
Trend and Outcomes of Video Laryngoscope Use Across PICUs

Jocelyn R. Grunwell, MD, PhD1, Pradip P. Kamat, MD, MBA, FCCM1, Michael Miksa, MD, 
PhD, FAAP2, Ashwin Krishna, MD3, Karen Walson, MD4, Dennis Simon, MD5, Conrad 
Krawiec, MD6, Ryan Breuer, MD7, Jan Hau Lee, MBBS, MRCPCH, MCI8, Eleanor Gradidge, 
MD9, Keiko Tarquinio, MD, FAAP1, Asha Shenoi, MD, DCH, FAAP3, Justine Shults, PhD10, 
Vinay Nadkarni, MD, MS11, Akira Nishisaki, MD, MSCE11, National Emergency Airway 
Registry for Children (NEAR4KIDS), and Pediatric Acute Lung Injury and Sepsis (PALISI) 
Network
1Division of Critical Care Medicine, Department of Pediatrics, Children’s Healthcare of Atlanta at 
Egleston, Emory University School of Medicine, Atlanta, GA.

2Division of Critical Care Medicine, Department of Pediatrics, Children’s Hospital at Montefiore, 
Albert Einstein College of Medicine, Bronx, NY.

3Division of Critical Care Medicine, Department of Pediatrics, Kentucky Children’s Hospital, 
University of Kentucky School of Medicine, Lexington, KY.

4Division of Critical Care Medicine, Department of Pediatrics, Children’s Healthcare of Atlanta at 
Scottish Rite, Atlanta, GA.

5Division of Critical Care Medicine, Department of Anesthesiology and Critical Care Medicine, 
The Children’s Hospital of Pittsburgh, Pittsburgh, PA.

6Division of Pediatric Critical Care Medicine, Department of Pediatrics, Penn State Hershey 
Children’s Hospital, Pennsylvania State University College of Medicine, Hershey, PA.

7Division of Critical Care Medicine, Department of Pediatrics, Women and Children’s Hospital of 
Buffalo, Buffalo, NY.

8Children’s Intensive Care Unit, KK Women’s and Children’s Hospital, Singapore.

9Division of Critical Care Medicine, Department of Pediatrics, Phoenix Children’s Hospital, 
Phoenix, AZ.

10Division of Biostatistics, Department of Biostatistics and Epidemiology, University of 
Pennsylvania Perelman School of Medicine, Philadelphia, PA.

11Division of Critical Care Medicine, Department of Anesthesiology and Critical Care Medicine, 
The Children’s Hospital of Philadelphia, Philadelphia, PA.

Abstract

For information regarding this article, nishisaki@email.chop.edu

A full list of the National Emergency Airway Registry for Children (NEAR4KIDS) Network is supplied in eTable 1 (Supplemental 
Digital Content 1, http://links.lww.com/PCC/A421).

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML 
and PDF versions of this article on the journal’s website (http://journals.lww.com/pccmjoumal).

HHS Public Access
Author manuscript
Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.

Published in final edited form as:
Pediatr Crit Care Med. 2017 August ; 18(8): 741–749. doi:10.1097/PCC.0000000000001175.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://links.lww.com/PCC/A421
http://journals.lww.com/pccmjoumal


Objective: Video (indirect) laryngoscopy is used as a primary tracheal intubation device for 

difficult airways in emergency departments and in adult ICUs. The use and outcomes of video 

laryngoscopy compared with direct laryngoscopy has not been quantified in PICUs or cardiac 

ICUs.

Design: Retrospective review of prospectively collected observational data from a multicenter 

tracheal intubation database (National Emergency Airway Registry for Children) from July 2010 

to June 2015.

Setting: Thirty-six PICUs/cardiac ICUs across the United States, Canada, Japan, New Zealand, 

and Singapore.

Patients: Any patient admitted to a PICU or a pediatric cardiac ICU and undergoing tracheal 

intubation.

Interventions: Use of direct laryngoscopy versus video laryngos-copy for tracheal intubation.

Measurements and Main Results: There were 8,875 tracheal intubations reported in the 

National Emergency Airway Registry for Children database, including 7,947 (89.5%) tracheal 

intubations performed using direct laryngoscopy and 928 (10.5%) tracheal intubations performed 

using video laryngoscopy. Wide variability in video laryngoscopy use exists across PICUs 

(median, 2.6%; range, 0–55%). Video laryngoscopy was more often used in older children (p < 

0.001), in children with history of a difficult airway (p = 0.01), in children intubated for ventilatory 

failure (p < 0.001), and to facilitate the completion of an elective procedure (p = 0.048). After 

adjusting for patient-level covariates, a secular trend, and site-level variance, the use of video 

laryngoscopy significantly increased over a 5-year period compared with fiscal year 2011 (odds 

ratio, 6.7; 95% Cl, 1.7–26.8 for fiscal year 2014 and odds ratio, 11.2; 95% Cl, 3.2–38.9 for fiscal 

year 2015). The use of video laryngoscopy was independently associated with a lower occurrence 

of tracheal intubation adverse events (adjusted odds ratio, 0.57; 95% Cl, 0.42–0.77; p < 0.001) but 

not with a lower occurrence of severe tracheal intubation adverse events (adjusted odds ratio, 0.86; 

95% Cl, 0.56–1.32; p = 0.49) or fewer multiple attempts at endotracheal intubation (adjusted odds 

ratio, 0.93; 95% Cl, 0.71–1.22; p = 0.59).

