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Objective:	Tracheal	intubation	in	PICUs	is	associated	with	adverse	
tracheal	 intubation–associated	 events.	 Patient,	 provider,	 and	
practice	 factors	have	been	associated	with	 tracheal	 intubation–
associated	events;	however,	site-level	variance	and	the	associa-
tion	of	site-level	characteristics	on	tracheal	intubation–associated	
event	outcomes	are	unknown.	We	hypothesize	that	site-level	vari-
ance	 exists	 in	 the	 prevalence	 of	 tracheal	 intubation–associated	
events	and	that	site	characteristics	may	affect	outcomes.
Design:	Prospective	observational	cohort	study.
Setting:	Fifteen	PICUs	in	North	America.
Subjects:	Critically	ill	pediatric	patients	requiring	tracheal	intubation.
Interventions:	None.
Measurement and Main Results:	 Tracheal	 intubation	 quality	
improvement	data	were	collected	 in	15	PICUs	 from	July	2010	
to	December	2011	using	a	National	Emergency	Airway	Regis-

try	 for	 Children	 with	 robust	 site-specific	 compliance.	 Tracheal	
intubation–associated	 events	 and	 severe	 tracheal	 intubation–
associated	events	were	explicitly	defined	a	priori.	We	analyzed	
the	 association	 of	 site-level	 variance	 with	 tracheal	 intubation–
associated	events	using	univariate	analysis	and	adjusted	for	pre-
viously	identified	patient-	and	provider-level	risk	factors.	Analysis	
of	1,720	consecutive	intubations	revealed	an	overall	prevalence	
of	20%	tracheal	intubation–associated	events	and	6.5%	severe	
tracheal	 intubation–associated	 events,	 with	 considerable	 site	
variability	 ranging	 from	0%	 to	44%	 tracheal	 intubation–associ-
ated	 events	 and	 from	 0%	 to	 20%	 severe	 tracheal	 intubation–
associated	events.	Larger	PICU	size	(>	26	beds)	was	associated	
with	fewer	tracheal	intubation–associated	events	(18%	vs	23%,	
p	=	0.006),	but	 the	presence	of	a	 fellowship	program	was	not	
(20%	vs	18%,	p	=	0.58).	After	adjusting	for	patient	and	provider	
characteristics,	both	PICU	size	and	fellowship	presence	were	not	
associated	with	tracheal	intubation–associated	events	(p	=	0.44	
and	p	=	0.18,	respectively).	Presence	of	mixed	ICU	with	cardiac	
surgery	was	independently	associated	with	a	higher	prevalence	
of	 tracheal	 intubation–associated	 events	 (25%	 vs	 15%;	 p < 
0.001;	adjusted	odds	ratio,	1.81;	95%	CI,	1.29–2.53;	p	=	0.01).	
Substantial	 	site-level	variance	was	observed	 in	medication	use,	
which	was	not	explained	by	patient	characteristic	differences.
Conclusions:	 Substantial	 site-level	 variance	 exists	 in	 tracheal	
intubation	 practice,	 tracheal	 intubation–associated	 events,	 and	
severe	tracheal	intubation–associated	events.	Neither	PICU	size	
nor	fellowship	training	program	explained	site-level	variance.	Inter-
ventions	 to	 reduce	 tracheal	 intubation–associated	 event	 preva-
lence	and	severity	will	likely	need	to	be	contextualized	to	variability	
in	individual	ICUs	patients,	providers,	and	practice.	(Pediatr Crit 
Care Med	2014;	15:306–313)
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Pediatric tracheal intubation (TI) is hazardous and com-
monly associated with recognized potential adverse 
outcomes in high-risk patients (1–12). Prospective com-

