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Abstract

Background: The incidence of adverse tracheal intubation-
associated events (TIAEs) and associated patient, practice,
and intubator characteristics in the neonatal intensive care
unit (NICU) setting are unknown. Objectives: To determine
the incidence of adverse TIAEs and to identify factors associ-
ated with TIAEs in the NICU. Methods: Single-site prospec-
tive observational cohort study of infants who were intu-
bated in a level 4 referral NICU between September 1, 2011
and November 30, 2013. A standardized pediatric airway
registry was implemented to document patient, practice,
and intubator characteristics and outcomes of intubation
encounters. The primary outcome was adverse TIAEs. Re-
sults: Adverse TIAEs occurred in 153 of 701 (22%) tracheal
intubation encounters. Factors that were independently as-
sociated with lower incidence of TIAEs in logistic regression
included attending physician (vs. resident; odds ratio (OR)
0.4, 95% Cl: 0.16, 0.98) and use of paralytic medication (OR
0.45,95% Cl: 0.25,0.81). Severe oxygen desaturations (=20%
decrease in oxygen saturation) occurredin 51.1% of encoun-
ters and were more common in tracheal intubations per-
formed by residents (62.8%), compared to fellows (43.2%) or

attendings (47.5%; p = 0.008). Conclusions: Adverse TIAEs
and severe oxygen desaturation events are common in the
NICU setting. Modifiable risk factors associated with TIAEs
identified include intubator training level and use of para-
lytic medications. ©2015S. Karger AG, Basel

Introduction

Tracheal intubation (TT) is a life-saving but technical-
ly challenging procedure, which carries a meaningful risk
of morbidity and mortality for critically ill infants and
children [1-4]. Medical training level is associated with
both success of TI and the incidence of adverse tracheal
intubation-associated events (TIAEs) in the pediatric in-
tensive care unit (PICU) [1, 4]. In a combined study of
neonatal and pediatric patients, TT attempts by inexperi-
enced operators were more likely to result in oxygen de-
saturation and bradycardia episodes [5].

Little is known regarding the incidence and character-
istics of adverse TTAEs in the neonatal intensive care unit
(NICU). The objectives of this study were to characterize
the incidence of adverse TIAEs and severe oxygen desat-
uration during TT and to determine the association of pa-
tient, practice, and intubator characteristics with adverse
TIAEs in a large academic NICU. We hypothesized that
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intubator training level would be associated with occur-
rence of adverse TIAEs and severe desaturation events
during TI, and that modifiable factors associated with
TIAEs could be identified.

Methods

Setting

This was a prospective observational cohort study at the Chil-
dren’s Hospital of Philadelphia NICU, an 85-bed, level 4, referral
NICU.

Patient Selection

All infants who underwent TIs with direct laryngoscopy be-
tween September 1, 2011 and November 30, 2013 in the NICU
were identified for potential inclusion. Neonatal TIs performed
outside the NICU were excluded. Intubations in the hospital’s
small referral delivery unit were excluded, as this delivery unit has
only 300-400 specialized deliveries a year and has a separate staft-
ing model. This study was performed within a convenience sample
derived during the study period.

Data Collection and Definitions

A previously developed TI data collection tool, the National
Emergency Airway Registry for Children (NEAR4KIDS), was used
in the NICU [6]. Greater than 95% compliance with data capture
and accuracy were established. A respiratory therapist and intuba-
tor completed the data collection form after every intubation. A
research assistant checked all data forms for completeness, inter-
viewed participating clinicians for missing data when needed, and
entered deidentified data into a secure web-based database.

Briefly, operational definitions are as follows ‘Course’ was de-
fined as one method to intubate (i.e. oral or nasal) and one set of
medications. We only included intubation encounters with one
course in this analysis; many attempts could occur within this
course. First-attempt success was defined as successful intubation
on the first attempt. Overall success was defined as successful in-
tubation by the initial intubator.

Patient demographics were abstracted from the medical re-
cord. Weight was recorded on the day of TI, not birth weight. A
‘history of difficult airway’ was reported based on any known pri-
or history of difficulty managing the patient’s airway. Intubator
background and training level were recorded for every attempt;
training level of the initial intubator was used in analysis. Medica-
tions were used according to the clinical team’s preference and
were classified as ‘sedative/narcotic’ (including opiates, benzodi-
azepines, and barbiturates) or ‘paralytic’ (including depolarizing
or nondepolarizing neuromuscular blockade).

