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ABSTRACT

Objectives: Point-of-care ultrasound (POCUS) has been identified as a critical skill for pediatric emergency
medicine (PEM) physicians. The purpose of this study was to profile the current status of PEM POCUS in
pediatric emergency departments (EDs).

Methods: An electronic survey was distributed to PEM fellows and attending physicians at four major pediatric
academic health centers. The 24-item questionnaire covered professional demographics, POCUS experience and
proficiency, and barriers to the use of POCUS in pediatric EDs. We used descriptive and inferential statistics to
profile respondent’s PEM POCUS experience and proficiency and Rasch analysis to evaluate barriers to
implementation.

Results: Our return rate was 92.8% (128/138). Respondents were attending physicians (68%) and fellows (28%).
Most completed pediatric residencies prior to PEM fellowship (83.6%). Almost all had some form of ultrasound
education (113/128, 88.3%). Approximately half (46.9%) completed a formal ultrasound curriculum. More than half
(53.2%) said their ultrasound education was pediatric-specific. Most participants (67%) rated their POCUS
proficiency low (Levels 1-2), while rating proficiency in other professional competencies (procedures 52%,
emergency stabilization 70%) high (Levels 4-5). There were statistically significant differences in POCUS
proficiency between those with formal versus informal ultrasound education (p < 0.001) and those from pediatric
versus emergency medicine residencies (p < 0.05). Participants identified both personal barriers discomfort with
POCUS skills (76.7%), insufficient educational time to learn POCUS (65%), and negative impact of POCUS on
efficiency (568.5%)—and institutional barriers to the use of ultrasound-consultants will not use ultrasound findings
from the ED (60%); insufficient mentoring (64.7%), and POCUS not being a departmental priority (57 %).

Conclusions: While POCUS utilization continues to grow in PEM, significant barriers to full implementation still
persist. One significant barrier relates to the need for dedicated time to learn and practice POCUS to achieve
sufficient levels of proficiency for use in practice.
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ointof-care ultrasound (POCUS) is defined as

medical sonography performed and interpreted for
medical decision making or procedural guidance by
the bedside clinician." This imaging modality has been
in use by general emergency physicians since the
1980s and has been deemed a critical component of
the practice of emergency medicine (EM) by the Ameri-
can College of Emergency Physicians (ACEP), the Amer-
ican Board of Emergency Medicine, the Society of
Academic Emergency Medicine, and the American Insti-
tute of Ultrasound in Medicine.”* The recently updated
ACEP policy statement includes detailed guidelines for
the use of POCUS in EM and outlines POCUS training
recommendations for all practicing EM residents in the
United States.” The Accreditation Council for Graduate
Medical Education (ACGME) EM Milestones, which
track trainee development biannually in established core
competencies, denotes POCUS as one of the 23 mile-
stones for EM residents (Table 1A).°

More recently, POCUS has gained recognition in
the field of pediatric emergency medicine (PEM) as an
ideal imaging modality as it is painless, noninvasive,
rapid, and dynamic.”"? Most importantly, ultrasound
does not use ionizing radiation, which has the potential
for harmful effects over the course of a lifetime.!*'®
POCUS has been a testable content specification for
the American Board of Pediatrics PEM board examina-
tion since 2009, and in 2013 consensus PEM POCUS
education guidelines and a model curriculum were pub-
lished.'”?° In 2015, the American Academy of Pedi-
atrics issued a policy statement supporting the use of
POCUS by PEM physicians.>’

In the past decade, a few studies have sought to
profile the wuse of POCUS in PEM, particularly
through the lens of POCUS education and utiliza-
tion.' 911321 Onpe study attempted to characterize the
use of POCUS by PEM physicians through a survey
of PEM fellowship directors, asking them to report the
amount of POCUS training in PEM fellowships.”!
Other studies profiled POCUS education and its use
in the emergency department (ED) from a broader per-
spective, using PEM fellowship program directors,
PEM medical directors, and PEM fellows.!®!113

Despite the increased interest in incorporating bed-
side ultrasound imaging into the care of pediatric
patients, we wondered whether the use of POCUS
was actually gaining significant traction in PEM. Our
study sought to profile the current state of POCUS in
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PEM by directly asking practitioners in major aca-
demic pediatric EDs about their POCUS education,
experience, perceived skill with the modality, and bar-
riers to its use in their departments.