munication, facilitated teamwork, and planning affect patient 
care flow, rapid detection, and response to changes in patient con-
dition. Poor laryngoscope handling causes dental and laryngeal 
trauma (6), and poor intubation technique necessitates multiple 
attempts or prolonged intubation duration, which are associated 
with airway trauma, desaturation, and/or bradycardia (7). Tra-
cheal tube misplacement or displacement may produce morbidity 
or mortality. Despite these known risks, TI in the PICU is prac-
ticed routinely in already complex, hazard-prone microsystems 
(11, 13). Although the risks of these procedures are well known in 
this critically ill population, accurately measured, multicenter per-
formance and outcome data are lacking. Our National Emergency 
Airway Registry for Children (NEAR4KIDS) clinical research 
collaborators, supported by the Pediatric Acute Lung Injury and 
Sepsis Investigators (PALISI) network, have recently reported 
the landscape of safety and process of care for this procedure in 
diverse PICUs (1). We reported that adverse tracheal intubation–
associated events (TIAEs) are common, occurring in approxi-
mately 20% of TI attempts. We identified several patient and 
provider factors associated with occurrence of TIAEs and severe 
TIAEs, such as pediatric resident laryngoscopists (2), patient his-
tories of a difficult airway, acute oxygenation and ventilation fail-
ure, or unstable hemodynamic conditions as the indication for TI.

However, it is unclear how much variance in TI patient 
safety outcomes are due to patient and provider variability ver-
sus site-level characteristics and practice variance.

In this article, we attempt to describe the variance in TIAE 
and severe TIAE outcomes across 15 PICUs and assess the 
impact of site-level factors while controlling for patient and 
provider characteristics previously demonstrated to affect 
these outcomes. We hypothesize that there is substantial vari-
ance in the prevalence of TIAEs and that site-level factors, such 
as unit size, presence of pediatric critical care fellowship, and 
presence of mixed cardiac patient populations, are associated 
with the prevalence of TIAEs even after adjusting for patient- 
and provider-level factors.

MATERIALS AND METHODS

Settings
This study was conducted across 15 academic PICUs in North 
America. Sites were recruited through the PALISI network 
(Appendix 1) with bimonthly teleconferences to review qual-
ity improvement data, site compliance, and data accuracy.

Design
The NEAR4KIDS registry tool was developed by members of 
the PALISI network in conjunction with the National Emer-
gency Airway Registry investigators (13–18). A data collection 
form was developed and piloted in a single tertiary care PICU 
and refined for the NEAR4KIDS investigators for the multi-
center project. Institutional review board approval was obtained 
at each participating site. Each site project leader developed 

a site-specific compliance plan to ensure more than 95% TI 
encounter capture rate and the highest accuracy of the data. 
Two centralized compliance officers reviewed and approved 
each compliance plan for each site. Data collection was then 
initiated for each TI that occurred in the PICU at each center.

Separately from individual TI data collected on the patient, 
provider, and practice characteristics, each participating cen-
ter submitted information pertaining to the individual site 
characteristics: size (number of PICU beds), number of PICU 
admissions per year, presence of a residency program, fellow-
ship training program, case mix, and presence of in-hospital 
24-hour critical care attending physicians.

Outcome Measures
Adverse events were defined as TIAEs with two categories: 
nonsevere TIAEs and severe TIAEs (1–3, 8, 9). Briefly, nonse-
vere TIAEs include mainstem bronchial intubation, esopha-
geal intubation with immediate recognition, emesis without 
aspiration, hypertension requiring therapy, epistaxis, dental 
or lip trauma, medication error, arrhythmia, and pain and/or 
agitation requiring additional medication and causing delay 
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.

Severe TIAEs include cardiac arrest, esophageal intuba-
tion with delayed recognition, emesis with witnessed aspi-
ration, hypotension requiring intervention (fluid and/or 
vasopressors), laryngospasm, malignant hyperthermia, pneu-
mothorax/pneumomediastinum, or direct airway injury. Note 
that hypoxemia itself is not included as a TIAE as it is often 
observed simultaneously with other adverse TIAEs, and the 
clinical impact of isolated hypoxemia is unclear.

Three airway management events, encounter, course, and 
attempt, were explicitly defined a priori and periodically rein-
forced on bimonthly conference calls, as described previously 
(1, 2). Briefly, “encounter” is defined as one episode of com-
pleted advanced airway management intervention, including 
TI. “Course” is defined as one method or approach to secure an 
airway (e.g., oral vs nasal, awake vs sedated vs rapid sequence) 
and one set of medications including premedication and 
induction. “Attempt” is defined as a single advanced airway 
maneuver (e.g., beginning with the insertion of the device such 
as laryngoscope/laryngeal mask into patient’s mouth or nose 
and ending when the device is removed).

