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Abstract

Background: Point-of-care ultrasound (POCUS) is a noninvasive bedside tool with many pediatric applications but is
not currently a formal part of pediatric training and practice. Formal surveys of general pediatricians regarding POCUS
training are lacking. We aimed to quantify the baseline ultrasound experience and training needs of general pediatri-
cians and pediatric residents across different practice settings.

Methods: In 2020, we sent an online survey to 485 current faculty, residents, and graduates from an urban pediat-
ric academic medical center in Northern California. Pediatric subspecialists were excluded. Survey questions about
baseline experience, comfort, and perceived usefulness of 20 common POCUS applications were developed by two
POCUS experts using existing literature. Chi-squared analysis was used to compare residents versus attendings and to
compare attendings practicing in inpatient versus outpatient versus mixed settings.

Results: Response rate was 20% (98/485). Compared to attendings (n = 73), residents (n = 25) endorsed more expo-
sure to POCUS in medical school (32% vs 5%, p =0.003) and residency (12% vs 5%, p =0.003). Respondents endorsed
low comfort with POCUS (mean 1.3 out of 5 on Likert scale). Of 20 procedural and diagnostic applications, respond-
ents identified abscess drainage, bladder catheterization, soft tissue, neck, advanced abdominal, and constipation as
most useful. Overall, 50% of pediatricians (and 70% of pediatric residents) responded that there were opportunities to
use POCUS multiple times a week or more in their clinical practice.

Conclusions: There is an unmet demand for POCUS training among general pediatricians and trainees in our study.
Although the majority of respondents were not POCUS users, our results could guide future efforts to study the role of
POCUS in general pediatrics and develop pediatric curricula.

Keywords: Ultrasound, Pediatrics, POCUS

Background

Point-of-care ultrasound (POCUS) is a portable, increas-
ingly affordable, non-invasive tool with many pediat-
ric applications supported by previous research [1]. In
the pediatric emergency medicine literature, POCUS
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has been shown to improve diagnostic accuracy [2], aid
in procedural guidance [3], and decrease length of stay
[4]. The diagnostic information obtained by POCUS can
be used to reduce the need for other imaging modali-
ties and other more invasive tests, aiding in radiologi-
cal stewardship and high value care [5, 6]. Compared to
adults, small children offer the additional advantage of
often being easier to scan, as their size facilitates easy
penetration by ultrasound waves with high-frequency
transducers, producing superior resolution images [7].
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However, in spite of these advantages for pediatric use,
many of which would likely be of benefit to the general
pediatric practitioner, POCUS is not currently a stand-
ard part of pediatric training or practice.

POCUS is no longer a tool only for pioneers and early
adopters. As of 2014, 62% of medical schools reported
integrating POCUS into their curricula [8]. At the pedi-
atric fellowship level, POCUS has become a standard
part of pediatric emergency medicine training [9, 10].
POCUS is also becoming increasingly utilized in pedi-
atric critical care [11, 12] and neonatology [13, 14] fel-
lowships. Compared to pediatric subspecialty and adult
counterparts, POCUS remains underutilized in general
pediatric training. In a 2019 survey by Reaume et al.,
37.5% of internal medicine programs and 43.5% of com-
bined medicine-pediatric programs reported formal
POCUS curricula while only 12.4% pediatric programs
reported offering a formal ultrasound curriculum [15].
Furthermore, the authors note that this may represent
an overestimate due to potential response-bias, as those
with ultrasound programs may have been more likely to
respond to a survey about ultrasound curricula.

Various authors have published recent review articles
listing POCUS scans that would be most applicable to
the practice of a general pediatrician in the acute care
setting based on extrapolation from internal medicine,
emergency medicine, and pediatric emergency medi-
cine [1, 12, 16-18]. However, little is known regarding
general pediatricians’ baseline POCUS training, their
perceptions of POCUS, and which specific applica-
tions would be most useful in daily clinical practice
from the perspective of a general pediatrician. Focused
needs assessments guiding development of roadmaps
for POCUS curricula based on responses from inter-
nal medicine and family medicine residents and faculty
have been conducted [19-28]. Corresponding surveys
among pediatricians to guide the development of pedi-
atric POCUS curricula are lacking.

We hypothesized that general pediatricians would
identify a variety of specific areas of practice where
they could apply POCUS, that trainees would have
more exposure to POCUS training than attendings, and
that the ultrasound applications perceived to be useful
by pediatricians would differ from their adult or emer-
gency medicine counterparts. We performed a cross-
sectional survey asking pediatric residents and general
pediatric attendings across the inpatient and outpatient
settings about their exposure to ultrasound training,
their baseline comfort with specific ultrasound applica-
tions, and their perceived usefulness of specific ultra-
sound scans in their clinical practice.

Page 2 of 10

Methods

Study population

In September 2020, we sent an online survey to a total
of 485 pediatric residents, pediatric urgent care fac-
ulty, pediatric hospitalist faculty, primary care pediat-
ric faculty, and recent graduates (graduating classes of
2010 - 2019) from an urban, community-based, pedi-
atric academic medical center in Northern California.
Current pediatric faculty and residents were identified
using employee email lists maintained by the supervi-
sors of these respective groups. A list of the names
and email addresses of the resident alumni main-
tained by chief residents was used to identify all who
had graduated from pediatric residency from 2010 to
2019. Fellows and attendings practicing in pediatric
subspecialties were excluded. We included those who
had completed a hospitalist or adolescent medicine
fellowship.

