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ABSTRACT

OBJECTIVE

To assess whether training provided to an
inexperienced clinician just before performing a high
stakes procedure can improve procedural care quality,
measuring the first attempt success rate of trainees
performing infant orotracheal intubation.

DESIGN
Randomized clinical trial.

SETTING
Single center, quaternary children’s hospital in
Boston, MA, USA.

PARTICIPANTS

A non-crossover, prospective, parallel group, non-
blinded, trial design was used. Volunteer trainees
comprised pediatric anesthesia fellows, residents,
and student registered nurse anesthetists from 10
regional training programs during their pediatric
anesthesiology rotation. Trainees were block
randomized by training roles. Inclusion criteria were
trainees intubating infants aged <12 months with
an American Society of Anesthesiology physical
status classification of I-Ill. Exclusion criteria were
trainees intubating infants with cyanotic congenital
heart disease, known or suspected difficult or
critical airways, pre-existing abnormal baseline
oxygen saturation <96% on room air, endotracheal
or tracheostomy tubes in situ, emergency cases, or
covid-19 infection.

INTERVENTIONS

Trainee treatment group received preoperative just-
in-time expert intubation coaching on a manikin

WHAT IS ALREADY KNOWN ON THIS TOPIC

optimize outcomes

Athletes and musicians often rehearse right before performance, just in time,
with coaches who review mechanics, approach, and mental engagement to

Limited evidence exists, especially from large, prospective randomized
controlled trials, to assess whether just-in-time training with a coach could
improve high risk procedural care in medicine

Infant intubation is a high risk procedure where minimizing intubation attempts
decreases the probability of life threatening complications.

WHAT THIS STUDY ADDS

more broadly

Just-in-time training by an experienced coach before infant intubation increases
the first attempt success rate, decreases the mental workload, and improves
competency metrics for inexperienced clinicians

Just-in-time training could improve the quality of high stakes procedural care
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within one hour of infant intubation; control group
carried out standard practice (receiving unstructured
intraoperative instruction by attending pediatric
anesthesiologists).

MAIN OUTCOME MEASURES

Primary outcome was the first attempt success rate of
intraoperative infant intubation. Modified intention-to-
treat analysis used generalized estimating equations
to account for multiple intubations per trainee
participant. Secondary outcomes were complication
rates, cognitive load of intubation, and competency
metrics.

RESULTS

250 trainees were assessed for eligibility; 78 were
excluded, 172 were randomized, and 153 were
subsequently analyzed. Between 1 August 2020

and 30 April 2022, 153 trainees (83 control, 70
treatment) did 515 intubations (283 control, 232
treatment). In modified intention-to-treat analysis,
first attempt success was 91.4% (212/232) in the
trainee treatment group and 81.6% (231/283) in

the control group (odds ratio 2.42 (95% confidence
interval 1.45 to 4.04), P=0.001). Secondary outcomes
favored the intervention, showing significance for
decreased cognitive load and improved competency.
Complications were lower for the intervention than
for the control group but the difference was not
significant.

CONCLUSIONS

Just-in-time training among inexperienced clinicians
led to increased first attempt success of infant
intubation. Integration of a just-in-time approach into
airway management could improve patient safety,
and these findings could help to improve high stakes
procedures more broadly. Randomized evaluation in
other settings is warranted.

TRIAL REGISTRATION
ClinicalTrials.gov NCT04472195.

Introduction

The successful performance of physical tasks is
critical in many occupations, including sports, music,
aviation, and medicine. Like doctors,'? athletes and
musicians at all levels practice many hours with
structured coaching to attain expertise.” Unlike in
medicine, these professions also universally rehearse
right before a performance, or just in time, with
coaches who review mechanics, approach, and mental
engagement to optimize outcomes.’” For example,
although a professional football goalkeeper practices
many hours with a coach in training, right before
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the match, the coach takes the field with the keeper,
implementing a regimented shooting drill integrated
with situational preparation to maximize performance
for the day’s opponent. The drill is structured around
areas of weakness for that goalkeeper.

Therefore, it is surprising that in medicine, an
industry with one of the highest stakes where
performing a procedure can have life-altering
consequences, just-in-time training®® is rare to non-
existent. This deficit is potentially most important
for inexperienced clinicians: those who are not only
asked to perform high risk tasks at the limit of their
manual and cognitive abilities, but also lack the
cumulative experience and task familiarity on which to
rely. Among these clinicians, receiving training weeks
before a procedure is ultimately performed might
be less optimal than receiving training days or even
minutes before.**?

An example of how just-in-time training might
improve outcomes of high stakes procedures is
intubating infants and newborn babies. One million
infants have surgery in the US annually, of whom
many are intubated by trainees.’> Most intubations
are via intraoperative guided instruction by senior
anesthesiologists who allow the trainee to intubate
the infant with no pre-training, sometimes leading to
multiple intubation attempts, which are associated
with severe complications, including hypoxia,
bradycardia, and cardiac arrest.'*'® Infants are
particularly vulnerable during intubation because
of their rapid oxygen desaturation,'® which creates
time pressure and increases clinician cognitive load.?°
Intubating the infant on the first attempt is a crucial
patient safety metric,”* *? and just-in-time training
could, in theory, improve the performance of an
inexperienced clinician.

