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Abstract
Background: Point- of- care ultrasound (POCUS) is increasingly utilized in emergency 
medicine	(EM).	While	residents	are	required	by	the	Accreditation	Council	for	General	
Medical Education to complete a minimum of 150 POCUS examinations before grad-
uation, the distribution of examination types is not well- described. This study sought 
to assess the number and distribution of POCUS examinations completed during EM 
residency training and evaluate trends over time.
Methods: This was a 10- year retrospective review of POCUS examinations across five 
EM residency programs. The study sites were deliberately selected to represent diver-
sity in program type, program length, and geography. Data from EM residents graduat-
ing from 2013 to 2022 were eligible for inclusion. Exclusion criteria were residents in 
combined training programs, residents who did not complete all training at one institu-
tion, and residents who did not have data available. Examination types were identified 
from	the	American	College	of	Emergency	Physicians	guidelines	for	POCUS.	Each	site	
obtained POCUS examination totals for every resident upon graduation. We calculated 
the mean and 95% confidence interval for each procedure across study years.
Results: A	total	of	535	residents	were	eligible	for	inclusion,	with	524	(97.9%)	meeting	
all inclusion criteria. The mean number of POCUS examinations per resident increased 
by	46.9%	from	277	in	2013	to	407	in	2022.	All	examination	types	had	stable	or	in-
creasing	frequency.	Focused	assessment	with	sonography	in	trauma	(FAST),	cardiac,	
obstetric/gynecologic, and renal/bladder were performed most frequently. Ocular, 
deep	venous	thrombosis,	musculoskeletal,	skin/soft	tissue,	thoracic,	and	cardiac	ex-
aminations had the largest percentage increase in numbers over the 10- year period, 
while bowel and testicular POCUS remained rare.
Conclusions: There was an overall increase in the number of POCUS examinations 
performed	 by	 EM	 residents	 over	 the	 past	 10 years,	 with	 FAST,	 cardiac,	 obstetric/
gynecologic,	and	renal/bladder	being	the	most	common	examination	types.	Among	
less common procedures, increased frequency may be needed to ensure competence 
and	avoid	skill	decay	for	those	examination	types.	This	information	can	help	inform	
POCUS training in residency and accreditation requirements.
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INTRODUC TION

Point- of- care ultrasound (POCUS) was introduced to emergency 
medicine	(EM)	in	the	1980s	and	quickly	became	a	core	skill	for	EM	
physicians, with training courses beginning in 1991 and the first 
EM ultrasound fellowship starting in 1993.1 The rapid expansion 
of POCUS prompted the creation of the first national curriculum in 
19942 as well as POCUS being included in national residency train-
ing requirements in 1996.3	 In	 2012,	 the	Accreditation	Council	 for	
General	Medical	Education	(ACGME)	designated	POCUS	as	one	of	
the Milestone competencies for graduating EM residents.3

As	 POCUS	 indications	 and	 use	 expanded,	 the	 need	 to	 ensure	
competence among EM physicians became apparent. POCUS 
has subsequently been included as a core component of EM, with 
both diagnostic and procedural ultrasound being included in the 
American	Board	of	Emergency	Medicine	Model	of	Clinical	Practice	
in EM.4 This has further translated to residency training, where the 
ACGME	lists	POCUS	as	one	of	the	Key	Index	Procedures.5 While no 
longer explicitly included in Milestones 2.0,6	the	ACGME	Key	Index	
Procedures guidelines still require that residents complete a mini-
mum of 150 POCUS examinations to complete residency training, 
though the distribution of specific examination types is not defined.5 
Alternatively,	the	American	College	of	Emergency	Physicians	(ACEP)	
Emergency Ultrasound Guidelines recommend that residents com-
plete	150–	300	POCUS	examinations	and	at	least	25–	50	in	a	given	
application.7 These variations in training recommendations between 
accreditation bodies and specialty professional organizations create 
ambiguity for institutions regarding optimal strategies to educate 
trainees in POCUS.

Prior research has described the total numbers of POCUS per-
formed during training but were older and limited to single sites with 
small sample sizes and an emphasis on only the total numbers of ex-
aminations.8–	10 No studies have sought to quantify the distribution 
of POCUS examinations per user. Moreover, it is unclear whether 
the number of examinations performed has changed over time as the 
field	has	evolved.	As	 the	ACGME	reevaluates	 its	numeric	 require-
ments for the Key Index Procedures and programs determine their 
local	goals,	there	 is	a	need	to	provide	benchmarks	on	examination	
performance in specific POCUS applications. The objective of this 
study was to assess the number of POCUS examinations completed 
during EM residency training and evaluate these trends over time.

METHODS

Study design

We conducted a retrospective review of specific POCUS ex-
amination	 totals	 among	 graduating	 EM	 residents	 at	 five	 ACGME-	
accredited residency programs from 2013 to 2022. The institutional 
review boards at all five sites reviewed the study and deemed it ei-
ther exempt or approved without required consent.

