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OBJECTIVE: We hypothesized that videolaryngoscope use for tracheal intubations would differ across NICUs, be associated with
higher first attempt success and lower adverse events.
STUDY DESIGN: Data from the National Emergency Airway Registry for Neonates (01/2015 to 12/2017) included intubation with
direct laryngoscope or videolaryngoscope. Primary outcome was first attempt success. Secondary outcomes were adverse tracheal
intubation associated events and severe desaturation.
RESULTS: Of 2730 encounters (13 NICUs), 626 (23%) utilized a videolaryngoscope (3% to 64% per site). Videolaryngoscope use was
associated with higher first attempt success (p < 0.001), lower adverse tracheal intubation associated events (p < 0.001), but no
difference in severe desaturation. After adjustment, videolaryngoscope use was not associated with higher first attempt success
(OR:1.18, p= 0.136), but was associated with lower tracheal intubation associated events (OR:0.45, p < 0.001).
CONCLUSION: Videolaryngoscope use is variable, not independently associated with higher first attempt success but associated
with fewer tracheal intubation associated events.
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INTRODUCTION
Tracheal intubation (TI) is a frequently performed procedure in
Neonatal Intensive Care Units (NICU) and delivery rooms but
is commonly complicated by unsuccessful first intubation
attempts, adverse tracheal intubation associated events (TIAEs),
and severe oxygen desaturations [1, 2]. Furthermore, success
rates are highly variable for neonatal TIs, ranging from 20% for
residents to 72% for attending neonatologists [3]. Neonatal TI is
not a simple procedure to gain proficiency in and requires a
distinctive set of skills. Beside the neonate’s limited respiratory
reserve limiting procedural duration, difficulty visualizing the
glottis secondary to small oral opening and airway caliber, as
well as particular larynx anatomy [4] represent a challenge even
for experienced clinicians.
The videolaryngoscope (VL) was introduced to adult and

pediatric medicine more than a decade ago [5, 6]. It incorporates
a fiberoptic camera lens into the light source of a laryngoscope
blade, effectively positioning the laryngoscopist’s eye at the tip of
the blade and extending the viewing angle to 80o, compared to

the 15o view offered by direct laryngoscopy (DL) [7]. The VL is
connected to a video monitor which displays a magnified image
[8]. Video-assisted intubation is increasingly recognized as the
method of choice in teaching TI because of the view it offers
simultaneously to both the trainee and the supervisor [9].
Mannequin studies have reported improved TI success rates

and decreased time to intubation using VL [10–12]. Videolaryngo-
scopy has shown its clinical usefulness in infants as small as 530 g
[13]. Three clinical trials have shown that VL has the potential to
improve success rates for neonatal intubations performed by
trainees [14–16], however, the potential benefits of VL use in more
experienced providers is also needed. The use of VL for NICU TI
may improve first attempt intubation success, however, data are
limited.
The aim of this study is to evaluate VL use in neonatal TIs across

diverse institutions. We hypothesized that the use of VL for TIs
would be highly variable across NICUs, and would be associated
with higher first attempt success and lower adverse events, after
adjusting for patient, provider, and practice factors.
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METHODS
Study design
This was a retrospective cohort study using prospectively collected neonatal
TI data obtained from the National Emergency Airway Registry for Neonates
(NEAR4NEOS), an international multicenter quality improvement registry.
This study includes data from 13 academic NICUs. The institutional review
board at each participating NEAR4NEOS site either approved the study or
granted a waiver of informed parental consent for the use of patient data as
a quality improvement activity.

Data collection
Using a standardized NEAR4NEOS data collection form, each center
collected data on patient, provider, practice, and outcomes for each
neonatal TI encounter [2]. These data were recorded by a designated
member of the care team immediately after the procedure and later
verified for accuracy by the site’s study team. Consistency of data captured
was ensured by utilizing NEAR4NEOS standardized operational definitions
[2]. Each participating NICU developed a site-specific compliance plan to
ensure appropriate data capture of more than 90% of intubations, data
verification, and timely data entry into a secured, password protected
Research Electronic Data Capture (REDCap) system hosted by the
data coordinating center at Children’s Hospital of Philadelphia. TI data
from one site without consistent compliance reporting was excluded from
the analysis.
Patient data included gestational age, corrected weight on the day of TI,

day of life on the day of TI, and associated comorbidities. Practice data
included indication for intubation, profession and experience level of the
primary airway provider, intubation approach and type of premedication.