Therefore, we conducted a randomized clinical trial
to assess whether coaching inexperienced clinicians
just before a procedure could improve the quality of
procedural care. Specifically, we examined whether
just-in-time training by an expert airway coach within
one hour of clinical care would improve the first attempt
success rate of inexperienced clinicians performing
infant intubation. We also assessed the impact of just-
in-time training on complications, trainee cognitive
load during intubation, and procedural competency.

Methods
Study design and oversight
This single center, prospective, non-crossover,

parallel group, non-blinded, randomized clinical
trial was conducted at Boston Children’s Hospital, a
large quaternary academic medical center in Boston,
MA, USA. The hospital’s institutional review board
(P00034169) approved the study. The trial was
registered with ClinicalTrials.gov (NCT04472195)
and was conducted according to the Declaration of
Helsinki.
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Participants
Participants were anesthesiology trainees from 10
regional training programs doing pediatric anesthesia
rotations at Boston Children’s Hospital. Trainees
comprised fellows (doctors who have completed
residency and are pursuing one year of advanced
training to become a subspecialty attending physician
anesthesiologist, here pediatric anesthesia), residents
(doctors who graduated medical school and are
pursuing general specialty training, here anesthesia,
a three year program), and student registered nurse
anesthetists. A student registered nurse anesthetist is
a registered nurse in the US who has graduated from
nursing school and works for at least one year as an
intensive care unit nurse; they undertake a three
year program to become a certified registered nurse
anesthetist. Trainees were all directly supervised by
attending anesthesiologists (equivalent to consultant
anesthetists in the UK and other regions) for
consideration of newborn or infant cases. Informed
consent was obtained before trainee participation.
Research assistants approached and obtained
informed consent from these trainees at the hospital in
person during the first day of their pediatric anesthesia
rotation orientation or via a remote consent system
(approved by the institutional review board) during
the covid-19 pandemic. No trainees had access to
infant manikins to practice before study involvement.
Inclusion criteria were eligible trainees performing
orotracheal intubations in infants aged <12 months
with an American Society of Anesthesiology physical
status classification of I-IIl. Exclusion criteria were
anesthesia trainees assigned to infants with known
cyanotic congenital heart disease, infants with known
or suspected difficult or critical airways, infants with
pre-existing abnormal baseline oxygen saturation
<96% on room air, infants with endotracheal or
tracheostomy tubes in situ, emergency cases that
would start within one hour of the booking, and infants
with covid-19 infection.

Randomization and masking

We stratified trainees by role (fellow, resident, student
registered nurse anesthetist (SRNA)) and prospectively
block randomized to the treatment or control group
for tracheal intubation of children aged <12 months.
The random allocation sequence and randomization
schedules were created by the study statistician, who
had no partin patient enrollment, using the PROCPLAN
procedure in SAS (version 9.4, SAS Institute, Cary, NC).
A randomized block size of four was implemented
to ensure that every set of four randomized trainees
would be equally randomized to the treatment or
control groups. The study coordinators and research
assistants followed the randomization schedule,
enrolled participants, and kept a study screening and
enrollment log.

Procedures
On enrollment, trainees answered an infant intubation

self-assessment questionnaire. The research team
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identified eligible encounters and contacted the
attending anesthesiologist and trainee before their
case. The treatment group received a just-in-time
coaching session before each clinical intubation
encounter. The control group, according to our routine
practice, had unstructured intraoperative (rather than
preoperative) instruction in intubation by attending
pediatric anesthesiologists. For the treatment group,
intubation equipment (laryngoscope type) and
technique (direct laryngoscopy v video laryngoscopy)
were chosen by the intraoperative case attending
anesthesiologist and communicated to the attending
anesthesiologist conducting the coaching session. The
intraoperative case attending anesthesiologist and
coach were always different providers. The treatment
group received a standardized coaching session
(supplementary figure S1) on an infant manikin within
one hour of patient intubation in the perioperative
simulation suite (provided by one of five attending
anesthesiologist airway coaches). The approach
included critical intubation steps. Flexibility existed
in these sessions to correct trainee specific issues. In
addition, three coachinginsights (supplementary figure
S1) dealing with potential intubation challenges were
taught during the session. Treatment group trainees
completed two successful manikin intubations or 10
minutes of training before their patient encounter.

