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Introduction: Endotracheal intubation and positive pressure ventilation following delivery are required in 32.9% of neonates <31 weeks gestational age
and in 5.9% of older newborn babies [1]. Competency in intubation is important, yet opportunities for learners to develop this skill in the clinical envi-
ronment are limited. Direct laryngoscopy (DL) provides a direct view of the airway during intubation. Unfortunately, visualization of the airway is only
available to the primary operator, preventing supervising instructors from simultaneously viewing the airway and allowing them to provide real-time feed-
back to learners. Video laryngoscopy (VL) is a specialized clinical instrument that utilizes an indirect view of the airway that is digitally projected onto a
screen via camera, which allows multiple simultaneous viewers to view the airway during intubation attempts and permits instructors to provide real-time
feedback to learners accordingly.

Objectives: This systematic review explores whether VL-supported learning is superior to DL for the development of skill in neonatal intubation.

Methods: Systematic searches of MEDLINE, EMBASE, CINAHL and the Cochrane Library were conducted without language restrictions. Studies pub-
lished between January 2011 and November 2021 were examined. Randomized controlled trials (RCTs) comparing the effectiveness of VL versus DL for
supporting neonatal intubation learning were included. Rate of successful intubation was the primary outcome measure. Both authors independently
extracted study data and conducted risk of bias assessment.

Results: Four RCTs met the inclusion criteria, with two incorporating crossover designs. Each examined the effectiveness of VL versus DL, with concur-

rent supervisor support, as a tool for learning neonatal intubation in medical residents. All studies reported significantly higher intubation success rates
with VL.

Conclusion: VL and real-time supervisor feedback is a more effective tool for supporting the development of neonatal intubation skill, compared with DL.
Future investigations should include learners from other professions whose scope of practice includes neonatal intubation (eg, respiratory therapists).
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INTRODUCTION

Endotracheal intubation and positive pressure ventilation following
delivery are required in 32.9% of premature neonates <31 weeks gesta-
tional age and 5.9% of those >31 weeks gestational age [1]. Endotracheal
intubation of neonates and infants is also required for situations such as
surfactant administration, resuscitation outside the post-natal period, or
to secure an airway in the operating room, although the frequency of
these events is unclear.

Endotracheal intubation is an invasive procedure used to secure an
airway by passing an endotracheal tube (ETT) through the glottis and
into the trachea. Neonatal intubation can be more complex than that of
older children or adults due to the unique airway morphology and phys-
iology of neonates. Neonatal intubation success rates are inversely pro-
portional to neonatal intubation experience [2] and the definition of a
successful intubation varies in the literature [2]. Consequences of failed
intubations to the neonatal patient include airway injury, hypoxia and
hemodynamic instability [3]. As a result, it is important that health care
professionals become competent in intubation. Intubation is a skill
required of many health care professionals (eg, respiratory therapy stu-
dents, medical residents) and is difficult to master [3]. Learners may
receive didactic education and hands-on practice with task trainers and/
or simulation mannequins before progressing to a clinical, or patient

care, setting. However, using task trainers and mannequins does not
allow for the real-time problem solving associated with neonatal intuba-
tion and/or environmental stressors typically experienced in the clinical
setting [4]. Furthermore, the anatomy of many mannequins does not
change which prevents learners from experiencing dynamic, anatomical
changes in real-time [5]. Once in the clinical setting, there are often lim-
ited opportunities to further develop proficiency in intubation due to
factors such as the increased use of noninvasive ventilation and increas-
ing number of learners requiring practice [3, 6, 7].

Traditionally, intubation is performed by direct laryngoscopy (DL)
using a conventional laryngoscope. When a learner performs DL, they
have a direct line of sight view (ie, direct view) of the patient’s airway. If
the learner requires assistance during an intubation attempt, the small
space and mouth opening prevent the supervisor (ie, instructor, supervis-
ing professional) from also visualizing the airway [7] and the supervisor
must rely on verbal descriptions from the learner to provide support.

Since the 2010, video laryngoscopy (VL) has routinely become inte-
grated into practice [6]. VL provides indirect visualization of the airway
via an internal camera which projects an image onto a video screen [8].
The use of the screen with VL allows the learner intubating, as well as
the supervisor to visualize the patient’s anatomy on a video monitor.
This may prove to be advantageous when learners are intubating, as both
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the learner and their supervisor can visualize the airway and provide real-
time coaching [7]. Additionally, intubation attempts can be recorded
using a video laryngoscope which may be viewed at a later time for
debriefing and learning purposes [7].