Survey and data collection

An electronic survey was distributed via email to all 485
identified participants. Additionally, a link to the sur-
vey was posted on social media — specifically to a 383
member private Facebook (Facebook, Menlo Park, CA)
group consisting of graduates from the pediatric resi-
dency and to private Slack (Slack, San Francisco, CA)
and GroupMe (Microsoft, New York, NY) channels.
Many current faculty members are also members of
these social media groups. Fliers with a quick response
(QR) code that linked to the survey were also distrib-
uted during resident teaching conferences and posted
in both faculty and resident workrooms to which key
or badge access was required. The survey was created
in Qualtrics (Qualtrics, Provo, UT) based on review of
prior needs assessments designed for family medicine
and internal medicine [21, 22, 26, 28]. Specific pediat-
ric POCUS applications were selected based on pub-
lished reviews describing the scans most pertinent to
pediatric POCUS [1, 12, 16] and based on input from
2 of the authors (AS, MLM), who are experts in pediat-
ric POCUS. We requested feedback from a small advi-
sory group of medical education experts from a variety
of specialties at our institution to improve survey clar-
ity and breadth. We asked participants to score their
baseline comfort (from 1 =extremely uncomfortable to
5=extremely comfortable) and the perceived useful-
ness (from 1=I would never use this to 5=extremely
useful) of 8 procedural and 12 diagnostic pediatric
POCUS applications on 5-point Likert-type scale. The
survey instrument is available in supplemental mate-
rial, (Additional file 1).
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Data analysis

Descriptive statistics were tabulated in Microsoft Excel
(Version 16.50) from survey results to determine char-
acteristics of respondents and their mean responses
to survey questions. Differences in mean self-reported
usefulness or comfort scores were assessed with
ANOVA and Chi-squared tests or Fisher’s exact test
were used to compare categorical response variables,
as appropriate. All statistical analysis were performed
using R version 3.6 (R Core Team, 2020). In subgroup
analyses, we compared attendings (n =73) vs resi-
dents (n =25), and we compared inpatient attendings
(n =17) vs outpatient attendings (n = 32) vs attendings
who practice in both the inpatient and outpatient set-
ting (“mixed”, n =24). We included urgent care attend-
ings who practice in the hospital setting in the “mixed”
category.

This study was deemed exempt by the University of
California, San Francisco Institutional Review Board.
Each participant provided informed consent prior to
starting the survey and all responses were voluntary; par-
ticipants were not required to answer all questions.

Results

Respondent practice setting and POCUS utilization

A total of 25 residents and 73 attendings completed our
survey, with a total response rate of 20% (98 of 485). Of
the attendings and recent graduates who responded,
the majority practiced in an urban setting (73%), did
not have access to a POCUS machine (82%), and did
not use POCUS for clinical decisions (94%). The antici-
pated future practice settings for the 25 residents who
responded (Table 1) were similar to the attendings,
with the majority (88%) planning to practice in out-
patient pediatrics. A higher proportion of residents
(52%) than attendings (6%) reported using POCUS for
clinical decisions during their residency (p <0.0001,
Table 1). Of the four pediatric attendings in our sample
who endorsed using POCUS for clinical decisions, all
of them practiced either full-time or part-time in the
inpatient setting. Two of these four endorsed no formal
training. Of the two who used POCUS but endorsed
no formal training, one worked in rural setting, and
one worked in both an academic center and a commu-
nity hospital. The two who endorsed receiving formal
training did so longitudinally in fellowship (hospital
medicine) and in an ultrasound bootcamp/conference,
respectively.

Baseline exposure to POCUS training and comfort
Compared to attendings, residents endorsed more
exposure to POCUS in medical school (32% vs 5%,
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Table 1 Participant Characteristics
Level of Training % (n)
Pediatric Resident 26% (25)
Attending/Faculty 74% (73)
Total 100% (98)
Attending/Faculty characteristics (n =73)* % (n)
Pediatric hospitalist medicine (inpatient general pediatrics) 40% (29)
Pediatric primary care (outpatient general pediatrics) 56% (41)
Adolescent medicine 5% (4)
Urgent care 26% (19)
Solo or two physician practice 5% (4)
Academic medical center 42% (31)
Community hospital 23% (17)
Federally Qualified Health Center 26% (19)
Group practice or HMO 41% (30)
Rural 4% (3)
Suburban 26% (19)
Urban 70% (51)
Access to POCUS machine - No 82% (58)
Bill for POCUS - Yes 0% (0)
Use POCUS for clinical decisions - Yes 6% (4)
POCUS training in medical school - Yes 5% (4)
POCUS training in residency - Yes 5% (4)
Residents (n = 25)* % (n)
Pediatric hospitalist medicine (inpatient general pediatrics) 44% (11)
Pediatric primary care (outpatient general pediatrics) 56% (14)
Procedural pediatric sub-specialty 8% (2)
Adolescent medicine 4% (1)
Urgent care 36% (9)
Non-procedural pediatric sub-specialty 4% (1)
Use POCUS for clinical decisions - Yes 52% (13)
POCUS training in medical school - Yes 32% (8)
POCUS training in residency - Yes 12% (3)

* Respondents were able to select more than one response for all sections

p =0.003) and in residency (12% vs 5%, p =0.003,
Table 1). On average, pediatricians in our sample
endorsed feeling “extremely” to “somewhat uncom-
fortable” with POCUS - corresponding to a mean 1.2
out of 5 for diagnostic POCUS and 1.4 out of 5 for
procedural POCUS on a 5-point Likert scale. More
residents than attendings endorsed being at least “4 -
somewhat comfortable” with diagnostic POCUS (17%
vs 0%, p =0.004). There were no significant differences
in comfort with procedural POCUS between residents
and attendings. Among attendings, only 1 inpatient
attending endorsed feeling at least “4 - somewhat com-
fortable” with procedural POCUS, but there were no
statistically significant differences between inpatient
vs outpatient vs mixed attendings in baseline comfort
with POCUS.
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Fig. 1 Perceived opportunities for use of POCUS by general pediatricians. Providers responded to the question “How often do you think there is an
opportunity to use POCUS in your clinical practice?” (Percentages were calculated as number of responses divided by total n =98)

How often do you think there is an
opportunity to use POCUS in your
clinical practice?