A research team member observed intraoperative
intubation attempts for treatment and control groups.
To ascertain the cognitive load of each intubation,
the trainee immediately filled out the unweighted
National Aeronautics and Space Administration task
load index (NASA-TLX) after intubation.”> NASA-TLX
is a short, highly reliable (Cronbach o coefficient
>0.80), and valid, Likert survey of six questions that
was developed by NASA to measure mental workload
while performing a task—defined as the cost incurred
by a human operator to achieve a performance level
(supplementary figure S2). Each performer has a
cognitive workload limit,?° and high NASA-TLX scores
(ie, high cognitive load) have been correlated with
increased task specific error.’® **” The six specific
standardized domains measured were trainee self-
perception of mental, physical, and temporal demands
and performance; effort; and frustration related to the
intubation encounter. Ongoing research suggests that
scores of 50 or higher could indicate a high cognitive
load.?%3°

Trainees performed up to five patient intubations,
and trainees in the treatment group received a
coaching session before each intubation to allow for
a competency acceleration analysis (ie, an evaluation
of how quickly competency was achieved). Study
procedures were completed after the five observed
intubations or completion of the clinical rotation.
Trainees in the control group were offered coaching
sessions to allow an equal opportunity for learning
at the end of the study period. The protocol included
video capture of the training sessions for qualitative
analysis. However, capturing video during case
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turnover proved unfeasible and was abandoned early
in the study.

Outcomes

The primary outcome was the first attempt success rate
of intraoperative tracheal intubation of infants. An
attempt was defined as laryngoscope blade insertion
into the mouth to blade removal from the mouth.
Attempt time was from blade insertion until sustained
expired carbon dioxide was detected. Secondary
outcomes included complication rates; cognitive
load of intubation (measured by NASA-TLX); and
competency metrics, including time to intubation,
airway view defined by modified Cormack-Lehane
scoring®® >* (a grading system based on the extent
of laryngeal anatomy visible during intubation that
predicts intubation ease or difficulty; supplementary
figure S3), advancement maneuvers (number of times
the trainee tried to place the breathing tube in the
airway on a given intubation attempt), and technical
difficulties. We also assessed if competency, defined by
successful first attempts at intubation, occurred earlier
on average over five successive intubations among
trainees who received just-in-time training.

We analyzed complications, categorized as severe or
non-severe according to definitions from the Pediatric
Difficult Intubation Collaborative.” Complications
were limited to the airway encounter. There was
no long term follow-up. Non-severe complications
included mild hypoxemia (saturation <90% but
>80%), laryngospasm, bronchospasm, minor
airway trauma (dental or lip), and airway activation.
Severe complications included moderate hypoxemia
(saturation =80% but >50%), severe hypoxemia
(lowest saturation =50%), esophageal intubation,
cardiac arrest, and pharyngeal bleeding.

Statistical analysis

The study was powered for the primary outcome of first
attempt intubation success. We assumed an 80% first
attempt success rate to determine the sample size. This
assumption was based on an internal data query of the
previous five years of trainee intubations and published
literature.* 33 Using a y? test with a 5% two sided o, a
sample size of 200 intubations per group (400 total)
provided 80% power to detect a difference of 80%
versus 90% (10% absolute difference) in first attempt
success rates. We planned for 500 total intubations
to account for potential attrition. No interim analyses
were planned, nor were stopping guidelines included
because we reasoned that additional coaching would
not lead to increased harm. An intention-to-treat and
per protocol analysis was planned.

Categorical data were presented using frequencies
and percentages, and continuous data were presented
using means and standard deviations or medians
and interquartile ranges (IQR). Denominators were
presented to indicate variables with missing data, and
all non-missing data were included in the analysis.
The balance between the randomized groups was
evaluated for each variable using the standardized



mean difference, where values less than 0.2 were
considered to represent a good balance between arms.

Multivariable generalized estimating equations
modeling was implemented with alogit link (to estimate
odds ratios) or log link (to estimate risk ratios) and
binomial family to account for multiple intubations per
participant to compare the primary outcome of success
rates between groups. We adjusted multivariable
models for baseline variables and potential
confounders with standardized mean differences
greater than 0.2, comparing the groups. Fisher’s
exact test was implemented for outcomes where odds
ratios cannot be calculated. We analyzed continuous
secondary outcomes using median regression with a
random effect for trainees. Groups for the NASA-TLX
were compared as a continuous score using generalized
estimating equations modeling with an identity link
and Gaussian family. We applied mixed effects, ordinal
logistic regression for specific Likert scale domains and
ordinal outcomes. Results from multivariable adjusted
regression analyses were presented as adjusted
odds ratios or coefficients with corresponding 95%
confidence intervals (CI) and P values. Denominators
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were displayed to indicate variables with missing data.
We stratified subgroup analysis by trainee type (fellow,
resident, SRNA). A two tailed P<0.05 value was to be
considered significant. We did a number-needed-to-
treat analysis at the number of intubations level. Data
were managed with REDCap and stored on a secure
server. We did statistical analyses using Stata (version
16 0.0, StataCorp, College Station, TX).

Patient and public involvement

We generated our research question from our previous
infant airway research studies, our education work
with trainees, unanswered questions regarding best
practices in training, and our simulation center
experiences and related literature. As the trainee was
the study participant for the clinical trial and the study
commenced before patient and public involvement
was common, the public was not involved in setting
the research question.