Despite these benefits, VL has not fully replaced DL [9], so it is
important that learners also develop competence in DL. VL can be
adapted to assist the learner in developing direct visualization skills for
DL. For example, the VL setup can be modified so that only the super-
visor is able to view the screen. The learner, forced to use a direct view
of the airway, practices their DL technique, while the supervisor is able
to provide real-time feedback [10].

Objective

While other studies have investigated the use of VL for intubation in
adult [11], neonatal [3, 12] or paediatric [13] patients, a synthesis of data
on its use as a teaching tool when intubating neonatal patients has not
been completed. It is important to establish whether the use of VL with
concurrent coaching by a supervisor increases intubation learning and
success, due to the limited opportunities for practice. The purpose of
this systematic review is to address the question “Does the use of VL,
accompanied by coaching from a supervisor with an indirect view of the
airway, improve the rate of neonatal intubation success (compared with
DL) in learners?”.

METHODS

Data sources and search strategies

This systematic review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [14]. A systematic literature search of four databases
(PubMed, CINAHL, EMBASE and the Cochrane Library) and
Clinicaltrials.gov [15] was conducted (January 2011 to November 1,
2021). No limits were placed on the language of publication. Search
terms used in CINAHL, EMBASE and the Cochrane Library were
neonatal AND wideo laryngoscope AND intubation AND learner OR
teach. MeSH terms and synonyms were determined and included
infant, education, newborn and intubated. The PubMed database search
was completed on November 1, 2021 (see Appendix 1'). Searches
yielded 13 unique studies. Of these, four studies met the inclusion
criteria and nine were unrelated or did not meet the eligibility require-
ments. Reference lists of included studies were searched for relevant
papers.

Study selection

Both authors independently assessed the title and abstract of articles accord-
ing to the eligibility criteria and removed all duplicates. Each author read
and assessed each chosen full-text article for inclusion criteria. Differences in
study selection were resolved through discussion. Studies were included in
the review if they met the following criteria: (1) study participants: learners in
a health profession or medical education programme with limited experi-
ence in neonatal intubation; (2) study intervention: compared VL to DL
along with coaching as a teaching tool for intubation of preterm or term
human neonates or infants; (3) outcome: successful endotracheal intuba-
tion; and (4) study design: randomized controlled trials (RCTs) (as observa-
tional studies would not answer the research question). Studies comparing
VL to DL as a teaching tool for intubation on mannequins or in a simulated
environment were excluded as this has been previously reviewed in both the
neonatal [16] adult [17] contexts.

Data extraction

The following data was extracted independently by both authors:
hospital type, participant demographics, study population size,
patient gestational age, intervention and primary outcome mea-
sures. Differences in the extracted data were resolved through
discussion.

'Supplementary materials are available at https://www.cjrt.ca/wp-content/uploads/

Supplement-cjrt-2022-056.docx.

112

Risk of bias assessment

Both authors independently assessed the risk of bias for each study using
the Cochrane Risk of Bias 2 (RoB2) tool [18] or the RoB2 for Crossover
trials [19]. Differences in assessments were resolved through discussion
and consensus.

RESULTS

Search results

A total of 42 studies were identified through the initial search (Figure 1).
After removing 10 duplicates, each author screened the title and abstracts
to exclude papers that did not meet the inclusion criteria. These studies
were excluded because they included only paediatric patients or only
compared VL to DL outside of a teaching context. The second round of
screening was completed by reviewing the full text of the remaining
13 eligible studies. Of the 13 eligible studies, nine were excluded as they
investigated the use of VL versus DL in simulations using mannequins
or focused on the use of VL for intubation, not as a teaching tool. Four
studies met all inclusion criteria for this review: two parallel RCT [7, 10]
and two RCTs with crossover [6, 20].

