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Abstract 

Background:  Point-of-care ultrasound (POCUS) is increasingly used in internal medicine, but a lack of trained faculty 
continues to limit the spread of POCUS education. Using a framework based on organizational change theories, this 
study sought to identify barriers and enablers for hospital-based practicing internists to learn and use POCUS in clini-
cal practice.

Methods:  We invited practicing internists at six North American institutions to participate in an electronic survey on 
their opinions regarding 39 barriers and enablers.

Results:  Of the 342 participants invited, 170 participated (response rate 49.3%). The top barriers were lack of train-
ing (79%), lack of handheld ultrasound devices (78%), lack of direct supervision (65%), lack of time to perform POCUS 
during rounds (65%), and lack of quality assurance processes (53%). The majority of participants (55%) disagreed or 
strongly disagreed with the statement “My institution provides funding for POCUS training.” In general, participants’ atti-
tudes towards POCUS were favourable, and future career opportunities and the potential for billing were not consid-
ered significant factors by our participants in the decision to learn or use POCUS.

Conclusions:  This survey confirms the perceived importance of POCUS to practicing internists. To assist in closing 
faculty development gap, interventions should address training, supervision, quality assurance processes, availability 
of handheld devices, as well as dedicated time to perform POCUS during clinical care.
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Background
The use of point-of-care ultrasound (POCUS) is increas-
ing in internal medicine (IM), not only for the guidance 
of bedside procedures [1–3], but also for bedside assess-
ments of medical patients to answer focused clinical 
questions [4, 5]. In 2018, the American College of Phy-
sicians (ACP) officially acknowledged the important role 
of POCUS to improve diagnostic timeliness and care of 

the medical patient [6]. Following this acknowledge-
ment from the ACP, the Society of Hospital Medicine 
issued a similar position statement highlighting their 
support for the use of POCUS by hospitalists [5]. Nation-
ally and internationally, POCUS is increasingly incor-
porated in IM residency training programs over the last 
decade [7–11]. Recognizing the importance of POCUS 
in medical education, the Alliance of Academic Internal 
Medicine supports the integration of POCUS across the 
training continuum [12]. Despite the growing appetite 
for POCUS training, progress in expanding POCUS in 
IM has been slow. A major obstacle to the expansion of 
POCUS training is a lack of skilled faculty, and previous 
studies have cited limited time, money and resources as 
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the key barriers to faculty adoption of POCUS [7, 11, 13–
18]. A more nuanced understanding of perceived faculty 
barriers is needed, however, to allow for more targeted 
interventions.

Faculty adoption of POCUS requires significant behav-
ioural change. Encouraging behavioural change is com-
plex; it involves not only the individual practitioner in 
question (his/her motivation, aptitude, and attitudes), but 
also requires support within the organizational environ-
ment, such as proper leadership, policies, economics, and 
social and structural infrastructures [19–24]. It follows 
that any intervention to achieve system-level behavioural 
change will require a comprehensive, evidence-based 
strategy to identify and resolve barriers to POCUS 
adoption.

In this multi-centre survey study, we sought to identify 
IM faculty barriers and enablers to learning and using 
POCUS in clinical practice. Using a holistic approach 
based on organization change theories [19–21], we 
sought to explore both individual, as well as organiza-
tional barriers and enablers. The information obtained 
from this study will provide a deeper understanding of 
the barriers that IM faculty  encounter to using POCUS 
to care for hospitalized patients.

Methods
Participants
In this multi-centre survey study, IM physicians car-
ing for hospitalized patients were invited to complete 
an online survey. Six centres were chosen based on con-
venience, where site investigators indicated a reasonable 
likelihood of achieving an approximate target response 
rate of 40% or greater. The six study sites involved in 
this study were three centres in Canada (the University 
of Calgary in Calgary, Alberta; the University of Alberta 
in Edmonton, Alberta; Queen’s University in Kingston, 
Ontario) and three centres in the United States (Oregon 
Health & Science University in Portland, Oregon; Massa-
chusetts General Hospital in Boston, Massachusetts; and 
the University of Pennsylvania in Philadelphia, Pennsyl-
vania). Only consenting physicians were included. Physi-
cians in Canadian centres were all internists or general 
internists certified by the Royal College of Physicians 
and Surgeons of Canada, with or without additional sub-
specialty certifications, and attended on hospital-based 
general medical teaching wards. Physicians in the United 
States were all board certified internists (or board eligi-
ble if in their first year of practice) who worked as hos-
pitalists in their institutions. We excluded IM physicians 
practicing exclusively in an ambulatory care setting. 
Each study site sought and obtained local research eth-
ics board approval for this study. The central coordinat-
ing site’s ethics approval was obtained from the Conjoint 

Health Research Ethics Board from the University of Cal-
gary (Protocol REB 18-1498).