Results
Between 1 August 2020 and 30 April 2022, 250
trainees were assessed for eligibility (fig 1), of

i 250)

Assessed for eligibility

A

Excluded
> 36 Did not meet inclusion criteria
32 Declined to participate
10 Other reasons (eg, withdrawn after
consent prior to randomization)

4

Randomized

A

(

(§83)

Allocated to treatment group
51 Residents
45 Received allocated intervention (142 total
intubations)
6 Did not receive intervention
2 Redirected to remediation programme
4 Did not intubate any study patients
16 Fellows
15 Received allocated intervention (74 total
intubations)
1 Did not receive intervention
1 Omitted due to extensive experience
16 SRNAs
10 Received allocated intervention (16 total
intubations)
6 Did not receive intervention
6 Did not intubate any study patients

|

Treatment trainees analyzed
45 Residents 15 Fellows 10 SRNAs

Fig 1| Consort diagram. After exclusions, randomization an

)

(§89)
Allocated to control group
54 Residents
53 Observed allocated intubation (172 total
intubations)
1 Did not observe intubation
1 Did not intubate any study patients
18 Fellows
16 Observed allocated intubation (78 total
intubations)
2 Did not observe intubation
2 Omitted due to extensive experience
17 SRNAs
14 Observed allocated intubation (33 total
intubations)
3 Did not observe intubation
3 Did not intubate any study patients

l

(i 83
Control trainees analyzed
53 Residents 16 Fellows 14 SRNAs

d analysis included 70 trainees in the treatment arm

(45 residents, 15 fellows, and 10 student registered nurse anesthetists (SRNAs)) and 83 trainees in the control arm

(53 residents, 16 fellows, and 14 SRNAs)
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Table 1 | Demographics and baseline characteristics of randomized groups, by trainee and intubation level data

Treatment group (n=70 trainees; Control group (n=83 trainees; Standardized mean

Variable n=232 intubations) n=283 intubations) differences
Trainee level data
Trainee type

Resident 45 (64.3) 53 (63.9)

Fellow 15 (21.4) 16 (19.3) 0.08

Student registered nurse anesthetist 10 (14.3) 14 (16.9)
Home institution

Beth Israel Deaconess Medical Center 7 (10) 15 (18.1)

Boston Children’s Hospital 15 (21.4) 16 (19.3)

Boston College 4 (5.7) 7 (8.4)

Boston Medical Center 4 (5.7) 6(7.2)

Brigham and Women’s Medical Center 21 (30) 17 (19.3) 0.58

Lahey Clinic 7 (10) 1(1.2) ’

Massachusetts General Hospital 4 (5.7) 5 (6)

Northeastern University 3(4.3) 5(6)

Saint Elizabeth’s Medical Center 5(7.1) 11 (13.3)

UMASS Medical Center 0 1(1.2)
Study intubation rounds completed

>1 70 (100) 83 (100)

2 55 (78.6) 69 (83.1)

>3 48 (68.6) 58 (70) 0.04

>4 33 (47.1) 43 (51.8)

5 26 (37.1) 30 (36.1)
Prior infant intubations

0 42 (60) 55 (66.3)

1-5 13 (18.6) 9 (10.8)

6-10 4 (5.7) 2 (2.4)

11-15 0 7 8.4) 0-56

16-20 1(1.4) 3(3.6)

»20 10 (14.3) 7 (8.4)
Previous medical school rotation in pediatric anesthesia 17 (24.3) 16 (19.3) 0.12
Previous pediatric anesthesia training in residency (months)

0 49 (70) 56 (67.5)

1 6 (8.6) 8 (9.6)

2 2 (2.9 3(3.6) 0.09

3 12(17.1) 14 (16.9)

3 1(1.4) 2(2.4)
Previous airway simulation experience 51/69 (73.9) 57/82 (69.5) 0.09
Previous departmental simulation training at Boston Children’s Hospital 0 1(1.2) 0.16
Previous Rapid Cycle Deliberate Practice*’ 1(1.4) 1(1.2) 0.02
Intubation level data
Patient age (months) 6 (3-9) 6 (3-9) 0.02
Patient weight (kg) 7.2 (5.4-8.7) 7.3 (5.5-8.8) <0.01
American Society of Anesthesiologists physical status classification

| 30(12.9) 42 (14.8)

Il 106 (45.7) 129 (45.6) 0.06

I 96 (41.4) 112 (39.6)
Muscle relaxant 189 (81.5) 237 (83.8) 0.06
Induction route

Intravenous 28(12.1) 42 (14.8)

Inhalational 203 (87.5) 240 (84.8) 0.08

Combination 1 (0.4) 1(0.4)
No of intubations between study rounds 0 (0-1) 0 (0-0) 0.04
Time elapsed between study rounds (days) 10 (4-23) 10 (3-24) 0.11
Passive oxygenation used on at least one attempt 21(9.1) 23 (8.1) 0.03
Approach on first attempt

Direct laryngoscopy 22(9.5) 62 (21.9) 0.35

Video laryngoscopy 210 (90.5) 221(78.1) ’
Screen used on first attempt 127/211 (60.2) 132/221 (59.7) 0.01
External pediatric task trainer class 3(1.3) 2(0.7) 0.06
Premature 60 (25.9) 90 (31.8) 0.13