~50%

10% 20% 30% 40% 50%

Perceived usefulness of POCUS

When asked “how often do you think there is an oppor-
tunity to use POCUS in your practice?” 50% of all
respondents responded that there were opportuni-
ties to use POCUS “multiple times a week” or more in
their clinical practice (Fig. 1). Compared to attendings,
a higher proportion of residents responded that they
would use POCUS “multiple times a week” or more (70%
vs 45%, p =0.08), although this was not statistically sig-
nificant. Among attendings, a higher percentage of inpa-
tient attendings responded that they would use POCUS
“multiple times a week” or more (60%), followed by
mixed attendings (45%), and last by outpatient attendings
(37%), although when groups were compared, differences
were not statistically significant (p =0.33). See (Addi-
tional file 2) to view subgroup analysis.

Of the 8 procedural applications, abscess drainage and
bladder volume measurement prior to catheterization
were scored at least “3 - useful” on average by all respond-
ents. Of the 12 diagnostic applications, “skin and soft tis-
sue (cellulitis or abscess), “neck (lymphadenopathy vs
abscess vs mass); “advanced abdominal (appendicitis,
intussusception, hypertrophic pyloric stenosis, cholecys-
titis); and “constipation (transrectal diameter to assess
rectal stool burden)” were scored as “3 - useful” on aver-
age by all respondents. Average scoring of all surveyed

applications, from most to least useful, is shown in Fig. 2.
Subgroup analysis comparing how applications were
ranked by various groups is available in (Additional file 2).

Compared to attendings, residents overall assigned
significantly higher average usefulness scores across
procedural POCUS applications (mean 3.53 vs 2.10,
p <0.001) and diagnostic POCUS applications (mean
3.77 vs 2.57, p <0.001). Compared to outpatient attend-
ings, those practicing in the inpatient setting or in the
mixed setting assigned significantly higher usefulness
scores for procedural POCUS (mean usefulness score
out of 5 on a Likert scale, 2.71 inpatient vs 2.23 mixed
vs 1.69 outpatient, p <0.001) and for diagnostic POCUS
(mean score out of 5 on a Likert scale, 2.88 inpatient
vs 2.72 mixed vs 2.30 outpatient, p <0.001). See (Addi-
tional file 2) to view subgroup analysis.

Perceived barriers to POCUS

A majority of pediatricians in our sample noted the
following barriers to use of POCUS in clinical prac-
tice: discomfort with image acquisition/technique,
discomfort with image interpretation, lack of access
to an ultrasound machine (Fig. 3). Pediatricians also
cited time constraints (46%) and lack of easy access to
experts to discuss findings (37%) as barriers.
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A. Which of the following procedural applications would be
the most useful to you in your clinical practice?

. |
Abscess drainage o
|
Bladder cath EEEE——
. 1
Peripheral venous access ———
. 1
I S
Foreign body removal i
1
Lumbar puncture T
Arterial venous access %I
Central venous access %
Arthrocentesis —

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Mean response

B. Which of the following diagnostic applications would be
the most useful to you in your clinical practice?
1

Skin soft tissue i
Neck : M I B
Advanced abdominal : ' S
Constipation —
Lung %
Bladder/renal %
Foreign Body —_—
Basic Abominal (FAST) T S N
Musculoskeletal %
Transabdominal Pelvic 4:—4
Basic cardiac _—
Optic nerve —%

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Mean Response

Fig. 2 a Procedural POCUS applications and their perceived utility to general pediatricians. Pediatricians were asked the question “Which of the
following procedural applications would be the most useful to you in your clinical practice?"They rated the following procedural applications on

a 5 point Likert scale, (where T=Iwould never use this 2=somewhat useful 3 =useful 4 =very useful 5=extremely useful): abscess drainage,
bladder volume measurement (i.e. prior to cath), peripheral vascular access, foreign body removal, lumbar puncture (including post-LP hematoma),
arterial vascular access, Central vascular access, arthrocentesis. Note that the majority of respondents to this question were not formally trained

in POCUS. b Diagnostic POCUS applications and their perceived utility to general pediatricians. Pediatricians were asked the question “Which

of the following diagnostic applications would be the most useful to you in your clinical practice?"They rated the following diagnostic POCUS
applications on a 5-point Likert scale (where 1=1would never use this 2= somewhat useful 3=useful 4 =very useful 5 =extremely useful): skin
and soft tissue (cellulitis or abscess), neck (lymphadenopathy vs abscess vs mass), advanced abdominal (appendicitis, intussusception, hypertrophic
pyloric stenosis, cholecystitis), constipation (transrectal diameter to assess rectal stool burden), lung (pneumothorax, pneumonia, bronchiolitis,
pleural effusion/empyema), genitourinary (bladder volume, hydronephrosis), foreign bodies (soft tissue), basic abdominal (abdominal free fluid),
musculoskeletal (long bone and clavicle fractures, skull fractures, joint effusion), transabdominal pelvic (early pregnancy detection, IUD placement
confirmation), focused cardiac exam (pericardial effusions, global cardiac function), optic nerve measurement (papilledema). Note that the majority
of respondents to this question were not formally trained in POCUS

Discussion This study represents one of few surveys of POCUS
The majority of general pediatricians and pediatric  utility for general pediatricians both in training and in
trainees in our study responded that there were fre-  practice [15, 29]. Residents universally scored POCUS
quent opportunities to use POCUS in their clinical —more highly in terms of usefulness and, in fact, in sub-
practice. However, most did not have the training, com-  group analysis 25% of pediatric residents responded that
fort, and tools necessary to perform POCUS. they could identify opportunities to use POCUS multiple
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What are some barriers to use of POCUS in your clinical practice?