Survey development
After reviewing key principles of organizational change 
theories [19–21], an online draft survey was developed 
by co-investigator (JW) and principal investigator (IM). 
The survey covered items on (1) demographics; (2) base-
line POCUS experience; (3) individual barriers including 
emotional, clinical, financial factors; (4) group or social 
barriers; and (5) systemic or environmental barriers. 
This initial draft survey contained 11 questions regard-
ing baseline demographics and POCUS experience infor-
mation and 40 items on barriers and enablers. For each 
barrier and enabler, participants were asked to rate their 
agreement with the item on a 5-point Likert scale (from 
strongly disagree to strongly agree). The draft survey was 
piloted by 10 physician volunteers with a range in experi-
ence and knowledge of POCUS. These individuals were 
not part of the final participant pool. We sought their 
input on survey flow, wording, acceptability, administra-
tive ease, question quality, and missing items. The sur-
vey was then revised based on their feedback. The final 
survey contained questions on baseline demographic 
and POCUS experience, and 39 items on barriers and 
enablers.

Between January and April 2019, participants were 
invited via email by the site investigator to complete the 
anonymized online survey administered using Survey-
Monkey Inc. (San Mateo, California, USA).

Statistical analysis
Standard descriptive statistics (mean, standard deviation, 
median, interquartile range) were calculated using SAS 
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Of the 342 participants invited to complete the sur-
vey, 184 (53.8%) responded. Of these, 14 were excluded 
(declined consent n = 3; consented but did not complete 
the survey n = 11), resulting in a final pool of 170 partici-
pants (response rate 49.7%). Baseline characteristics of 
the participants are presented in Table 1.

Clinical and procedural use
Participants reported using POCUS infrequently dur-
ing clinical assessments of their patients (used on only a 
median of 5% of their patients, interquartile range 0–11%, 
range 0–90%). The majority of participants performed 
paracentesis in their practice (n = 126, 74%), whilst only 
a minority performed thoracentesis and central venous 
catheterization (n = 77, 45% and n = 66, 39%, respec-
tively). For those who performed procedures, ultrasound 
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was used for guidance usually or always for the major-
ity of the participants (60/66 = 90% for central venous 
catheterization, 101/126 = 80% for paracentesis, and 
63/77 = 82% for thoracentesis). A minority never used 
ultrasound for guidance when performing central venous 
catheterization (3/66 =  5%), paracentesis (7/126 =  6%), 
and thoracentesis (6/77 = 8%).

Barriers to using POCUS
Figure 1 outlines the results on the 39 barriers and ena-
blers. The top 5 barriers were

1.	 Need for more training: 135/170, 79% agreed or 
strongly agreed with “I would use POCUS more if I 
had more training.”

2.	 Lack of handheld ultrasound device: 132/170, 78% 
agreed or strongly agreed with “I would use POCUS 
more if I was provided with a handheld device.”

3.	 Lack of direct supervision: 110/168, 65% agreed or 
strongly agreed with “I would use POCUS more if I 

had direct supervision as I apply it to my patient 
care.”

4.	 Lack of time to perform POCUS during rounds: 
111/170, 65% agreed or strongly agreed with “I would 
use POCUS more if I had more time to perform it 
during rounds.”

5.	 Lack of quality assurance processes: 89/168, 53% 
agreed or strongly agreed with “I would use POCUS 
more if my images could be archived and reviewed 
later by a qualified expert.”

The 5 least important barriers appeared to be related 
to attitude regarding POCUS:

1.	 Irrelevance to internal medicine: 8/170, 5% agreed 
or strongly agreed with “In general, I think POCUS is 
irrelevant to the practice of internal medicine,” whilst 
153/170, 90% disagreed or strongly disagreed with 
the statement.

