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Abstract

Background

Single modality training programs have been implemented to address widespread deficiencies in
tracheostomy knowledge and confidence among clinical providers, but investigations comparing

training approaches are rare.

Objective

To compare in-person, virtual, and online module-based curricular approaches for tracheostomy care

training in a pediatric residency.

Methods

A prospective study in 2021. Pediatric residents, grouped by Post Graduate Year (PGY)-level,
were randomly assigned to a study arm: 1) online module plus in-person training (hybrid), 2)
online module plus video training (online), or 3) online module only. Training completion, pre- and
post-training survey and quiz responses were analyzed by study arm and PGY-level.

Results

Eighty-five residents enrolled. 26 (30.6%) completed in-person training, 22 (25.9%) completed
video training, 37 residents (43.5%) in the module only group. Online module completion was
low (11.8% total completed) and did not differ significantly by study arm (p=0.36) or PGY-level
(p=0.06). For the 29 learners who completed both the pre- and post-survey (9 hybrid, 9 online, 11
modules only, p=0.38), there was a greater increase in overall confidence among the hybrid (1.8+0.5,
p<0.001) and online (1.9+0.9, p<0.001) groups than in the module only group (0.6+0.7, p=0.03).
Quiz scores improved from a mean of 61.0% (n=58) to 72.2% (n=41) post (p=0.003). In paired
analysis (n=29), quiz scores improved within the online study arm (14.4+16.7%, p=0.03), PGY-1s

(19.0+1.67%, p=0.006) and PGY-2s (21.2421.0%, p=0.02).

Conclusions

Tracheostomy care training sessions for pediatric residents in-person and over a live video platform
resulted in similar increases in confidence with pediatric tracheostomy care.

INTRODUCTION

Pediatric tracheostomy, among the most common procedures per-
formed on critically ill patients, is associated with high morbidity
and mortality, with complication rates ranging from
12.6%-30%.17 Deficiencies in the understanding of tracheostomy
tube care among non-otolaryngology healthcare providers who
routinely care for these patients is widespread.® 13 This is rec-
ognized as a pervasive and multi-faceted problem globally, and
effective standardized education of healthcare providers at every
stage of training is a key driver of successful quality improvement
efforts in tracheostomy care.!? Single modality educational inter-
ventions have been implemented to improve provider knowledge,
skills, and confidence with tracheostomy management,!3-24 how-
ever, slow dissemination of best practices in tracheostomy care

remains a major barrier to widespread quality improvement ef-
forts.13.25

The SARS-CoV-2 pandemic has accelerated the use of online
and video-based learning modalities in healthcare training.26-34
Online modules are available on-demand, can be completed at the
individual learner’s preferred pace, and can be disseminated to
larger groups with less resource expenditure than in-person train-
ing. While virtual learning modalities are shown to be feasible for
teaching tracheostomy skills, the learning style is more passive
than live hands-on, in-person sessions, which allow demonstration
and correction of skills.25 Live video sessions strike a balance be-
tween online modules and in-person sessions, providing a more
active learning style with the opportunity to ask questions and re-
ceive feedback in real-time; however, suboptimal hardware and
audio/visual display can present challenges for hands-on skills
training, especially in resource-limited settings.25
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The goal of our study was to pilot a multimodal pediatric tra-
cheostomy curriculum in a single tertiary care pediatric residency
program. Our primary objective was to study curriculum comple-
tion for three study arms 1) online module plus in-person training
(hybrid), 2) online module plus video training (online), or 3) on-
line module only (module only). Our secondary aim was to com-
pare (a) self-assessed confidence with tracheostomy care and (b)
scores on a tracheostomy care knowledge quiz, stratified by study
arm and PGY-level.

METHODS

Setting and participants

This study was conducted on pediatric residents at a tertiary care
children’s hospital during the academic year July 2021 - June
2022.

Randomization Model

Participant data including study identifier (ID), year in training
(post-graduate year (PGY)-1, 2, or 3), sex, prior experience with
tracheostomies, and resident schedule (specifically, whether each
resident had completed 0, 1, or 2+ ICU rotations) was input by a
member of the research team into a random allocation model in
Microsoft Excel (MS Office, 2021). Participants were stratified by
each of these categories, then allocated into their final assigned
study arm based on a random number assigned to them.

