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Abstract
Objective: To determine if children intubated after failed Noninvasive Ventilation (NIV) have a higher occurrence of Tracheal Intubation Associated Events (TIAEs) 
compared to those intubated immediately.

Methods: We conducted a retrospective study of all Tracheal Intubations (TIs) in a tertiary pediatric intensive care unit from 1/2013 to 12/2015. Data were collected 
from National Airway Registry for Kids, Virtual PICU System, and chart review. We excluded TI in children on chronic NIV, endotracheal tube exchange, non-
emergent TI for procedures, and cases with insufficient documentation. We defined NIV as continuous or bilevel pressure ≥5 cm H2O or high flow nasal cannula 
≥4L/min for infants and ≥5L/min for children. NIV failure was defined as TI after >1h of exposure to NIV; it was further characterized as acute (1-4h) or delayed 
(>4h). Our primary outcome was occurrence of severe TIAEs and/or desaturation (SpO2 drop >20%). Data were analyzed using Fisher’s Exact Test, Chi Square, 
Mann-Whitney U Test, and logistic regression.

Results: One-hundred-forty-four of 192 intubations (75%) were included, of which 48 (33%) were primary TIs and 96 (67%) were after NIV failure. The median 
duration of NIV prior to failure was 14h (IQR 5, 45).   TIAEs/desaturation occurred in 33% of intubations and were not different between the two groups after 
adjusting for potential confounders (25% vs. 38%; p=0.134, aOR 2.15, 95% CI 0.77-6.03). Additionally, there was no difference between occurrence of severe TIAEs/
desaturation in acute compared to delayed NIV failure (26% vs. 19%; p=0.558).

Conclusion: TI after NIV failure is common. However, there was no difference in the occurrence of severe TIAEs/desaturation in primary TI versus TI after NIV 
failure, suggesting NIV failure does not increase the risk of TIAEs.
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Introduction 
Tracheal Intubation (TI) can be a life-saving intervention in critically 

ill pediatric patients, but it carries a high risk that can be associated with 
life-threatening complications. In recent studies of Pediatric Intensive 
Care Unit (PICU) intubations, significant desaturation occurred in 15-
48% of intubations, adverse TI associated events (TIAEs) in 18-41%, 
and severe TIAEs in 3-7% [1-11]. Patient, provider, and intubation 
characteristics can be associated with increased occurrence of TIAEs 
and significant desaturation [1-9,12]. Identified risk factors include 
history of difficult airway, anatomic signs of difficult airway, patient 
weight, comorbidities, unstable hemodynamics, number of intubation 
attempts, timing of intubation, and training level of the intubating 
laryngoscopist [1,3-9,12,13].

Noninvasive Mechanical Ventilation (NIV), including High 
Flow Nasal Cannula Oxygen (HFNC), is a commonly used mode of 
support for children with acute respiratory failure. While HFNC is 
not always considered NIV, multiple studies in infants, children, and 
adults have shown that it can generate clinically significant proximal 
airway distending pressures [14-18]. NIV can effectively treat acute 
respiratory failure in many children who otherwise would have 
required TI for respiratory support [18-31]. NIV has been shown to 
decrease intubation rates in certain groups of children as well as to 
decrease total ventilator time, length of stay, and overall treatment 
cost [23,24,26,29,30,31]. However, 8-43% of children treated with NIV 

for acute respiratory failure eventually will fail and require intubation 
[18-32]. Risk factors for NIV failure include patient age, comorbid 
condition, pneumonia or other infection, and higher risk of mortality 
and organ dysfunction scores [19,22,26-28,30]. Although there are no 
clear algorithms for predicting which children will fail NIV and require 
TI, NIV responders typically show improvement in vital sign and 
blood gas parameters within 2-4 hours of initiating therapy [19,21,22, 
26,28,30,31,33].

A recent single-center study suggested that TI after NIV failure may 
be associated with higher risk of TIAEs and desaturation, although the 
findings did not reach statistical significance [30]. Given the overlap in 
both suspected and documented risk factors for both TIAEs and NIV 
failure, we aim to further investigate the association between NIV failure 
and TIAEs. The objective of this study is to compare the occurrence 
of TIAEs and significant desaturation in children primarily intubated 
to those intubated after NIV failure in order to better understand 
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the potential safety risks of TI after NIV failure. We hypothesize that 
children requiring TI after NIV failure will have a higher occurrence of 
TIAEs and desaturation due to prolonged respiratory failure with vital 
sign instability and decreased functional residual capacity compared to 
children primarily intubated. 