Discomfort with image acquisition/technique

Discomfort with image interpretation

Lack of access to an ultrasound machine

Time constraints

Lack of easy access to experts to discuss findings

Concern about opposition from traditional imaging specialists

Lack of HIPAA compliant means to store and access images

Lack of interest

n=98)

0% 20%

Do not expect POCUS would change clinical management . 5%

40% 60% 80%
Percentage of respondents

100%

Fig. 3 Perceived barriers to POCUS use by pediatricians. Pediatricians were asked the question “What are some barriers to use of POCUS in your
clinical practice?” Respondents were allowed to select more than one response. (Percentages calculated as number of responses divided by total

times a day in their clinical practice. Importantly, the
majority of pediatric trainees are using POCUS in their
clinical practice (52%), though few pediatric attendings
are (6%), thus raising questions of supervision, safety
and quality assurance. This disparity in POCUS training
between trainees and faculty is found similarly in needs
assessments of adult specialties [19, 22, 24, 30] and is
likely reflective of national trends as medical schools
increasingly integrate POCUS into their curricula [8].
This also underscores the urgency that pediatric residen-
cies follow the trend led by medical schools and adult
specialties in developing ultrasound curricula [25, 30,
31]. Given the technical skill required for POCUS [32],
new practitioners need skilled preceptors to oversee and
hone this important clinical skill. We did not ask trainees
in our study if they were using POCUS unsupervised, but
currently the trainees at our institution only have access
to POCUS machines in the emergency department, neo-
natal intensive care unit, and pediatric intensive care
unit — all departments where they have access to trained
POCUS preceptors. Currently, trainees in our institution
are unable to practice POCUS in outpatient clinics or
on the general pediatrics floors where they do not have
access to POCUS machines. Although the residents in
our study showed more interest in POCUS on average
than practicing attendings, it is just as important that
continuing medical education and accreditation be devel-
oped and made available beyond residency given that
the vast majority of pediatric providers did not receive

formal training in POCUS and may need to supervise
trainees who are already using POCUS in clinical care.

Outpatient attendings perceived POCUS as less use-
ful, on average, than those practicing in the inpatient
setting. However, as seen in prior studies, perceived util-
ity may change with increased exposure [27]. Supporting
this notion, family medicine is also heavily outpatient and
clinical practice overlaps with pediatrics, yet other studies
have found that graduates from family medicine programs
where POCUS is taught continue to use POCUS in their
clinical practice [33]. Prior review articles on pediatric
POCUS have focused on the role of POCUS in the prac-
tice of the pediatric hospitalist [1, 12, 16-18, 34]. How-
ever, the majority of pediatric residents in our study were
interested in POCUS, and over half of them planned to
practice outpatient general pediatrics. As more pediatric
residencies include ultrasound in their training, the role
of POCUS in the pediatric outpatient setting may grow
substantially.

The pediatricians in our study ranked the usefulness
of specific POCUS applications differently than in prior
studies focusing on internal medicine and family medi-
cine. For example, in prior studies of internal medicine
physicians, central line placement, paracentesis, and
thoracentesis were the most highly ranked procedural
POCUS applications [20, 35]. However, in our study,
central line placement was ranked among the least
useful, along with arterial venous access and arthro-
centesis. For diagnostic POCUS, cardiac POCUS, lung
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(particularly pleural effusion), DVT, and abdominal
free fluid tend to be ranked most useful in prior sur-
veys of adult practitioners [20, 21, 35-37], while for
the pediatricians in our study, abdominal free fluid and
cardiac applications were again ranked least useful.
Interestingly, pediatricians ranked neck (lymph node
vs abscess), advanced abdominal (appendicitis, intus-
susception, hypertrophic pyloric stenosis, cholecystitis)
among the most useful diagnostic applications, studies
which tend to be considered more advanced by POCUS
experts [12, 16]. While the POCUS literature for pedi-
atric appendicitis [2, 38] and intussusception [39, 40] is
growing, there is currently limited evidence to support
the use of POCUS for differentiation of neck masses
[41-43]. Constipation was also ranked as a useful diag-
nostic application by pediatricians; however, there
are currently only a handful of studies on the valid-
ity of measuring transrectal diameter in the diagnosis
of pediatric constipation [44—46]. It should be noted
that the majority of respondents in our study were
not POCUS users, and thus it is unlikely that techni-
cal difficulty of each scan or the diagnostic advantages
or limitations were taken into account in their ranking.
However, although these advanced applications may
not have as broad support in the literature, their per-
ceived potential clinical utility in our study provides
important insight into research gaps and ways in which
POCUS could potentially impact the clinical practice
and diagnostic capabilities among general pediatricians
in the future. Designs of ultrasound curricula for pedia-
tricians should combine the clinical needs identified by
pediatricians with guidance from POCUS educational
experts who are well versed in the evidence to support
pediatric POCUS.

The barriers to POCUS use for the pediatricians in our
study were similar to those described in studies of fam-
ily medicine, internal medicine and pediatric emergency
medicine [25, 47, 48], including discomfort with perform-
ing and interpreting POCUS scans, time constraints, lack
of machines (with some preferring hand held machines),
and lack of easy access to guidance or quality assurance
from POCUS experts. Other studies in pediatric emer-
gency medicine [23, 48, 49] have additionally noted to
varying degrees institutional barriers to advancement of
POCUS such as implementation of billing for POCUS,
systems for archiving POCUS scans, consultant accept-
ance of non-radiology performed ultrasound, and fund-
ing for POCUS training. Credentialing and assessment of
competency are also barriers which pediatric emergency
medicine has recently started to address [32] and which
emergency medicine physicians are still standardizing
[50]. As more general pediatricians become trained in
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POCUS applications, additional research is required to
address these important issues in POCUS.