Interventions

Residents were randomized to one of the three study arms: hybrid,
online, and module only. The hybrid group was assigned to an on-
line pediatric tracheostomy care module and a hands-on training
session with faculty (one hour: 10-minute lecture, followed by
skills session with a low-fidelity tracheostomy mannequin with
informal question-and-answer). The online group was assigned
the online module and a live video-conference session (one hour:
10-minute lecture, followed by skills session on Zoom® with iden-
tical low-fidelity tracheostomy mannequins and equipment for
learners and instructor with informal question-and-answer). The
module-only group was assigned the online module with no addi-
tional training session.

Sequence

The timeline of the study is depicted in Figure 1. A previously
tested online pediatric tracheostomy care module was assigned
and distributed to all pediatric residents electronically via our in-
stitution’s intranet-based online education management system in
August.3> The module comprised of an interactive slide format
with audio instruction and audio-visual scenarios.

Live in-person and video hands-on training sessions were con-
ducted during Academic Half Day, one afternoon per week of pro-
tected educational time in the pediatric residency program. Partic-
ipants were assigned to complete a survey and 10-question quiz
at the beginning of the academic year and again after training.
The survey and quiz were adapted from our team’s prior study,3>
with questions added to tailor the instrument to pediatric residents
post-pandemic. Specifically, we gathered data on each resident’s
number of prior PICU and NICU rotations, where they are most
likely to care for patients with tracheostomies, and any prior expe-
rience caring for Covid-19 patients with tracheostomies. Surveys
and quizzes were distributed via REDCap directly to participants’
institutional emails. Data was de-identified prior to analysis.

Instruments

The survey included self-assessment of confidence on a 5-point
Likert scale six items: recognizing proper tube position, recogniz-

ing obstruction, suctioning, tracheostomy tube changes, respond-
ing to accidental decannulation of a mature tracheostomy tube,
and responding to accidental decannulation of a fresh tra-
cheostomy tube. In addition, the survey queried participants’ pre-
vious clinical experience caring for patients with tracheostomies.
The 10-question multiple-choice quiz (10 points per question for
maximum score of 100) evaluated understanding of tracheostomy
tube size, type, bedside equipment, suctioning technique, cuff
management, and responses to tracheostomy emergencies.

Outcomes measured

Feasibility (curriculum completion rates), acceptability (learning
modality preference as indicated in survey), change in provider
confidence (Likert scale survey responses) and knowledge (quiz
scores) were assessed by study arm and PGY-level.

Analysis of outcomes

Statistical analysis was performed using STATA software, version
BE 17.0 (Copyright 19962021, StataCorp LLC, College Station,
TX). Data was examined for normality (using visual inspection of
histograms) and equal variance and analyzed using descriptive sta-
tistics (mean, standard deviation, median, interquartile range) for
baseline data. ANOVA was used to evaluate curriculum comple-
tion rates, baseline pre-test confidence and quiz scores by study
arm (per-protocol analysis) and PGY-level. Categorical variables
were analyzed using chi-square and Fisher’s exact tests. For the
29 participants who completed both pre- and post-assessments,
paired t-tests were used to assess change in confidence (Likert
scale)30 and quiz scores (0=0.05). A complete case analysis ap-
proach to missing data was used, and participants with missing
survey and quiz data were omitted from analysis.

Ethical Considerations

Institutional review board (IRB) approval was obtained from Al-
bert Einstein College of Medicine and the IRB approval number
was 2018-9184.

RESULTS

Demographics and summary

Eighty-five pediatrics residents were enrolled in this study (Table
1.

