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INTRODUCTION

Point-of-care ultrasound (PoCUS) is one
of the fastest growing areas of ultrasound,
specifically in emergency medicine, anes-
thesiology, and critical care medicine. Po-
CUS is defined as ultrasonography brought
to the patient and performed by the provider
in real time."! The ultrasound exam is inter-
preted in real time and then integrated into
clinical decision-making. Within anesthe-
siology, real-time ultrasound guidance for
vascular access and peripheral nerve blocks
is widely practiced and considered standard
of care at many institutions.” Currently, di-
agnostic ultrasound modalities are becom-
ing more widespread within anesthesiology
and critical care medicine.

One such diagnostic modality is point-
of-care surface cardiac ultrasound, other-
wise known as focused cardiac ultrasound
(FoCUS). The American Society of Echo-
cardiography defines FoCUS as a focused
examination of the cardiovascular system
performed by a physician by using ultra-
sound as an adjunct to the physical exam-
ination to recognize specific ultrasonic signs
that represent a narrow list of potential diag-
noses in specific clinical settings.” This infor-
mation is integrated with other clinical data
to guide real-time clinical decisions.

Over the past several years in anesthesi-
ology, there has been increased interest in
ultrasound education and more specifical-
ly in FoCUS training.*'> However, FoCUS
curricula can be associated with a signifi-
cant time investment by ultrasound faculty.
Our aim was to create a weeklong curric-
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ulum using online didactics, transthoracic
echocardiography (TTE) simulation, and
image/image interpretation storage soft-
ware. Our goal was to implement a largely
self-guided curriculum to create a consis-
tent educational experience for our resi-
dents independent of faculty availability.

We hypothesized that the implementation
of a newly designed FoCUS curriculum in
the postanesthesia care unit (PACU) would
have a positive impact on anesthesiolo-
gy residents. Specifically, we assessed the
curriculuny’s impact by Kirkpatrick level
1, reaction and opinion; Kirkpatrick level
2, acquisition of knowledge and skills; and
Kirkpatrick level 3, application of learn-
ing."

MATERIAL AND METHODS
Study Population

The study was approved by the Partners
Healthcare Institutional Review Board and
written informed consent was obtained
from all subjects. The study population was
a cohort of anesthesiology residents who
each rotated on a weeklong PACU rotation
between September 1, 2017 and August 31,
2018. The study analyzed non-patient-re-
lated data from the curriculum. If a resident
rotated for more than 1 week during this
yearlong period, she or he did not repeat
the curriculum. The Standards for QUali-
ty Improvement Reporting Excellence 2.0
guidelines were considered when preparing
this article.

FoCUS Curriculum
The FoCUS curriculum was developed by

two of the authors (L.J.P. and J.R.S.), both
certified in perioperative transesophageal
echocardiography and both completed an
additional 25 hours of category 1 CME
specific to PoOCUS/TTE. The Miles Eleanor
Shore Fellowship was awarded to J.R.S. to
develop a PoCUS curriculum in the PACU.
This provided 1 day of protected nonclini-
cal time per week for 1 academic year.

The PACU rotation was chosen because
FoCUS is often used to provide helpful,
timely information for acute periopera-
tive decision making. Furthermore, the
low PACU patient census during the early
morning allowed us to have protected edu-
cational time to complete the various com-
ponents of the curriculum. The residents
were given 1 hour of protected educational
time during the morning on each day ex-
cept Wednesday because of grand rounds.
Residents were provided an extra hour on
Tuesdays and Thursdays to scan patients
in the PACU with our nonphysician cardi-
ac sonographer (L.M.M.). The curriculum
design incorporated 3 core components es-
sential to FoCUS training: didactics, hands
on imaging, and image interpretation and
review® (see Supplemental Online Material

1).

We used online survey software (REDCap,
Nashville, TN) as our educational delivery
platform. This method allowed us to au-
tomate emailing the curriculum overview
and schedule, FoCUS video didactics, quiz-
zes, and questionnaires at specific times
throughout the week for residents to com-
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plete during the morning protected time.
The software also allowed us to track resi-
dent progress and record results and feed-
back.