METHODS

Population of Interest
Ultimately, we are interested in profiling PEM physi-

cians across the United States and Canada. However,
for practical reasons such as increasing study buy-in
and maximizing response rates, we chose to focus on
studying the profile of a smaller, regional group for
this pilot study. We selected four academic children’s
hospitals from Ohio, Michigan, and Pennsylvania on
the basis of their close geographical proximity to our
site, their size, their academic interest in pediatric
POCUS, and involvement in POCUS education at
the resident and fellowship level. We also selected
sites based on whether they had ultrasound expertise
in the form of a designated ultrasound director. By
remaining regional, we were able to enlist the support
of coinvestigators at each site, which helped to pro-
mote a substantial survey return rate.

Survey Design
The questionnaire used for gathering data for this
study was developed by a panel of ultrasound educa-
tors at the principal investigator site. After the ques-
tionnaire was designed, it was evaluated, tested, and
discussed by the site investigators and manuscript
authors, all of whom had content expertise in either
EM-POCUS or PEM-POCUS, ultrasound education,
or survey design. DLG, JRM, and DH are experts in
PEM-POCUS and emergency ultrasound directors at
their respective academic health centers. DPB has con-
siderable expertise in EM-POCUS. LMS was a pedia-
tric emergency ultrasound fellow at the time of this
study. RMS and JMK are experts in research and sur-
vey design, data collection, and survey implementation.
Minor modifications were made based on feedback
from the site investigators regarding content, clarity,
and the importance of each question.

The final version of the questionnaire was 24 items
and contained both multiple-choice and open-ended
items. The questionnaire covered four specific content

domains: 1) How and when the survey participant
received their POCUS education (six items); 2) their
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confidence and perceived level of proficiency in using
POCUS with children (four items); 3) how often and
for what purpose they used POCUS in practice, and
if they did not, what they perceived as barriers to more
widespread use of POCUS (6-items); and 4) basic par-
ticipant demographics (eight items).

To assess survey participant’s pediatric POCUS pro-
ficiency, we designed a competency-based self-assessment
fashioned after the ACGME milestones. This pediatric
POCUS assessment was adapted from the ACGME
Emergency Medicine Patient Care (PC12) milestone for
bedside ultrasound (Tables 1A and 1B).. As a check
for the inevitable rating inflation that arises from self
assessment,”> we also included two well established
ACGME PEM Milestones—General Approach to Proce-
dures (PC9) and Emergency Stabilization (PC5);
(Tables 1C and 1D).? Subjects

anchors to rate their level of proficiency using a 1 to 5

used behavioral

scale. A “1” on this scale represents the proficiency of a
beginning intern or subspecialty fellow, whereas a “5”
represents the proficiency of an expert.

Participants were asked to rate both personal barri-
ers to the use of POCUS in their practice and barriers
imposed by their institution. Barriers were rated using
Likert response sets: 1 = strongly disagree, 2 = dis-
4 = agree,
agree.”* A final version of the questionnaire was dis-

agree, 3 = neutral, and 5 = strongly
tributed to and approved by the site investigators prior
to study implementation (Appendix S1, available as
supporting information in the online version of this
paper, which is available at https://doi.org/onlinelibra

ry.wiley.com/doi/10.1002/aet2.10049/1ull).

Survey Implementation

The survey was administered through a Web-based
survey service (SurveyMonkey) over 4 weeks in
Autumn 2015. Site investigators were responsible for
identifying and surveying eligible participants at their
home institutions. We sent an initial e-mail with an
explanatory introduction and survey link to the site
investigators, who then forwarded it to their eligible
participants. Site investigators followed up with weekly
reminder e-mails for 4 weeks. At the conclusion of
data collection, survey responses were deidentified. No
incentives were offered for survey completion.