Inclusion and exclusion criteria
All primary TIs in the NICU between January 2015 and December 2017
were included in the analysis. Primary TIs using either DL or VL in NICUs
were included. TIs performed outside the NICU, including in the delivery
room, performed by non-NICU personnel, or for endotracheal tube
changes were excluded from the analysis.

Direct and video laryngoscopy
The use of DL or VL for intubation was based on provider preference. The
device used was noted on the NEAR4NEOS data form at the time of
intubation and subsequently uploaded to the NEAR4NEOS database.
Options on the data form included ‘ laryngoscope’ to indicate traditional
DL or ‘video laryngoscopy’ to indicate the use of a laryngoscopic device
with video capabilities. Examples of commonly used VL devices include
CMAC, NeoView, Glidescope, InfantView, and Airtraq. Indirect view was
defined as the use of video image by the airway provider and direct view
was defined as the use of naked eye image by the airway provider.

Definition of outcomes
Specific outcomes of interest included the first attempt success (primary
outcome), number of intubation attempts, occurrence of TIAEs, and
severe oxygen desaturation during the intubation (secondary outcomes).
First attempt success was defined as successful intubation on
the first attempt by the first provider. TIAEs were categorized as ‘non-
severe’ or ‘severe’ using previously described operational definitions
[17]. Non-severe TIAEs included esophageal intubation with immediate
recognition, mainstem intubation, lip trauma, pain or agitation requiring
additional sedation delaying intubation, epistaxis, emesis without
aspiration, hypertension requiring therapy, and dysrhythmia including
bradycardia with heart rate <60 beats per minute (brief episode
for which cardiac compressions were not needed) or an arrhythmia
requiring treatment. Severe TIAEs included direct airway injury,
esophageal intubation with delayed recognition, emesis with aspiration,
laryngospasm, pneumothorax, gum or dental trauma, hypotension
requiring intervention, malignant hyperthermia, need for cardiac
compressions, and cardiac arrest.
Oxygen desaturations were captured separately from adverse TIAEs.

Pulse oximetry was used to identify two oxygen saturation (SpO2)
measurements for each intubation: the highest SpO2 measurement
immediately before the first intubation attempt, and the lowest measured
SpO2 during the intubation encounter. Severe oxygen desaturation was
defined as ≥20% decrease in SpO2 from the highest level achieved
immediately before the first intubation attempt. This was only reported for
TIs in which a pre-intubation SpO2 level was recorded.

Statistical analysis
Descriptive statistics were used to present the demographic data as number
and proportion for categorical variables and as median and interquartile
range (IQR) for nonparametric data. The relationships between the patient,
provider, and practice characteristics with VL use were analyzed using
univariate analyses with Chi-square or Fisher’s Exact test for dichotomous
variables and with Kruskal-Wallis test for nonparametric variables. The
independent effect of VL use on the outcomes was assessed by generalized
estimate equation multivariable logistic regression model while controlling
for patient, provider, practice factors, and clustering by site. Covariates were
included in the multivariable model when there was an association with VL
use at p < 0.05 in the univariate analysis. Sensitivity analysis by limiting the
cohort to NICUs with > 10 VL TIs was also completed. Statistical analysis was
performed using STATA 14.0 (StataCorp, College Station, TX, USA).

RESULTS
Demographics and factors associated with videolaryngoscope
use
A total of 2,730 TIs encounters from 13 NICUs were analyzed. Six
hundred twenty-eight (23%) TIs utilized a VL, most of which was the
C-MAC VL (Karl Storz ©,Tuttlingen, Germany). VL was used in 7 sites,
and its use varied across sites (3%–64% per site, Fig. 1 and
Supplemental Table A). Tables 1 and 2 describe patient and
intubation characteristics comparing intubations done with VL and
DL. VL was used more frequently in more mature, larger, and older
neonates; when neonates had a congenital or craniofacial anomaly;
and in situations of ventilation failure, upper airway obstruction or
when an intubation was done for a procedure. DL was more often
used in cases of oxygen failure, apnea and bradycardia, absent
protective airway reflexes, and surfactant administration. Fellows,
neonatal nurse practitioners, physician assistants, and hospitalists
were most often the primary airway provider when using VL.
Premedication, as a combination of a sedative and a paralytic, was
more often used with VL.