If yes, post-conceptual age (weeks) 58 (46-74) 56 (43-72) 0.02

Categorical data are presented as number (%) and continuous data are presented as median (interquartile range). Standardized mean differences were calculated to determine balance between
the randomized groups for each variable; values <0.2 were considered as representing good balance between the two arms.
*Simulation feedback coaching that allows participants to try scenarios again until performed correctly.
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Table 2 | Analysis of first attempt success at infant intubations

Primary outcome
Overall

Treatment group (n=232)
212 (91.4)

Control group (n=283)
231 (81.6)

0dds ratio for treatment group
(95% Cl), P value

2.42 (1.45 t0 4.04), P=0.001

Risk ratio for treatment group
(95% Cl), P value

1.12 (1.05 to 1.19), P<0.001

Among residents

132/142 (93) 140/172 (81.4)

3.18 (1.62t0 6.24), P=0.001

1.15 (1.06 to 1.23), P<0.001

Among fellows

67/74 (90.5) 67/78 (85.9)

1.57 (0.56 to 4.41), P=0.39

1.05 (0.94 to 1.19), P=0.39

Among SRNAs

13/16 (81.3) 24/33(72.7)

1.82 (0.53 t0 6.24), P=0.34

1.14 (0.9 t0 1.43), P=0.28

Among direct laryngoscopy

19/22 (86.4) 50/62 (80.7)

1.61 (0.42 t0 6.2), P=0.49

1.08 (0.88 to 1.32), P=0.44

Among video laryngoscopy

193/210 (91.9) 181/221 (81.9)

2.58 (1.48 0 4.5), P=0.001

1.13 (1.05 to 1.2), P=0.001

Intubation round 1

63/70 (90) 70/83 (84.3)

1.67 (0.63 to 4.45), P=0.30

1.07 (0.95 to 1.2), P=0.30

Intubation round 2

50/55 (90.9) 51/69 (73.9)

3.53 (1.22 t0 10.2), P=0.02

1.23 (1.04 to 1.45), P=0.02

Intubation round 3

46/48 (95.8) 45/58 (77.6)

6.64 (1.42 t0 31.1), P=0.02

1.24 (1.06 to 1.44), P=0.007

Intubation round 4

28/33 (84.9) 37/43 (86.1)

0.91 (0.25 to 3.28), P=0.88

0.99 (0.82 to 1.19), P=0.88

Intubation round 5

25/26 (96.2) 28/30(93.3)

1.79 (0.15 t0 20.9), P=0.64

1.03 (0.91 to 1.16), P=0.64

Data are number (%) unless stated otherwise. For binary outcomes, odds ratios or risk ratios, 95% confidence intervals (Cl), and P values were calculated using generalized estimating equations
modeling to account for multiple cases per trainee.
SRNA=student registered nurse anesthetist.

All trainees
Residents
Fellows
SRNAs

whom 172 trainees were randomized (89 control,
83 treatment). Five trainees were withdrawn after
randomization. Reasons for withdrawal included
extensive prior experience with infant intubation, a
need for remediation, and incidental enrollment of
trainees participating in a cardiac fellowship that was
an excluded subgroup. Fourteen trainees (10 in the
treatment group and four in the control group) were
excluded from the final analysis because they did not
intubate a study infant. Therefore, 153 trainees (83
control, 70 treatment) received the intended study
protocol and were analyzed via modified intention-to-
treat and per protocol.

Overall, 515 intubations were performed (283
control, 232 treatment) and analyzed by the originally
assigned groups. The initial protocol planned
enrollment of 100 trainees to do five intubations each,
because the study was powered for 500 intubations.
However, we later discovered that we were not
achieving five intubations for all trainees. We made
an institutional review board amendment to enroll
more trainees to achieve the targeted number of study
intubations. Therefore, recruitment was stopped after
172 trainees—the minimum projected number to
attain 500 intubations. The trial was completed after
all enrolled trainees completed the study protocol,
yielding 515 intubations.

Adjusted odds ratio (95% CI)

—
0 1 2 3 4 5 6 7 8
Favors Favors
control treatment

Fig 2 | Adjusted comparison of first attempt success of infant intubation by study
arm. Data are adjusted odds ratio (95% confidence interval) for treatment group
(reference=control group). SRNA=student registered nurse anesthetist

6

Demographic and baseline characteristics were
similar, except for trainees in the control group
performing direct laryngoscopy on the first attempt
more often than trainees in the treatment group (table
1). A subgroup analysis was performed to determine
the impact of this difference (table 2).

Seven protocol deviations occurred in the treatment
group, which were instances when more than one hour
had occurred between coaching and intubation of
the patient (n=2), or an alternate approach was used
for patient intubation rather than for the coaching
session (n=5). Given the small number of protocol
deviations, we reported only the modified intention-
to-treat analysis. This intention-to-treat analysis was
a modified analysis—that is, we analyzed all available
data based on the randomized trainee groups; however,
some trainees did not perform any study intubations
and were therefore removed from the study analysis (as
indicated in figure 1).