Conclusions: Using National Emergency Airway Registry for Children data, we described 

patient-centered adverse outcomes associated with video laryngoscopy compared with direct 

laryngoscopy for tracheal intubation in the largest reported international cohort of children to date. 

Data from this study may be used to design sufficiently powered prospective studies comparing 

patient-centered outcomes for video laryngoscopy versus direct laryngoscopy during endotracheal 

intubation.
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Tracheal intubations (TIs) of children in PICUs and pediatric cardiac ICUs (CICUs) are 

risky due to the inherent respiratory and hemodynamic instability and limited physiologic 

reserve of critically ill children (1, 2). TI is commonly associated with adverse events 

directly related to the procedure and medications administered to achieve adequate sedation 
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and analgesia required for TI (2, 3). Multiple adult studies on urgent endotracheal 

intubations in emergency departments and adult medical ICUs have demonstrated the utility 

of video laryngoscopy (VL) over direct laryngoscopy (DL) to achieve higher first-attempt 

and ultimate success rates for TI (4–8). DL requires that the laryngoscope operator align the 

oral, pharyngeal, and laryngeal axes to obtain a clear view of the glottis inlet. In contrast, 

manipulation of a VL does not require alignment of these three axes in order to achieve a 

view of the glottic inlet on a video screen due to a magnified and panoramic view projected 

from a light source and micro-video camera mounted on the end third of the laryngoscope 

blade (9). Although there are abundant data regarding the use of VL for critically ill adults 

and for children with difficult airway features in the operating suites, there is significantly 

less literature on the use of VL for ‘TI of critically ill children in PICUs.

The National Emergency Airway Registry for Children (NEAR4KIDS) is a collaborative 

venture of 36 international PICUs and CICUs, supported by the Pediatric Acute Lung Injury 

and Sepsis Investigators network (PALISI), which comprises the largest clinical repository 

of prospectively collected data on TI of children in PICUs (3). The NEAR4KIDS registry 

has reported on the process of care and safety outcomes of TI of children in PICUs (10), 

developed a quality improvement (QI) pediatric airway management bundle (1), described 

the site-level factors involved in tracheal intubation-associated events (TIAE) and severe 

TIAE (10, 11), and defined the frequency and associated factors of difficult airway (12). In 

this article, we report the variation in the rate of use of VL compared with DL over time in 

multiple PICUs. We further examined the clinical characteristics of children for which VL 

was chosen over DL for TI. Finally, we compared the TIAE, severe TIAE, and multiple TI 

attempts between VL versus DL for TI. Our primary hypothesis was that the use of VL 

increased from inception of the database until present. Our secondary hypothesis was that 

the use of VL would decrease the rate of TIAE, severe TIAE, and the need for greater than 

or equal to three attempts at TI compared with DL.

METHODS

Setting

This study was conducted across 36 PICUs/CICUs in the United States, Canada, Japan, New 

Zealand, and Singapore. Study sites were recruited through the PALISI network (eTable 1, 

Supplemental Digital Content 1, http://links.lww.com/PCC/A421).

Design

The NEAR4KIDS database is a prospectively collected research database developed by 

members of the PALISI network in conjunction with the NEAR investigators to study 

pediatric airway management in PICUs in order to support QI initiatives (1, 8). Development 

of a data collection form was piloted in a tertiary care PICU and refined for the 

NEAR4KIDS investigators as previously described (1). Institutional review board’s approval 

was obtained at each participating site. All 36 sites voluntarily participated in the 

NEAR4KIDS QI initiative and instituted a site-specific compliance plan to capture greater 

than 95% of TI encounters.
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Inclusion and Exclusion Criteria

All primary TIs in PICUs and CICUs were included. The first course (i.e., one method or 

approach, explanation to follow) for each encounter was included for the analysis. Existing 

tracheal tube change was excluded. TIs by nonlaryngoscopy devices (e.g., fiberoptic 

bronchoscopy) were excluded.

Definitions and Outcome Measures

Three airway management events may occur during TI and include the 1) encounter, 2) 

course, and 3) attempt. An encounter is defined as one episode of completed advanced 

airway management, including TI. A course is defined as one method or approach to secure 

an airway, for example, oral, nasal, or by bronchoscope along with one set of medications 

including premedication and induction. An attempt is defined as a single advanced airway 

maneuver that begins with the insertion of a laryngoscope or laryngeal mask into the 

patients’ mouth or nose and ending when the device is removed. Multiple attempts may be 

made within an intubation course, and more than one course and multiple attempts may 

occur during one encounter (10). Successful TI is defined as the placement of an 

endotracheal tube (ETT) in the trachea confirmed by primary indicators such as chest rise, 

auscultation, and secondary methods such as end-tidal Co2 detection. Process of care 

variances are defined as more than two attempts per course or oxygen desaturation to less 

than 80% during the course when the oxygen saturation was greater than or equal to 90% 

after preoxygenation and without preexisting cyanotic heart disease. A desaturation less than 

80% by itself is not considered to be a TIAE. An oxygen saturation of 80% was chosen as a 

conservative threshold because of the steep arterial oxyhemoglobin disossiation curve at this 

value, and our previous study demonstrated the association between adverse events and 

desaturation with this threshold (3). Patients with saturations below 90% after 

preoxygenation were included in the study, but desaturations lower than 80% at TI were not 

counted as desaturation events in these patients.