Statistical Methods
Statistical analysis was performed using STATA 10.0 (Stata Corp, 
College Station, TX). Summary statistics were described with 
mean and SD for parametric variables and median with inter-
quartile range (IQR) for nonparametric variables. For categori-
cal variables with a dichotomous outcome, a contingency table 
method was used with chi-square or Fisher exact test analysis, as 
appropriate. Site-level variables, such annual admission (above 
or below median), unit size (above or below median), presence 
of a pediatric critical care fellowship, and presence of cardiac 
surgical patients, were also evaluated for an association with 
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occurrence of TIAEs with chi-square analysis. Correlation sta-
tistics were evaluated using t test for significance. For site-level 
analysis, we adjusted for patient- and provider-level variables 
using a random effects model. Previously identified covariates 
(patient age, history of difficult airway, unstable hemodynam-
ics, and pediatric resident as a primary airway provider) were 
adjusted for site-level analysis (1–3). A p value of less than 0.05 
was considered significant for all hypotheses.

RESULTS

Site Characteristics
A total of 15 academic PICUs participated during the study 
period (July 2010 to December 2011). The median number of 
PICU beds was 26 (IQR, 16–30; range, 10–55) with median 
admissions 1,300/yr (IQR, 980–1,550; range, 640–3,500). Eleven 
of the 15 ICUs (73%) had a PICU fellowship and those ICUs had 
more ICU beds compared with ICUs without fellowship (median, 
26; IQR, 16–30 vs median, 17; IQR, 13–26; p = 0.33). Nine ICUs 
admitted cardiac surgical patients during the study period. Seven 
ICUs (47%) had 24-hour in-hospital PICU attending presence 
(Table 1). All PICUs had a pediatric residency program.

Patient Characteristics
Table 2 describes the patient, provider, and practice character-
istics previously associated with TIAE outcomes (1–3). Cardiac 

cases consisted of 13% of all patients (encounters). In approxi-
mately one third of the intubation events, the indication for 
advanced airway management was acute respiratory failure. 
Unstable hemodynamics (shock state) was identified as an indi-
cation in 13%. Fourteen percent of the patients were reported 
to have a history of difficult airway. Pediatric residents were 
the primary airway providers in 23%, pediatric critical care fel-
lows in 41%, and critical care attending physicians in 12%. The 
majority of the encounters (96%) used direct laryngoscope, 
whereas indirect laryngoscopy such as video laryngoscope was 
rarely used as a primary device (1.7%).

Primary Outcomes
A total of 1,720 primary intubations were reported from 15 
sites during the study period. Nine to 410 TIs per site were 
reported during the study period. This corresponded to a fre-
quency of one TI every 1.3–26.8 days. The overall prevalence 
of TIAEs and severe TIAEs were 20.3% and 6.5%, respectively. 
The prevalence of TIAEs varied significantly across the sites: 
from 0% to 44.1% (p < 0.001). The prevalence of severe TIAEs 
was also significantly variable: 0–20.4% (p < 0.001) (Fig. 1).

Table 3 describes the univariate and multivariate analyses 
for the association between site-level characteristics and preva-
lence of TIAEs. The larger size of the ICUs (> 26 beds: more 
than median value) was associated with fewer TIAEs (TIAE, 
17.8% vs 23.3%; p = 0.006). Presence of PICU fellowship, 

TAbLE 1. PICU Characteristics (Size, Training, Case Mix) Participated in the National 
Registry for Emergency Airway for Children (NEAR4KIDS)

Site ICU bed
ICU  

Admission/Yr
ICU   

Fellowship
Cardiac  Surgical 

 Patients
In-House 
 Attending

No. of  Tracheal 
 Intubationsa

A 10 640 No No No 17

B 12 675 Yes Yes No 123

C 14 825 Yes Yes No 88

D 30 960 Yes Yes No 54

E 16 1,000 Yes Yes Yes 147

F 19 1,100 yes Yes Yes 34

G 16 1,261 No No No 9

H 34 1,300 No Yes Yes 35

I 18 1,400 No Yes Yes 74

J 30 1,500 Yes No No 209

K 28 1,500 Yes No No 23

L 26 1,600 Yes No No 144

M 35 1,700 Yes Yes Yes 195

N 26 2,300 Yes Yes Yes 158

O 55 3,500 Yes No Yes 410

Summary (median, 
interquartile range)