Didactics

As described in a review article by Zimmer-
man and Coker," the FoCUS exam includes
5 views: (1) parasternal long axis, (2) para-
sternal short axis, (3) apical 4 chamber, (4)
subcostal 4 chamber, and (5) subcostal in-
ferior vena cava long axis. For the didactic
part of the curriculum, we created 5 educa-
tional videos, 6 to 7.5 minutes in length, for
each view (subcostal 4 chamber and inferi-
or vena cava were combined). Each video
describes how to obtain the view, the anat-
omy seen in each view, and pitfalls in ob-
taining the view. Each video also describes
the basics of how to assess cardiac function
such as signs of decreased left ventricular
function, hyperdynamic function, regional
wall motion abnormalities, and right heart
strain. A fifth video was created as an in-
troduction to the online ultrasound im-
age storage software. To support different
learning styles, we also advised residents to
read relevant journal articles during their
protected hour (see Supplemental Online
Material 2 and 3).

Quizzes and Questionnaires

Precurriculum and postcurriculum, the
residents were emailed questionnaires re-
garding their overall experience, comfort
level with FoCUS, and the importance of
learning PoCUS (Kirkpatrick level 1).

Multiple-choice tests were emailed on the
Monday and Friday of each week to assess
for knowledge improvement (Kirkpatrick
level 2). There were 10 different questions
in each quiz, which tested knowledge on
image acquisition, probe manipulation,
and anatomy identification for the basic
FoCUS views. Expanded answers were pro-
vided after quiz completion to support res-
ident learning.

The quizzes and questionnaires were de-
signed to each take approximately 5 to 10
minutes to complete and included the fol-
lowing: (1) precurriculum questionnaire,
(2) beginning of week quiz (pretest), (3)
end of week quiz (posttest), and (4) post-
curriculum questionnaire.
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Hands-on Training/Simulation

Simulation training has been shown to be
an effective educational method for teach-
ing ultrasound skills to anesthesiologists'
and compares favorably to didactic lec-
tures.’ Our residents used the Vimedix
2.0 simulator (CAE Healthcare, Sarasota,
FL), which gives real-time anatomical feed-
back to help learners identify and optimize
probe positioning for FoCUS views. This
TTE simulator is located in and maintained
by our hospital’s simulation center. There
is also a function that enables learners to
view abnormal cardiac pathology such as
decreased left ventricular function, pericar-
dial effusion, and right ventricular strain.
The simulation center staff provided the
residents a brief tutorial on how to use
the simulator. There were three simulation
sessions during the week (see Supplemen-
tal Online Material 1): (1) simulator exam
administered on day 1 by a nonphysician
cardiac sonographer to obtain the 5 FoCUS
views that were timed, graded on quality,
and had prompts to identify pertinent ana-
tomical structures; (2) self-guided midweek
session to optimize image acquisition skills
and load cardiac pathologies, as mentioned
above; (3) the same simulator exam, men-
tioned above, administered on the last day.
Improvement in skill acquisition (Kirkpat-
rick level 2) was assessed by the delta in
time to image acquisition between the 2
simulator exams and any change in image
quality or accuracy of anatomical identifi-
cation.

On Tuesdays and Thursdays, an extra hour
was spent scanning patients in the PACU
with a nonphysician cardiac sonographer.
These studies, along with the resident’s
interpretations, were stored on the image
software program QPath (Telexy, Maple
Ridge, BC, Canada) and emailed to one of
the authors (either L.J.P. or J.R.S.). Either
one of these individuals, having experience
in echocardiography as detailed above, re-
viewed the exam and emailed feedback to
the resident on image quality and interpre-
tation. There was a standardized feedback
form created on the QPath software, and
each of the aforementioned authors re-
viewed approximately half the exams.