Undesired events have been previously defined in the NEAR4KIDS database (10) and are 

separated into two categories: nonsevere TIAE and severe TIAE. Nonsevere TIAE include 

mainstem bronchial intubation, esophageal intubation with immediate recognition, emesis 

without aspiration, hypertension requiring therapy, epistaxis, dental or lip trauma, 

medication error, cardiac dysrhythmia, and pain and/or agitation requiring additional 

medication that results in a delay in TI. Mainstem bronchial intubation was considered only 

when it was confirmed on chest radiograph or recognized after the clinical team secured the 

ETT. Severe TIAE include cardiac arrest, esophageal intubation with delayed recognition, 

emesis with witnessed aspiration, hypotension requiring fluid and/or vasoactive agent, 

laryngospasm, malignant hyperthermia, pneumothorax/pneumomediastinum, or direct 

airway injury.

Statistical Analysis

Statistical analysis was performed using STATA 14.0 (Stata Corp, College Station, TX). 

Summary statistics were described by mean and SD for parametric variables and by median 

and 25–75th interquartile range (IQR) for nonparametric variables. For categorical variables 

with a dichotomous outcome, the contingency table method was used with chi-square or 
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Fisher exact test, as appropriate. Wilcoxon rank sum test was used for comparison of 

nonparametric variables. Logistic regression was performed for a dichotomous outcome to 

evaluate the association with exposure variables while adjusting for covariates. Pepe and 

Anderson (13) showed that substantial bias may occur if generalized estimating equation 

models with nondiagonal correlation structures are fitted to longitudinal data with time-

varying covariates. We, therefore, applied identity working correlation structures, with a 

sandwich estimator of covariance to account for the correlation within sites. A p value less 

than 0.05 was considered significant for all hypotheses.

RESULTS

Participating PICU and CICU Characteristics

There were 11,220 total intubation encounters in the NEAR-4KIDS database from July 2010 

to June 2015, and of all encounters, 10,478 included a first course of TI. Of these first 

courses of TI, 1,465 were excluded because they involved changing of the ETT, and an 

additional 21 were excluded because the type of encounter was not reported. There were 

8,992 initial courses of TI that could also include an immediate ETT change; however, 117 

of these ‘TI were excluded because a device other than a DL or VL was used (e.g., a 

bronchoscope, a lightwand, or intubation through a tracheostomy). A total of 8,875 TI were 

included in the analysis with 7,947 via DL and 928 via VL. Figure 1 summarizes the 

inclusion or exclusion of TI events in this analysis. Of the 928 TI via VL, one of the 

following VL devices was used to perform TI: Glidescope (Verathon Inc, Bothell, WA) (n = 

128; 13.8%), C-MAC (Karl-Storz, Tuttlingen, Germany) (n = 667; 71.9%), Airtraq (Airtraq, 

LLC, Fenton, MO) (n = 22; 2.4%), and other unspecified VL devices (n = 111; 12.0%).

Thirty-six PICUs participated in the NEAR4KIDS registry. Table 1 denotes the 

characteristics of ICUs by size with large defined at greater than 30 beds (n = 7). Small- (< 

12 beds; n = 1) and medium-sized PICUs (12–30 beds; n = 28) are grouped together. An 

academic PICU is defined by the presence of either a residency and/or fellowship program, 

and 92% of the PICUs in NEAR4KIDS are considered academic. Large PICUs tend to use 

VL to a greater extent than small- or medium-sized PICUs (large PICU, 18.3% vs small/

medium PICU, 5.5%; p < 0.001). Academic PICUs use VL less often than nonacademic 

PICUs (academic, 9.4% vs nonacademic, 25.1%; p < 0.001). The majority of intubations 

were performed by Pediatric Critical Care fellows (42.0%), Pediatric or Emergency 

Medicine residents (19.5%), Pediatric Critical Care attending physicians (16.3%), and nurse 

practitioners (8.6%) performing most of the remaining TIs.

Patient Characteristics

The demographics, physical characteristics, diagnostic category, and indication for ‘TI of 

patients with TI performed by DL and VL are reported in Tables 1 and 2. An older age (p < 

0.001), a history of a difficult airway (p = 0.005), limited neck extension (p < 0.001), and a 

higher Pediatric Index of Mortality 2 (PIM 2) score (p < 0.0001) were all associated with an 

increased use of VL compared with DL. Diagnostic categories of upper respiratory (9.3% 

DL vs 15.2% VL), lower respiratory (32.6% DL vs 40.4% VL), neurologic (17.8% DL vs 

19.7% VL), and trauma (1.9% DL vs 3.2% VL) were associated with increased use of VL (p 

Grunwell et al. Page 5

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



< 0.001). Tl for ventilation failure (odds ratio [OR], 1.28; 95% Cl, 1.12–1.47; p < 0.001) and 

for an elective procedure (OR, 1.19; 95% Cl, 1.01—1.41; p = 0.048) were also associated 

with increased VL use compared with DL. In contrast, Tl for unstable hemodynamics (OR, 

0.38; 95% Cl, 0.29—0.51; p < 0.001) or therapeutic hyperventilation (OR, 0.28; 95% Cl, 

0.12–0.69; p = 0.003) were associated with a lower use of VL compared with DL.

Use of VL by Site and Year

There is a wide variation in VL use among PICUs in the NEAR-4KIDS registry (Fig. 2A). 

The median use of VL is 2.6% with a range of 0–54.7% (IQR, 0.3–9.5%). The use of VL 

increased throughout the study period (Fig. 2B). The baseline rate of VL use was 1.97% in 

fiscal year (FY) 2011 and increased to 12.3% (p < 0.001) and 18.6% (p < 0.001) in FY 2014 

and FY 2015, respectively. Multivariable analyses of VL use by academic year while 

adjusting for patient and provider characteristics demonstrated the gradual increase for VL 

use over the duration of the study. Figure 2C shows that the adjusted ORs for VL use with 

FY 2011 as the baseline.