Videolaryngoscope use and neonatal intubation outcomes
In the univariate analysis, VL use was associated with higher first
attempt success (58% with VL vs. 47% with DL; p < 0.001), lower
occurrence of adverse TIAEs (7%with VL vs. 23% with DL, p < 0.001),
and lower number of intubation attempts (median 1, interquartile
range: IQR 1-2 with VL and 2, IQR 1-3 with DL, p < 0.001), Table 3. The
occurrence of severe desaturation was not significantly different
(47% with VL vs. 50% with DL, p= 0.098). Among TIAEs, esophageal
intubation with either immediate or delayed recognition was more
frequent with DL than with VL (Table 4).
After adjusting for covariates, VL use was not associated with

higher first attempt success (adjusted Odds Ratio (aOR) 1.18, 95%
CI: 0.95–1.47, p= 0.136, Supplemental Table B), but was associated
with lower TIAEs (aOR 0.45, 95% CI: 0.31–0.64, p < 0.001,
Supplemental Table C). In sensitivity analysis of NICUs with >10
VL TIs (4 NICUs, n= 1469), the aOR were similar for the first
attempt success (aOR 1.19, 95% CI 0.93–1.52, p= 0.169), and for
the occurrence of TIAEs (aOR 0.43, 95% CI 0.29–0.64, p < 0.001).
In subgroup analysis of tracheal intubations using the videolar-

yngoscope, use of indirect view (video image) was associated
with higher first attempt success (62% with indirect view vs.
54%with direct view; p= 0.043), similar occurrence of adverse TIAEs
(6% with indirect view vs. 8% with direct view, p= 0.339), similar
number of intubation attempts (median 1, interquartile range: IQR
1-2 with indirect and direct view, p= 0.193), and lower occurrence
of severe desaturation (42% with indirect view vs. 53% with direct
view, p= 0.025, Supplemental Table D).

DISCUSSION
In this large retrospective study of TIs in 13 NICUs, we evaluated
the use and clinical impact of using VL for neonatal TI. We found
that only approximately one quarter of TIs were done with VL and
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its use varied significantly across sites. It was most often used in
larger, more mature and older babies, and in those that had a
congenital or craniofacial anomaly. After adjusting for covariates,
VL use was not associated with higher first attempt success,
however it was associated with lower TIAEs.
Our first finding is that VL is seldom used for neonatal TI and its

use varies across centers. The benefit in using VL for trainees has
been greatly described in three clinical trials showing improved first
attempt success rate without increasing time to intubation
[14–16, 18]. Trainees describe that VL use allowed for better
guidance from supervisors throughout the procedure and that it
improved their confidence [15, 19]. In our study, as residents
attempted only 13% of intubations, VL was also used for TIs
performed by other categories of providers. A recent telephone
survey study in the United Kingdom identified that 63% of the 169
NICUs surveyed had VL in their unit. Of these, 60% used VL for TIs
performed by trainees, 31% as the primary device for all TIs and 63%
as a rescue device if initial TI attempt was unsuccessful [20]. The
most common obstacles for VL use were lack of confidence and
training for all providers and reluctance to move away from the
traditional laryngoscope. Depending on the type of VL used in a
unit, the size of the baby might be another limiting factor. Indeed,
the C-MAC VL (Karl Storz ©,Tuttlingen, Germany) does not have a 00
blade and thus prohibits its use in the smallest babies. Increasing VL
use has been described in neonatal and pediatric critical care
transport teams [21]. Use of VL has been well established in adults
for normal, difficult and emergency TIs [22] and has gained
popularity during the COVID-19 pandemic when it was frequently
utilized as the first-line device for TI in pediatric and adult patients
with suspected or confirmed infection [23]. We expect that over
time, allowing for increased training and improvement in providers’
confidence, as well as the growing body of evidence to support its
benefit, use of VL for neonatal TI will increase.
Our second finding was that VL was used in more mature,

larger, and older babies, and in babies with congenital or
craniofacial anomalies. Kaplan et al. initially described the use of
VL by experienced laryngoscopists in adult patients in whom TI
was anticipated to be difficult [5]. Since, the VL has become widely
used for anticipated or confirmed difficult intubations in adults,
children and newborn [20, 22, 24]. The VL used in the majority of
the NICUs in this study is the C-MAC VL (Karl Storz ©,Tuttlingen,
Germany) which currently offers Miller blades 0 and 1. Although
preliminary experience has shown C-MAC VL use in newborns as
small as 530 g [13], the smallest infant intubated in a previous