Data Analysis

We calculated frequencies and percentages of respon-
dent demographics to profile their POCUS education,
experience, and perceived level of proficiency in three

Gold et al. ¢ PEM USE OF POCUS AND BARRIERS TO IMPLEMENTATION

domains of physician competency. We ran additional
analyses involving inferential statistics including chi-
square and independent ttests to compare subgroups
within the survey sample including comparisons of
those who received formal versus informal ultrasound
education, attendings versus fellows, and pediatrics
versus emergency medicine training pathways. These
analyses were performed using IBM SPSS for Win-
dows (IBM Corp. Released 2016. IBM SPSS Statistics
for Windows, Version 24.0, IBM Corp). Cohen’s d
effect sizes (es) were calculated for each significant sta-
tistical test using the effect size calculators from Psycho-
metrica.”’

Finally, we performed a Rasch analysis to profile
responses regarding individual and institutional barriers
to the use of POCUS in practice. Rasch analysis was
used to convert the ordinal level rating scale data (Likert
ratings of barriers) into interval level data using Win-
steps Rasch measurement software (version 3.75.0,
Winsteps Inc.).”® The conversion to Rasch logits using
the “rating scale model” provides the reader with a mea-
sure of the difficulty each barrier poses, relative to the
other barriers. A large, negative logit value represents a
significant challenge to POCUS implementation, while
a large, positive logit represents an insignificant chal-
lenge. This study was deemed exempt by the principal
investigator’s institutional review board.

RESULTS

The eligible population for this study included 138
attendings and fellows across four sites. We received
128 questionnaires, 123 of which were thoroughly
completed for a response rate of 89% (123/138). Over
60% of respondents were female (78 of 128, 61%).
Respondents represented the four hospitals studied
almost equally, with slightly higher percentages of
respondents from Children’s Hospitals A (98%) and
B (94%) and slightly fewer from Children’s Hospitals
C (85%) and D (86%). We received surveys from 87
(68%) attending physicians, 54 of whom had been in
practice for 6 or more years, and 36 fellows (28%),
evenly distributed over 3 years of fellowship. Most of
our respondents had completed pediatric residencies
followed by PEM fellowships (107/128, 83.6%). The
remainder had completed emergency medicine residen-
cies followed by PEM fellowships (16/128, 12.5%).
Less than half of our respondents had completed for-
mal ultrasound education through medical school, resi-

dency, or fellowship (60/128, 46.9%). Slightly more
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than 40% had completed informal ultrasound training
through CME or independent study. Most of our
respondents learned ultrasound through didactics
(70.3%), simulation in a skills laboratory (52.3%), or
structured rotations/scanning = shifts supervised by
POCUS trained faculty (39.1%). Only 11.7% of our
respondents reported having no ultrasound education
at all. Among those who completed ultrasound educa-
tion, over half (68 of 128, or 53.2%) learned ultra-
sound specific to pediatrics (Table 2).

We found that respondents rated their level of compe-
tency on goaldirected focused ultrasound (mean =+
SD = 2.14 + 1.13) significantly lower than they did pro-
cedures (mean = SD =345+ 1.59; t=-9.02,
df =122, p < 0.001, es = 0.94) or emergency stabiliza-
tion (mean + SD = 3.98 + 1.14;t = —14.88, df = 122,
p < 0.001, es = 1.63; Table 3). In comparing subgroups
on their ratings of competency on goal-directed focused
ultrasound, we found that those who had received formal
ultrasound training (mean £ SD = 2.56 4 1.16) rated
themselves significantly higher than those who received
informal or no training (mean &= SD = 1.75 £ 0.93;
t=4.25,df = 121, p < 0.001, es = 0.77). Furthermore,
we found that those who came from an emergency medi-
cine residency pathway (mean + SD = 2.88 £+ 1.50)
rated themselves significantly higher than those who
came from a pediatric residency pathway (mean =+
SD =203+ 1.02; t=218, df=121, p<0.05,
es = 0.66; Note: effect sizes of 0.77—1.63 are considered
large to very large. An effect size of 0.66 is considered
medium).