2.	 POCUS is a fad: 7/170, 4% agreed or strongly agreed 
with “I think POCUS is a fad that will pass with time,” 
whilst 139/170, 82% disagreed or strongly disagreed.

3.	 Irrelevant to participant’s practice: 13/170, 8% agreed 
or strongly agreed with “I think POCUS is irrelevant 
to my specific clinical practice,” whilst 147/170, 86% 
disagreed or strongly disagreed.

4.	 Loss of physical examination skills: 10/170, 6% 
agreed or strongly agreed with “I worry I will lose my 
physical examination skills if I use POCUS,” whilst 
135/170, 79% disagreed or strongly disagreed.

5.	 Patient harm: 10/170, 6% agreed or strongly agreed 
with “In general, I worry that POCUS use by intern-
ists will harm medical patients,” whilst 141/170, 83% 
disagreed or strongly disagreed.

Enablers to using POCUS
Consistent with the lack of barriers regarding attitude 
against POCUS, data were triangulated with partici-
pants reporting an overall positive attitude towards 
the use of POCUS (e.g. high interest in learning more 
about POCUS, belief that POCUS is a useful adjunct 
to the traditional physical examination, Fig. 1, Table 2). 
The work environment (e.g. colleague attitudes, availa-
bility of POCUS experts) was overall seen as favourable 
to POCUS adoption. In general, participants reported a 
lack of funding for POCUS training, with 92/166 (55%) 
disagreed or strongly disagreed with the statement 
“My institution provides funding for POCUS training.” 
Future career opportunities and the potential for billing 
were not considered significant enablers by our partici-
pants (Fig. 1).

Table 1  Baseline characteristics of  170 participants who 
completed the survey

Not every participant answered every question
a  Participants were able to choose more than one response

Baseline characteristics N (%)

Sex

 Male 95 (56)

 Female 74 (44)

Age

 < 35 years 51 (30)

 35–44 years 59 (41)

 45–54 years 37 (22)

 55–64 years 9 (5)

 65 years or older 4 (2)

Years in clinical practice

 1–4 years 71 (42)

 5–10 years 45 (26)

 11–20 years 28 (16)

 21 years or more 26 (15)

Prior point-of-care (POCUS) ultrasound traininga

 No prior training 32 (19)

 Self-learned (textbooks, YouTube, websites) 64 (38)

 Bedside teaching (supervised scanning) 54 (38)

 Didactic lecture(s) 55 (32)

 < 1 day workshop/course 48 (28)

 1–3 day workshop/course 61 (36)

 Dedicated POCUS elective during training 17 (10)

 POCUS-specific certifications 8 (5)

 POCUS fellowship 4 (2)
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Discussion
In this multi-centre survey of six North American aca-
demic institutions’ practicing internists who look after 
hospitalized patients, several findings emerged. First, 
whilst POCUS is commonly used for procedural guid-
ance, its frequency of use in the general clinical assess-
ments was only done on a median of 5% of patients. 
Second, general attitudes towards POCUS were positive, 
including high interest in learning POCUS and an overall 
positive belief about the utility of POCUS. Third, practic-
ing internists reported a number of barriers, including the 

lack of training, supervision, quality assurance processes 
(archiving and review of images), handheld devices, and 
time to perform POCUS during rounds. Whilst there 
was only moderate concern regarding the use of POCUS 
potentially resulting in patient harm, participants did not 
particularly feel that POCUS findings will compel them 
to act contrary to their clinical judgement, or that they 
may lose their physical examination skills if they used 
POCUS. Further, external factors such as career opportu-
nities and billing opportunities were not considered sig-
nificant enabling factors. Overall, our results suggest that 

Fig. 1  Barriers and enablers, presented in the descending order of agreement within each category. Barrier (red) and enablers (green) were rated 
on a 5-point Likert scale, where 1 = strongly disagree and 5 = strongly agree
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Table 2  Barriers and enablers, in the descending order of agreement

Attitude enablers Mean (SD)a

I am interested in learning more about point-of-care ultrasound (POCUS) 4.3 (1.0)

POCUS is a useful adjunct to the traditional physical examination 4.1. (0.8)

I think every internist caring for hospitalized patients should use POCUS 3.7 (1.1)