Methods
We conducted a single-center, retrospective review of prospectively 

collected data from the National Emergency Airway Registry for 
Children (NEAR4KIDS) network [7,34]. We reviewed all TIs occurring 
in the Yale-New Haven Hospital PICU over a three-year period from 
January 1, 2013 to December 31, 2015.  Our PICU is a 19-bed mixed 
cardiac/medical/surgical unit in a tertiary care teaching center. The 
Yale University Internal Review Board approved the study and granted 
a waiver for parental consent. We excluded TI in children on chronic 
NIV therapy, endotracheal tube exchange, non-emergent TI for a 
procedure, and cases with insufficient documentation.

We defined “primary tracheal intubation” as TI occurring after 
no exposure to NIV or only transient exposure lasting less than one 
hour during transport or in preparation for intubation.  We defined 
“NIV failure” as TI occurring after more than 1 hour of support with 
any combination of Nasal Intermittent Positive Pressure Ventilation 
(NIPPV) or bi-level Positive Airway Pressure (BiPAP) at any pressure, 
Continuous Positive Airway Pressure (CPAP) greater than 5 cmH2O, or 
heated humidified High Flow Nasal Cannula (HFNC) with a minimum 
flow rate of 4 L/min in infants less than one year of age and 5 L/min 
in children greater than or equal to one year of age. Within the NIV 
failure group, we defined acute failure as 1-4 hours and delayed failure 
as greater than 4 hours based on physiologic response patterns shown 
in the literature [19,21,22,26,28,30,31].

Data were collected from review of our internal site NEAR4KIDS 
database, Virtual PICU System, and individual patient chart reviews. 
Patient data included gender, age, weight, presence of a comorbidity 
(prematurity <37 weeks gestational age, chronic pulmonary disease 
requiring care by a pulmonologist, repaired or unrepaired congenital 
heart disease, neuromuscular disease, or oncologic diagnosis), primary 
diagnosis, Pediatric Risk of Mortality III (PRISM3) score at PICU 
admission, tachycardia or tachypnea in the hour prior to intubation 
(using age-specific ranges), lowest peripheral oxygen saturation 
(SpO2) in the hour prior to intubation, indication for intubation 
(respiratory failure, unstable hemodynamics, neurologic impairment), 
concern for difficult airway (documented history of difficult airway or 
abnormal clinical airway assessment), and duration of NIV. Intubation 
characteristics included laryngoscopist training level for the first TI 
attempt, TI method, and number of TI attempts [35-37].

The primary outcome was occurrence of any severe TIAEs and/
or significant desaturation (TIAEs/desaturation). TIAEs were defined 
a priori by the NEAR4KIDS collaborative. Severe TIAEs are cardiac 
arrest, esophageal intubation with delayed recognition, emesis 
with aspiration, hypotension requiring intervention (fluid and/or 
pressors), laryngospasm, malignant hyperthermia, pneumothorax 
or pneumomediastinum, and direct airway injury [7]. Significant 
desaturation was defined as pulse oximetry <80% saturation with 
an initial saturation >94% or change of more than 20% from initial 
saturation.  Secondary outcomes included duration of intubation 
reported as ventilator-free days (28 days), ICU length of stay, and 
hospital length of stay.  

Sample size calculation using previously published rates of severe 

TIAEs and desaturations from Crulli et al. and our own preliminary 
data from 2013 estimated a necessary sample size of 148 (74 per group) 
for a two-sided alpha of 0.05 and 80% power. Statistical analysis was 
done using SPSS 21.0 (IBM SPSS Statistics for Windows, Version 
1.0. Armonk, NY. IBM Corp).  Categorical variables are presented 
as percentages and analyzed using Fisher’s Exact Test or Chi-Square 
as appropriate. Continuous variables are presented as median with 
interquartile range and analyzed using Mann-Whitney U Test. A 
p-value of ≤0.05 was statistically significant. 