Statistical Analysis

Paired, within-resident changes in percep-
tion of the importance of learning PoCUS,
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reported comfort level with FoCUS, FoCUS
knowledge test score, and FoCUS skills as-
sessment results postcurriculum versus
precurriculum are reported as median
changes followed by 95% confidence inter-
vals (Cls) reported as ranges. The CIs were
calculated based on the normal approxima-
tion method with a continuity correction.
Paired postcurriculum versus precurric-
ulum responses and measurements were
compared using 2-sided Wilcoxon signed-
rank tests with no correction for multiple
testing. A P value of <.05 was considered
statistically significant. Clinical significance
was evaluated based on effects size corre-
sponding 95% CI. An a priori power anal-
ysis for detecting differences in outcomes
was not performed because the goal of this
study was to assess feasibility, not effective-
ness, of the curriculum. Statistical analyses
were performed with SAS software version
9.4 (SAS Institute, Cary, NC) and R soft-
ware version 3.5.2 (R Foundation for Statis-
tical Computing, Vienna, Austria).

RESULTS

The final cohort consisted of 41 residents;
9 residents completed two 1-week rota-
tions in the PACU and therefore only the
curriculum once. Secondary to timing of
institutional review board approval, 21 res-
idents were enrolled retrospectively and 20
were enrolled prospectively. Most residents
had previously performed 6 to 10 FoCUS
exams for educational purposes (49%) and
6 to 10 FoCUS exams for guiding clinical
decision-making (63%).

Resident Evaluation of Curriculum
(Kirkpatrick Level 1)

Residents reported high median [first quar-
tile, third quartile] perceived importance
of learning perioperative ultrasound both
before (89 [80, 100]) and after (93 [80, 99])
completing the curriculum (median with-
in-participant change: 0 [-9, 7], n = 23, P
= .936). A similar pattern was observed
for perceived importance of having formal
perioperative ultrasound training in resi-
dency (median within-participant change:
0[-9, 8], n =23, P=.811; Table 1). Report-
ed comfort level with acquiring basic views
of a FoCUS exam improved within resident
by a median 30 ([26, 45], P = <.001) points
precurriculum to postcurriculum, while
reported comfort level with interpreting
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the basic views of a FoOCUS exam improved
within resident by a median 22 ([26,45] n =
29, P=<.001) points (Table 1). All residents
who provided opinions postcurriculum (n
= 19) strongly agreed that the curriculum
should be permanent, and that perioper-
ative ultrasound is a relevant skill, while
68.4% of residents strongly agreed that the
curriculum provided motivation to further
learn about perioperative ultrasound (Table
2).

Knowledge and Skills Assessment (Kirk-
patrick Level 2)

The same simulator exam was administered
on the first and last day of the curriculum
to assess the curriculum’s impact on image
acquisition skills. For all five FoOCUS views,
there were notable median within-resident
decreases in simulator image acquisition
times postcurriculum versus precurricu-
lum (Table 3, Figure 1). However, no dif-
ferences were detected in median change
in multiple choice test score, anatomy iden-
tification, or image quality postcurriculum
versus precurriculum (Table 3, Figure 1).

Application of Skills Learned in the Cur-
riculum (Kirkpatrick Level 3)

In the 2 months following completing the
curriculum, 47.4% of residents report-
ed performing a FoCUS exam in clinical
practice (n = 19; Table 4). Common indi-
cations included hypotension (87.5%) and
new electrocardiogram change (37.5%) (n
= 8; Table 4). Common effects on clinical
management were to confirm a suspected
diagnosis (75%), guide fluid management
(75%), and guide hemodynamic manage-
ment (75%) (n = 8; Table 4).

Cost Analysis

Faculty time commitment: The time in-
volved in setting up this curriculum was
covered by the Miles Eleanor Shore Fellow-
ship, which supported one nonclinical day
per week for 1 year. Once the curriculum
was running, faculty time commitment
consisted of reviewing the 4 studies ob-
tained by each resident per week and email-
ing feedback. We estimate approximately
20 minutes per study to review images and
provide feedback for a total of 1 hour 20
minutes of faculty time per week.
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Sonographer time commitment: Time
commitment for our cardiac sonographer
consisted of an hour for hands-on scanning
on Tuesdays and Thursdays, and an extra
30 minutes on Mondays and Fridays to ad-
minister the precurriculum and postcurric-
ulum simulator tests.