Limitations

Our study had a number of limitations. Our sample was
limited to residents and pediatricians currently working
at or trained by one center in one state, limiting gener-
alizability. Our low response rate at 20%, although com-
parable to other published surveys [23, 26, 51], may be a
source of bias as it is possible that physicians and trainees
with an interest or background in ultrasound may have
been more likely to respond to a study about ultrasound,
thus overestimating the demand for POCUS training and
skewing our results. Indeed, in our barriers question,
very few respondents (5%) endorsed a lack of interest in
POCUS. There are few prior needs assessments specific
to pediatrics, thus although our survey was based on
published literature, it was not validated and it was not
test-piloted in our study population prior to full dissemi-
nation. In our survey, we asked respondents to rate indi-
vidual applications based on potential clinical utility on
a Likert scale by asking what would be “the most useful
to you in your clinical practice?”. It is possible that “use-
fulness” can mean different things to different people.
To some it may mean frequency of use, to others it may
mean sensitivity/specificity, and to others it may mean
the degree to which it changes clinical management. The
majority of the physicians in our study did not have for-
mal POCUS training, therefore we were not able to ask
more specifically about most used applications or about
applications most likely to change management. Because
most respondents lacked first-hand knowledge of the
required skill level and training, test characteristics,
limitations, and clinical utility typical of each scan, their
rankings of usefulness in our study, although providing
important insights from the perspective of the general
pediatric practitioner, are not alone sufficient to design
a roadmap for pediatric POCUS curricula on a national
level. It is possible, as seen in other studies, that as pedia-
tricians get more exposure to POCUS they may rank
POCUS applications differently [27, 33]. Similar to prior
studies [27] those with more experience with POCUS
(residents) also showed more interest in using POCUS
and gaining further training in POCUS.

Future directions

The American Medical Association’s position statement
regarding privileging states that, ‘ultrasound imaging
is within the scope of practice of appropriately trained
physicians” and that physicians should qualify for privi-
leging if they possess appropriate training as specified
by their respective specialty association [52]. Although
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medical societies representing pediatric emergency
medicine [10], internal medicine [53, 54], and family
medicine [31] have published consensus statements
providing guidance for POCUS curricula for their
respective specialties, no such guidelines have yet been
published by pediatric medical organizations. Although
our data suggested a demand for POCUS training,
there are many unanswered questions as how this train-
ing should be conducted, how to introduce basic versus
advanced applications, and how new pediatric POCUS
users should be supervised and assessed for compe-
tency. Future models of training and supervision might
include those led by pediatric subspecialists such as
pediatric emergency medicine, radiology, cardiology,
or critical care as well as uptraining of general pediatric
POCUS champions (e.g. through POCUS fellowship).
Teletechnology approaches that include both real-time
teleguidance and asynchronous quality assurance may
augment the reach of general pediatric POCUS cham-
pions who have completed a fellowship or certification
process [55, 56].

We hope that our cross-sectional survey can serve
as a starting point for future needs assessments, either
on a larger scale, or for use by other pediatric hospi-
tal groups who are trying to develop POCUS curricula
for their pediatric practitioners. Future needs assess-
ments focusing on general pediatric attendings who are
already using POCUS in their clinical practice, such as
a Delphi approach, may provide valuable perspective
on which applications are most useful, although given
how few there are (6% of our sample) such a study may
need to be national in scope. Further assessment of
pediatricians and pediatric resident ultrasound expe-
rience and training needs on a national level are war-
ranted to determine the extent to which POCUS should
be a standard part of pediatric residency curricula and
which applications should be prioritized.

Conclusions

There is an unmet demand for point-of-care ultra-
sound training for the pediatricians in our study. Pedi-
atric residents had more experience using POCUS
and perceived POCUS as more useful than attendings.
General pediatricians who worked full or part time in
the inpatient setting, including urgent care, were more
significantly likely to view POCUS as useful than out-
patient attendings. Given the tools and the training,
general pediatricians would be better able to iden-
tify POCUS applications that would have an impact
on their clinical practice and the opportunities to use
them.

Page 8 of 10

Abbreviations

POCUS: Point-of-care ultrasound; DVT: Deep Venous Thrombosis; FAST:
Focused assessment with sonography in trauma; QR code: Quick response
code.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512909-021-03072-1.

Additional file 1. Pediatric point-of-care ultrasound survey instrument.

Additional file 2. Subgroup analysis, comparison of responses of
attendings vs residents, comparison of responses of inpatient vs mixed vs
outpatient attendings.

Acknowledgements
Not applicable.

Authors’ contributions

AM, MLM, and AS conceived the study and designed the survey. AM distrib-
uted the survey, cleaned the data, performed data analysis, and prepared all
figures. NA performed analysis and all participated in interpretation of data.
MLM, AS, and AM drafted the work and substantially revised it. All authors read
and approved the final manuscript.

Authors’information

Dr. Anelah McGinness is a general pediatrician. Dr. Ashkon Shaahinfar and Dr.
Margaret Lin-Martore are faculty in the departments of emergency medicine
and pediatrics and are experts on pediatric point-of-care ultrasound.

Funding

This study had no funding. Funding for submission fees required by BMC open
access was provided by the department of pediatric emergency medicine at
UCSF Benioff Children’s Hospital.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was deemed exempt by the University of California, San Francisco
Institutional Review Board number 20-30653, study reference number 288836.
All methods were performed in accordance with The Revised Common Rule
2018 [571. All participants provided informed consent to participate in this
study prior to survey initiation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

‘Departmem of Graduate Medical Education, PGY-3 resident, University

of California San Francisco Benioff Children’s Hospital Oakland, 747 52nd
Street, Suite 245, Oakland, CA 94609, USA. 2Departmems of Emergency
Medicine and Pediatrics, University of California San Francisco, 5150 16th St,
Box 0632, San Francisco, CA 94143, USA. 3Departments of Medicine and Emer-
gency Medicine, 1001 Potrero Ave, Box 1220, San Francisco, CA 94143, USA.
“Departments of Emergency Medicine and Pediatrics, University of California
San Francisco Benioff Children’s Hospital Oakland, University of California San
Francisco, 747 52nd Street, ED Trailer 3, Oakland, CA 94609, USA.