Outcomes of VL Versus DL for Tis

A total of 1,501/8,875 TIs (16.9%) were associated with adverse TIAEs; 1,054 TIs (11.9%) 

were with nonsevere TIAEs and 574 (6.5%) were with severe TIAEs. One hundred twenty-

four TIs (1.3%) experienced both severe and nonsevere TIAEs. Adverse TIAEs were 

observed significantly less often in TIs with VL (60/928; 6.5%) versus TIs with DL 

(994/7,947; 12.5%) (OR, 0.56; 95% Cl, 0.45–0.70; p < 0.001). The occurrence of severe 

TIAEs were not significantly different among TIs with VL (47/928; 5.1%) versus TIs with 

DL (527/7,947; 6.6%) (OR, 0.75; 95% Cl, 0.54–1.02; p = 0.067). The use of VL was 

significantly associated with lower odds of mainstem bronchial intubation (OR, 0.40; 95% 

Cl, 0.22–0.74; p = 0.003), esophageal intubation with immediate recognition (OR, 0.49; 

95% Cl, 0.34–0.69; p < 0.001), and dysrhythmia (OR, 0.36; 95% Cl, 0.15–0.88; p = 0.019); 

however, overall severe TIAE, multiple attempts at TI, and desaturation less than 80% were 

not associated with a difference in percentage of VL versus DL use, as shown in Table 3.

Multivariable Analyses: VL Versus DL for the Occurrence of TIAEs and Multiple Attempts

Finally, we performed a multivariable analysis that considered all univariate patient 

characteristics that were associated with the use of VL that included age, a history of a 

difficult airway, limited neck mobility, ventilation failure, therapeutic hyper-ventilation, 

unstable hemodynamics, and TI for an elective procedure. Provider characteristics (resident 

vs nonresident airway provider) and a secular trend were also included in the model. The 

adjusted OR of any TIAE is lower when comparing the use of VL with DL (OR, 0.57; 95% 

Cl, 0.42–0.77; p < 0.001). After adjusting for covariates, there was no significant decrease in 

the odds of severe TIAE (OR, 0.86; 95% Cl, 0.56–1.32; p = 0.49) or multiple attempts (OR, 

0.93; 95% Cl, 0.71–1.22; p = 0.59) with the use of VL, as shown in the Supplemental Figure 

(Supplemental Digital Content 2, http://links.lww.com/PCC/A422; legend, Supplemental 

Digital Content 3, http://links.lww.com/PCC/A423).
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DISCUSSION

This is the largest study to date describing the use of VL compared with DL in 36 

international PICUs. Although there is a large range of VL use in critically ill children 

admitted to ICUs, the use of VL increased over the 5-year study period, and VL was more 

frequently used in older children, in children with a higher PIM 2 score, or in children with a 

history of a difficult airway. Consistent with our primary hypothesis, the use of VL increased 

from inception of the database until present. The use of VL was more common in children 

with higher severity of illness and with respiratory indications. In addition, the use of VL 

was associated with a significant decrease in the odds of experiencing any TIAE after we 

adjusted for differences in patient characteristics. Specifically, the VL use was associated 

with lower odds of mainstem bronchial intubation, esophageal intubation with immediate 

recognition, and dysrhythmia. However, we did not detect a decrease in the odds of 

experiencing a severe TIAE or a decrease in the need for greater than or equal to three 

attempts at TI when using VL as compared with DL. It is likely that our study was not 

adequately powered to detect a significant difference in severe TIAE when comparing the 

use of VL with DL, given the low occurrence rate of severe TIAEs (6.5%) and the baseline 

differences in patient and provider characteristics between the cohorts for which we needed 

to account. Results from this study provide the framework for future comparative or quasi-

experimental studies on the primary use of VL in diverse PICUs and CICUs. This study 

results also highlight potential educational opportunities with VL to teach TI to pediatric 

trainees and frontline clinicians in academic settings.

Results from our study are consistent with literature reported from adult ICUs on the use of 

VL versus DL. Several single-institution adult studies have demonstrated that VL increases 

first-attempt success at TI, improves the grade view of the glottis inlet, and increases the 

ultimate success of TI (5,6,14–22). In a meta-analysis by Su et al (7), in comparison with 

DL, VL gave a better view of the glottis, had a similar rate of TI success, and decreased the 

time taken for difficult TI. A second large systematic review and meta-analysis by De Jong 

et al (4) comparing the use of VL (n = 1,066) with DL (n = 1,067) in adult ICUs 

demonstrated that VL significantly reduced the odds of difficult oral TI, Cormack grades 3 

or 4, and esophageal intubation. The OR of first-attempt success of oral ‘TI was increased in 

this meta-analysis by De Jong et al (4); however, there was no change in the odds of severe 

hypoxemia, airway injury, or severe cardiovascular collapse. Silverberg et al (22) reported 

that use of the Glidescope VL was superior to DL for first-attempt success at urgent Tl and 

that there was no difference in esophageal intubation, aspiration events, hypotension, or 

oxygen desaturation events.

In a meta-analysis of the 14 randomized control trials comparing VL with DL in children as 

performed by anesthesiologists in the operating room, Sun et al (23) report that although VL 

improved glottis visualization in all children, their analysis indicated that it took longer to 

intubate using VL and that there was a higher relative risk of failing to intubate. Of note, 

there was no difference in the first-attempt success or associated complication rates between 

VL and DL (23). In contrast, Donoghue et al (24) has shown that VL is associated with 

greater first-attempt success during intubation by pediatric emergency physicians on an adult 

simulator. Previously, NEAR4KIDS investigators have reported that only 2% of all 
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intubations across the 15 PICUs studied involved the use of indirect laryngoscopy (3). 