Simulation costs: Buying a new ultrasound
simulator, similar to the one used in this
study, can cost around $40 000-$80 000 de-
pending on which pathology packages are
chosen to be included. We had access to a
TTE simulator already present and main-
tained by our institution’s simulation cen-
ter.

Ultrasound image storage costs: QPath, a
web-based ultrasound exam storage and
viewing software, was purchased for an ini-
tial license cost of $20 000 and thereafter an
annual maintenance cost of $1500.

Survey delivery software costs: We had ac-
cess to REDCap through our institution;
therefore, it was free of cost for us.

DiscussioN

This study examines the implementation
of our FoCUS curriculum used by 41 anes-
thesiology residents rotating in the PACU.
Interesting findings include favorable eval-
uation from the residents (Kirkpatrick level
1) and improvement in image acquisition
skills by objective measures (Kirkpatrick
level 2). More specifically, we observed an
increased perceived comfort level to ac-
quire and interpret FoCUS views (Table 1)
as well as decreased image acquisition time
(in some views over a 50% reduction; Table
3, Figure 1).

As PoCUS continues to evolve as an im-
portant clinical tool, our specialty will
need to standardize training pathways for
trainee and graduate anesthesiologists."”
The updated 2018 Accreditation Council
for Graduate Medical Education program'®
requirements for anesthesiology contain
competency criteria that include the fol-
lowing: using surface ultrasound and trans-
esophageal and transthoracic echocardiog-
raphy to guide the performance of invasive
procedures and to evaluate organ function
and pathology as related to anesthesia, crit-
ical care, and resuscitation. However, there
are currently no anesthesia-specific crite-
ria for assessing resident competency in
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FoCUS. Emergency medicine is a special-
ty that incorporates FoCUS into residen-
cy training, stipulating that each resident
should perform 50 supervised studies to be
deemed competent in basic cardiac ultra-
sound. Our hope is that the knowledge and
skills developed during this 1-week PACU
FoCUS curriculum will set our residents
on the path to obtain the imaging numbers
required achieve competency over the du-
ration of their residency. Moving forward,
we will need to determine as a specialty
what constitutes competency in the use of
FoCUS.

In 2015, Ramsingh et al' published pos-
itive results from the implementation of
a comprehensive ultrasound curriculum
for anesthesia residents. Of note, their
2-year program consisted of weekly 1-hour
sessions for the Year 1 participants and
monthly 2.5-hour sessions for their Year 2
participants. In addition, departmentally
funded nonclinical time was provided for
4 ultrasound faculty to support an ultra-
sound attending for each day of the week."
This amount of dedicated time and depart-
mental support is not feasible at many insti-
tutions, although the need for an effective
ultrasound training program is just as real.
We therefore report the development and
implementation of our novel self-guided
FoCUS curriculum that harnesses inno-
vative educational techniques to provide a
high-quality, consistent experience while
minimizing the time commitment from
clinical faculty.

In terms of faculty time commitment, once
our curriculum was up and running, we es-
timate faculty time commitment of 1 hour
20 minutes per week. There was, however,
significant upfront time investment to ob-
tain further training in PoCUS, create the
video didactic series, quizzes, and develop
reliable automation of curriculum deliv-
ery via email. Programs looking to adopt a
similar curriculum could use available free,
high-quality online resources rather than
recreating their own, thereby significant-
ly cutting down on this time investment.
Also in terms of the applicability of this
curriculum to other institutions, we were
very fortunate to have access to a cardiac
sonographer. Understandably, this resource
may not be available in other departments.
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TTE simulator access is another limited
resource at other institutions and warrants
consideration when developing a FoCUS
curriculum.

There were several limitations with this
study. The decision was made to publish
our experience of creating and imple-
menting this curriculum partway through
the year after it launched. Therefore, we
obtained retrospective consent from half
our residents to use the data we collected
during their PACU rotation for this arti-
cle. Although this did not affect the way in
which each resident was assessed at the end
of each rotation, how their data was collect-
ed, or which residents were scheduled to
rotate in the PACU, the fact that only half
our residents were in enrolled in a prospec-
tive manner represents a significant limita-
tion in how our results may be interpreted.