Among them, 29 were PGY-1 (34.1%), 29 were PGY-2
(34.1%), and 27 were PGY-3 (31.8%). 68 participants (79.1%)
were female. At the beginning of the study period, 29 participants
were assigned to the hybrid study arm, 30 to the online study arm,
and 26 to the module-only study arm; 3 residents from the hy-
brid group and 8 residents from the online group crossed over to
the module-only group due to inability to attend live or video ses-
sions, resulting in a final allocation of 26 residents in the hybrid
study arm, 22 in the online study arm, and 37 in the module-only
group. Final study arm groups were similar in makeup by PGY
level, gender, number of residents with prior tracheostomy care
experience, baseline survey responses and quiz scores. Baseline
survey and quiz data are summarized by study arm in Table 2 and
by PGY level in Table 3.

Curriculum and survey completion rates are summarized in
Table 4. Online module completion was 11.8% overall and did not
differ significantly by study arm (p=0.36) or PGY-level (p=0.06).
Survey completion rates were similar across all study arms
(p=0.38) and PGY-levels (p=0.42). Fifty-seven residents (67.1%)
completed the pre-training survey, 41 (48.2%) completed the post-
training survey, and 29 (34.1%) completed both the pre-training
and post-training surveys. The mean change in survey and quiz
scores among participants who completed none or only part of
their assigned curriculum is summarized in Table 5. Across all
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Figure 1. Study timeline

Group 1:
_ Hybrid
P‘re Sun’ey o > E-module — Livesession —
Quiz (REDCAP)
Group 2:
. Online .
Enrollment — Randomization > E-module — Zoom session Analysis
Group 3:
Module-only
E-module
June/July 21 July 21 Awngust 21 Sept-Dec 21 Dec’21 - April 22 July 22
Figure 1 Legend: Depiction of the study timeline during the academic year 2021-2022
Table 1. Baseline characteristics by study arm (N=85)
Hybrid Online _
Overall (n=26) (n=22) Module only (n=37) p value
Post graduate Year-1 29 10 8 11 0.81
Post graduate Year-2 29 9 8 12
Post graduate Year-3 27 7 6 15
Female n (%) 68 (79.1) 23 (88.5) 17 (77.3) 28 (73.7) 0.43
3 crossed over from hybrid to module only arm and 7 crossed over from online to module only arm.
PGY: post-graduate year.
Table 2. Comparison of baseline survey and quiz data by study arm (N=85)
Hybrid Online Module P
ol (n=26) (n=22) only (n=37) value
Baseline survey and quiz completed 57 18 12 27 0.40
Previous clinical performance of tracheostomy tube 1 4 5 5 0.99
change
Confidence*
median, IQR, mean+SD
Determining if a tracheostomy tube is in 1(1,2) 1(1,2) 1(1,1.5) 1(1,2) 047
proper position 1.6+0.8 1.6+0.8 1.3£0.5 1.7£1.0 ’
Determining if a tracheostomy tube is 2(1,2) 2(1,2) 2(1,2) 2(1,2) 029
obstructed 1.8+0.9 1.8+0.8 1.8+0.9 1.8£1.0 ’
- 1(1,2) 1(1,2) 2(1,2) 1(1,2)
Suctioning 1.7+0.8 1.540.7 1.8+0.8 1.70.9 0-59
. . 1(1,2) 1(1,2) 1(1,2) 1(1,2)
Changing established trach tube 1.6+0.9 1.841.1 1.6£1.0 1.5:0.8 0.51
Responding to accidental decannulation of 1(1,2) 1(1,2) 1(1,1) 1(1,2) 081
mature tracheostomy tube 1.4+0.8 1.5+0.8 1.4+1.0 1.440.8 ’
Responding to accidental decannulation of 1 (L,1) 1(1,1) 1(1,1) 1(1,1) 0.64
fresh tracheostomy tube 1.1+0.4 1.2+£0.5 1.1+£0.3 1.0+0.4 :
Baseline quiz score in percentage U 70% 60% 60%
e IqQR o irSDp g (50,70) (40,80) (50,70) (50,80) 0.59
’ ’ 61.0£19.0% 62.1+22.5% 58.3£11.1% 61.5£19.6%

IQR: interquartile range; SD: standard deviation

*Self-assessment of Confidence Likert scale: 1- very unconfident, 2- somewhat unconfident, 3- neutral, 4- somewhat confident, 5- very confident

study groups, post-module surveys found that 39/41 participants

(95.1%) preferred live, in-person training and 2/41 participants

(4.9%) preferred training via Zoom.