26 (16–30) 1,300 (980–1,550) Yes: 73% Yes: 60% Yes: 47% Total: 1,720

aDuration	of	study	participation	varies	among	the	sites	(2–18	mo).
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however, was not associated with prevalence of TIAEs (20.4% 
vs 18.0%, p = 0.58). With multivariate analysis adjusting for 
patient and provider characteristics, both the size of the ICUs 
and presence of fellowship were not associated with TIAEs 
(odds ratio [OR], 0.83; 95% CI, 0.52–1.33; p = 0.44 and OR, 

1.62; 95% CI, 0.80–3.31; p = 0.18). Mixed ICU with cardiac 
surgical patients was associated with a higher prevalence of 
TIAEs in both univariate and multivariate analyses (TIAE: 
25.2% vs 14.9%, p < 0.001, multivariate OR, 1.81; 95% CI, 
1.29–2.53, p = 0.001). This analysis result remained significant 
when we further adjusted for patient diagnostic category for 
cardiac condition (OR, 1.80; 95% CI, 1.28–2.54; p = 0.001).

Practice Variance
Substantial site-level variance was observed in the types of 
medication used for sedation and paralysis during TI (Fig. 2). 
The proportion of elective TI for procedural sedation substan-
tially varied across the sites. Although the fentanyl/midazolam 
combination was widely used across the sites, the use of atro-
pine, propofol, and ketamine was highly variable. Of note, the 
use of atropine and the proportion of infants per site had no 
significant correlation (r = 0.103, p = 0.72). Similarly, the use 
of ketamine and shock state, the use of propofol, and elective 
indication were not significantly correlated at the site level 
(r = 0.48, p = 0.07; r = –0.001, p = 1.00, respectively). The rate 
of resident involvement as a first provider also varied signifi-
cantly among the centers (0–78%) (Fig. 3). The frequency of 
cuffed tracheal tube use was also diverse (mean, 91%; range, 
59–100% per site). The PICUs with large number of admis-
sions (> 1,300/yr) were associated with more frequent cuffed 
tracheal tube use (OR, 2.8; 95% CI, 1.4–5.7; p = 0.003). In con-
trast, a laryngoscope was commonly used in all PICUs (overall, 
96%; 92–100% per site; p > 0.05).

DISCUSSION
Our study revealed a significant variability in the occurrence of 
TI and safety outcomes, as well as practice variables, across 15 
PICUs. After adjusting for patient and provider characteristics, 
neither PICU size nor presence of fellowship training program 
explained site-level variance. Mixed PICUs with cardiac surgi-
cal patients were associated with a higher prevalence of TIAEs 
in both univariate and multivariate analyses. Successful inter-
ventions to impact TIAE prevalence and severity will likely 
need to be contextualized to variability in individual PICU 
patients, providers, and practice.

In our previous analysis of the NEAR4KIDS database, we 
identified patient, provider, and practice factors associated with 
occurrence of TIAEs. Specifically, patients with respiratory fail-
ure, with history of difficult airway, with hemodynamic insta-
bility such as shock or ongoing cardiopulmonary resuscitation, 
and having a pediatric resident as a primary airway provider 
were associated with occurrence of TIAEs. Use of atropine was 
also associated with higher prevalence of TIAEs. This was postu-
lated to be due to selective use of atropine for high-risk patients 
with bradycardia and hemodynamic instability (1, 19, 20).