Study population

Ultrasound examination data from all categorical EM residents grad-
uating	in	2013–	2022	were	eligible	for	inclusion.	We	excluded	data	
from residents that did not complete their full training at that institu-
tion (i.e., transferred to/from another residency program), residents 
in combined training programs (e.g., EM and internal medicine/
family practice/critical care), and residents without ultrasound data 
available. We deliberately selected study sites based on access to 
reliable	POCUS	data	while	seeking	to	ensure	breadth	of	geographic	
location, program length, and program type. Study site characteris-
tics are described in Table S1.

Study protocol

We determined the list of POCUS examination types based on the 
2016	ACEP	guidelines	for	core	and	advanced	applications.7 Each site 
provided anonymous, resident- specific totals for each POCUS ex-
amination based on logged totals in their image archival software 
and resident self- report via procedure logs (when not stored in their 
image archival software).

Data analysis

We calculated the mean and 95% confidence intervals (CIs) for each 
specific POCUS examination type. Data were presented in total 
as	 well	 as	 by	 year	 of	 graduation.	 All	 analyses	 were	 performed	 in	
Microsoft Excel 365 and Stata 16.

RESULTS

We collected data from 535 total residents across all five pro-
grams, with data from 524 (97.9%) meeting inclusion criteria. Of 
the 11 residents excluded, eight were due to missing data and 
three had transferred in or out of the residency program. There 
were 324 (60.6%) men, 210 (39.3%) women, and one (0.1%) non-
binary resident.

The mean overall number of POCUS examinations performed 
during residency was 348, which increased from 277 in the class of 
2013 to 407 in the class of 2022 (Table 1). The most frequently per-
formed POCUS examinations were focused assessment with sonog-
raphy	 in	 trauma	 (FAST),	 cardiac,	 obstetric/gynecologic,	 and	 renal/
bladder. Most sites reported obstetric/gynecologic examinations 
as	a	single	category.	Among	those	reporting	transabdominal	versus	
transvaginal obstetric/gynecologic ultrasound separately (n = 157 
residents),	transabdominal	(mean	13,	95%	CI	11–	14)	was	performed	
significantly	 more	 often	 than	 transvaginal	 (mean	 2,	 95%	 CI	 2–	3).	
Ocular,	 deep	 venous	 thrombosis,	 musculoskeletal,	 skin/soft	 tis-
sue, thoracic, and cardiac examinations had the largest percentage 
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increase in numbers over the 10- year period, while bowel and testic-
ular POCUS remained rare (Figure S1).

DISCUSSION

Our study reported the mean number of overall and specific 
POCUS examinations over a 10- year period, finding that the mean 
overall EM resident ultrasound numbers have increased by nearly 
50% from 2013 to 2022. This is important, as the increase in num-
bers	has	far	exceeded	the	number	recommended	by	the	ACGME	
by a factor of 3. There are several reasons for this potential in-
crease.	First,	ultrasound	training	has	advanced	as	a	specialty,	with	
increased applications and expanded incorporation into train-
ing.11,12 It has also become more ubiquitous within EM, possibly 
stemming from data demonstrating benefits in patient care across 
several applications.13	 Moreover,	 ultrasound	 fellowship–	trained	
EM faculty are also increasing, with a positive effect on resident 
education.14,15 Increased billing for POCUS may have further in-
creased clinical use.

We also identified several interesting findings with regard to 
specific ultrasound examination types. Over the 10- year period, we 
found	increases	in	ocular,	deep	venous	thrombosis,	skin/soft	tissue,	
musculoskeletal,	thoracic,	and	cardiac	ultrasound	examinations	per-
formed. This may have been influenced by the transition of ocular, 
deep	venous	thrombosis,	soft	tissue/musculoskeletal,	and	thoracic	
from newer applications to core applications in the more recent 
2016	ACEP	ultrasound	guidelines.7	Among	the	common	indications,	
FAST	was	the	most	frequently	utilized,	with	cardiac	being	the	only	
other indication to exceed an average of 50 scans per resident. 
These may be due to the broader range of indications for these as 
opposed to some more narrow examinations (e.g., bowel, testicular). 
Biliary, obstetric, renal, and thoracic ultrasound also exceeded the 
minimum recommendation of 25 scans.7 Interestingly, many of the 
other	 indications	 fell	 below	 the	ACEP	 recommended	 25	 scans.	 In	
particular, a few examinations (e.g., transvaginal, testicular, bowel ul-
trasound)	remained	rather	low,	and	residents	are	unlikely	to	demon-
strate competence for these indications at the current thresholds. 
Bowel ultrasound has been an emerging application and may rise in 
use as comfort with this grows.16 In contrast, transvaginal and tes-
ticular ultrasound may be more challenging to obtain numbers due to 
perceived invasiveness of the examination and greater potential for 
a repeat radiologic examination if the initial is nondiagnostic.