POCUS provides me with a higher level of confidence in my management plans 3.6 (0.9)

POCUS often provides additional information I need to make clinical decisions 3.5 (0.9)

Attitude barriers

I worry about losing my reputation as a clinician/teacher when learners are better than me at POCUS 2.6 (1.2)

I worry about losing my reputation as a clinician/teacher when other faculties are better than me at POCUS 2.4 (1.2)

In general I worry that POCUS use by internists will harm medical patients 1.9 (0.9)

I think POCUS is IRRELEVANT to MY specific clinical practice 1.8 (0.9)

I think POCUS is a fad that will pass with time 1.8 (0.9)

In general, I think POCUS is IRRELEVANT to the practice of internal medicine 1.6 (0.9)

Personal/general skills/knowledge barriers

I would use POCUS more if I had more training 4.1 (0.9)

I would use POCUS more if I had direct supervision as I apply it to my patient care 3.7 (1.0)

I worry about the implications of false-positive or false-negative POCUS findings 3.2 (1.1)

The amount of time required to become proficient at POCUS is too long 3.2 (0.9)

I worry that MY limitations in POCUS may harm my patients 3.1 (1.0)

I am concerned about the potential for litigation if I use POCUS incorrectly 3.0 (1.0)

I would use POCUS more if there was more evidence to support its use in Internal Medicine 2.9 (1.0)

I worry that I may feel obligated to act on certain POCUS findings contrary to my clinical judgement 2.3 (1.0)

I worry I will lose my physical examination skills if I use POCUS 1.9 (0.9)

Work environment enablers

Other internists at my institution are supportive of the use of POCUS in clinical practice 4.0 (0.7)

There are POCUS experts at my institution who can provide POCUS training 4.0 (0.9)

My institution supports and encourages the use of POCUS 3.5 (0.9)

Our institution has a POCUS director who builds POCUS curriculum and training for Internal medicine faculty and trainees 3.5 (1.2)

Other traditional imaging specialities (i.e. Cardiology, radiology) are supportive of the use of POCUS at my institution 3.0 (0.8)

I would use POCUS more if I could bill for it 2.8 (1.0)

I believe my future career opportunities will depend on whether I am knowledgeable in POCUS 2.7 (1.0)

My institution provides funding for POCUS training 2.5 (1.1)

Work environment barriers

I would use POCUS more if I had more time to perform it during rounds 3.6 (1.0)

I would use POCUS more if my images could be archived and reviewed later by a qualified expert 3.4 (1.0)

I do not need to use POCUS because I have easy access to other imaging modalities (i.e. Chest X-rays, diagnostic ultrasound, CT, MRI, echocardi-
ography, etc.) at my institution

2.9 (1.2)

Equipment-related enablers

At my institution, I have access to ultrasound machines for my use 4.0 (0.8)

My institution has locations to safely store ultrasound machines 3.7 (0.7)

The ultrasound machines at my institution are stored in a convenient location 3.3 (1.1)

Equipment-related barriers

I would use POCUS more if I was provided with a handheld ultrasound 4.1 (1.0)

My institution cannot afford to buy ultrasound machines 2.6 (1.1)

External organization-related enablers

I think POCUS should be the standard of care for future internists 3.4 (1.1)
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the practicing internists at these six academic centres 
have limited personal, attitudinal, work environment, or 
externally related barriers to using POCUS but signifi-
cant skill and knowledge-based barriers may be limiting 
POCUS use. Whilst access to machines did not seem 
to be a barrier at their institutions, participants did feel 
that provision of a handheld ultrasound would facilitate 
increased use.

Our results are consistent with prior survey studies 
on barriers in using POCUS in practicing physicians. 
For example, personal and general attitude to the use of 
POCUS has been favourable in prior studies [7, 11, 13, 
14, 17, 25, 26]. However, unlike other studies where time, 
equipment, and funding were the primary barriers [7, 
11, 16–18], our study participants were more concerned 
with their own lack of training, supervision, and the lack 
of quality assurance processes. This concern with lack of 
training and supervision has also been suggested in other 
studies [14, 15, 25, 26]. Last, in one study of neonatal and 
pediatric critical care specialists, over 40% of participants 
were concerned with both liability issues and resistance 
from imaging specialists [16]. These two issues were only 
of moderate importance to our survey participants.