Adverse Events

Adverse events were classified into two categories: severe
TIAEs and nonsevere TIAEs. Severe TIAEs included cardiac ar-
rest, esophageal intubation with delayed recognition, emesis with
witnessed aspiration, hypotension requiring intervention (fluid
and/or vasopressors), laryngospasm, malignant hyperthermia,
pneumothorax/pneumomediastinum, or direct airway injury.
Cardiac arrest was defined as loss of perfusion or severe bradycar-
dia requiring chest compressions for =1 min.
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Nonsevere TIAEs included mainstem bronchial intubation,
esophageal intubation with immediate recognition, emesis with-
out aspiration, hypertension requiring therapy, epistaxis, lip trau-
ma, gum or oral trauma, medication error, dysrhythmia, and pain
and/or agitation requiring additional medication and causing de-
lay in intubation. Mainstem bronchial intubation was considered
only when it was confirmed on chest radiograph or recognized
after the clinical team secured the tracheal tube. Dysrhythmia in-
cluded bradycardia requiring chest compressions for <1 min or
arrhythmia requiring treatment.

The highest pulse oximetry saturation (SpO,) measured prior
to intubation (i.e. during preoxygenation) and the lowest measured
SpO, during the intubation encounter were recorded. Oxygen de-
saturation was calculated as the difference between these values.
The same method was used for infants with cyanotic heart disease,
as the relative difference between initial SpO, and lowest SpO, was
used for analysis. If either the initial or lowest saturation was not
reliably measured (i.e. from a poor waveform), oxygen saturation
data were not included in analysis. We defined an a priori dichoto-
mous variable for severe desaturation as a 220% decrease in SpO,.

Intubation Guidelines

Although our NICU does not have a written protocol for intu-
bation procedures, the general guidelines are: the number of at-
tempts is limited to two per intubator; during nonemergent condi-
tions, infants are stabilized with bag mask ventilation between at-
tempts until heart rate and oxygen saturations recover to
preprocedural levels, and there is no time limit for intubation at-
tempts.

Statistical Methods

Statistical analysis was performed using STATA 12.0 (Stata
Corp., College Station, Tex., USA). Summary statistics were de-
scribed with means and standard deviation (SD) for parametric
variables and median with interquartile range (IQR) for nonpara-
metric variables. Categorical variables were compared between TI
encounters with and without TIAEs using a x° test or Fisher’s exact
test. The Wilcoxon rank-sum test was used for comparison of non-
parametric variables.

We developed alogistic regression model for the TIs performed
by residents, attendings, and fellows in order to examine the inde-
pendent association between medical training level and TIAEs. TIs
performed by nurse practitioners, physician assistants, staff NICU
pediatricians, and nonneonatal physicians were excluded from the
model, as experience level for these providers was not recorded in
the database. The model included the patient and practice charac-
teristics associated with TTAEs in univariate analysis (p < 0.1) and
patient characteristics that were hypothesized a priori to increase
the risk of TIAEs: small patient size (<2 kg) [5] and history of dif-
ficult airway [1].

Median severity of oxygen desaturation was summarized for all
encounters. Frequency of severe desaturation events was com-
pared between intubator levels using a X test. Initial oxygen satu-
ration level and degree of oxygen desaturation was compared be-
tween encounters with and without TTAE using a Wilcoxon rank-
sum test.

Ethics Board Approval
The local institutional review board approved this study, and
informed consent was waived.
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Fig. 1. TI encounters included in analysis.
* Includes laryngeal mask airway (LMA)

329 encounters: Tl perfrormed by
pediatric physicians in multivariate
logistic regression model

and fiber optic flexible laryngoscope.

Results

There were 701 intubation encounters analyzed
(fig. 1). The median number of attempts for each was 2
(IQR: 1, 3). At least 1 TIAE was reported in 153 (22%)
encounters. Severe TIAEs occurred in 26 (3.7%), and
nonsevere TTAEs occurred in 133 (19.0%). Severe oxygen
desaturation (>220% decrease in SpO,) occurred in 51.1%
of encounters with available SpO, data (table 1).

Patient and Practice Factors Associated with TIAEs

Characteristics such as age, weight, sex, and history of
difficult airway did not significantly differ between pa-
tients with and without TIAEs (table 2). In univariate anal-
ysis, ventilation failure (i.e. rising CO,) was the indication
for TI more frequently in encounters with TIAEs than
without TIAEs (38.6 vs. 24.8%, p = 0.001). Conversely, en-
dotracheal tube replacement (rather than primary intuba-
tion) was less frequently the indication for encounters with
TIAEs than without TTAEs (15.7 vs. 27.9%, p = 0.002).