Received: 13 July 2021 Accepted: 1 December 2021
Published online: 03 January 2022


https://doi.org/10.1186/s12909-021-03072-1
https://doi.org/10.1186/s12909-021-03072-1

McGinness et al. BMC Medical Education

(2022) 22:7

References

1.

20.

Conlon TW, Nishisaki A, Singh Y, Bhombal S, De Luca D, Kessler DO, et al.
Moving beyond the stethoscope: diagnostic point-of-care ultrasound in
pediatric practice. Pediatrics. 2019;144(4).e20191402.

Benabbas R, Hanna M, Shah J, Sinert R. Diagnostic accuracy of history,
physical examination, laboratory tests, and point-of-care ultrasound for
pediatric acute appendicitis in the emergency department: a systematic
review and Meta-analysis. Acad Emerg Med. 2017,24(5):523-51.

Doniger SJ, Ishimine P, Fox JC, Kanegaye JT. Randomized controlled trial
of ultrasound-guided peripheral intravenous catheter placement versus
traditional techniques in difficult-access pediatric patients. Pediatr Emerg
Care. 2009;25(3):154-9.

Harel-Sterling M, Diallo M, Santhirakumaran S, Maxim T, Tessaro M.
Emergency department resource use in pediatric pneumonia: point-of-
care lung ultrasonography versus chest radiography. J Ultrasound Med.
2019;38(2):407-14.

Jones BP, Tay ET, Elikashvili |, Sanders JE, Paul AZ, Nelson BP, et al. Feasibil-
ity and safety of substituting lung ultrasonography for chest radiography
when diagnosing pneumonia in children: a randomized controlled trial.
Chest. 2016;150(1):131-8.

Kotagal M, Richards MK, Chapman T, Finch L, McCann B, Ormazabal A,

et al. Improving ultrasound quality to reduce computed tomography
use in pediatric appendicitis: the safe and sound campaign. Am J Surg.
2015;209(5):896-900.

Smith MP, Katz DS, Lalani T, Carucci LR, Cash BD, Kim DH, et al. ACR appro-
priateness criteria® right lower quadrant pain—suspected appendicitis.
Ultrasound Q. 2015;31(2):85-91.

Bahner DP, Goldman E, Way D, Royall NA, Liu YT. The state of ultrasound
education in U.S. medical schools: results of a national survey. Acad Med.
2014,89(12):1681-6.

Vieira RL, Hsu D, Nagler J, Chen L, Gallagher R, Levy JA. Pediatric emer-
gency medicine fellow training in ultrasound: consensus educational
guidelines. Acad Emerg Med. 2013;20(3):300-6.

Shefrin AE, Warkentine F, Constantine E, Toney A, Uya A, Doniger SJ,

et al. Consensus Core point-of-care ultrasound applications for pediatric
emergency medicine training. AEM Educ Train. 2019;3(3):251-8.

. Bortcosh W, Shaahinfar A, Sojar S, Klig JE. New directions in point-of-care

ultrasound at the crossroads of paediatric emergency and critical care.
Curr Opin Pediatr. 2018;30(3):350-8.

Mayordomo-Colunga J, Gonzalez Cortés R, Bravo MC, Martinez Mas R,
Vézquez Martinez JL, Renter Valdovinos L, et al. Point-of-care ultrasound:
is it time to include it in the paediatric specialist training programme? An
Pediatr (English Edition). 2020;91(3):206.e1-e13.

Miller LE, Stoller JZ, Fraga MV. Point-of-care ultrasound in the neonatal
ICU. Curr Opin Pediatr. 2020;32(2):216-27.

Nguyen J, Amirnovin R, Ramanathan R, Noori S. The state of point-of-
care ultrasonography use and training in neonatal-perinatal medicine
and pediatric critical care medicine fellowship programs. J Perinatol.
2016;36(11):972-6.

Reaume M, Siuba M, Wagner M, Woodwyk A, Melgar TA. Prevalence and
scope of point-of-care ultrasound education in internal medicine, pedi-
atric, and medicine-pediatric residency programs in the United States. J
Ultrasound Med. 2019;38(6):1433-9.

Hopkins A, Doniger SJ. Point-of-care ultrasound for the pediatric Hospital-
ist's practice; 2019.

Finkel L, Paladugu K, Sanyal S, Ghelani S, Colla JS. General pediatric clinical
applications of POCUS: part 1. Pediatr Ann. 2020;49(3).e147-e152. https://
doi.org/10.3928/19382359-20200219-02.

Finkel L, Ghelani S, Paladugu K, Sanyal S, Colla JS. General Pediatric Clinical
Applications of POCUS: Part 2. Pediatr Ann. 2020;49(4):e196-e200. https://
doi.org/10.3928/19382359-20200319-02.

Anstey JE, Jensen TP, Afshar N. Point-of-care ultrasound needs assess-
ment, curriculum design, and curriculum assessment in a large academic
internal medicine residency Program. South Med J. 2018;111(7):444-8.
LoPresti CM, Schnobrich DJ, Dversdal RK, Schembri F. A road map for
point-of-care ultrasound training in internal medicine residency. Ultra-
sound J 2019;11(1):1-7.

. Watson K, Lam A, Arishenkoff S, Halman S, Gibson NE, Yu J, et al. Point of

care ultrasound training for internal medicine: a Canadian multi-Centre
learner needs assessment study. BMC Med Educ. 2018;18(1):217.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

Page 9 of 10

Kessler C, Bhandarkar S. Ultrasound training for medical students and
internal medicine residents—-a needs assessment. J Clin Ultrasound.
2010;38(8):401-8.