We did not control for previous FoCUS
experience predating the curriculum. This
PACU curriculum represents one compo-
nent of our longitudinal ultrasound ed-
ucation program for residents. This may
have resulted in varying benefits between
residents with more or less prior exposure
to FoCUS. Additionally, we did not con-
trol what rotations the residents completed
in the 2 months after the PACU rotation,
where opportunities to perform a FoCUS
exam may have differed.

While required to complete this education-
al curriculum as part of the PACU rotation,
there were varying degrees of completion
for unknown reasons. For example, in some
instances, the postweek evaluation ques-
tionnaire or postweek simulation exam
was not completed. Therefore, we could not
compare the prequestionnaire and simu-
lation results for that individual. Possible
contributing factors affecting curriculum
completion were as follows: (1) unavail-
ability of the cardiac sonographer who also
had responsibilities on the intraoperative
transesophageal echocardiography service;
(2) unexpected early in the day high PACU
census, making it difficult to perform an
educational FoCUS exam; and (3) technical
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glitches with our educational delivery plat-
form. We also do not know if the individual
spent more than the expected time reading
other resources outside of the curriculum
or completed more than the anticipated
number of FoCUS exams. These factors
may have affected the degree of impact the
curriculum had on the individual resident.
Finally, the experts reviewing ultrasound
studies performed by the residents on pa-
tients did not compare scoring systems, and
therefore there may have been variation in
both feedback given and what standard
constituted an adequate exam.

In summary, our study suggests that the
implementation of a weeklong self-guid-
ed FoCUS curriculum had a positive im-
pact on anesthesiology resident rotating
in the PACU. We documented increased
perceived resident comfort level in acquir-
ing and interpreting FoCUS views and de-
creased image acquisition time (in some
views, over 50% reduction). In the future,
a larger prospective trial is warranted to
evaluate this curriculum and the value of
FoCUS.
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Abstract

Background: Focused cardiac ultrasound (FoCUS) is an increasingly used
diagnostic modality for anesthesiologists and intensivists. However, training
residents in its use can be resource intensive. We investigated the feasibility of
implementing a self-guided FoCUS curriculum for anesthesiology residents
rotating in the postanesthesia care unit (PACU).

ORIGINAL RESEARCH

Methods: We created a FoCUS curriculum with the aim of providing a consistent
largely self-guided experience that would improve FoCUS knowledge and skills
while minimizing ongoing time commitment from faculty. To achieve this, we used
several methods: (1) developed video didactics and quizzes; (2) used an online
educational delivery platform to automate delivery of educational content, monitor
resident progress, and elicit feedback; (3) used the transthoracic echocardiography
simulator for aided hands-on learning; (4) dedicated educational time that
integrated into PACU workflow; (5) worked with a cardiac sonographer; and (6)
used image storage software to facilitate remote feedback by ultrasound faculty. The
response to the curriculum was evaluated using Kirkpatrick levels 1-3.

Results: Forty-one anesthesiology residents rotated through the PACU over a 1-year
period and completed this weeklong self-guided FoCUS curriculum. Interesting
findings include: (1) favorable evaluation from the residents and (2) improvement in
image acquisition skills by objective measures. Once the curriculum was established,
ongoing faculty time commitment was approximately 1 hour 20 minutes per week.

Conclusions: The implementation of a FoOCUS curriculum in the PACU resulted
in favorable resident evaluation and improved FoCUS skills. The curriculum was
feasible and self-sustainable because of the novel educational approach employed.

Keywords: Point of care ultrasound, focused cardiac ultrasound, anesthesiology
education
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Figure
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Figure 1. Boxplots of precurriculum and postcurriculum image acquisition times. Boxes consist of the first quartile, median, and third
quartile. The whiskers extend to the most extreme observations within 1.5 times the interquartile range below and above the first and
third quartiles, respectively. Diamonds represent mean values and circles indicate outliers. PLAX = parasternal long axis; PSAX =
parasternal short axis; A4C = apical 4 chamber; SC4C = subcostal 4 chamber; SCVIVC = subcostal inferior vena cava.