We used both bivariate and multivariable regression analysis 
to identify and account for potential confounders affecting the 
association between TIAEs/desaturation and NIV exposure. Bivariate 
regression included all variables known to be associated with TIAEs in 
the literature and variables unevenly distributed between the control 
and exposure groups: PRISM3 score, number of intubation attempts, 
indication for intubation, training level of laryngoscopist, weight, 
and concern for difficult airway. Bivariate analysis was considered 
significant for inclusion in the multivariable regression model if the p 
value was less than 0.2 in its association with both NIV exposure and 
TIAEs/desaturation. We also performed a secondary analysis of the 
NIV failure group to assess for an association between duration of NIV 
and occurrence of TIAEs using NIV duration as a continuous variable 
and classifying NIV failure as acute (1-4 hours) or delayed (>4 hours).

Results
Over the three-year study period, 192 TIs were reviewed.  Forty-

eight (25%) were excluded due to predefined exclusion criteria (Figure 
1). Of the remaining 144 intubations, 48 (33%) were primary TIs 
and 96 (67%) were TI following NIV failure. Within the NIV failure 
group, NIV was given with HFNC alone in 19%, CPAP alone in 13%, 
BiPAP alone in 22%, and multiple modes in 46%. In patients supported 
with multiple modes, HFNC was typically the first mode used before 
progressing to CPAP or BiPAP.

Table 1 describes patient characteristics for each group. Gender, age, 
weight, PRISM3 scores, pre-intubation tachypnea and tachycardia, pre-
intubation lowest SpO2, presence of comorbidities, and pre-intubation 
concern for difficult airway were not significantly different between the 
two groups. The reason for intubation differed significantly between 
the two groups with respiratory failure being less common in the 
primary TI group (38% vs. 80%; p<0.001) and neurologic impairment 
being more common in the primary TI group (48% vs. 14%; p<0.001). 

Intubation characteristics were similar between the two groups. 

Figure 1. Tracheal Intubation Flow Diagram .
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There were no significant differences between the primary TI and NIV 
failure groups in training level of the laryngoscopist on first attempt 
(21% vs. 17% resident/RN, 67% vs. 72% fellow/APRN, 13% vs. 12% 
attending; p=0.794) or number of intubation attempts (median 2 IQR 
1, 3 vs. median 1 IQR 1, 2; p=0.151). Direct laryngoscopy was used for 
96% of intubations, video laryngoscopy for 3%, and tube exchange over 
a bougie for 1%; all intubations were oral. 

The primary outcome of occurrence of TIAEs/desaturation 
occurred in 33% of all intubations and occurred similarly in both the 
primary TI and NIV failure groups (25% vs. 38%; p=0.134). Table 2 
describes the breakdown of severe TIAE and desaturation.  There were 
no significant differences in the individual outcomes. There were eleven 
severe TIAEs consisting of two cardiac arrests without mortality, two 
episodes of laryngospasm, six episodes of hypotension requiring fluid 
or pressors, and one direct airway injury. There were no significant 
differences in any secondary outcomes including ventilator-free days 
(median 18 IQR 3, 23 vs. median 16 IQR 5, 21; p=0.317), ICU length of 
stay in days (median 15 IQR 7, 33 vs. median 21 IQR 11, 41; p=0.056), 
or hospital length of stay in days (median 22 IQR 12, 50 vs. median 31 
IQR 16, 73; p=0.052).

Bivariate analysis identified weight, PRISM3 score, number 
of intubation attempts, respiratory indication for intubation, and 
neurologic indication for intubation as potential confounders. NIV 
exposure was not significantly associated with TIAEs/desaturation 
when accounting for these confounders (aOR 2.147, 95% CI 0.765-
6.026).  Our analysis included 56 patients who were intubated after 
failed or unplanned extubation (15 primary TIs and 41 TIs following 
NIV failure). In repeat analysis with these patients excluded, there 

remained no significant association between TIAEs/desaturation and 
pre-intubation NIV exposure (36% vs. 38%; p=0.865, aOR 2.636, 95% 
CI 0.624-11.129).