Wenger J, Steinbach TC, Carlbom D, Farris RW, Johnson NJ, Town J. Point
of care ultrasound for all by all: a multidisciplinary survey across a large
quaternary care medical system. J Clin Ultrasound. 2020;48(8):443-51.
Lokkegaard T, Todsen T, Nayahangan LJ, Andersen CA, Jensen MB, Konge
L. Point-of-care ultrasound for general practitioners: a systematic needs
assessment. Scand J Prim Health Care. 2020;38(1):3-11.

Hall JW, Holman H, Bornemann P, Barreto T, Henderson D, Bennett K, et al.
Point of care ultrasound in family medicine residency programs: a CERA
study. Fam Med. 2015;47(9):706-11.

Jalil R, Warren R, Ma IWY, Tong K-W. Point of care ultrasound training
needs for primary care physicians: Practice setting matters. 2019. http://
www.editorialmanager.com/cogentedu.

LoPresti CM, Boyd JS, Schott C, Core M, Lucas BP, Colon-Molero A, et al.

A National Needs Assessment of point-of-care ultrasound training for
hospitalists. Mayo Clin Proc. 2019;94(9):1910-2.

Lewis K, McConnell M, Azzam K. A Systematic Needs Assessment for Point
of Care Ultrasound in Internal Medicine Residency Training Programs. Can
J Gen Intern Med. 2017;12(2):e23-e30. https://doi.org/10.22374/cjgim.
v12i2.178.

Meggitt AS, Way DP, lyer MS, Mahan JD, Gold D. 20. Point-of-care ultra-
sound education for pediatric residents: a multicenter needs assessment.
Acad Pediatr. 2020,20(7).

Ailon J, Mourad O, Nadjafi M, Cavalcanti R. Point-of-care ultrasound as a
competency for general internists: a survey of internal medicine training
programs in Canada. Can Med Educ J. 2016;7(2):e51-69.

Physicians AAoF. Recommended Curriculum Guidelines for Family Medi-
cine Residents: Point of Care Ultrasound AAFPorg. 2016. [AAFP Reprint
No. 290D.[Available from: https://www.aafp.org/dam/AAFP/documents/
medical_education_residency/program_directors/Reprint290D_POCUS.
pdf.

Abo AM, Alade KH, Rempell RG, Kessler D, Fischer JW, Lewiss RE, Raio

CC, Marin JR. Credentialing Pediatric Emergency Medicine Faculty

in Point-of-Care Ultrasound: Expert Guidelines. Pediatr Emerg Care.
2021;37(12):e1687-e1694. https://doi.org/10.1097/PEC.0000000000
001677.

Weemer M, Hutchins M, Beachy E, McGuire N. Considerations for
Implementing Point-of-Care Ultrasound in a Community-Based Family
Medicine Residency Program. J Med Educ Curric Dev. 2019,6:1-4. https://
doi.org/10.1177/2382120519884329.

McLario DJ, Division of Emergency Medicine DoP, University of Louisville
School of Medicine, Louisville, Kentucky, Sivitz AB, Newark Beth Israel
Medical Center CsHoNJ, Newark, Department of Emergency Medicine
NJMS, Rutgers University, Newark. Point-of-care ultrasound in pediatric
clinical care. JAMA Pediatr. 2020;169(6):594-600.

Galen BT, Assistant Professor of Medicine and Director of Ultrasound

and Procedure Training DoHM, Department of Internal Medicine, Albert
Einstein College of Medicine and Montefiore Medical Center, Conigliaro
RL, Professor and Assistant Dean DoGIM, Department of Internal Medi-
cine, and Director, Internal Medicine Residency Program, Albert Einstein
College of Medicine and Montefiore Medical Center. The Montefiore

10: a pilot curriculum in point-of-care ultrasound for internal medicine
residency training. J Grad Med Educ. 2021;10(1):110-1.

Andersen CA, Holden S, Vela J, Rathleff MS, Jensen MB. Point-of-care
ultrasound in general practice: a systematic review. Ann Fam Med.
2019;17(1):61-9.

Sorensen B, Hunskaar S. Point-of-care ultrasound in primary care: a
systematic review of generalist performed point-of-care ultrasound in
unselected populations. Ultrasound J. 2019;11(1):31.

Matthew Fields J, Davis J, Alsup C, Bates A, Au A, Adhikari S, et al. Accuracy
of point-of-care ultrasonography for diagnosing acute appendicitis: a sys-
tematic review and Meta-analysis. Acad Emerg Med. 2017;24(9):1124-36.

. Lin-Martore M, Kornblith AE, Kohn MA, Gottlieb M. Diagnostic accuracy of

point-of-care ultrasound for intussusception in children presenting to the
emergency department: a systematic review and Meta-analysis. West J
Emerg Med. 2020;21(4):1008-16.

Tsou PY, Wang YH, Ma YK, Deanehan JK, Gillon J, Chou EH, et al. Accuracy
of point-of-care ultrasound and radiology-performed ultrasound for


https://doi.org/10.3928/19382359-20200219-02
https://doi.org/10.3928/19382359-20200219-02
https://doi.org/10.3928/19382359-20200319-02
https://doi.org/10.3928/19382359-20200319-02
http://www.editorialmanager.com/cogentedu
http://www.editorialmanager.com/cogentedu
https://doi.org/10.22374/cjgim.v12i2.178
https://doi.org/10.22374/cjgim.v12i2.178
https://www.aafp.org/dam/AAFP/documents/medical_education_residency/program_directors/Reprint290D_POCUS.pdf
https://www.aafp.org/dam/AAFP/documents/medical_education_residency/program_directors/Reprint290D_POCUS.pdf
https://www.aafp.org/dam/AAFP/documents/medical_education_residency/program_directors/Reprint290D_POCUS.pdf
https://doi.org/10.1097/PEC.0000000000001677
https://doi.org/10.1097/PEC.0000000000001677
https://doi.org/10.1177/2382120519884329
https://doi.org/10.1177/2382120519884329

McGinness et al. BMC Medical Education (2022) 22:7

intussusception: a systematic review and meta-analysis. Am J Emerg Med.
2019;37(9):1760-9.