Furthermore, VL use by pediatric critical care physicians has not been compared with the 

DL with respect to type of VL used, intubation success, time to intubation, quality of glottic 

exposure (grades of view obtained), TIAE, and trends over time. The current study using the 

NEAR4KIDS database closes this gap in knowledge regarding the use of VL compared with 

DL in diverse PICUs.

Although cost is a primary barrier for adoption of indirect laryngoscopy tools such as VL, 

adult studies have shown that adoption of VL is proceeding more rapidly than predicted 

based on a typical technology adoption life-cycle (25). Studies in the operating room have 

shown that anesthesia residents can learn VL quickly and inexperienced anesthesiologists 

had higher success rates and shorter intubation times using VL (26). Adult studies in the 

critical care literature indicate that VL decreases the learning curve at performing Tl and 

closes the gap between less experienced and seasoned physicians at performing urgent 

endotracheal intubations (27). Importantly, at teaching institutions, VL allows for a 

supervising physician to direct a learner during the course of Tl and to confirm ETT 

placement by direct visualization of the ETT passing through the vocal cords on the video 

monitor. We believe that the rapid adoption of VL in the PICUs across the country may be 

due to the use of VL as an invaluable teaching tool.

Participation in the NEAR4KIDS registry is voluntary, and data entered into the database are 

subject to recall and reporting bias. Because of the possibility of a higher degree of 

motivation required to participate in a national QI initiative, participating centers may be 

more proficient at performing TIs. Reporting bias is minimized by the strict compliance 

required with being a member of the NEAR4KIDS registry. This study is also limited by the 

retrospective analysis of pro-spectively collected data on the use of VL compared with DL, 

and the selection of patients to receive VL versus DL is subject to bias. For example, our 

results show that there is a clear preference toward using DL over VL to intubate more 

severely ill patients with hemodynamic instability or neurologic deterioration. Although we 

attempted to account for this selection bias in our multivariable analysis using PIM 2 score 

and primary diagnostic category, only a future randomized study of patients receiving VL 

versus DL would be able to control for such selection bias. Although a significant decrease 

in the odds of having hypotension requiring intervention was associated with VL use in our 

univariate analysis, DL was used more frequently in TIs in patients with shock. We speculate 

that this association was confounded by the patient condition. It is likely that the patient 

preparation and choice/doses of medication might play a larger role in the occurrence of 

hypotension during TIs rather than the choice of device. However, due to a limited sample 

size and infrequency of hypotension requiring intervention, we were not able to evaluate this 

association further. There is a learning curve to use VL, and our study was not able to 

account for each provider’s experience in VL use, and the lack of capturing the experience 

of VL use could attenuate the impact of VL to decrease severe TIAEs and multiple attempts. 

The type of VL device may also impact the Tl outcomes because the intubation technique 

and learning curve of providers are likely different among various VL devices. 

Unfortunately, the earliest version of the NEAR4KIDS registry did not include reporting of 

the type of VL device, resulting in an inability to report this information in 12% of the Tl 

performed using VL. It is unclear whether the higher use of VL to intubate older children is 
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a consequence of the lack of availability of equipment for infants in some participating sites, 

since this data point was not collected in the registry. In addition, the C-MAC video 

laryngoscope (Karl-Storz) may be used to perform DL and/or indirect laryngoscopy. 

Whether the video image was actually used by the primary airway provider performing the 

intubation was not prospectively collected until October 2015. Nevertheless, this study is to 

date the largest, multicenter pediatric study describing the primary use of VL in children 

admitted to PICUs and CICUs. Future studies should focus on defining patient 

characteristics that constitute appropriate VL indications and how VL would be best utilized 

in academic settings, that is, airway provider using the direct view versus supervising 

physician viewing the video image to coach trainees.

CONCLUSIONS

Analysis of the NEAR4KIDS database has shown that the primary use of VL increased over 

the time; however, substantial variance in VL use exists across PICUs. The primary use of 

VL was significantly associated with lower occurrence of any adverse TIAE even after 

adjusting for patient characteristics. Further studies are needed to evaluate clinical impact of 

primary VL use in multiple PICUs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Diagram describing inclusion and exclusion of patients in the study. ETT = endotracheal 

tube.
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Figure 2. 
Percentage of video laryngoscopy (VL) use for tracheal intubation (Tl) by participating 

PICU or cardiac ICU. A, There is a wide range in use of VL versus direct laryngoscopy 

(DL) for Tl across PICUs participating in the National Emergency Airway Registry for 

Children study. The distribution is a non parametric distribution with a right-skew. The 

median for VL use is 3% with a range of 0–55%. B, The use of VL increased from 1.97% in 

fiscal year (FY) 2011 to 12.3% (p < 0.001) and 18.6% (p < 0.001) in FY 2014 and FY 2015, 

respectively. C, Adjusted odds ratio of VL use over study time period compared with FY 

2011. The vertical dashed line at 1.0 represents no difference in the use of VL versus DL by 

FY compared with FY 2011. The percentage of VL increased significantly from FY 2011 to 

FY 2014 and FY 2015.

Grunwell et al. Page 13

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grunwell et al. Page 14

ta
b

le
 1

.