The most frequently used medications were fentanyl
(91.0%) and morphine (7.0%). Sedative/narcotic pre-
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medication use did not significantly differ between en-
counters with and without TIAEs (87.6 vs. 85.6%, p =
0.53). Paralytic medications were used less frequently in
encounters with TIAEs than without TIAEs (65.4 vs.
74.5%, p = 0.026).

Intubator Characteristics Associated with TIAEs

Initial intubators were pediatric residents in 15.1% of
encounters (first-attempt success rate 26.4%), neonatol-
ogy fellows in 23.1% of encounters (first-attempt suc-
cess rate 50%), and neonatology attendings in 8.7% of
encounters (first-attempt success rate 62.3%). The re-
maining intubators were other neonatal clinicians
(43.9%) and physicians from other disciplines (9.1%;
table 3).

TIAEs occurred more frequently during TIs per-
formed by residents (27.4%) and fellows (22.8%) com-
pared with attendings (14.8%; fig. 2). This was not statis-
tically significant in univariate analysis. In the logistic re-
gression model of TIs performed by pediatric/neonatal
physicians, the only significant factors associated with de-
creased risk of TIAEs were attending-level intubator
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Table 1. Incidence of adverse TIAEs during TI encounters

Encounters
with TIAE,
n (%) (n=701)
Severe TIAE 26 (3.7)
Esophageal intubation - delayed recognition 14 (2)
Cardiac arrest — patient survived 6(0.9)
Airway trauma 2(0.3)
Vomit with aspiration 2(0.3)
Laryngospasm 1(0.1)
Hypotension requiring intervention 1(0.1)
Cardiac arrest — patient died 0
Pneumothorax/pneumomediastinum 0
Malignant hyperthermia 0
Nonsevere TIAE? 133 (19.0)
Esophageal intubation — immediate
recognition 104 (14.8)
Mainstem intubation 14 (2)
Vomit without aspiration 9(1.3)
Gum or oral trauma 9(1.3)
Lip trauma 8(1.1)
Pain or agitation delaying intubation 5(0.7)
Dysrhythmia 4 (0.6)
Medication error 0
Epistaxis 0
Hypertension requiring intervention 0
One or more TIAE (any type)b 153 (21.8)

Severe desaturation (=20% decrease in SpO,) 341/668 (51.1)

2 Nonsevere TIAE: 117 encounters with 1 nonsevere TIAE, 13
encounters with 2 nonsevere TIAEs, 2 encounters with 3 nonse-
vere TIAEs, 1 encounter with 4 nonsevere TIAEs. ® All TIAE: 132
encounters with 1 TIAE, 17 encounters with 2 TIAEs, 3 encounters
with 3 TIAEs, 1 encounter with 4 TIAEs.

Table 3. Intubator characteristics for TI encounters (n = 701)

Table 2. Patient and practice characteristics of TI encounters with
and without TIAE

Variable TIAE No p value
(n=153) TIAE
(n = 548)
Patient age, months
(median, IQR) 1(0,2) 1(0,2) 0.67
Patient weight 0.27
<1,500 g 30 (19.6) 81 (14.8)
1,500-1,999 g 15 (9.8) 46 (8.4)
>2,000 g 108 (70.6) 421 (76.8)
Male sex 86 (56.2) 276 (50.4)  0.20
History of difficult airway 29(19.0) 96(17.5) 0.68
Indication®
Elective primary
intubation 15 (9.8) 58 (10.6) 0.78
Oxygen failure 29(19.0) 76(13.9) 0.12
Ventilation failure 59 (38.6) 136 (24.8) 0.001
Apnea 18 (11.8) 49 (8.9) 0.29
Upper airway
obstruction 4(26) 25(4.6) 036
Reintubation after
unplanned extubation 7 (4.6) 44 (8.0) 0.15
Replace endotracheal
tube 24 (15.7) 153(27.9) 0.002
Nasal intubation 4(26) 25(46) 036
Sedative/narcotic
medications 134 (87.6) 469 (85.6) 0.53
Paralytic medications 100 (65.4) 408 (74.5) 0.026

Unless otherwise indicated, values represent patient n (%). Val-
ues in bold represent p < 0.05. * More than one indication may be
present per encounter. Indication not recorded in 34 (4.9%) en-
counters. ® Fisher’s exact test.