Post-module surveys demonstrated a significant increase in mean

Confidence

confidence (1.3+0.9, p<0.001) overall and with regards to each of
the 6 items. There was a greater mean increase in confidence in
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Table 3. Comparison of baseline survey and quiz data by PGY-level (N=85)

Post graduate Post graduate Post graduate )4
Year 1 Year 2 Year 3 value
Baseline survey and quiz completed 20 18 19 0.84
Previous clinical performance of tracheostomy tube 1 5 3 0.02
change
Confidence*
median, IQR, mean+SD
Determining if a tracheostomy tube is in proper 1(1,1) 1(1,1) 2(1,3) 0.007
position 1.3£0.6 1.3£0.7 2.1+£1.0 :
S . 1(1,2) 1.5(1,2) 2(1.5,3)
Determining if a tracheostomy tube is obstructed 1.5:06 16407 23111 0.02
Lo 1(1,2) 1(1,2) 2(1.5,3)
Suctioning 1.5:0.8 1.4+0.5 2.240.9 0.01
. . 1(L,1) 1(1,2) 2(1,3)
Changing established tracheostomy tube 12104 16£1.0 2111 0.004
Responding to accidental decannulation of mature 1(1,1) 1(1,2) 1.5(1,2.5) 0.007
tracheostomy 1.0£0.2 1.5£1.0 1.8+1.0 :
Responding to accidental decannulation of fresh 1(1,1) 1(L,1) 1(1,1) 0.05
tracheostomy 0.9+0.4 1.2+0.4 1.2+0.4 ’
. . S 75%
Baseline quiz score out of 10 points in percentage 50% (40,65) 60% (50,70) (60,90) <0.001
median, IQR, mean+SD 51.0+£14.8% 57.8+18.3% 74 Oi,lé 4% :

86 residents enrolled; 1 dropped due to resident being on leave
IQR: interquartile range; SD: standard deviation

*Self-assessment of Confidence Likert scale: 1- very unconfident, 2- somewhat unconfident, 3- neutral, 4- somewhat confident, 5- very confident

the hybrid (1.8+0.5, p<0.001) and online (1.94+0.9, p<0.001) study
arms than in the module-only study arm (0.6+0.7, p=0.03). There
was also a greater increase in mean confidence among those who
completed part or all of their curriculum (1.3£1.0, p<0.001) than
among those who did not complete any part of their curriculum
(0.7+0.7, p=0.02). A mean increase in confidence was also ob-
served among PGY-1 residents (1.6+1.0, p<0.001), PGY-2 resi-
dents (1.5+0.6, p<0.001) and PGY-3 residents (0.9+1.0, p=0.01)
(Table 5).

Knowledge

Quiz scores increased from a mean of 61.0% on the pre-training
quiz (n=57) to 72.2% on the post-training quiz (n=41) (11.2%,
[CT 4.0%, 18.4%)], p=0.003). The most common questions an-
swered incorrectly in the pre-training quiz were identifying the
purpose of an obturator (75.9% incorrect responses) and identify-
ing an obturator in an image (77.6%). The most common ques-
tions answered incorrectly in the post-training quiz were identify-
ing an obturator in an image (68.3%) and selecting the appropriate
depth of suction catheter insertion (70.7%). In paired analysis
(n=29 learners who completed both the pre- and post-quizzes),
knowledge improved among those who completed all or part of
their curriculum (1.7+0.8, p<0.001), those in the online study
arm (14.4+16.7%, p=0.03), PGY-1s (19.0+1.67%, p=0.006) and
PGY-2s (21.2421.0%, p=0.02) (Table 5).

DISCUSSION

Novel findings

This study is novel in its assessment and comparison of three dif-
ferent modalities of tracheostomy training in an urban, academic
tertiary medical center system pediatric residency program. Cap-
italizing on the potential of live video skills sessions for train-
ing of large groups of learners, these curricula could be applied
broadly with lower resource investment. Completion rates and in-

crease in confidence were similar among those who received live
hands-on training sessions held either in-person or over Zoom, and
these modalities demonstrated a greater mean increase in confi-
dence scores for participants.