IC
U

 C
ha

ra
ct

er
is

tic
s 

an
d 

D
em

og
ra

ph
ic

s 
of

 P
at

ie
nt

s

C
ha

ra
ct

er
is

ti
cs

N
um

be
r,

 n
 =

 3
6 

(%
)

D
ir

ec
t 

L
ar

yn
go

sc
op

y,
 n

 =
 7

,9
47

 (
89

.5
%

)
V

id
eo

 L
ar

yn
go

sc
op

y,
 n

 =
 9

28
 (

10
.5

%
)

To
ta

l, 
n 

= 
8,

87
5 

(1
00

%
)

P

IC
U

 s
iz

e,
 n

 (
%

)
7,

94
5

92
8

8,
87

3

 
L

ar
ge

 (
>

 3
0 

be
ds

)
7(

19
)

2,
80

5(
81

.7
)

62
8(

18
.3

)
3,

43
3 

(3
8.

7)
<

0.
00

1

 
Sm

al
l/m

ed
iu

m
 (

≤ 
30

 b
ed

s)
29

(8
1)

5,
14

0(
94

.5
)

30
0 

(5
.5

)
5,

44
0 

(6
1.

3)

A
ca

de
m

ic
33

 (
92

)
7,

51
6(

90
.6

)
78

4 
(9

.4
)

8,
30

0 
(9

3.
5)

<
0.

00
1

N
on

ac
ad

em
ic

3(
8)

42
9 

(7
4.

9)
14

4 
(2

5.
1)

57
3 

(6
.5

)

Fi
rs

t-
at

te
m

pt
 p

ro
vi

de
r

7,
94

7
92

8
8,

87
5

<
0.

00
1

 
PC

C
M

 f
el

lo
w

3,
27

3 
(4

1.
2)

45
1 

(4
8.

6)
3,

72
4 

(4
2.

0)

 
Pe

di
at

ri
c/

em
er

ge
nc

y 
m

ed
ic

in
e 

re
si

de
nt

1,
60

3 
(2

0.
2)

12
3(

13
.3

)
1,

72
6(

19
.5

)

 
PC

C
M

 a
tte

nd
in

g
1,

26
2(

15
.9

)
18

2(
19

.6
)

1,
44

4(
16

.3
)

 
N

ur
se

 p
ra

ct
iti

on
er

67
4 

(8
.5

)
89

 (
9.

6)
76

3 
(8

.6
)

 
Su

bs
pe

ci
al

is
t

42
1 

(5
.3

)
47

 (
5.

0)
46

8 
(5

.3
)

 
R

es
pi

ra
to

ry
 th

er
ap

is
t

86
(1

.1
)

6 
(0

.7
)

92
(1

.0
)

 
H

os
pi

ta
lis

t
28

 (
0.

3)
1 

(0
.1

)
29

 (
0.

3)

 
O

th
er

60
0 

(7
.5

)
29

(3
.1

)
62

9 
(7

.1
)

A
ge

 (
yr

)
<

0.
00

1

 
In

fa
nt

 (
<

 1
)

3,
47

2 
(4

3.
7)

32
1 

(3
4.

6)
3,

79
3 

(4
2.

3)

 
Y

ou
ng

 c
hi

ld
 (

1–
7)

2,
57

5 
(3

2.
4)

32
8 

(3
5.

3)
2,

90
3 

(3
2.

7)

 
C

hi
ld

 (
8–

17
)

1,
56

0(
19

.6
)

22
9 

(2
4.

7)
1,

78
9 

(2
0.

2)

 
A

du
lt 

(≥
 1

8)
34

0 
(4

.2
8)

50
 (

5.
4)

39
0 

(4
.4

)

W
ei

gh
t (

kg
),

 m
ed

ia
n 

(I
Q

R
)

10
(5

–2
3.

2)
12

.5
 (

6.
1–

31
.5

)
<

0.
00

1

G
en

de
r, 

n 
(%

)a
7,

93
7

92
8

8,
86

5
0.

78
5

 
M

al
e

4,
47

0 
(5

6.
3)

52
6 

(5
6.

7)
4,

99
6 

(5
6.

4)

 
Fe

m
al

e
3,

46
5 

(4
3.

7)
40

0 
(4

3.
1)

3,
86

5 
(4

3.
6)

 
U

nk
no

w
n

2 
(0

.0
3)

2 
(0

.2
2)

4 
(0

.0
5)

D
ia

gn
os

tic
 c

at
eg

or
ya

7,
77

0
92

6
8,

69
6

<
0.

00
1

 
U

pp
er

 r
es

pi
ra

to
ry

72
4 

(9
.3

)
14

1 
(1

5.
2)

86
5 

(9
.9

)

 
L

ow
er

 r
es

pi
ra

to
ry

2,
53

0 
(3

2.
6)

37
4 

(4
0.

4)
2,

90
4 

(3
3.

4)

 
C

ar
di

ac
 (

su
rg

ic
al

)
78

0(
10

.0
)

36
 (

3.
9)

81
6(

9.
4)

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grunwell et al. Page 15

C
ha

ra
ct

er
is

ti
cs

N
um

be
r,

 n
 =

 3
6 

(%
)

D
ir

ec
t 

L
ar

yn
go

sc
op

y,
 n

 =
 7

,9
47

 (
89

.5
%

)
V

id
eo

 L
ar

yn
go

sc
op

y,
 n

 =
 9

28
 (

10
.5

%
)

To
ta

l, 
n 

= 
8,

87
5 

(1
00

%
)

P

 
C

ar
di

ac
 (

m
ed

ic
al

)
51

2(
6.