In secondary analysis of the NIV failure group, 96 patients were 
intubated after NIV failure with a median NIV duration of 14 hours 
(IQR 5, 45 hours) prior to failure. The median duration of NIV prior 
to failure was similar in patients who did not have TIAEs/desaturation 
compared to those who did (median 16 hours IQR 5, 46 vs. median 12 
hours IQR 4, 45; p=0.988). Within the NIV failure group, 23 patients 
(24%) had acute failure with the median duration of NIV being 2 hours 
(IQR 2, 3 hours). Seventy-three (76%) had delayed failure with the 
median duration of NIV being 27 hours (IQR 10, 60 hours). TIAEs/
desaturation occurred in 26% of acute failure intubations and 19% of 
delayed failure intubations (p=0.558). 

Discussion
In this retrospective single-center study, we report that TI after 

NIV failure was common, occurring in 67% of TIs and that severe 
TIAEs/desaturation occurred in 33% of all TIs. The occurrence of 
TIAEs/desaturation was similar when comparing those who required 
primary TI to those requiring TI after failed NIV, and there was no 
significant association between TIAEs/desaturation and NIV exposure 
after adjusting for number of intubation attempts, weight, PRISM3 
score, respiratory indication, and neurologic indication. Ventilator-
free days, PICU length of stay, and hospital length of stay were also 
similar between the two groups. We also report that within the NIV 
failure group, there was no significant difference in the occurrence 
of TIAEs/desaturation after acute failure compared to delayed 
failure. Collectively, these data suggest that NIV prior to TI may not 
be associated with increased risk for severe TIAEs/desaturation, in 
contrast to our hypothesis.

This study is among the few current studies to assess intubation 
safety after NIV failure in pediatric patients. A recent study by Crulli et 
al. reported severe TIAEs/desaturation in 24% of primary TIs compared 
to 41% of TIs after NIV failure, similar to 25% and 38% in our study, 
respectively.  Notable differences between the two studies include 
our inclusion of HFNC in the definition of NIV and our exclusion 
of non-emergent TIs for procedures. Previous studies have shown 
a decreased occurrence of TIAEs with non-emergent intubations 
[1,7,38]. Although non-emergent TIs prior to a procedure are typically 
primary intubations our primary TI group had similar occurrence of 
TIAEs/desaturation as Crulli et al. HFNC is a frequently used mode 
of NIV and therefore important to include, but our study was not 
adequately powered to determine an association between mode of NIV 
and TIAEs/desaturation.

Similar to many recent studies, there was a significant association 
between increasing number of intubation attempts and increasing 
occurrence of TIAEs [1,3,6,12,38-40].  Unlike several recent studies, 
we did not detect a significant association between TIAEs and training 
levels, which may be due to local practice habits of preferentially 
allowing residents to intubate the most stable patients [7,9,40-42]. 
Neither number of attempts nor training level had significant effect on 
the association between TIAEs and NIV failure.

The two comparison groups differed in primary reason for 
intubation (respiratory, neurologic, or unstable hemodynamics). 
“Reason for intubation” is similar to “diagnostic category” and “shock,” 
which have been significantly associated with TIAEs in other studies 
[7,42]. Respiratory failure was the primary indication for intubation in 

Characteristics Primary TI (n=48) NIV Failure (n=96) p-value
Gender (female) 16 (33%) 37 (39%) 0.541
Age (months) 21 (3, 92) 7 (2, 46) 0.133
Weight (kg) 12 (6, 24) 7 (5, 18) 0.096
PRISM3 10 (3, 16) 5 (3, 13) 0.074
Tachycardia 23 (48%) 59 (62%) 0.122
Tachypnea 23 (48%) 37 (39%) 0.282
SpO2 96 (85,99) 94 (84,100) 0.911
Comorbidities 27 (56%) 65 (68%) 0.177
Difficult Airway 11 (23%) 28 (29%) 0.426

Reason for Intubation
Respiratory Failure 18 (38%) 77 (80%) <0.001
Unstable Hemodynamics   7 (15%) 6 (6%) 0.125*

Neurologic Impairment 23 (48%) 13 (14%) <0.001

NIV: Non-invasive ventilation; TI: Tracheal Intubation; kg: kilogram; PRISM: Pediatric 
Risk of Mortality; SpO2: peripheral oxygen saturation. 
Data are reported as number (percentage) or median (interquartile range) with p-value from 
Chi Square, Fisher’s Exact Test (*), or Mann-Whitney U as appropriate. Tachypnea and 
tachycardia refer to the hour prior to intubation using age-based normal values. Difficult 
airway refers to pre-intubation concern for difficult airway based on patient exam or history.