When comparing fellows to attending faculty, we
found that ratings of competency on goal-directed
focused ultrasound to be equally low for both groups
(fellow mean = SD = 228 &£ 1.09; attending
mean = SD = 2.08 &+ 1.14; t=-0.884, df = 121,
p = 0.38). With regards to procedural competency,
attending physicians and fellows again rated them-
selves similarly (fellow mean &= SD = 3.17 & 1.08;
attending mean =+ 3.56, SD. 1.75; t = 1.26, df = 121,
p = .21). However, attendings rated their competency
of emergency stabilization significantly higher than did
fellows (attending mean + SD = 4.31 4+ 1.06; fellow
mean + SD = 3.17 £ 0.91; t = 5.66, df = 121, p =
0.001, es = 1.12).

When asked about barriers to the use of POCUS
in their PEM practice, 49 of 128 (38%) said that they
experience barriers at both the personal and the insti-
tutional level. The number who reported experiencing
no barriers was 35 of 128 (27%). The remaining 44
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Table 2
Demographic Profile of 128 PEM Physicians from Four Academic
Children’s Hospitals in the Midwest Region of the United States.

Demographics n (%)
Sex
Female 78 (61)
Male 45 (35)
No response 5 (4)
Hospital
Site A 43 (34)
Site B 30 (23)
Site C 23 (18)
Site D 30 (23)
No response 2 (2
Current position
Attending 87 (68)
Years in practice (posttraining)
0-5 17 (13)
6-15 35 (27)
>15 35 (27)
Fellow 36 (28)
Fellowship Year 1 13 (10)
Fellowship Year 2 11 (8.6)
Fellowship Year 3 12 (9.4)
No response 5 (4)
Training pathway
Pediatrics or IM-peds residency 107 (83.6)
with PEM fellowship
Emergency medicine residency 16 (12.5)
with PEM fellowship
No response 5(4)
Ultrasound education
Formal US education program 60 (46.9)
(in medical school, residency,
or fellowship)
Informal US education program 53 (41.4)
(self-taught, bedside instruction,
CME as an attending)
No US Education 15 (11.7)
Proportion of US education specific to pediatrics
All US training is in pediatrics (100%) 34 (26.6)
Most 34 (26.6)
Some 18.8)

None is pediatrics (0%)

24 (
21 (16.4)
No US education at all 15 (11.7)

PEM = pediatric emergency medicine; US = ultrasound.

(34%) reported experiencing one barrier or the other.
The most significant barriers to the use of ultrasound
in practice were personal: comfort with ultrasound
skills and time to learn ultrasound. Institutionally, par-
ticipants suggest that the most significant barrier was a
lack of subspecialist consultants who would use ultra-
sound findings from an ED physician. The least signif-
icant barrier was availability of ultrasound equipment



330
since almost all respondents said that they had direct

access to an ultrasound machine within their depart

ment (Table 4).

DISCUSSION

Our study objective was to describe the current
POCUS milieu through investigation of a select group
of pediatric hospitals with established PEM POCUS
programs. Almost 90% of subjects reported some form
of POCUS education, with the majority having signifi-
cant pediatricfocused instruction. Yet despite this train-
ing, study participants rated their POCUS proficiency
much lower than they did other professional competen-
cies expected of PEM physicians: general procedural
skills and emergency stabilization. Notably, those who
had experienced formal ultrasound training programs
and those who were trained in emergency medicine res-
idency programs rated their level of POCUS profi-
ciency higher than did those with informal education
or those from pediatric residencies. We found no dif
ference in ratings of ultrasound proficiency between
current fellows and attending physicians.

These findings are important because they have
ramifications for how we should be preparing future
physicians to use goal-directed focused ultrasound in
the pediatric ED. PEM practitioners reported having
difficulty learning PEM POCUS through informal,
self-directed learning programs due to competing
demands for their time. POCUS is a complex and
highly technical imaging modality that involves both
cognitive and psychomotor skill sets.”® Accordingly,
developing PEM POCUS skills requires substantial
formal education programs with dedicated time to
learn and practice, as well as the provision of assess-
ment and feedback to the learner. The finding that
emergency medicine residency graduates report higher

Gold et al. ¢ PEM USE OF POCUS AND BARRIERS TO IMPLEMENTATION

levels of proficiency in PEM POCUS than those from
pediatric residencies, suggest the need for pediatric res-
idency programs to develop clearly defined learning
competencies framed in a structure similar to the ones
we adapted from emergency medicine.