clinical trial was 740 g [15]. The main reason for the weight limit in
this trial was related to VL size. The smallest blade (Miller 0) was
reportedly too large for the patient’s mouth, resulting in limited
space to insert an endotracheal tube. Therefore, it makes sense
that VL would be used in more mature, larger, and older babies. In
another clinical trial using the Laryflex VL (Laryflex©, Acutronics,
Hirzel, Switzerland), which has a 00 blade, the smallest infant
intubated was 500 g [14]. Recently, some NICUs are acquiring the
Neoview (International Biomedical ©, Austin, Texas, USA) which
offers miller blades 000, 00, 0 and 1. This might change the patient
population in which VL is used for TI.
Our third finding was that VL use was not associated with higher

first attempt success. To our knowledge, this is the first study
evaluating VL use by all neonatal providers. In neonates, three
clinical trials and a meta-analysis have shown that VL use in trainees
is associated with higher first attempt success rate [14–16, 18]. In the
pediatric population, however, data regarding first attempt success
rate using VL is not consistent. Previous studies have demonstrated
conflicting results of VL use, with both improvement [25] and lack of
improvement in first attempt success in infants and/ or children
[26, 27]. Adult studies demonstrated VL improved success rates in
patients with difficult airways, but not in those with anatomically
normal airways [28].
Our fourth finding was that VL use was associated with lower

TIAEs. This is consistent with a recently published single-site
observational study by Tippmann et al. where VL use was predictive
of an intubation encounter without TIAEs [29]. Our study adds
strength to this finding with its larger sample size and multicenter
design. One may assume this is because a VL device offers a greater
angle of glottic exposure, improved visualization, and easy
identification of an esophageal intubation [30, 31]. Previous studies
have demonstrated that difficulty visualizing or recognizing the
glottis and resultant esophageal intubation are the most common
reasons of intubation failure in trainees [15, 31] Our group has also
previously demonstrated that the most common TIAE on which VL
has an impact is esophageal intubation [32]. Therefore, it stands to
reason that by using VL, reducing frequency of esophageal
intubation may significantly decrease TIAEs overall [2].
This study has limitations. First, this was a retrospective study

subject to selection bias. We attempted to account for the source of
bias due to unbalanced patient characteristics using multivariable
logistic regression and sensitivity analysis. Second, our study
included NICU intubation data from only 13 NICUs and the majority
of participating NICUs were within academic institutions. Therefore,

Fig. 1 Videolaryngoscope use in the Neonatal Intensive Care Units. This figure presents the proportion of intubations using the
videolaryngoscope (VL) per participating site.
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Table 2. Intubation characteristics, intubation indication, profession of primary airway provider, intubation approach and premedication, comparing
intubations done with the videolaryngoscope and those done with direct laryngoscopy.

Intubation characteristic n (%) Videolaryngoscope (n= 628) Direct laryngoscope (n= 2102) p-value

Intubation indication

Oxygen failure 139 (22.2) 706 (33.6) <0.001

Ventilation failure 281 (44.8) 734 (34.9) <0.001

Apnea and bradycardia 88 (14.0) 480 (22.8) <0.001

Surfactant administration 25 (4.0) 226 (10.8) <0.001

Upper airway obstruction 41 (6.5) 95 (4.5) 0.042

Reintubation after unplanned extubation 38 (6.1) 171 (8.1) 0.085

Procedure 119 (19.0) 175 (8.3) <0.001

Unstable hemodynamics 14 (2.2) 53 (2.5) 0.678

Absent protective airway reflexes 21 (3.3) 287 (13.7) <0.001

Airway clearance 1 (0.2) 5 (0.2) 0.712

Neuromuscular weakness 1 (0.2) 8 (0.4) 0.396

Therapeutic hyperventilation 2 (0.3) 2 (0.1) 0.199

Primary airway providera <0.001

Nurse Practitioner/Physician Assistant/Hospitalist 270 (43.0) 745 (35.5)

Neonatology Fellow 204 (32.5) 632 (30.1)

Pediatric Resident 83 (13.2) 357 (17.0)

Neonatology Attending 30 (4.8) 161 (7.7)

Respiratory Therapist 6 (1.0) 129 (6.1)

Other 35 (5.6) 77 (3.7)

Intubation approach <0.001

Oral intubation 610 (97.1) 1941 (92.3)

Nasal 18 (2.9) 161 (7.7)

Premedication <0.001

No sedative or paralytic 41 (6.5) 915 (43.5)

Sedative only 56 (8.9) 423 (20.1)

Sedative and paralytic 530 (84.4) 757 (36.0)

Paralytic only 1 (0.2) 7 (0.3)

Atropine given 550 (87.6) 909 (43.2) <0.001
aOne provider information is missing.