Study characteristics

Characteristics of included studies are summarized in Appendix 2* with
extracted data in Table 1. Four RCTs [6, 7, 10, 20] met the inclusion crite-
ria for this review, with two using crossover designs [6, 20]. All four RCTs
were conducted in hospital settings of a neonatal intensive care unit
(NICU), labour and delivery ward, or operating room. Participants in the
studies were anesthesiology residents, paediatric residents, or residents in
a combined medicine-paediatrics programme with limited prior experi-
ence intubating neonates. The patients were preterm or term neonates
between 1 day and 6 months of age. All studies used successful intubation
as the primary outcome, although there were differences in the number of
attempts that qualified as a successful intubation. Overall, the trials
deemed intubation as successful if it occurred in three or fewer attempts.

Outcomes

A total of 719 intubations were analyzed across the studies and all four
studies demonstrated a significantly higher intubation success rate in the
VL versus the DL group (Table 1).

O’Shea et al. [7] compared VL and DL intubation success rates and the
effect of premedication on intubation success in 206 neonates. There was
a significantly higher success rate in the VL versus the DL groups regard-
less of premedication status. The success rates for both VL and DL were
higher when the patients were premedicated versus when they were not
(not premedicated: VL: 66% [69/104]; DL: 41% [42/102], P<0.001; pre-
medicated: VL: 72% [56/78]; DL: 44% [35/79], P<0.001). The present
study was one of two studies in this review where researchers did not per-
mit learners to view the intubation video monitor when performing VL so
that they could develop skill in DL (ie, the VL functioned as a DL). The
authors concluded that this led to a significant improvement in DL.

Volz et al. [10] analyzed 101 intubations that included structured
coaching during intubation attempts. There was a significantly higher
success rate in the VL versus the DL group (VL: 57% (35/61); DL: 33%
(13/40), P<0.02). The VL device used in the present study could not
intubate neonates weighing less than 1000 g, so these patients were
moved to the DL group if they had been randomized to the VL arm. The
present study was one of two that had learners develop DL skills by using
the VL to perform DL by not viewing the camera video feed. The authors
concluded that learners who performed DL while being coached by a
supervisor with a monitor view of the airway demonstrated improved
success rates compared with DL.

Moussa et al. [6] used a crossover design. In phase 1, the two groups
included a VL group and a DL group (213 intubations). In phase 2, the
VL group switched to using DL while the phase 1 DL group continued
using DL (55 intubations). In phase 1, VL demonstrated a significantly

Supplementary materials are available at https://www.cjrt.ca/wp-content/uploads/
Supplement-cjrt-2022-056.docx.
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FIGURE 1

Flow diagram of systematic search results
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higher success rate than DL (VL: 75.2% [84/112]; DL: 63.4% [64/101],
P=0.03). When the VL group subsequently performed DL, the DL intu-
bation success rate was almost equal to that of the DL group which did
not have prior VL experience (VL: 63.4% vs. 63.0%, P=0.5). The present
study was the only one to investigate the retention of skills with one
group completing DL in both phases of the study. The phase 2 DL group
had a higher success rate than they did in phase 1 (phase 1: 63%,
phase 2: 77%, P=0.10), although it was not significant. The present study
did not provide information on the time between phases.

Finally, a crossover study by Saran et al. [20] analyzed 144 intubations
and reported that VL had a significantly higher success rate in both
phases of the study (phase 1: VL: 80.5% [29/36], DL: 41.6% [15/36],
P<0.0007; phase 2 [crossover]: VL: 86.1% [31/36], DL: 47.2% [17/36],
P<0.0004). The present study did not provide information on the time
between phases.

Risk of bias

Risk of bias assessment is presented in Table 2. Given the nature of the
intervention, neither learners nor supervisors could be blinded to the
type of laryngoscope being used (ie, VL vs. DL). In all studies, partici-
pants in each arm received the same education regarding intubation and
were familiarized with the equipment for VL and DL. For the two studies
incorporating a crossover design, it was not clear if a washout period was
incorporated to minimize any carryover (or transfer of skill) effect.
However, the results from each study do not indicate that carryover
occurred. All four studies were deemed to be a low risk of bias.

DISCUSSION
The neonatal airway is smaller than that of adults. The neonatal tongue
and occiput are larger, the larynx is more cephalad, and the epiglottis
hangs lower over the airway [20]. Neonates have a higher oxygen con-
sumption and lower oxygen reserves than adult patients [20]. These fac-
tors combined can make neonates harder to intubate and more likely to
decompensate during intubation attempts, compared with adults [21]. It
is important for clinicians to learn how to intubate this patient age group
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to minimize adverse events associated with unsuccessful or prolonged
intubation attempts.