6)
14

(1
.5

)
52

6 
(6

.1
)

 
Se

ps
is

/s
ho

ck
59

1 
(7

.6
)

51
 (

5.
5)

64
2 

(7
.4

)

 
N

eu
ro

lo
gi

c
1,

38
6(

17
.8

)
18

2(
19

.7
)

1,
56

8(
18

.0
)

 
T

ra
um

a
15

4(
1.

9)
30

 (
3.

2)
18

4 
(2

.1
)

 
O

th
er

1,
09

3(
14

.1
)

98
(1

0.
6)

1,
19

1 
(1

3.
7)

Pe
di

at
ri

c 
In

de
x 

of
 M

or
ta

lit
y 

2b

 
Pr

ed
ic

te
d 

m
or

ta
lit

y 
(%

)
2.

1 
(0

.8
9–

5.
8)

4.
2(

1.
2–

14
.8

)
2.

4 
(0

.9
–6

.5
)

<
0.

00
01

IQ
R

 =
 in

te
rq

ua
rt

ile
 r

an
ge

, P
C

C
M

 =
 P

ed
ia

tr
ic

 C
ri

tic
al

 C
ar

e 
M

ed
ic

in
e.

a M
is

si
ng

 d
at

a.

b Pe
di

at
ri

c 
In

de
x 

of
 M

or
ta

lit
y 

2 
va

lu
e 

is
 m

is
si

ng
 in

 1
,9

80
 c

as
es

.

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grunwell et al. Page 16

ta
b

le
 2

.

U
ni

va
ri

at
e 

O
dd

s 
R

at
io

 o
f 

U
si

ng
 V

id
eo

 L
ar

yn
go

sc
op

y 
V

er
su

s 
D

ir
ec

t L
ar

yn
go

sc
op

y

C
ha

ra
ct

er
is

ti
cs

O
R

a
95

%
 C

l
p

D
if

fi
cu

lt 
ai

rw
ay

 
H

is
to

ry
 o

f 
a 

di
ff

ic
ul

t a
ir

w
ay

1.
30

1.
08

–1
.5

7
0.

00
5

 
L

im
ite

d 
ne

ck
 e

xt
en

si
on

2.
34

1.
85

–2
.9

5
<0

.0
01

 
U

pp
er

 a
ir

w
ay

 o
bs

tr
uc

tio
n

0.
92

0.
74

–1
.1

5
0.

47
5

 
Sh

or
t t

hy
ro

m
en

ta
l d

is
ta

nc
e 

<
 3

 v
s 

≥ 
3

0.
97

0.
81

–1
.1

6
0.

72
9

 
M

id
fa

ce
 h

yp
op

la
si

a
1.

09
0.

72
–1

.6
7

0.
68

0

 
L

im
ite

d 
m

ou
th

 o
pe

ni
ng

 <
 3

 v
s 

≥ 
3

1.
01

0.
85

–1
.2

0
0.

92
0

In
di

ca
tio

n 
fo

r 
tr

ac
he

al
 in

tu
ba

tio
n

 
O

xy
ge

n 
fa

ilu
re

0.
99

0.
86

–1
.1

4
0.

88
8

 
V

en
til

at
io

n 
fa

ilu
re

1.
28

1.
12

–1
.4

7
<0

.0
01

 
T

he
ra

pe
ut

ic
 h

yp
er

ve
nt

ila
tio

n
0.

28
0.

12
–0

.6
9

0.
00

3

 
N

eu
ro

m
us

cu
la

r 
w

ea
kn

es
s

0.
93

0.
62

–1
.3

9
0.

70
8

 
Im

pa
ir

ed
 a

ir
w

ay
 r

ef
le

x
1.

10
0.

86
–1

.4
2

0.
45

4

 
E

le
ct

iv
e 

pr
oc

ed
ur

e
1.

19
1.

01
–1

.4
1

0.
04

8

 
U

pp
er

 a
ir

w
ay

 o
bs

tr
uc

tio
n

0.
92

0.
74

–1
.1

5
0.

47
5

 
Pu

lm
on

ar
y 

hy
gi

en
e

0.
97

0.
71

–1
.3

2
0.

82
3

 
U

ns
ta

bl
e 

he
m

od
yn

am
ic

s
0.

38
0.

29
–0

.5
1

<0
.0

01

Pe
di

at
ri

c 
In

de
x 

of
 M

or
ta

lit
y 

2b
1.

02
1.

01
–1

.0
2

<0
.0

01

O
R

 =
 o

dd
s 

ra
tio

.

a A
n 

od
ds

 r
at

io
 (

O
R

) 
>

 1
 f

av
or

s 
th

e 
us

e 
of

 v
id

eo
 la

ry
ng

os
co

py
 (

V
L

) 
ov

er
 d

ir
ec

t l
ar

yn
go

sc
op

y 
(D

L
);

 li
ke

w
is

e,
 a

n 
O

R
 <

 1
 f

av
or

s 
th

e 
us

e 
of

 D
L

 o
ve

r 
V

L
.

b Pr
ed

ic
te

d 
m

or
ta

lit
y 

(%
) 

w
as

 u
se

d.
 T

he
 c

al
cu

la
te

d 
O

R
 r

ef
le

ct
s 

ea
ch

 1
%

 in
cr

ea
se

 in
 P

ed
ia

tr
ic

 I
nd

ex
 o

f 
M

or
ta

lit
y 

2 
pr

ed
ic

te
d 

m
or

ta
lit

y.
 B

ol
df

ac
e 

ty
pe

 d
en

ot
es

 s
ta

tis
tic

al
 s

ig
ni

fi
ca

nc
e.

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grunwell et al. Page 17

ta
b

le
 3

.