Primary outcome

Overall, first attempt success for tracheal intubation
was higher in the treatment group than in the control
group (91.4% (212/232) v 81.6% (231/283), odds
ratio 2.42 (95% CI 1.45 to 4.04), P=0.001; table 2).
The number needed to treat for the primary outcome
was 10.2 (95% CI 6.4 to 25.2) at the number of
intubations level. Residents had a first attempt success
of 93% (132/142) in the treatment group versus
81.4% (140/172) in the control group (odds ratio 3.18
(95% CI 1.62 to 6.24), P=0.001). Fellows had a first
attempt success of 90.5% (67/74) in the treatment
group versus 85.9% (67/78) in the control group
(1.57 (0.56 to 4.41), P=0.39). For student registered
nurse anesthetists, first attempt success was 81.3%
(13/16) in the treatment group versus 72.7% (24/33)
in the control group (1.82 (0.53 to 6.24), P=0.34). An
adjusted comparison of first attempt success by study
arm is shown in figure 2. We saw significantly higher
odds of success among all trainees for the treatment
group than for the control group (2.42 (1.45 to 4.04),
P=0.001). Furthermore, odds of success among
residents for the treatment group was significantly
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Table 3 | Comparison of secondary outcomes relating to infant intubations

Treatment group (n=232 intubations;

Control group (n=283 intubations;

0dds ratio or coefficient

Secondary outcome variable n=255 attempts) n=340 attempts) (95% Cl) for treatment group* P value
Intubation level data
Duration of first attempt (seconds) 46 (37-58) 50 (39-65) -4 (-8.7t00.7) 0.1
Duration of all attempts (seconds) 47 (37-63) 54 (41-80) -7 (-12.4t0-1.6) 0.01
No of advancement maneuvers (attempt 1) 1(1-3) 2 (1-3) -1(-1.5t0-0.5) <0.001
Best modified Cormack-Lehane viewt—direct laryngoscopy (attempt 1)
Grades 1, 2A 19/22 (86.4) 58/62 (93.6) 2.29(0.47 t0 11.2) 0.31
Grades 2B, 3, 4 3/22(13.6) 4162 (6.5)
Best modified Cormack-Lehane viewt—video laryngoscopy (VADL with screen, video only, VADL without screen; attempt 1)
Grades 1, 2A 209/210 (99.5) 202/221 (91.4) 0.05 (0.01 t0 0.38) 0.004
Grades 2B, 3, 4 1/210 (0.5) 19/221 (8.6)
Attempt level data
Technical difficulties
None 207 (81.2) 226 (66.5) 2.18 (1.49t0 3.19) <0.001
Secretions 9 (3.5) 17 (5) 0.67 (0.27 to 1.66) 0.39
Airway activation (coughing/bucking) 0 2 (0.6) Cannot calculate (NA) 0.51
Fogging 0 8 (2.4) Cannot calculate (NA) 0.01
Tracheal tube hang-up or difficulty advancing 14 (5.5) 36 (10.6) 0.51 (0.25 to 1.04) 0.06
endotracheal tube
Laryngospasm 1(0.4) 1(0.3) 1.34 (0.08 t0 21.3) 0.84
Difficulty inserting endotracheal tube despite 12 (4.7) 42 (12.4) 0.36 (0.18t0 0.72) 0.004
adequate view
Other 30(11.8) 57 (16.8) 0.66 (0.41 to 1.08) 0.10
Complications
Minor 3(1.2) 9 (2.6) 0.45 (0.11t0 2.01) 0.3
Severe 4(1.6) 7 (2.1) 0.75 (0.2 to 2.83) 0.67

Data are number (%) or median (interquartile range). For binary outcomes, odds ratios, 95% confidence intervals (Cl), and P values were calculated using generalized estimating equations

(GEE) modeling to account for multiple cases per trainee. Fisher’s exact test was implemented for outcomes where odds ratios cannot be calculated. For continuous outcomes, coefficients, 95%
confidence intervals, and P values were calculated using median regression with a random effect for trainees. For ordinal outcomes, mixed effects ordinal logistic regression was implemented to
obtain odds ratios, 95% confidence intervals, and P values.
NA=not available; VADL=video assisted direct laryngoscopy.

*Reference=control group.

tThe modified Cormack and Lehane view grading system is based on the extent of laryngeal anatomy visible during intubation. Grade 1=full view of glottis; grade 2A=partial view of the glottis;
grade 2B=arytenoids or posterior part of the vocal cords only just visible; grade 3=only epiglottis visible; grade 4=neither glottis nor epiglottis visible.

higher than for the control group (3.18 (1.62 to 6.24),
P=0.001).

We performed a primary outcome subgroup analysis
of intubations involving video and direct laryngoscopy
(table 2). When video laryngoscopy was used, first
attempt success was 91.9% (193/210) in the treatment
group versus 81.9% (181/221) in the control group
(odds ratio 2.58 (95% CI 1.48 to 4.5), P=0.001). When
direct laryngoscopy was used, first attempt success
was 86.4% (19/22) in the treatment group versus
80.7% (50/62) in the control group (1.61 (0.42 t0 6.2),
P=0.49).