In the clinical setting, there are limited opportunities to develop
skill in intubation because of an increased use of noninvasive ventila-
tion, increasing numbers of learners requiring opportunities to per-
form this skill, and varying levels of patient acuity [3, 6, 7]. Thus, it is
important to optimize potential learning opportunities. Using VL pro-
vides both the learner and supervisor with the intubation view present-
ing the opportunity for realtime coaching and feedback during
intubation attempts, and may support attainment of competency with
fewer attempts [7].

The use of VL during neonatal intubation as a teaching tool led
to significantly higher intubation success rates when compared with
DL. VL allows both supervisors and learners to view the airway and
for the supervisor to provide immediate feedback based on what they
see. Moussa [6] reported that almost 50% of all failed attempts within
the DL group were from difficulties identifying and visualizing the
glottis. The authors reported that with VL, the supervisor was able to
recognize and correct these problems with visualization. Two studies
blocked learners’ views of the video monitor to force them to develop
DL skills, while providing their supervisor real-time access to the
video for coaching purposes [7, 10]. Both studies concluded that this
improved DL intubation success rates and suggested that VL can be
used to teach DL skills.

Intubating with a video laryngoscope also provides an opportunity
for learners to view recordings of previous intubation attempts. O’Shea
etal. [7] incorporated debriefing in their study and suggest that this may
have contributed to the learners” development of skill. As this was the
only study comparing VL to DL as a teaching tool that used debriefing
post-intubation, and the impact of this debriefing was not evaluated, it is
not clear what impact debriefing may have had.

Saran et al. [20] included older infants (up to 6 months) in their
study and excluded any preterm babies, whereas the other studies
included in this review limited intubations to preterm and term neo-
nates. The authors of that study reported an overall increased success
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TABLE 1
Characteristics of the included studies
Primary
Study, year and Patient outcome
location Hospital type Participants gestational age Study details Intervention measures Outcome
O’Shea et al. (2015) Tertiary Perinatal Pediatric 26-32 weeks Single centre RCT  Use of video laryngo- First attempt ~ Success rate:
Australia Centre — Urban residents in first 206 intubations scope for neonatal intubation VL: 66%; CL:
(7500 births 6 months of (VL: 104; CL: 102) intubation by learner success 41%
per year) training Supervisor with access Unadjusted
(n=36) to screen offers verbal OR=2.81 with
assistance for 95% CI
intubation with (1.54-5.17),
standardized P<0.01
coaching approach
Standardized debriefing
was offered following
intubation attempts.
Moussa et al., Single Centre, Pediatric 25-34 weeks  Single centre RCT  Video laryngoscope Successful Success rate:
(2016) Tertiary Academic  residents in first with crossover of used with indirect vision intubation in VL: 75.2%;
Canada Hospital — Urban 3 years of the experimental during neonatal three or fewer CL:63.4%
(3500 births per residency group intubation attempts Likelihood
year) Phase 1 n=34 268 intubations Supervisor with access ratio —1.20 95%
Phase 2 n=23 (VL:125; CL:143) to video screen for Cl (-2.31to
verbal assistance -0.10), P=0.03
Volz et al., (2018) Tertiary Academic  First and second 27-37 weeks  Single centre RCT  Resident coaching Successful Success rate:
USA Hospital — Urban year pediatric or 101 intubations during direct laryngos- intubation, VL: 57%; CL:
(Number of births ~ medicine-pediatric (VL:37; CL: 80 copy with the use of within two 33% (results
not provided) residents (includes 40 video as a coaching tool attempts reflect patients
n=40 neonates Supervisor with access <1000 g
randomized to to video screen for intubated using
the VL group who  verbal assistance. CL), P<0.02
were too small for ~ Standardization of
VL blade) coaching language
Saran et al., Tertiary Academic  Anesthesiology ~ Term Patients  Single centre Use of video laryngo- First attempt ~ Success rate:
(2019) Hospital — Urban residents in first between 1 day Crossover RCT scope for neonatal and  intubation VL: 83.3%;
India (Number of births  or second year ~ and 6 months 144 intubations infant intubation with success CL: 44.4%,
not provided) (n=24) (36 in each verbal assistance from Likelihood
crossover group) supervisor ratio=1.98 and
Both supervisor and P<0.001
trainee with visual
access to video screen
RCT = randomized controlled trial; VL = video laryngoscopy; CL = conventional laryngoscopy.
TABLE 2
Methodological appraisals of included studies
Randomized control trials without crossover
Missing Selection of
Randomization Deviations from intended  outcome Measurement of the reported
Study, year process interventions data outcome results Overall
O’Shea et al., 2015 Low Low Low Low Low Low
Volz et al, 2018 Low Low Low Low Low Low
Sterne JAC, Savovi¢ J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ 2019;366:/14898.
Randomized control trials with crossover
Randomi- Selection of
zation Carryover Deviations from intended Missing outcome Measurement of reported
Study, year process effects interventions data the outcome results Overall
Saran et al., 2019 Low Low Low Low Low Low Low
Moussa et al., 2016 Low Low Low Low Low Low Low

