.91 (0.36, 2.27) 0.83

≥ 4 ETTs during hospitalization 124 (45.6%) 19 (67.9%) 2.52 (1.13, 6.03) 2.22 (0.77, 6.68) 2.79 (0.98, 7.93) 0.06

Sherman ratio ≥0.1c for any ETT 20 (7.4%) 1 (3.6%) 0.86 (0.05, 4.92) 0.95 (0.05, 5.77) 0.94 (0.15,5.98) 0.95

Airway trauma with reintubation 41 (15.1%) 12 (42.9%) 4.23 (1.83, 9.56) 4.31 (1.81, 10.19) 5.66 (2.15, 14.87) <0.001

Tracheitis 35 (12.9%) 18 (64.3%) 12.19 (5.31, 29.53) 12.4 (4.99, 32.81) 13.16 (5.04, 34.35) <0.001

Chromosomal anomaly/genetic
syndromed

25 (9.2%) 8 (28.6%) 3.95 (1.51, 9.65) 4.55 (1.44, 14.26) 5.62 (1.49, 21.13) 0.01

Bold values indicate statistical significance p < 0.05.

Data are expressed as N (%) or odds ratio (95% confidence interval).

SGS subglottic stenosis, OR odds ratio, UE unplanned extubation, DOL day of life, ETT endotracheal tube, IPTW inverse probability of treatment
weighting.

*P values are displayed from weighted and adjusted models.
aAdjusted odds ratios displayed as adjusted for sex, gestational age, birth weight, and total number of ETT days during initial hospitalization.
bWeighted and adjusted ORs are IPTW weighted for sex, gestational age, and birth weight; and adjusted for sex, gestational age, birth weight, and
total number of ETT days during initial hospitalization.
cSherman ratio= ETT size/gestational age.
dTrisomy 21, Stickler syndrome, CHARGE syndrome, Wolff–Hirschhorn syndrome, DiGeorge syndrome, and a chromosome 19 anomaly.
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multiple UEs, putting these patients at greater risk for short-
and longer-term morbidities.

We documented reintubation within 60 min based on the
definitions for UE tracking provided by the Solutions for
Patient Safety collaborative. We noted reintubation within
60 min of UE in ~80% of the events. Previous studies have
reported reintubation rates within 24 h after UE ranging
from 25 to 75% [18, 20–22]. Our higher rate suggests that
many of our intubated patients do require invasive
mechanical ventilation, but there is still an opportunity to
improve identification of extubation readiness, given that
20% did not need to be reintubated. In addition, as shown in
Table 2, 25% of these patients did not even require CPAP
following UE. Thirty-nine percent of ETTs were replaced
deeper than they had previously been taped, indicating a
need to continually reassess tube depth, especially in
patients who may experience significant growth while
intubated due to edema or prolonged duration of intubation.

Although previous studies have reported on risk factors
for UEs and subsequent outcomes in the NICU, to our
knowledge, none have specifically assessed those patients
who experience repeated events. In our study, almost half of
the patients had more than one UE. Patients with multiple
UEs had a longer duration of intubation on average, so they
are already at increased risk for airway and pulmonary
morbidities due to prolonged mechanical ventilation.
Repeated UEs were seen more often in those patients with
BPD, likely due to the prolonged duration of intubation
increasing the number of opportunities for UE. In those
patients with repeated UEs, higher odds of tracheostomy
requirement and home oxygen or ventilator requirement
were noted. Care should be taken to prevent UEs in these
patients to avoid further increasing the risk for airway
trauma and complications.

Previous studies have identified an association between
UEs and the development of SGS [11]. In our study popu-
lation, all but one case of acquired SGS was diagnosed before
14 months of life, with the majority in the first few months of
life. The most common clinical presentations leading to this
diagnosis were stridor and inability to extubate, so further
evaluation for SGS should be considered in this population of
patients. Acquired SGS should also be considered in patients
following discharge who present with stridor and a history of
intubation and UE. Other identified risk factors for acquired
SGS in this study include documented airway trauma with
reintubation, history of tracheitis, and at least four UEs. We
saw a trend toward a greater number of ETTs overall being
associated with the development of acquired SGS, which is
consistent with previous studies [23–25].

Gestational age has been inconsistently associated with
acquired SGS, with some older studies showing no asso-
ciation and a more recent study demonstrating high rates in
infants born at 23–24 weeks [11, 23, 26]. Our data actually

demonstrated a significantly decreased incidence of
acquired SGS in this population of infants born at less than
25 weeks’ gestation, potentially related to permissive air
leak in our unit and general avoidance of elective ETT
upsizing. The Sherman ratio (ETT internal diameter divided
by gestational age) has been used in previous studies to
assess the appropriateness of ETT size with a ratio of <0.1
considered acceptable [23]. Unlike in previous studies
[23, 27], we found no significant association between
Sherman ratio and development of acquired SGS. A recent
study reported an overall incidence of 0.93% of severe
acquired SGS in intubated neonates, defined as those
requiring surgical intervention to manage SGS;[11] our
rate in this study of patients with a history of UE is much
higher at 4.3%. This higher incidence might be attributable
to the airway trauma and multiple intubation attempts seen
with reintubation following UE in this population, many of
which likely occurred in an urgent or emergent setting.

One limitation of this study is the retrospective nature of
some data collection, although the patients were identified
prospectively and the forms detailing the situation sur-
rounding the UE are filled out in real-time after the event,
which partially mitigates this concern. Similarly, many
outcomes of interest listed in this study are taken from
documentation in the medical record, which may lead to
limited or missing data. This study also represents the
experience of a single level IV NICU with an entirely out
born population, though patients were admitted relatively
early, at 13 days of life on average (median DOL 0; IQR
0–4). It is possible that patients experienced a UE at the
birth hospital prior to admission to our NICU. Finally,
follow up information is not available for all patients fol-
lowing discharge from the NICU, so there may be a greater
number of patients diagnosed with long-term morbidities
than identified here.

Conclusions

UEs are a relatively common safety event in the NICU and
can lead to serious short- and long-term morbidities, espe-
cially when a patient has multiple events. Identification of
common clinical scenarios surrounding UEs has helped to
identify key areas to target with quality improvement
initiatives. Certain patient characteristics were associated
with increased rates of repeated UEs and this knowledge
may be used to heighten awareness of high-risk patients.
Identification of complications associated with UEs can help
to reinforce the importance of preventing these events. These
patients are at risk for long-term airway morbidities, which
may present after the time of NICU discharge. Further
initiatives are needed to use these data to decrease overall
UE rates and reduce the need for emergent reintubations.
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Additional research is needed to develop a prediction model
to identify those patients at highest risk to experience one or
multiple UEs to further improve outcomes.
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