Our study has several limitations. First is the issue of 
generalizability. The academic centres in our study all 
have a designated internal medicine POCUS champion, 
a marker of higher quality POCUS education [27], as well 
as availability of machines and supportive work envi-
ronment and colleagues. As such, our results may not 
apply to practitioners in POCUS-naïve settings. Indeed, 
a prior study found that attitudes of critical care fellow-
ship program directors differed between programs that 
had an ultrasound machine, compared with programs 
that did not [13]. Second, our overall response rate was 
only 49%. Whilst five of our six sites achieved our target 
of greater than 40% response rate, one site achieved only 
33%. Nonetheless, our response rate is typical of studies 
of this kind; in a systematic review of 68 surveys, a mean 
response rate of 39.6% was reported [28]. Third, despite 
an attempt to more comprehensively explore barriers, a 
complete catalogue of all barriers is not possible. Fourth, 
whilst statistics convey central tendencies, for each bar-
rier and enabler, the responses ranged from 1 to 5 (from 
strongly disagree to strongly agree), with the exception of 
2 items: “I do not need to know POCUS because it is not 

a ABIM/FRCPC requirement” (range 1–4); “Other intern-
ists at my institution are supportive of the use of POCUS 
in clinical practice” (range 2–5). The implication of these 
observed ranges is that despite our reported results, 
in our study population are individuals whose attitude 
towards POCUS was very negative, who felt very strongly 
that POCUS is a fad that will pass with time, and who 
still would not use POCUS if they had more training and 
supervision. The usual interventions to effect behavioural 
change may be less effective on these individuals. Finally, 
our online survey was administered anonymously; 
despite the absence of identical responses in surveys, we 
cannot exclude the possibility that some individuals may 
have responded more than once.

Conclusions
In conclusion, in our multi-centre survey of practic-
ing hospital-based internists who look after hospital-
ized patients, lack of training, supervision, quality 
assurance processes (archiving and review of images), 
handheld devices, and time to perform POCUS dur-
ing rounds were the key barriers to using POCUS. 
Personal attitudes about the utility of POCUS, current 
lack of requirement by external organizations for the 
practice of internal medicine, and inability to bill were 
not considered important barriers by our participants. 
Future studies should systematically address barriers to 
POCUS use.

Abbreviations
ACP: American College of Physicians; IM: Internal medicine; POCUS: Point-of-
care ultrasound.

Acknowledgements
We wish to thank all our colleagues who participated in this survey.

Authors’ contributions
JW and IWM contributed to the conception and design of the work, acquisi-
tion, analysis, and interpretation of data, and drafted and revised the work. SM, 
PW, KN, AL, JR, RD, BB, and JD contributed to the acquisition and interpretation 
of data and revised it critically for important intellectual content. All authors 
read and approved the manuscript.

Funding
This study is unfunded. The open access costs are provided by the John A. 
Buchanan Chair in General Internal Medicine at the University of Calgary. The 
funding source had no role in the design, execution, analyses, or interpreta-
tion of the data or the decision to submit results.

Table 2  (continued)

a  Rated on a 5-point Likert scale, where 1 = strongly disagree and 5 = strongly agree

External organization-related barriers

I would use POCUS more if I could get certified in its use 3.4 (1.1)

I do not need to know POCUS because it is not a ABIM/FRCPC requirement 2.0 (0.9)



Page 7 of 7Wong et al. Ultrasound J           (2020) 12:19 	

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

Ethics approval and consent to participate
The central coordinating site’s ethics approval was obtained from the Conjoint 
Health Research Ethics Board from the University of Calgary (Protocol REB 
18-1498). Each study site also sought and obtained local research ethics 
board approval for this study. Each participant included in the study indicated 
consent to participant at the start of the survey.

Consent for publication
Not applicable.

Competing interests
JR is a co-founder of a blood pressure measurement start-up company 
(mmHg Inc), that is outside the submitted work.IM is funded by The John A. 
Buchanan Chair in General Internal Medicine at the University of Calgary.There 
are no financial conflicts of interest to declare from the remaining authors.