In this analysis, we have further identified site-level variabil-
ity and the association of site characteristics with TIAE out-
comes. As was expected, we described for the first time a large 
variance in practice and TIAE outcomes across diverse PICU 
sites. Despite the finding that pediatric critical care fellow air-
way provider was significantly associated with fewer TIAEs, 

TAbLE 2. Patient, Provider, and Practice 
Characteristics

Patient, Provider, and  
Practice Variables Counts (%)

Patient age

  < 1 yr 699

  1–7 yr 620

  ≥ 8 yr 401

Weight in kg (median, interquartile range) 10.4 (5.1–22.1)

Diagnostic category, n (%)

  Respiratory 676 (39.3)

  Cardiac 223 (13.0)

  Sepsis/shock 151 (8.8)

  Trauma (includes traumatic  
 brain injury)

42 (2.4)

  Neurologic 280 (16.3)

  Other 176 (10.2)

  Missing 172 (10.0)

Indication, n (%)

  Oxygenation failure 593 (34.5)

  Ventilation failure 586 (34.1)

  Elective procedure 272 (15.8)

  Unstable hemodynamics 225 (13.1)

  Upper airway obstruction 182 (10.6)

  Pulmonary toilet 76 (4.4)

  Impaired airway reflex 128 (7.4)

  Neuromuscular weakness 67 (3.9)

  Therapeutic hyperventilation 53 (3.1)

History of difficult airway 254 (14.8)

Primary airway provider, n (%)

  Pediatric resident 403 (23.4)

  Pediatric critical care fellow 706 (41.1)

  Pediatric critical care attending 205 (11.9)

  Other 406 (23.6)

Device, n (%)

  Laryngoscope 1,658 (96.4)

  Indirect laryngoscope 30 (1.7)

  Laryngeal mask 11 (0.6)
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after adjusting for provider-level factors, the presence of fel-
lowship itself was not associated with prevalence of TIAEs.

After controlling for patient and provider characteristics, 
the only site-level factor associated with increased TIAE rates 
was cardiac mixed unit status. The identification of the car-
diac mixed unit status as an independent risk factor for higher 
TIAEs was unexpected and has not been previously reported. 
Cardiac arrest or hypotension requiring intervention occurred 
in 5% of patients (cardiac arrest, 1.8%; hypotension, 3.5%). 
Of note, cardiac mixed unit status was not significantly associ-
ated with the occurrence of these hemodynamic adverse events 
(OR, 1.6; 95% CI, 0.63–4.1; p = 0.32). However, this is a post 
hoc analysis and likely underpowered, requiring future investi-
gation with a larger dataset with more participating sites. The 
design of this study does not allow for identification of causal-
ity of this association, but several explanations can be specu-
lated. This increased risk may reflect a particular severity of 
patients in those centers. The association remained significant 
when adjusted for several patient variables including diagnostic 
category and hemodynamic instability; however, it is possible 
that other patient characteristics not controlled for may play a 

role. Another potential contrib-
uting characteristic of cardiac 
mixed units is that physicians 
and fellows have been trained 
in more diverse specialty pro-
grams (cardiology, anesthesiol-
ogy, surgery, and critical care) 
than in other PICUs. One could 
speculate that this difference 
may result in different intu-
bation practices and level of 
training. However, no specific 
practice has been shown to be 
associated with TIAEs with the 
exception of resident involve-
ment as first provider. In addi-
tion, we did not identify any 
specific patterns of TIAEs in 
those cardiac mixed units when 
compared with other PICUs. 
Future studies are necessary to 

evaluate the structure and process of care for critically ill chil-
dren who require TIs in these different kinds of PICUs. Mixed 
methodology with quantitative and qualitative approach may 
yield one or more unit-level quality improvement targets.

Other than the frequent and relatively uniform use of mid-
azolam and fentanyl, we observed a large variance in the use 
of pretreatment medications, such as atropine, ketamine, and 
propofol. This variance in use did not appear to be attributable 
to differences in patient conditions. This heterogeneity likely 
reflects the absence of solid evidence regarding the sedation 
choice for pediatric intubation and the absence of interna-
tional guidelines (21–28). Although sedative agents have not 
been identified as independent risk factors of TIAEs, the ben-
efit of implementing clinical protocols to homogenize these 
practices remains to be determined.

The involvement of residents as provider varied among 
the centers. Provider qualification is independently associated 
with TIAEs occurrence (1, 2) and was therefore controlled 
for in the multivariate analysis of the site characteristics. This 
variance may be of importance regarding the development of 
future quality improvement measures. Assurance of resident 

Figure 1. Prevalence of tracheal intubation–associated events (TIAEs) and severe TIAEs. Note that sites are 
sorted in the order of TIAE prevalence.