41. Marin JR, Abo AM, Arroyo AC, Doniger SJ, Fischer JW, Rempell R, et al.
Pediatric emergency medicine point-of-care ultrasound: summary of the
evidence. Crit Ultrasound J. 2016;8(1):16.

42. Levine MC, Arroyo A, Likourezos A, Homel P, Dickman E. The use of point
of care ultrasound in the evaluation of pediatric soft tissue neck masses.
Am J Emerg Med. 2019;37(8):1466-9.

43. Friedman N, Tseng F, Savic R, Diallo M, Fathi K, Mclean L, et al. Reliability of
neck mass point-of-care ultrasound by pediatric emergency physicians. J
Ultrasound Med. 2019;38(11):2893-900.

44, Doniger SJ, Dessie A, Latronica C. Measuring the Transrectal diameter on
point-of-care ultrasound to diagnose constipation in children. Pediatr
Emerg Care. 2018;34(3):154-9.

45. DiPace MR, Catalano P, Caruso AM, Bommarito D, Casuccio A, Cimador
M, et al. Is rectal disimpact always necessary in children with chronic
constipation? Evaluation with pelvic ultrasound. Pediatr Surg Int.
2010;26(6):601-6.

46. JAB,JO,RG,EG, MM, AGT. Evaluating a longitudinal point-of-care-
ultrasound (POCUS) curriculum for pediatric residents. BMC Med Educ
2021;21(1).

47. Wong J, Montague S, Wallace P, Negishi K, Liteplo A, Ringrose J, et al. Barri-
ers to learning and using point-of-care ultrasound: a survey of practicing
internists in six north American institutions. Ultrasound J. 2020;12(1):19.

48. Gold DL, Marin JR, Haritos D, Melissa Skaugset L, Kline JM, Stanley RM,
et al. Pediatric emergency medicine Physicians'use of point-of-care ultra-
sound and barriers to implementation: a regional pilot study. AEM Educ
Train. 2017;1(4):325-33.

49. Acufa J, Rubin M, Hahn B, Das D, Kapoor M, Adhikari S, et al. Point-of-Care
Ultrasound in United States Pediatric Emergency Medicine Fellowship
Programs: The Current State of Practice and Training. Pediatr Emergency
Care. 9000.

50. Smalley CM, Fertel BS, Broderick E. Standardizing point-of-care ultrasound
credentialing across a large health care system. Jt Comm J Qual Patient
Saf. 2020;46(8):471-6.

51. Olgers TJ, Maaten JCt. Point-of-care ultrasound curriculum for internal
medicine residents: what do you desire? A national survey. BMC Med
Educ. 2020;20(1):1-5.

52. Service CoM. H-230.960 Privileging for Ultrasound Imaging | AMA 2020
[updated 2020. Available from: https://policysearch.ama-assn.org/polic
yfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xmI-0-
1591.xml.

53. LoPresti CM, Jensen TP, Dversdal RK, Astiz DJ. Point-of-Care Ultrasound
for Internal Medicine Residency Training: A Position Statement from the
Alliance of Academic Internal Medicine. Am J Med. 2019;132(11):1356-60.
https://doi.org/10.1016/j.amjmed.2019.07.019. Epub 2019 Aug 7.

54, Soni NJ, Schnobrich D, Mathews BK, Tierney DM, Jensen TP, Dancel R,
Cho J, Dversdal RK, Mints G, Bhagra A, Reierson K, Kurian LM, Liu GY,
Candotti C, Boesch B, LoPresti CM, Lenchus J, Wong T, Johnson G, Maw
AM, Franco-Sadud R, Lucas BP. Point-of-Care Ultrasound for Hospitalists: A
Position Statement of the Society of Hospital Medicine. Published Online
Only January 2, 2019. https://doi.org/10.12788/jhm.3079.

55. Drake AE, Hy J, MacDougall GA, Holmes B, Icken L, Schrock JW, et al.
Innovations with tele-ultrasound in education sonography: the use of
tele-ultrasound to train novice scanners. Ultrasound J. 2021;13(1):1-8.

56. Dreyfuss A, Martin DA, Farro A, Inga R, Enriquez S, Mantuani D, et al. A
novel multimodal approach to point-of-care ultrasound education in
low-resource settings. West J Emerg Med. 2020;21(4):1017-21.

57. Program HRP. Levels of Review | UCSF Institutional Review Board 2021
[updated 07/27/2021. Available from: https://irb.ucsf.edu/levels-reviewd#
exempt.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://policysearch.ama-assn.org/policyfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml
https://policysearch.ama-assn.org/policyfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml
https://policysearch.ama-assn.org/policyfinder/detail/Ultrasoundimaging?uri=%2FAMADoc%2FHOD.xml-0-1591.xml
https://doi.org/10.1016/j.amjmed.2019.07.019
https://doi.org/10.12788/jhm.3079
https://irb.ucsf.edu/levels-review#exempt
https://irb.ucsf.edu/levels-review#exempt

	The unmet demand for point-of-care ultrasound among general pediatricians: a cross-sectional survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Survey and data collection
	Data analysis

	Results
	Respondent practice setting and POCUS utilization
	Baseline exposure to POCUS training and comfort
	Perceived usefulness of POCUS
	Perceived barriers to POCUS

	Discussion
	Limitations
	Future directions

	Conclusions
	Acknowledgements
	References