Intubator Performed Performed Performed First-attempt Opverall success®
first second third success
attempt attempt attempt
Resident, general pediatrics 106 (15.1) 41 (10.8) 7 (3.1) 28/106 (26.4) 34/106 (32.1)
NICU fellow 162 (23.1) 104 (27.4) 82 (36.4) 81/162 (50) 113/162 (69.8)
NICU attending 61 (8.7) 56 (14.7) 64 (28.4) 38/61 (62.3) 53/61 (86.9)
NICU nonphysician clinician® 308 (43.9) 142 (37.4) 36 (16.0) 132/308 (42.9) 190/308 (61.7)
Non-NICU physician® 64 (9.1) 37 (9.7) 36 (16.0) 42/64 (65.6) 53/64 (82.8)
Total 701 380 225 321/701 (45.8) 443/701 (63.2)

Values represent n (%). * Success by first intubator within 5 attempts. ® Includes NICU nurse practitioners, physician assistants, and
staff pediatricians. ¢ Includes physicians from otolaryngology, anesthesiology, and general surgery.
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Fig. 2. Proportion of TIs performed by res-
idents/fellows/attendings with severe de-
saturation (220% decrease in SpO,) and
any TTAE (n = 329). Results are shown for
all encounters and separated by intubator
training level. Desaturations: p = 0.008, x2
(2 d.f.). TIAE: p = 0.045, attending (vs. res-
ident) in multivariate logistic regression
model including: training level, paralytic
medications, small patient size, indication
of ventilation failure, replacement of endo-

Encounters with safety events (%)

M All encounters
O Resident

@ Fellow

W Attending

tracheal tube, and history of difficult air-
way.

Severe desaturation Any TIAE

Table 4. Logistic regression of characteristics associated with
TIAEs, including encounters with TI performed by residents/fel-
lows/attendings (n = 329)

TIAE, OR
(95% CI)

Adjusted
p value

First intubator
Resident (reference)
Fellow (compared to resident)
Attending (compared to resident)
History of difficult airway
Paralytic medications
Patient weight <2 kg
Change endotracheal tube
Ventilation failure

0.81 (0.44, 1.48) 0.49
0.40 (0.16, 0.98) 0.045
1.33 (0.66, 2.68) 0.42
0.45 (0.25, 0.81) 0.008
1.13 (0.60,2.11) 0.71
0.66 (0.32,1.36) 0.26
1.72 (0.93,3.18) 0.08

Logistic Regression Pseudo R? = 0.053, p = 0.009, d.f. = 7. Num-
bers in bold represent p < 0.05.

(odds ratio (OR) 0.40, 95% CI: 0.16, 0.98 compared to
residents) and paralytic medication use (OR 0.45,95% CI:
0.25, 0.81; table 4).

Oxygen Desaturation

Pulse oximetry data were available in 668 (95.3%) en-
counters. The median preintubation saturation was 100%
(IQR: 98, 100) for all encounters and did not significant-

Intubation Safety in the NICU

ly differ between encounters with and without TIAEs (p =
0.22). The median decrease in SpO, was 20% (IQR: 5, 39)
and was significantly greater when TIAEs occurred (40
vs. 15%, p < 0.001). Severe oxygen desaturation events
(220% decrease in SpO,) occurred in 51.1% of encoun-
ters. The median preintubation saturation was 100% for
resident, fellow, and attending intubators. Severe desatu-
ration was more likely to occur with resident intubators
(62.8%) compared to fellow (43.2%) or attending intuba-
tors (47.5%), p = 0.008 (fig. 2).

Discussion

Our prospective cohort study characterized the inci-
dence of TTAEs and severe oxygen desaturation during T1I
in the NICU. TIAEs occurred in 22% and severe desatura-
tions occurred in 51% of all TT encounters. Attending-level
intubator (vs. resident) and use of paralytics were indepen-
dently associated with significantly fewer TIAEs. Severe
oxygen desaturations were more frequent in TIs performed
by residents. The median decrease in SpO, was significant-
ly greater in TIs with TIAEs than TIs without TIAEs, sug-
gesting that TIAEs have a meaningful clinical impact.