The ACGME milestones provide a structure for the
competencies expected of physicians at designated stages
of professional development. The milestones represent
knowledge, skills, and attitudes organized in a develop-
mental framework from less to more advanced.®?>27%8
We adapted the ACGME Emergency Medicine Ultra-
sound Milestones (PC12) to profile PEM practitioners
use of POCUS in practice. The adaptation became an
instrument for selfassessment on PEM POCUS. Per-
haps a PEM POCUS milestone will be useful in the
future for providing structure to the professional devel-
opment of ultrasound skills for PEM practitioners.

The use of POCUS among pediatric care providers
is growing, yet significant barriers exist to its use in
the ED. The
those identified at the medical undergraduate level,

barriers that we identified mirror

and the graduate medical education level in PEM, as
well as other specialties. 1127732

Most of our respondents reported personal barriers
related to a lack of ultrasound education earlier in
their careers and inadequate amounts of time to learn
and practice PEM POCUS skills. These findings com-
pare directly to the findings from a 2012 study of
PEM fellowship program directors who identified the
most significant barriers to the use of PEM POCUS
to be a lack of time to learn the imaging modality and
a lack of experienced PEM POCUS educators.'®

Beyond personal barriers, our findings suggest that
there are institutional and cultural barriers preventing
POCUS from being fully accepted in PEM depart-
ments. The most significant of these involves a lack of
confidence in the PEM physician’s ability to acquire

Table 3

Frequencies and Percentages of PEM Fellows and Attendings Self-rating of Levels of Achievement on Three Milestone Assessments Rele-

vant to a PEM Practitioner

Goal-directed Focused Ultrasound

Level of Achievement of Pediatric Patients

Procedures With
Pediatric Patients

Emergency Stabilization
of Pediatric Patients

1 42 (33) 21 (16) 4 (3)
2 44 (34) 23 (18) 14 (11)
3 21 (16) 12 (9) 15 (12)
4 10 (8) 14 (11) 38 (30)
5 6 (5) 53 (41) 52 (40)
Missing 5 (4) 5 (4) 5 (4)
Total 128 (100) 128 (100) 128 (100)

PEM = pediatric emergency medicine.
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Table 4

PEM Fellows’ and Attendings’ Ratings of Potential Barriers (Individual and Institutional) to Integration of POCUS Into Their Clinical Practice

Potential Barrier Rasch Logits SE

Rank

SD (1) D () N (3) A (4) SA (5)

P-2 | do not feel comfortable enough -0.91 0.13
with my ultrasound skills to use this

modality clinically

1 3 (3.9) 70.1)  8(10.4) 35@55 24(31.2)

P-3 | do not have sufficient -0.65 0.12
educational time to dedicate to
learning pediatric emergency

ultrasound

2 1(1.3) 11(143) 15(19.5) 34 (44.2) 16 (20.8)

I-6 There is a lack of subspecialists/ -0.54 0.13
consultants who would use
emergency ultrasound findings for

medical decision making

12 (18.5) 12 (185) 20(30.8) 19 (29.2)

P-5 | feel that using emergency -0.50 0.12
ultrasound during my clinical shifts
negatively impacts my efficiency and

patient flow

10 (13.0) 19(24.7) 32 (41.6) 13 (16.9)

I-4 There is not sufficient mentorship -0.40 0.13
or emergency ultrasound trained
faculty to use this modality effectively

and safely

12 (185)  7(10.8) 30 (46.2) 12 (18.5)

I-5 The use of pediatric emergency -0.40 0.13
ultrasound is not a priority in my

department

11 (16.9) 15(3.1) 25(38.5) 12 (18.5)

I-7 We encounter resistance to usage -0.20 0.12
of emergency ultrasound from other
departments at our site (e.g., surgery,

radiology).