Table 1. Characteristics of patients with Primary TI and TI following NIV failure.

Primary TI
(n=48)

NIV Failure
(n=96)

p-value

TIAE/Desaturation 12 (25%) 36 (38%) 0.134
Severe TIAE 5 (10%) 6 (6%) 0.507*
Desaturation 10 (21%) 33 (34%) 0.094

Table 2. Outcome Measures in Primary TI compared to TI after NIV failure.

NIV: non-invasive ventilation; TI: Tracheal Intubation; TIAE: tracheal intubation 
associated event
Data are presented as numbers (%).  P-value is for Fisher’s Exact Test (*) or Chi Square 
Test.
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only 38% in the primary intubation group compared to 80% of children 
in the NIV failure group, whereas neurologic indication for intubation 
occurred in 48% of primary intubations and only 14% of NIV failure 
intubations. These findings are consistent with typical clinical practice 
of using NIV for treatment of respiratory illness and not for respiratory 
support in neurologically impaired patients who are unable to protect 
their airway. Despite the differences between the two groups, the 
regression model showed no difference in the association between 
TIAEs/desaturation and NIV failure when adjusted for the number 
of intubation attempts and neurologic indication for intubation. 
Since most patients at our institution are extubated to NIV, there was 
a potential for confounding by including the 56 patients who were 
unplanned or failed extubation.  We repeated the analyses excluding 
these patients but continued to find no difference between the two 
groups.

The NIV failure group had lower, but not significantly different, 
median PRISM3 scores at PICU admission, suggesting that sicker 
children may have been intubated primarily and those with lower risk 
of mortality scores were trialed on NIV prior to intubation. PRISM3 
scores have been associated with NIV failure but not with TIAEs [22,27, 
30].  Sufficient data were not available via chart review to calculate 
pediatric organ dysfunction scores immediately prior to intubation, but 
in the hour prior to intubation, the two groups had similar occurrence 
of tachypnea and tachycardia for age and similar lowest SpO2 levels. 
Since PRISM3 scores are collected at PICU admission and not on day 
of intubation, the similar physiologic parameters in the hour before 
intubation suggest that the groups were similar in their degree of illness 
despite the difference in PRISM3 scores.

There are limitations of this study that are important to acknowledge. 
First, it is a retrospective study of prospectively collected data and 
causation cannot be inferred. Second, the NEAR4KIDS collaborative 
database is self-reported.  There are multiple safeguards and quality 
measures in place to optimize data collection but the possibility of 
TIAE and desaturation reporting bias still remains. Third, it is unclear 
how much distending pressure certain levels of HFNC provide. The 
minimum flow limits chosen were levels that most institutions in the 
NEAR4KIDS collaborative agree to be NIV rather than simple oxygen 
delivery. However, the liter flows chosen cannot adequately account 
for all determinants of distending pressure delivered by HFNC such 
as cannula size, seal, presence of nasal secretions, agitation, and open 
mouth, among others. Finally, we present data on a limited sample size 
over the designated three-year time period. Although we detected no 
difference between the primary intubation and NIV failure groups or 
between the acute and delayed failure groups, our study was slightly 
underpowered and a larger sample size would have given the findings 
higher power and less risk of Type II error, especially for the secondary 
analysis.  Given these limitations, our data may not be generalizable to 
all PICUs.

Conclusions
There have been ongoing attempts to identify risk factors for 

adverse intubation events with the goal of modifying these risk factors 
and improving patient safety. Our study did not detect a difference 
in the occurrence of severe TIAEs/desaturation in children being 
intubated after a failed trial of NIV compared to those being intubated 
primarily.  Our data suggest that trialing a patient on NIV in an attempt 
to prevent intubation may be safe without increasing the risk of severe 
TIAEs or significant desaturation in children who ultimately fail NIV, 
but further work in a larger, multi-center study is warranted.
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