Secondary outcomes

The overall complication rate was 2.75% (7/255)
in the treatment group and 4.71% (16/340) in the
control group (odds ratio 0.57 (95% CI 0.23 to
1.41), P=0.22; table 3, supplementary table S1).
Mental workload scores, measured by the NASA
cognitive task load index, were significantly lower
for mental demand (coefficient -9.5 (95% CI -16
to -3), P=0.004), temporal demand (-9.1 (-16.1 to
-2.1), P=0.01), effort (-10.1 (-16 to —4.4), P=0.001),
and frustration (-7.1 (-12.6 to -1.7), P=0.01) in the
treatment group. We saw no differences between
groups for the physical demand (-3.2 (-8.2 to
1.8), P=0.21) and performance (-2.9 (-6.6 to 0.7),
P=0.11) domains (supplementary tables S2 and S3;
supplementary figures S4 and S5).
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A competency acceleration analysis—designed
to measure whether just-in-time training expedited
trainee skill acquisition—showed a significant
difference between groups in first attempt success
rates by intubation rounds two and three, favoring
the intervention (table 2). For example, in round
two, by which the treatment group had received their
second just-in-time training, their first attempt success
rate was 90.9% (50/55) versus 73.9% (51/69) in
the control group (odds ratio 3.53 (95% CI 1.22 to
10.2), P=0.02). By round three, after three just-in-
time training sessions, the treatment group’s first
attempt success rate was 95.8% (46/48) versus 77.6%
(45/58) for the control group (6.64 (1.42 to 31.1),
P=0.02). Competency acceleration dropped off in
intubation rounds 4 and 5, with higher uncertainty of
the estimates. This drop-off might be due to relatively
smaller sample sizes in each study group for trainees
with a fourth and fifth intubation round, leading to
more variability and uncertainty of the effect estimates.
Gradual progress and improvement were seen in the
control group, with similar success rates by round 5.

We saw significant quantitative differences in
technical skill metrics between groups. The treatment
group had more modified Cormack-Lehane grade
1 views (the best possible airway view) for video
laryngoscopy than the control group, half the number
of endotracheal tube advancement maneuvers, fewer
technical difficulties during laryngoscopy, and faster



intubation times (table 3, supplementary table S1).
The direct laryngoscopy findings were not significant.
The direct laryngoscopy modified Cormack-Lehane
grade 1 view favored the control group (table 3,
supplementary table S1). Grade 2A views, which
still have a high probability of successful intubation,
were similar between direct laryngoscopy groups. No
adverse events related to this study were reported to
the study coordinator or institutional review board.

Discussion

This randomized clinical trial demonstrated that just-
in-time training was associated with significantly
improved first attempt success of infant orotracheal
intubation by pediatric anesthesia trainees. The
improvement in first attempt success by 10 percentage
points is clinically meaningful, considering the
harms associated with multiple tracheal intubation
attempts and the many trainee intubations performed
yearly. Just-in-time training was associated with
significant process improvements in quality of care,
including decreased time to intubation, improved
views of the larynx while intubating (which leads to
easier breathing tube insertion), fewer advancement
maneuvers in placing the breathing tube, and fewer
technical difficulties. Finally, just-in-time training
was associated with a significantly lower cognitive
task load while intubating. Lower cognitive task loads
are associated with fewer task specific errors, which
is crucial in the potential morbidity and mortality
associated with infant intubation. Our findings
indicate that just-in-time training could improve
clinical outcomes in high stakes medical procedures,
particularly among inexperienced clinicians.

The observed improvement in trainee skills and
cognitive workload is important and timely. In recent
studies, infants who needed more than two attempts
to intubate had 40% incidence of hypoxemia and
8% incidence of bradycardia."® Newborn babies and
infants comprise a quarter of cardiac arrests due to
respiratory causes (including failed intubation) in
the recent UK National Audit (NAP7) on perioperative
cardiac arrest.'® In our study, complication rates were
lower in the treatment group than in the control group,
although this difference was not significant. However,
our study was powered for first attempt success of
intubation and not complications. Complications in
the treatment group were half of those in the control
group, which is clinically meaningful.

Our exploratory primary outcome findings
suggest that just-in-time training before procedures
improves infant intubation outcomes even in a setting
where, moments later, intraoperative attending
anesthesiologists can provide real time bedside
teaching using video laryngoscopy, as was allowed
in the control group. Video laryngoscopy is rapidly
becoming the standard of care® in infant intubation
as it improves first attempt intubation success.”* >> The
approach allows attending anesthesiologists to guide
trainees while intubating as they can, in real time,
share a video screen of the airway with the trainee.? 3°
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Despite this enhanced ability to provide trainees with
real time feedback during intubation, trainees in the
treatment group still had higher first attempt success
rates and better airway views when using intraoperative
video laryngoscopy than trainees in the control group,
who had no pre-coaching and only intraoperative
instruction. Expert guided coaching® just before
clinical care could, therefore, expedite competency
and prime trainees for the clinical encounter.