Feasibility

The main feasibility challenges encountered during the study were
low module completion rates, and scheduling and attendance for
both the hands-on live and video training sessions. Module com-
pletion rates were low across all three study arms including the
module-only group, likely due to limited accessibility of the in-
tranet-based module for learners on ambulatory rotations. As a re-
sult, the module-only study arm acted more as a control group than
an assessment of a third modality of education.

All participants in the hybrid and online study arms attended
either the initial training session during Academic Half Day in
September 2021 or one of four makeup sessions scheduled be-
tween October and December to meet our goal of educating as
many residents as possible with equal proportions of PGY-level
per study arm group. The initial sessions in September had the
highest attendance (15-20 learners per hands-on live in-person and
live video groups), while attendance at subsequent makeup ses-
sions was limited due to scheduling conflicts with other educa-
tional objectives and clinical duties. Ultimately, three participants
in the hybrid study arm and seven in the online study arm were
re-assigned to the module-only group due to inability to attend the
initial training session or any of the makeup sessions, challenges
we will seek to address by staggering small group live in-person
training by 6- and 12-week rotation blocks across the current aca-
demic year.

Confidence and Knowledge

Overall, there was a significant increase in mean quiz score and
mean confidence with tracheostomy skills after training. There
was a greater increase in confidence among participants in the hy-
brid and online study arms than in the module-only study arm.
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Table 4. Curriculum and survey completion by study arm and post graduate year (N=85)

Overall Hybrid Online Module only ¥4 Post graduate Year Post graduate Year Post graduate Year )4
(n=26) (n=22) (n=37) value 1 2 3 value
Module completion 10 5 1 4 0.35 7 1 2 0.06
Curriculum
completion
None 32 0 0 32 8 12 12
- <
Partial 42 21 21 NA 0.001 14 16 12 0.18
Complete 11 5 1 5 7 1 1
Survey completion
Neither 16 5 5 6 5 4 7
Pre-survey only 28 9 3 16 10 10 8
- 0.38 0.42
Post-survey 12 3 5 4 4 7 1
only
Both 29 9 9 1 10 8 11

All numbers reported are counts, except for p values
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Table 5. Mean change in survey and quiz scores by study arm and post graduate year (N=29)
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Post Post Post . .
. . Module No curriculum Any curriculum
Hybrid Online graduate graduate graduate
Overall _ _ only completed completed
(n=9) (n=9) (n=11) Year 1 Year 2 Year 3 (n=10) (n=19)
(n=10) (n=8) (n=11)

Mean+SD change in confidence

Determmlqg if a tracheostomy tube is in 14+ 1.6 £ 2.1+ 06+0.8 18+1.1 1508 09+1.1 07+0.8 17+1.0

proper position 1.1 0.9 1.1

Determining if a tracheostomy tube is 132 1.8+ 1.8+ 0.7+1.6

obstructed 13 10 16 0.6+0.9 1.7+0.9 1.8+£0.9 NS 0.7+0.9 1.7+1.3

- 1.4+ 22+ 19+ 03+1.2 04+12
Suctioning 12 08 03 NS 1.6+1.4 1.6+0.7 33+13 NS 1.9+0.9
. . I22 1.6+ 2.1+ 03+1.1 07+1.2 04+1.1

Changing established tracheostomy tube 13 05 13 NS 1.5+1.4 1.6+1.2 NS NS 1.9+0.9

Responding to accidental decannulation 1.6+ 2.1+ 1.8+ 09<10 15412 16407 1514 10+ 1.1 1712

of mature tracheostomy 1.2 1.1 1.1

Responding to accidental decannulation 1.1+ 13+ 14+

of fresh tracheostomy 0.9 10 10 0.6+0.7 1.8+1.1 1.5+£0.8 09+1.1 0.7+0.7 1.8+1.1
Mean confidence 1.1+ 1.8+ 1.9+
(all 6 questions) 02 02 03 0.6+0.2 1.6+0.3 1.5+£0.2 09+0.3 0.7+0.7 1.3+1.0
Change in quiz score reported in percent HHIES 1;54;: 144+ 18204 19.0 + 1.67 21.2+21.0 SIS 13.7£20.6 2.0+21.5

ange in quiz score reported in percentages 213 N.S 16.7 NS d . . . NS NS . .