Author details
1 Department of Medicine, University of Alberta, Edmonton, AB, Canada. 
2 Department of Medicine, Queen’s University, Kingston, ON, Canada. 
3 Department of Medicine, University of Pennsylvania, Philadelphia, PA, USA. 
4 Department of Medicine, Massachusetts General Hospital, Boston, MA, 
USA. 5 Department of Emergency Medicine, Massachusetts General Hospital, 
Boston, MA, USA. 6 Department of Medicine, Division of General Internal Medi-
cine, Cumming School of Medicine, University of Calgary, 3330 Hospital Dr 
NW, Calgary, AB T2N 4N1, Canada. 7 Department of Medicine, Oregon Health & 
Science University, Portland, OR, USA. 8 Department of Critical Care, University 
of Alberta, Edmonton, AB, Canada. 

Received: 18 November 2019   Accepted: 13 April 2020

References
	1.	 Cho J, Jensen TP, Rierson K, Matthews BK, Bhagra A, Franco-Sadud R, 

Grikis L, Mader M, Dancel R, Lucas BP et al (2019) Recommendations 
on the use of ultrasound guidance for adult abdominal Pparacentesis: 
a position statement of the Society of Hospital Medicine. J Hosp Med 
14:E7–E15

	2.	 Dancel R, Schnobrich D, Puri N, Franco-Sadud R, Cho J, Grikis L, Lucas BP, 
El-Barbary M, Soni NJ (2018) Recommendations on the use of ultrasound 
guidance for adult thoracentesis: a position statement of the Society of 
Hospital Medicine. J Hosp Med 13(2):126–135

	3.	 National Institute for Health and Clinical Excellence (NICE). Technology 
Appraisal No 49: guidance on the use of ultrasound locating devices 
for placing central venous catheters. http://www.nice.org.uk/Guida​nce/
TA49/Guida​nce/pdf/Engli​sh. Accessed 18 Nov 2019

	4.	 Liu RB, Donroe JH, McNamara RL, Forman HP, Moore CL (2017) The prac-
tice and implications of finding fluid during point-of-care ultrasonogra-
phy: a review. JAMA Intern Med 177(12):1818–1825

	5.	 Soni NJ, Schnobrich D, Matthews BK, Tierny DM, Jensen TP, Dancel R, Cho 
J, Dversdal RK, Mints G, Bhagra A et al (2019) Point-of-care ultrasound for 
hospitalists: a position statement of the society of hospital medicine. J 
Hosp Med 14:E1–E6

	6.	 American College of Physicians. ACP statement in support of point-of-
care ultrasound in internal medicine. https​://www.acpon​line.org/meeti​
ngs-cours​es/focus​ed-topic​s/point​-of-care-ultra​sound​/acp-state​ment-in-
suppo​rt-of-point​-of-care-ultra​sound​-in-inter​nal-medic​ine. Accessed 18 
Nov 2019

	7.	 Schnobrich DJ, Gladding S, Olson APJ, Duran-Nelson A (2013) Point-of-
care ultrasound in internal medicine: a national survey of educational 
leadership. J Grad Med Educ 5(3):498–502

	8.	 Ma IWY, Arishenkoff S, Wiseman J, Desy J, Ailon J, Martin L, Otremba M, 
Halman S, Willemot P, Blouw M et al (2017) Internal Medicine Point-of-
Care Ultrasound Curriculum: Consensus Recommendations from the 

Canadian Internal Medicine Ultrasound (CIMUS) Group. J Gen Intern Med 
32(9):1052–1057

	9.	 Ma IWY, Cogliati C, Bosch FH, Tonelli de Oliveira AC, Arienti V, Blans MJ, 
Chan B, Bhagra A (2018) Point-of-care ultrasound for internal medicine: 
an international perspective. South Med J 111(7):439–443

	10.	 LoPresti CM, Schnobrich DJ, Dversdal RK, Schembri F (2019) A road map 
for point-of-care ultrasound training in internal medicine residency. 
Ultrasound J 11(1):10

	11.	 Ailon J, Nadjafi M, Mourad O, Cavalcanti R (2016) Point-of-care ultrasound 
as a competency for general internists: a survey of internal medicine 
training programs in Canada. Can Med Educ J 7(2):e51–e69

	12.	 LoPresti CM, Jensen TP, Dversdal RK, Astiz DJ (2019) Point of care ultra-
sound for internal medicine residency training: a position statement from 
the alliance of academic internal medicine. Am J Med 132(11):1356–1360