PLAX PSAX

A4C

300 -

(o]

200

B I s S
. ,

Image acquisition time (seconds)

0 il
SC4C SCIVC

300

o
200 o

g 8

I -

00 g .
== il
0 ]

[O Pre-curriculum [ Post—curriculum |

continued on next page

JOURNAL OF EDUCATION IN PERIOPERATIVE MEDICINE: VOL. XXII, ISSUE 2

6



ORIGINAL RESEARCH

continued from previous page

Tables

Table 1. Within Resident Change in Perceptions of Perioperative Ultrasound and Hands on Skill Set

Precurriculum? Postcurriculum? Within-Resident Change

Median (Q1, Q3) Median (Q1, Q3) Median (95% CI)® P Value®

How important is learning perioperative

ultrasound in anesthesiology training? 23| 89.(80, 100) 93 (80,99) 09,7 936

How important is it to have a formal
perioperative training in anesthesiology 23 | 89 (82, 96) 90 (82, 100) 0(-9,8) 811
residency?

Comfort level to acquire the views of a

FoCUS exam 29 | 40 (21, 50) 72 (70, 80) 30 (26, 45) <.001

Comfort level to interpret the views of a

FoCUS exam 29 | 41(24,54) 70 (54, 71) 22(17,32) <001

Abbreviations: CI, confidence interval; FoCUS, focused cardiac ultrasound; Q1, first quartile; Q3, third quartile.

* Precurriculum and postcurriculum scores are based on a 100-point scale and are expressed as median values. These questions were
asked at the start and completion of the curriculum.

®95% confidence intervals for median within-resident change in responses postcurriculum versus precurriculum were calculated based
on normal approximations with a continuity correction.

¢ = Paired postcurriculum versus precurriculum responses were compared using Wilcoxon signed-rank tests.

Table 2. Postcurriculum Opinions of Perioperative Ultrasound, N = 19

Strongly agree 19 (100)

The curriculum should continue as a permanent part of the resident education experience

Perioperative ultrasound is a relevant skill for future anesthesiologists

Strongly agree 19 (100)

The curriculum has motivated me to further learn about perioperative ultrasound

Somewhat agree 6 (31.6)

Strongly agree 13 (68.4)

continued on next page
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Tables continued

Table 3. Residents’ Performance on Multiple Choice and Simulation Tests

Precurriculum Postcurriculum Change
Median (Q1, Q3) Median (Q1, Q3) Median (95% CI)® P Value

Multiple choice test score | 41 | 6 (5, 8) 7(5,8) 1(-1,2) 259
Image acquisition time (sec)

PLAX 37 | 60 (40, 100) 28 (13, 55) —33 (—56,-21) <.001

PSAX 37 | 60 (25, 80) 23 (15, 52) —14 (=39, -10) <.001

A4C 37 | 64 (35, 106) 40 (16, 58) =29 (-50,-17) <.001

SC4C 37 | 33 (20, 56) 24 (16, 40) -9 (-22,-1) .036

SCIVC 37 | 44 (25, 60) 20 (12, 25) —15 (=35, -15) <.001
Anatomy identification (% correct)

PLAX 28 | 88 (88, 88) 88 (88, 88) 0(-38,13) .832

PSAX 29 | 100 (63, 100) 100 (63, 100) 0(-38,44) 813

A4C 29 | 75(75,75) 75 (75, 75) 0(-75,13) .280

SC4C 29 | 75(75,75) 75 (75, 75) 0° 174

SCIVC 29 | 38 (38, 38) 38 (38, 38) 0° 174
Image quality®

PLAX 37 12(2,2) 2(2,2) 0(-1,0) 618

PSAX 37 12(2,2) 2(1,2) 0(-1,0) .035

A4C 37 12(2,2) 2(2,2) 0(-1,0) 336

SC4C 37 12(1,2) 2(1,2) 0(-1,1) .829

SCIVC 37 [ 2(1,2) 2(1,2) 0(-1,0) 433

Abbreviations: A4C, apical 4 chamber; CI, confidence interval; FoCUS, focused cardiac ultrasound; PLAX, parasternal
long axis; PSAX, parasternal short axis; Q1, first quartile; Q3, third quartile; SC4C, subcostal 4 chamber; SCIVC, subcostal

inferior vena cava.