Higgins J, Li T, Altman D, Curtin F, Senn S. Revised Cochrane risk of bias tool for randomized trials (RoB 2) Additional considerations for crossover trials. 2021.

rate when VL was used as the teaching tool when intubating larger
infants. The inclusion of older, larger infants may have impacted results,
but as the impact of infant age and size were not evaluated, it is unclear
what impact these may have had.

Strengths

To the authors’ knowledge, this is the first systematic review synthesizing
information on the use of VL compared with DL as a teaching tool for
neonatal intubation. This review included RCTs with low risk of bias.
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Limitations and future research

The present study has some limitations. Few studies met the inclusion
criteria. Although the studies were of high quality, sample sizes were
small and participants were from medical residencies, not from other
professions where intubation is a required competency (eg, respiratory
therapy, paramedicine) and results may not be generalizable across pro-
fessions. Furthermore, this review does not investigate other outcomes
associated with VL compared with DL (eg, time to first intubation,
adverse events) therefore additional research is warranted to determine if
VL is superior to DL with respect to these outcomes.

Three studies included in this review excluded patients with airway
anomalies [6, 7, 20] and one study only allowed experienced residents to
intubate infants weighing less than 750 g [6]. It is not clear if the results
of this review would also hold true when applied to difficult airways. The
use of VL as a teaching tool when intubating stable neonatal patients
with difficult airways warrants further investigation.

Three studies defined an intubation attempt as the insertion of the
laryngoscope blade into the mouth [6, 7, 10] and one study did not pro-
vide a definition [20]. Studies used different definitions of intubation
success (Table 1). The use of varying definitions for each intubation
attempts and success prevents pooling of data for meta-analysis. Future
studies should control for both definitions.

Two studies included in this review used standardized guidance tools
or scripts if coaching was required during an intubation attempt [7, 10]
and one used debriefing [7]. Inconsistent coaching approaches or coaches’
intubation experience could impact learner success [7]. Although it seems
that standardized coaching methods could be beneficial teaching tools,
further investigation into how each strategy might impact the learning
experience in the context of neonatal intubation is warranted.

Only one study considered transfer of skill (from VL to DL) [6] but
did so within a limited time frame (exact duration not provided). Future
studies should examine whether the improved success rate associated
with the use of VL as a teaching tool is maintained over time.

No study included in this review considered retention of skill beyond
the clinical rotation. Future studies should consider whether the use of
VL as a teaching tool leads to retention of intubation competence.

A limiting factor to the applicability of the results to this review is the
cost of VL systems compared with DL (both equipment purchases and
processing between patients). These systems may also not be as readily
available as DL across training locations [20]. Blades sizes indicated for
infants less than 1 kg (00) are not available in all VL systems [10], which
limits the use of VL to larger infants.

CONCLUSION

The use of VL as a teaching tool during neonatal intubation led to sig-
nificantly higher intubation success rates compared with the use of DL.
VL can also be used to improve intubation success when teaching DL
skills by turning the video monitor away from the learner and allowing
the instructor to provide real-time feedback. Its use has the potential to
enhance the development of learners’ skills where access to neonatal
intubations can be limited. For future studies, it is important to stan-
dardize the coaching styles used by supervisors. Future studies should
also incorporate learners from other health care fields where intubation
is part of the scope of practice (eg, respiratory therapy).
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