	13.	 Eisen LA, Leung S, Gallagher AE, Kvetan V (2010) Barriers to ultrasound 
training in critical care medicine fellowships: a survey of program direc-
tors. Crit Care Med 38(10):1978–1983

	14.	 Mosier JM, Malo J, Stolz LA, Bloom JW, Reyes NA, Snyder LS, Adhikari S 
(2014) Critical care ultrasound training: a survey of US fellowship direc-
tors. J Crit Care 29(4):645–649

	15.	 Hall J, Holman H, Bornemann P, Barreto T, Henderson D, Bennett K, Cham-
berlain J, Maurer DM (2015) Point of care ultrasound in family medicine 
residency programs: a CERA study. Fam Med 47(9):706–711

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

	17.	 Micks T, Braganza D, Peng S, McCarthy P, Sue K, Doran P, Hall J, Holman 
H, O’Keefe D, Rogers P (2018) Canadian national survey of point-of-care 
ultrasound training in family medicine residency programs. Can Fam 
Physician 64(10):e462–e467

	18.	 Mok D, Schwarz SKW, Rondi K (2017) Point-of-care ultrasonography 
in Canadian anesthesiology residency programs: a national survey of 
program directors. Can J Anesth 64(10):1023–1036

	19.	 Burke WW (2018) Organization change: theory and practice, 5th edn. 
Sage Publications, Thousand Oaks

	20.	 Kotter JP (2012) Leading change. Harvard Business Review Press, Boston
	21.	 HBR’s 10 Must Reads (2011) On change management. Harvard Business 

School Publishing Corporation, Boston
	22.	 Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud PA, Rubin 

HR (1999) Why don’t physicians follow clinical practice guidelines? A 
framework for improvement. JAMA 282(15):1458–1465

	23.	 Grol R, Grimshaw J (2003) From best evidence to best practice: effective 
implementation of change in patients’ care. Lancet 362(9391):1225–1230

	24.	 Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, Grilli R, 
Harvey E, Oxman A, O’Brien MA (2001) Changing provider behavior: an 
overview of systematic reviews of interventions. Med Care 39(8Supple 
2):II2–II45

	25.	 Smallwood N, Matsa R, Lawrenson P, Messenger J, Walden A (2015) A UK 
wide survey on attitudes to point of care ultrasound training amongst 
clinicians working on the Acute Medical Unit. Acute Med 14(4):159–164

	26.	 Peh WM, Kang ML (2018) A pilot survey on an understanding of point 
of care bedside ultrasound (POCUS) among medical doctors in internal 
medicine: exposure, perceptions, interest and barriers to training. Proc 
Singapore Healthcare 27(2):85–95

	27.	 Ambasta A, Balan M, Mayette M, Goffi A, Mulvagh S, Buchanan B, 
Montague S, Ruzycki S, Ma IW (2019) Education Indicators for Inter-
nal Medicine Point-of-Care Ultrasound: a Consensus Report from the 
Canadian Internal Medicine Ultrasound (CIMUS) Group. J Gen Intern Med 
34(10):2123–2129

	28.	 Cook C, Heath F, Thompson RL (2000) A meta-analysis of response rates in 
web- or internet-based surveys. Educ Psychol Meas 60(6):821–836

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

http://www.nice.org.uk/Guidance/TA49/Guidance/pdf/English
http://www.nice.org.uk/Guidance/TA49/Guidance/pdf/English
https://www.acponline.org/meetings-courses/focused-topics/point-of-care-ultrasound/acp-statement-in-support-of-point-of-care-ultrasound-in-internal-medicine
https://www.acponline.org/meetings-courses/focused-topics/point-of-care-ultrasound/acp-statement-in-support-of-point-of-care-ultrasound-in-internal-medicine
https://www.acponline.org/meetings-courses/focused-topics/point-of-care-ultrasound/acp-statement-in-support-of-point-of-care-ultrasound-in-internal-medicine

	Barriers to learning and using point-of-care ultrasound: a survey of practicing internists in six North American institutions
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Survey development
	Statistical analysis

	Results
	Clinical and procedural use
	Barriers to using POCUS
	Enablers to using POCUS

	Discussion
	Conclusions
	Acknowledgements
	References