TAbLE 3. Site-Level Characters Associated With Occurrence of Tracheal  
Intubation–Associated Events

Site Charactera Univariate Analysis (OR, 95% CI) Multivariate Analysis (OR, 95% CI)

Annual admission (> 1,300 vs ≤ 1,300) 0.95 (95% CI, 0.74–1.23; p = 0.74) 1.01 (95% CI, 0.62–1.65; p = 0.97)

ICU beds (> 26 vs ≤ 26) 0.71 (95% CI, 0.56–0.90; p = 0.006) 0.83 (95% CI, 0.52–1.33; p = 0.44)

Fellowship (present vs absent) 1.13 (95% CI, 0.73–1.78; p = 0.66) 1.62 (95% CI, 0.80–3.31; p = 0.18)

Cardiac surgery (present vs absent) 1.92 (95% CI, 1.51–2.46; p < 0.001) 1.81b (95% CI, 1.29–2.53; p = 0.001)

OR	=	odds	ratio.
aAll	sites	had	pediatric	residency	program.
bThe	OR	was	1.80	(95%	CI,	1.28–2.54)	when	the	multivariate	model	included	cardiac	diagnostic	category	as	a	patient-level	factor.
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procedural training should be 
an important concern particu-
larly in the PICUs in which a 
high percentage of intubations 
are performed by residents.

From the hospital-wide 
patient safety perspective, it 
would be helpful to know how 
often those adverse TIAEs and 
severe TIAEs occur on other 
nonoperating room settings, 
such as emergency departments, 
neonatal ICUs, and regular inpa-
tient units. Limited data from a 
single center suggest that adverse 
TIAEs are more often observed in 
emergency departments (9). We 
hope the comparative data with 
the standardized operational 
definitions among multicenter 
PICUs, emergency departments, 
and neonatal ICUs will become 
available in next a few years.

Limitations
Data are self-reported. 
Although each participating 

Figure 2. Practice variance. A, Midazolam and fentanyl combination. b, Infants versus atropine use. C, Elective versus propofol use. D, Shock versus ketamine 
use. “r” denotes correlation coefficient. Each site number indicates a specific site in Figures 1-3. This is different from the alphabets shown in Table	1.

Figure 3. Proportion of the course with pediatric resident participation as laryngoscopists. Note that “course” 
is defined as one method or approach to secure an airway (e.g., oral vs nasal, awake vs sedated vs rapid 
sequence) and one set of medications including premedication and induction. Please refer to Materials and 
Methods section for details.
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center followed an individual compliance plan to assure com-
plete capture and an accurate data reporting, we cannot rule 
out the possibility of reporting and recall bias. We attempted 
to minimize these biases by bimonthly teleconferences and the 
education to site leaders and staff. Several site providers also 
participated in American Board of Pediatrics Maintenance of 
Certification quality improvement activity, which provided a 
mandatory education regarding the importance of the compli-
ance plan and minimization of the reporting bias.

Our dataset does not contain detailed clinical descriptions 
of each case with severe TIAEs. Therefore, judging the pre-
ventability of those TIAEs is difficult. Rather, this information 
should be further discussed as a quality improvement activity 
at each PICU using their local NEAR4KIDS data. Furthermore, 
several site factors were not evaluated, as good quality informa-
tion was not consistently available; this includes the presence 
of local management protocols, the attitude regarding non-
invasive ventilation use prior to intubation, average Pediatric 
Index of Mortality 2 score at each site, and the nurse/patient 
ratios. In addition, patient-level factors such as history of a 
difficult airway and difficult airway features were reported by 
bedside providers. Although the data verification process with 
operational definitions was in place, those data points might 
have reflected providers’ perception rather than actual facts, 
especially as “difficult airway” is not specifically defined.

CONCLUSIONS
Substantial site-level variance exists in TI practice, adverse 
TIAEs, and severe TIAEs. After adjusting for patient and pro-
vider characteristics, neither PICU size nor presence of fel-
lowship training program explained site-level variance. Mixed 
PICUs with cardiac surgical patients were associated with a 
higher prevalence of TIAEs. The reason for this association 
requires further investigation. Successful interventions to 
reduce TIAE prevalence and severity will likely need to be con-
textualized to variability in individual PICUs patients, provid-
ers, and practice.
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