No previous study has reported on an inclusive list of
TIAEs in NICU patients. Our results are similar to a study
of TIAEs in 15 PICUs using the NEAR4KIDS airway reg-
istry [4]: TIAEs occurred in 21% of TI encounters in that
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study, and esophageal intubation with immediate recog-
nition was the most commonly reported TIAE. Consis-
tent with our study results in the NICU, those authors
also demonstrated an independent association between
intubator training level and TIAEs in the PICU.

Small published reports of TI safety in the NICU set-
ting have suggested that deterioration in oxygen satura-
tion and heart rate are common [3, 5, 7]. Venkatesh et al.
[3] prospectively collected data on 93 TI encounters per-
formed in 3 NICUs. The median lowest recorded SpO,
was 65% in those encounters, and 21% of infants experi-
enced a heart rate of <60 beats/min during TI. Using vid-
eo review of 60 attempted TIs in the delivery room,
O’Donnell et al. [7] found that =10% deterioration in
SpO, and/or heart rate occurred in 49% of intubation en-
counters. Simon et al. [5] performed a combined multi-
site study of TT in NICUs and PICUs. Oxygen desatura-
tion (absolute SpO, <90%) and/or bradycardia (heart rate
<100 beats/min) occurred in 23.6% of the neonates in-
cluded in their study; these events were significantly more
likely to occur when TI was performed by intubators with
<10 prior airway experiences. In our study, the SpO, de-
clined by 220% in over half of TT encounters, and severe
oxygen desaturations were more frequently observed
with resident airway providers. However, bradycardia
was only recorded when heart rate was <60 beats/min,
limiting our ability to compare the incidence of bradycar-
dia with previously published studies.

More frequent TTAEs and more severe oxygen desatu-
rations during TIs performed by residents may be due to
lack of proficiency in endotracheal intubation. Previous
studies have demonstrated that less experience is associ-
ated with increased duration of intubation attempts and
decreased TI success rates [7-11]. Pediatric residents in
our study were only successful in 26% of their first TI at-
tempts. Poor resident performance in T1, both in terms of
safety and success, may be partly due to the fact that op-
portunities to perform neonatal intubation have declined.
Potential explanations for this trend include changes to
the neonatal resuscitation program, which no longer rec-
ommends routine intubation and tracheal suctioning of
vigorous meconium-stained newborns [12], and in-
creased use of noninvasive respiratory support in preterm
infants [13, 14]. Reductions in residency training work
hours further limit the number of procedural opportuni-
ties for pediatric residents [15].

One important finding in this study was the associa-
tion of paralytic medication use with fewer TIAEs. We
found that the use of paralytic medications use was sig-
nificantly less common in encounters with any TIAEs
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and also in encounters with severe TIAEs, similar to data
from critically ill adults [16]. The high prevalence of sed-
ative/narcotic use suggests that there was enough time in
the majority of TI encounters to prepare and administer
premedications. Although premedication use is recom-
mended for nonemergent neonatal intubation [17], no
single premedication regimen has been demonstrated to
have clear superiority in improving the safety of neonatal
intubation over others. The use and selection of premed-
ications for nonemergent neonatal intubation remain
variable in practice [18-20]. Studies of neuromuscular
blockade for intubation in neonates have largely focused
on outcomes related to physiologic variables or intuba-
tion success [21-25]. Our results suggest that paralytic
medication use is associated with fewer TIAEs in the
NICU, providing data to hypothesize that paralytic use
improves the safety of TI in the NICU.

This study has several limitations. TIAEs were identi-
fied by self-report from the clinical team; this might have
underestimated the true incidence of TIAEs. This single
site study was performed in a large referral NICU with
complex medical and surgical patients and may not gener-
alize to other NICUs or the delivery room setting. Intuba-
tors’ years of experience or previous intubation exposures
were not recorded in this dataset. We excluded nonphysi-
cian clinicians from our logistic model because years of
experience/training level ranges widely within this group,
but this information was not available in this dataset. Last-
ly, certain patient characteristics, such as age in days or
weeks, gestational age, and numerical heart rate, were not
recorded. Development of a multicenter neonatal-specific
airway registry is underway to address these limitations.

Conclusions

Adverse TIAEs (22%) and severe desaturation events
during TI (51%) are common in the NICU setting. These
adverse events occur more frequently in TIs performed
by resident physicians, compared with fellow or attend-
ing physicians. Potentially modifiable risk factors associ-
ated with TTAEs include intubator training level and use
of paralytic medications.
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