Comparison with other studies

While our study focused on pediatric intubations,
our findings indicate that just-in-time training might
improve the quality of procedural care more generally.
Although to rehearse, warm up, or practice is standard
before performing in several high stakes occupations,
just-in-time training is rare to non-existent in
medicine. Previously, just-in-time simulation for
tracheal intubation in the pediatric intensive care unit
was compared to historical controls, and no difference
in first attempt success rate was found. However, that
study was not randomized, and in it, training could
occur up to 24 hours before the clinical encounter,
compared with training that occurred within an hour
of intubation in our study.*® A just-in-time lumbar
puncture cohort study for pediatric interns also did not
show improved clinical success rates,?” but the study
was non-randomized, the intervention supervisors
included all attending physicians and senior house
staff rather than a specific coaching team, and
participants surveyed reported that teaching and
supervisor engagement was highly variable and that
the intervention was sometimes skipped if perceived
as a barrier to workflow.*’ In contrast, a prospective,
randomized trial on intubation in the neonatal
intensive care unit showed a significant clinical effect
of just-in-time simulation versus video intubation
education among junior pediatric residents.** Although
that study was smaller and did not have a dedicated
coaching team, their findings are consistent with ours
and demonstrate the potential generalizability of
just-in-time training and the importance of engaging
motor skills as part of the warm-up for inexperienced
clinicians.

Policy and research implications

Although our study focused on just-in-time training
for inexperienced clinicians, our findings raise
whether experienced clinicians might benefit. Indeed,
just-in-time training and physical warm-up in other
professions are ubiquitous and not only restricted to
those without experience. Whether this same principle
applies to experienced clinicians is an open question.
While it is well established within medicine that
greater clinical volume is associated with better clinical
outcomes (ie, the volume-outcome relationship*?),
the timing of when that volume accrues also likely
matters. More recent experience might be associated
with improvement in procedural outcomes, managing
human capital depreciation, or skill decay. A study of
high volume cardiac surgeons found that even small
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temporal breaks in surgical care (ie, days away from
the operating room) affected surgeons’ performance
in coronary artery bypass graft surgery.*> This finding
suggests that just-in-time practice, with or without
coaching, could improve procedural outcomes, an area
of future study.

Our study’s findings also raise whether just-in-time
training might be useful in procedures other than
infant intubations, such as central lines and chest
tubes. A just-in-time model could be put into operation
in two ways. For semi-urgent or non-urgent procedures,
individuals could receive just-in-time training just
before the procedure, as in our study. However,
because many procedures can be emergent (eg, needle
decompression for tension pneumothorax) with little
time to perform coaching just before the procedure,
an alternative would be to coach trainees briefly at the
start of each shift where such procedures are likely (eg,
for several minutes at the start of a shift in the intensive
care unit). The key principle is to bring the time
between training and implementation for a procedure
much closer together. Further research is needed to
assess whether just-in-timing training applies to other
clinical contexts and the optimal timing and frequency
of such training.

Limitations

Our study had several limitations. First, just-in-time
training could slow workflow.** However, coaching
sessions each lasted a maximum of 5 to 10 minutes;
were integrated into clinical workflow; and no
formal complaints on operating room efficiency were
received by the research coordinator, division head, or
institutional review board during our study. Moreover,
the airway coaches frequently had their own clinical
assignments; just-in-time coaching did not impose a
demanding non-clinical burden. Nonetheless, a full
cost-benefit analysis should be considered.

Second, by being conducted in one center, this
trial could have been subject to institutional culture.
However, study participants were from 10 different
training institutions, and given this trainee diversity,
our results could generalize to other similar programs.
Moreover, our findings should be considered as a
proof of principle and suggest that additional large
scale evaluation, similar to the evaluation of surgical
checklists,* *¢ should be considered. Third, our study
did not have a control placebo—that is, an instructional
video or written template on intubating newborn
babies. Our goal was to compare just-in-time training
to our standard of care—intraoperative teaching alone
by attending anesthesiologists.

Another limitation was that we did not restrict the
intubating device for pragmatic reasons, because
direct laryngoscopy and video laryngoscopy are
used in intubating infants. We conducted a subgroup
analysis of the primary outcome to account for the
different modalities. Anesthesia providers strongly
preferred using video laryngoscopy in this high
risk population, so the 6% difference favoring the
treatment group when using direct laryngoscopy did
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not reach significance. Furthermore, we conducted
coaching sessions in a perioperative simulation suite.
Many institutions might lack dedicated suites near
clinical environments; however, the method could be
implemented in nearby workrooms or the operating or
patient room before the procedure.*” Finally, masking
of participants was impossible, given the study’s
nature. This source of bias was unlikely, because
in both treatment and control groups, supervising
attending anesthesiologists would have wanted to
secure the airway in as few attempts as possible.

Conclusions

Just-in-time training with an expert coach could improve
the quality of procedural care among inexperienced
clinicians. In our single center, prospective randomized
controlled trial, we observed increased first attempt
success rates of orotracheal intubation in newborn
babies and infants among trainees who received expert
coaching just before intubation. Integrating a just-in-
time approach into airway management training could
improve patient safety and serve as a proof of concept
for improving high stakes procedural outcomes more
broadly. Randomized evaluation in other settings is
warranted.
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