We	 also	 noticed	 a	 peak	 in	 the	 total	 number	 of	 examinations	
performed in the 2019 graduation year. This was followed by a 
rapid decline in the class of 2020 and a subsequent slow recovery. 
One potential reason for this decline may have been the impact of 
COVID- 19 reducing the number of POCUS examinations that could 
be obtained due to increased patient care needs in other areas, can-
celed	POCUS	rotations,	COVID-	19	exposures	 leading	to	more	sick	
days and call coverage, and reduced overall POCUS imaging to limit 
clinician exposure.17–	19 The impact of COVID- 19 may also explain 
the	paradoxical	spike	in	thoracic	imaging	during	that	time.

While	 many	 programs	 currently	 track	 learner's	 progression	 to	
graduation based on the total number of scans performed overall, 
the	actual	learning	curves	in	ultrasound	skill	attainment	can	vary	by	
examination type. Performance plateaus for image quality on soft 
tissue examinations, for example, are estimated at 18 examinations, 
whereas right upper quadrant scans are closer to 90 examinations.20 
Although	one	 can	estimate	 that	25–	50	quality	 reviewed	examina-
tions are adequate, we suggest that ultrasound assessment and 
learning	is	not	one	size	fits	all.	Similar	to	the	way	that	the	ACGME	
tailors minimum examination numbers for core procedures in EM 
training we argue that ultrasound assessment should be similarly tai-
lored	for	different	examination	types.	For	example,	 in	the	ACGME	
Key Index Procedures, resuscitations are not viewed as all the same. 
Programs	must	 track	 trauma	 resuscitations	 differently	 than	medi-
cal resuscitations and within each, pediatric cases are differentiated 
from adults.4 Consequently, we propose that programs should sim-
ilarly tailor their ultrasound numbers to the specific learning curve 
data for each examination rather than grouping all ultrasound exam-
inations as a single category.

Although	many	programs	currently	utilize	a	numerical	approach	
as a surrogate for proficiency, it is important to note that ensur-
ing competency in emergency ultrasound includes multiple com-
ponents.	The	I-	AIM	model	suggests	that	operators	need	to	identify	
when to perform the scan, acquire the images properly, interpret the 
obtained images, and incorporate these interpretations into medical 
decision	 making.21 These components cannot be accurately cap-
tured	using	numerical	data	alone.	Recent	work	from	the	Ultrasound	
Competency	Work	Group	advocates	for	the	use	of	multimodal	tools	
for assessment of ultrasound competence.22 Recommended assess-
ments include written examinations, image review, objective struc-
tured clinical evaluations, standardized direct observation tools, and 
direct clinical observation. In the era of competency- based medi-
cal education, educators will need specific tools to assess entrust-
ment	of	skills	and	procedures	 like	POCUS,	such	as	the	Ultrasound	
Competency	 Assessment	 Tool.23,24 Ultimately, given that learning 
curves do require a variable amount of practice based on examina-
tion	 type	and	 learner,	 these	 tools	will	 likely	merge	with	numerical	
data	 to	 provide	 a	 defensible	 summative	 assessment	 of	 a	 learner's	
acquisition of competence.

LIMITATIONS

This study was limited to five institutions over a 10- year period and 
may not fully reflect other institutions. However, we intentionally 
selected programs from different geographic locations and with var-
ying	program	types.	We	also	utilized	the	2016	ACEP	guidelines	to	
inform our list of POCUS examinations.7	As	the	field	has	advanced,	
some applications have transitioned from advanced or emerging to 
core, which may have influenced the number of examinations per-
formed. Moreover, some examination types (e.g., contrast- enhanced 
ultrasound, transcranial Doppler, procedural guidance) were not 
routinely collected at any site, limiting the ability to evaluate these 
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applications. Other examinations (e.g., ocular, thoracic, transvaginal 
ultrasound)	 were	 not	 universally	 tracked	 across	 all	 sites.	 Another	
limitation	is	the	reliance	on	image	logs	and	self-	report.	As	such,	this	
is subject to reporting bias and may have missed ultrasound exami-
nations that were not saved or reported. We were also limited by the 
types	of	examinations	reported.	Finally,	while	this	study	presented	
data on numeric trends, we were unable to ascertain the quality of 
the associated images.

CONCLUSIONS

This study described the mean number of ultrasound examinations 
by specific application among emergency medicine residents and 
identified trends in the distribution over a 10- year period. While 
many examination types increased in frequency, some remained 
uncommon.	Among	less	common	procedures,	 increased	frequency	
may	be	needed	to	ensure	competence	and	avoid	skill	decay	for	those	
examination	types.	Future	work	should	examine	this	among	differ-
ent sites and identify factors associated with increased use.
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