Table 1. Patient characteristics, patient demographics and comorbidities, comparing intubations done with the videolaryngoscope and those done
with direct laryngoscopy.

Patient characteristic Videolaryngoscope (n= 628) Direct laryngoscope (n= 2102) p-value

Patient demographics

Weeks gestation, median (IQR) 32 (26–37) 28 (25–34) <0.001

Weight at time of intubation, g 2878 (1895–3800) 1410 (880–2600) <0.001

Days of life 42 (7–95) 6 (1–32) <0.001

Patient comorbidities, n (%)

Acute respiratory failure (includes RDS, TTN) 247 (39.3) 1372 (65.3) <0.001

Chronic respiratory failure (includes CLD/BPD) 195 (31.1) 429 (20.4) <0.001

Neurologic impairment (HIE, seizures, stroke) 47 (7.5) 147 (7.0) 0.67

Sepsis 30 (4.8) 136 (6.5) 0.12

Congenital heart disease 54 (8.6) 126 (6.0) 0.02

Congenital surgical anomaly 93 (14.8) 147 (7.0) <0.001

Airway/Craniofacial anomaly 67 (10.7) 84 (4.0) <0.001

Surgery/Procedure for acquired disorder 17 (2.7) 31 (1.5) 0.04

IQR Interquartile range, RDS Respiratory Distress Syndrome, TTN Transient Tachypnea of the Newborn, CLD Chronic Lung Disease, BPD Bronchopulmonary
Dysplasia, HIE Hypoxic Ischemic Encephalopathy.
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our findings may not be generalizable to all NICUs. Third, this
analysis used intubation data, which was self-reported by the team
at the time of intubation and therefore may be influenced by
reporting bias. The NEAR4NEOS collaborative has implemented
universal operational definitions and data coordinator education to
minimize these reporting bias across the sites.
In this large, multicenter, retrospective study, VL was used in

23% of intubations and its use varied across sites. VL was used
more frequently in more mature, larger, and older neonates. VL
use was not associated with higher first attempt success, but
was associated with lower TIAEs. This is the first study to show
patient benefit associated with the use of VL in neonatal TI
performed by all neonatal providers. Although clinicians seem to
gain experience and confidence in using VL and there is
moderate evidence of benefit for trainees learning neonatal TI,
its benefits for all neonatal providers, including more senior
healthcare professionals, should be studied in a prospective
clinical trial.

DATA AVAILABILITY
The datasets analysed during the current study are available from the corresponding
author on reasonable request.
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Non-Severe TIAE (any) 31 (4.9) 419 (19.9) <0.001

Dysrthythmiaa 9 (1.4) 141 (6.7)

Emesis without aspiration 3 (0.5) 22 (1.1)

Epistaxis 1 (0.2) 5 (0.2)

Esophageal intubation, immediate recognition 13 (2.1) 227 (10.8)

Hypertension 0 (0.0) 1 (0.1)

Lip trauma 1 (0.2) 8 (0.4)

Mainstem intubation 5 (0.8) 45 (2.1)

Pain/agitation 1 (0.2) 15 (0.7)
aIncludes heart rate < 60 beats per minute without chest compressions.
The bold values are for the all severe and non-severe TIAE which are then enumerated under those.
TIAE Tracheal intubation adverse event.

Table 3. First attempt success, adverse tracheal intubation associated events, intubation attempts, and severe oxygen desaturation in tracheal
intubations with video vs. direct laryngoscope.

Outcome Videolaryngoscope (n= 628) Direct laryngoscope (n= 2102) p-value

First attempt success, n (%) 367 (58.4) 995 (47.4) <0.001

Any tracheal intubation adverse event (TIAE), n (%) 44 (7.0) 476 (22.7) <0.001

Number of intubation attempts, median (IQR) 1 (1–2) 2 (1–3) <0.001

Severe oxygen desaturation (SpO2 decline ≥ 20%), n (%) 295 (47.0) 1,058 (50.3) 0.098
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