All comparisons were significant (p<0.05) except those denoted by NS (Not significant)

SD: Standard deviation
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We also observed higher average post-training quiz scores in the
hybrid and online groups than the module-only group and a sta-
tistically significant improvement in quiz scores in the online
group. These findings suggest similar effectiveness for live in-
person and video training sessions. Mean increases in confidence
and quiz score were greater among PGY-1 and PGY-2 residents
than PGY-3 residents. These increases were anticipated in light of
lower baseline confidence and quiz scores and less reported clini-
cal experience caring for patients with tracheostomies in the more
junior resident training levels.

Limitations

Limitations of our study include low survey completion and self-
directed online module completion rates across all groups. Al-
though we found a significant increase in tracheostomy knowl-
edge, both when examining the 29 participants who completed
the pre- and post-module quizzes and for the online study arm
alone, there was no significant increase in tracheostomy knowl-
edge for the hybrid group, likely due to small sample sizes and
low post-survey response. Although our curricula had been devel-
oped and approved by a multidisciplinary team of tracheostomy
experts and previously tested among other learner groups at our
institution, there is no gold standard instrument for measurement
of pediatric tracheostomy care knowledge. Although all residents
assigned to the hybrid and online groups received education, not
all residents who completed their assigned curriculum also com-
pleted both surveys. Through a complete case analysis, partici-
pants who did not complete both surveys were omitted from sta-
tistical analysis. Reduced statistical power due to this missing data
and small sample size may have affected the study’s ability to de-
tect meaningful differences between groups. Therefore, while no
significant difference between the hybrid and online groups was
detected, it is possible a difference would have been found with
a larger sample of surveys. Also, although we found a significant
increase in tracheostomy knowledge, both when examining the 29
participants who completed the pre- and post-module quizzes and
for the online study arm alone, there was no significant increase in
tracheostomy knowledge for the hybrid group, likely due to small
sample sizes and low post-survey response. Crossover and possi-
ble non-random attrition of participants, which could have been
mitigated by strict adherence to randomization or intention-to-
treat analysis, might have affected the generalizability and internal
validity of our findings. While these limitations may have nega-
tively impacted the study’s generalizability, they also revealed po-
tential barriers to education of residents and inspired future en-
deavors to improve participation and survey response rates.
Additionally, survey responses are subject to response bias, in
which those who were more engaged or confident in their im-
provement were more likely to complete the post-training survey
and vice versa. Survey responses are also subject to recall bias,
whereby respondents may over- or underestimate how frequently
they have encountered certain experiences with tracheostomy
care. It is also possible that measures of self-assessed provider
confidence may be subject to the Dunning Kruger effect, which
occurs when individuals lacking knowledge and skills in a certain
area may overestimate their own competence while individuals
who excel in that same area underestimate their relative abil-
ities.3738 This may contribute to a potential misrepresentation
(more likely to be an underestimate in this learner population) of
the true impact of training. Though there is high face validity to
the belief that our respondents would respond honestly and accu-
rately, these data are unverifiable. Lastly, although our curricula

had been developed and approved by a multidisciplinary team of
tracheostomy experts and previously tested among other learner
groups at our institution, there is no gold standard instrument for
measurement of pediatric tracheostomy care knowledge.

Future Directions

Results of this study indicated that training sessions were effective
in increasing resident knowledge and confidence regarding tra-
cheostomy care. However, low online module completion rates
and scheduling conflicts indicated that regularly scheduled hands-
on simulation sessions were necessary to ensure residents received
training. The following academic year, all incoming first year res-
idents attended a hands-on pediatric tracheostomy training session
during orientation, while second- and third-year residents were as-
signed to simulation training sessions scheduled by rotation block
throughout the year. These changes resulted in an increased the
curriculum completion rate of 85.23% and ensured residents re-
ceived tracheostomy education regardless of module completion.
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