U
ni

va
ri

at
e 

O
ut

co
m

es
 o

f 
U

si
ng

 V
id

eo
 L

ar
yn

go
sc

op
y 

V
er

su
s 

D
ir

ec
t L

ar
yn

go
sc

op
y

O
ut

co
m

ea
O

R
95

%
 C

I
p

A
ny

 T
IA

E
, n

 (
%

)
0.

56
0.

45
–0

.7
0

<0
.0

01

N
on

se
ve

re
 T

IA
E

, n
 (

%
)

0.
48

0.
36

–0
.6

3
<0

.0
01

 
M

ai
ns

te
m

 b
ro

nc
hi

al
 in

tu
ba

ti
on

0.
40

0.
20

–0
.7

4
0.

00
1

 
E

so
ph

ag
ea

l i
nt

ub
at

io
n 

w
it

h 
im

m
ed

ia
te

 r
ec

og
ni

ti
on

0.
49

0.
33

–0
.6

9
<0

.0
01

 
E

m
es

is
 w

ith
ou

t a
sp

ir
at

io
n

0.
75

0.
23

–1
.8

6
0.

68

 
H

yp
er

te
ns

io
n 

re
qu

ir
in

g 
m

ed
ic

at
io

n
2.

34
0.

42
–8

.8
8

0.
17

 
E

pi
st

ax
is

1.
98

0.
36

–7
.2

2
0.

23

 
L

ip
 tr

au
m

a
0.

52
0.

10
–1

.6
3

0.
36

 
M

ed
ic

at
io

n 
er

ro
r

0
0.

00
–4

.1
2

1.
00

 
D

ys
rh

yt
hm

ia
0.

36
0.

11
–0

.8
7

0.
01

7

 
D

el
ay

ed
 in

tu
ba

tio
n 

du
e 

to
 p

ai
n/

ag
ita

tio
n 

re
qu

ir
in

g 
ad

di
tio

na
l m

ed
ic

at
io

n
0.

71
0.

08
–2

.8
8

1.
00

Se
ve

re
 T

IA
E

, n
 (

%
)

0.
75

0.
54

–1
.0

2
0.

06
7

 
C

ar
di

ac
 a

rr
es

t

 
 

Su
rv

iv
ed

0.
83

0.
38

–1
.6

0
0.

76

 
 

D
ea

th
0.

37
0.

09
–2

.2
9

0.
51

 
E

so
ph

ag
ea

l i
nt

ub
at

io
n 

w
ith

 d
el

ay
ed

 r
ec

og
ni

tio
n

1.
14

0.
29

–3
.2

5
0.

78

 
E

m
es

is
 w

ith
 a

sp
ir

at
io

n
0.

72
0.

23
–1

.7
9

0.
68

 
H

yp
ot

en
si

on
 r

eq
ui

ri
ng

 in
te

rv
en

ti
on

0.
50

0.
29

–0
.8

2
0.

00
4

 
L

ar
yn

go
sp

as
m

2.
26

0.
66

–6
.2

8
0.

10

 
M

al
ig

na
nt

 h
yp

er
th

er
m

ia
a

N
A

N
A

N
A

 
Pn

eu
m

ot
ho

ra
x/

pn
eu

m
om

ed
ia

st
in

um
0

0.
00

–2
.3

5
0.

39

 
D

ir
ec

t a
ir

w
ay

 in
ju

ry
0.

86
0.

02
–6

.0
3

1.
00

 
D

en
ta

l t
ra

um
a

2.
23

0.
82

–5
.2

6
0.

08

≥ 
3 

A
tt

em
pt

s
0.

87
0.

70
–1

.0
7

0.
19

D
es

at
ur

at
io

n 
<

 8
0%

b
0.

99
0.

83
–1

.1
9

0.
94

N
A

 =
 n

ot
 a

pp
lic

ab
le

; O
R

 =
 o

dd
s 

ra
tio

; T
IA

E
 =

 tr
ac

he
al

 in
tu

ba
tio

n 
ad

ve
rs

e 
ev

en
t.

a T
he

re
 w

er
e 

no
 e

pi
so

de
s 

of
 m

al
ig

na
nt

 h
yp

er
th

er
m

ia
 r

ep
or

te
d.

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Grunwell et al. Page 18
b D

es
at

ur
at

io
n 

w
as

 d
ef

in
ed

 a
s 

lo
w

es
t S

po
2 

<
 8

0%
 d

ur
in

g 
th

e 
co

ur
se

 w
he

n 
th

e 
ox

yg
en

 s
at

ur
at

io
n 

w
as

 ≥
 9

0%
 a

ft
er

 p
re

ox
yg

en
at

io
n 

an
d 

w
ith

ou
t p

re
ex

is
tin

g 
cy

an
ot

ic
 h

ea
rt

 d
is

ea
se

. S
ee

 “
M

et
ho

ds
” 

se
ct

io
n 

in
 th

e 

ar
tic

le
.

B
ol

df
ac

e 
ty

pe
 d

en
ot

es
 s

ta
tis

tic
al

 s
ig

ni
fi

ca
nc

e.

Pediatr Crit Care Med. Author manuscript; available in PMC 2019 January 03.


	Abstract
	METHODS
	Setting
	Design
	Inclusion and Exclusion Criteria
	Definitions and Outcome Measures
	Statistical Analysis

	RESULTS
	Participating PICU and CICU Characteristics
	Patient Characteristics
	Use of VL by Site and Year
	Outcomes of VL Versus DL for Tis
	Multivariable Analyses: VL Versus DL for the Occurrence of TIAEs and Multiple Attempts

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	table 1.
	table 2.
	table 3.