15(23.1) 14 (21.5) 16 (24.6) 15 (23.1)

I-3 There is no structured curriculum -0.17 0.12
to educate the physicians on how to

use pediatric emergency ultrasound

8 6(9.2) 12(185 12(185) 27 (@415  8(12.3)

I-2 There is a lack of funding to further 0.28 0.12
emergency ultrasound pursuits and

education

9  12(185) 16(24.6) 14215 17 (26.2) 6 (9.2)

P-1 | do not ascribe significant value 0.68 0.12
to using emergency ultrasound

clinically in my patients

10  20(26.00 30(39.00 13(169  9(11.7) 5 (6.5)

P-4 1 do not work enough clinical 0.72 0.12
shifts to effectively practice my

emergency ultrasound skills

11 16 (20.8) 36 (46.8) 14 (18.2) 3 (3.9)

I-1 There is no functional ultrasound 2.10 0.19

machine available for use

12 42(64.6) 18 (27.7) 3 (4.6) 0(0) 2 (3.1)

Data are based on respondent ratings (using Likert response sets) of barriers to the use of ultrasound in practice. Responses of agreement
(strongly agree or agree) were considered more significant barriers than responses of disagreement (strongly disagree or disagree).

Barriers are listed from most (1) to least (12) significant.
Fit statistics were all within the acceptable range of -2.0 to +2.0.

A = agree; D = disagree; N = neutral; PEM = pediatric emergency medicine; POCUS = point-of-care ultrasound; SA = strongly agree;

SD = strongly disagree; SE = standard error.

and interpret POCUS images, among practitioners
from other specialties. This problem is potentially
compounded by the general lack of interest in
POCUS by pediatric EDs and the concern that its use
interferes with clinical efficiency. These institutional
barriers along with the aforementioned personal barri-
ers have a negative impact on the broader scale adop-
tion of POCUS among PEM practitioners.

Barriers to PEM POCUS at both the personal and
the institution level might be overcome by establishing
site champions/ultrasound directors at hospitals, hiring
formally POCUStrained faculty, providing accessible

formal continuing education programs, incentivizing
department credentialing metrics, and billing for
scans.”” Future research should provide a more in-
depth look into the efforts to surmount both individual
and institutional barriers to PEM POCUS. Addition-
ally, administrative barriers such as those tied to reim-

bursement should be the subject of further research.

LIMITATIONS

The primary limitation to this study occurred from the
tradeoffs we made to achieve a respectable return rate of
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our questionnaires. First, we restricted our study popula-
tion to a regional level, which may have implications for
generalizability to a national population. An additional
limitation is that we relied on survey respondents to self-
assess professional competencies. There is a consider-
able body of literature that highlights the unreliability of
selfassessment.>> > For this study, however, we incor-
porated additional selfassessments of professional com-
petencies as a check for inflated selfassessment on
POCUS. Because participants rated their proficiency
low on POCUS when compared to other professional
proficiencies, we believe that our respondents’ self
assessments reflect that they feel their POCUS skills are
lacking relative to their other clinical skills.

CONCLUSIONS

Despite having significant ultrasound education, our
respondents rated their competency in pediatric emer-
gency medicine point-of-care ultrasound low relative to
other professional competencies. Characteristics of
those with higher ratings of ultrasound competency
included those who had formal ultrasound education
and those emergency medicine
programs. The most significant barriers to pediatric
emergency medicine point-of-care ultrasound implemen-

from residency

tation included both personal barriers in the form of
confidence in pediatric emergency medicine point-of
care ultrasound skills and lack of dedicated time to learn
and practice. Institutional barriers include a culture that
does not support the use of pointof-care ultrasound in
pediatric emergency medicine, including lack of confi-
dence in pointofcare ultrasound results among col-
leagues from other medical disciplines and a fear that
the use of pointofcare ultrasound negatively impacts
clinical productivity. The broader adoption of point-of-
care ultrasound will require formal ultrasound educa-
tion programs containing clearly articulated learning
goals such as POCUS milestones designed specifically
for pediatric emergency medicine.
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