*=95% ClIs for median within-resident change in responses postcurriculum versus precurriculum were calculated based

on normal approximations with a continuity correction.

® = Image quality graded on 1-4 point scale, with I being highest quality and 4 being lowest quality.
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Tables continued

Table 4. Postcurriculum Application of Focused Cardiac Ultrasound (FoCUS) Into Clinical Practice

Performed clinical FoCUS exam within 2 month period after curriculum 19 [ 9474
Number of FoCUS exams performed 19
Not reported 1(5.3)
0 10 (52.6)
1 1(5.3)
2 1(5.3)
3 1(5.3)
4 2 (10.5)
5 3(15.8)
FoCUS exam indication® 8
Hypotension 7 (87.5)
Electrocardiogram 3(37.5)
Congestive heart failure 2 (25.0)
Chest pain 1(12.5)
Cardiac arrest 1 (12.5)
FoCUS exam effect on clinical management® 8
Confirm suspected diagnosis 6 (75.0)
Guide fluid management 6 (75.0)
Guide hemodynamic management 6 (75.0)
New diagnosis 1 (12.5)
Patient triaged to higher level of care unit 1 (12.5)
Insertion of chest tube 1(12.5)
Rule out diagnosis and discharge home 1 (12.5)

@ Participants could select more than 1 answer.

continued on next page
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Supplemental Online Material 1
FoCUS Curriculum in the PACU

Monday
° 8-8:30 am
o Complete simulation exam with Lindsey Molloy
. 8:30-9 am
o Complete questionnaire
o Complete pretest exam
o Read Zimmeran, A+A 2017 on Focused Cardiac Ultrasound
= https://www.dropbox.com/s/o0baec02cvzx5ww/FOCUS%20Review AA%203-
17.pdf?d1=0
Tuesday
. 8-9 am
o Watch online lectures on “Parasternal Long Axis,” “Parasternal Short Axis,” “Apical 4
chamber,” “Subcostal 4 chamber, and IVC.”
o Watch “Introduction to QPath”
. 9:30 am or 10 am
o Perform 1-2 FoCUS exams on clinically stable patients
o On QPath
] Fill out worksheet for both exams
. Submit for QA to either Jeff Swanson or Louisa Palmer
Thursday

. 8-8:30 am
o Read Focused Cardiac ultrasound guideline paper, JASE 2013
] https://www.dropbox.com/s/svyy4r8xucOluda/J Am Soc Echocardiogr 2013 Spencer.p
df?d1=0
. 8:30-9 am
o STRATUS (self-guided)
Ll Obtain 5 FoCUS views on normal and the following pathologies: biventricular
dysfunction, pericardial tamponade, left ventricular systolic dysfunction, anterior MI.
Understand how to optimize views with subtle probe maneuvers.

. 9:30 am or 10 am
o Perform 1-2 FoCUS exams on clinically stable patients
o On QPath:
= Fill out worksheet for both exams
= Submit for QA to either Jeff Swanson or Louisa Palmer
Friday
. 8-8:30 am
o Complete posttest exam
o Fill out online evaluation form
. 8:30-9 am
o Complete simulation exam with Lindsey Molloy

Abbreviations: MI, myocardial infarction; PACU, postanesthesia care unit; QA, quality assurance.

continued on next page
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Perioperative Echocardiography and Cardiovascular Education

Section Editor: Nikolaos J. Skubas
i= SPECIAL ARTICLE

vl The Nuts and Bolts of Performing Focused

Cardiovascular Ultrasound (FoCUS)

Josh M. Zimmerman, MD, FASE,* and Bradley J. Coker, MDt

The benefit of focused cardiovascular ultrasound as an adjunct to physical examination has
been shown in numerous specialties and in diverse clinical settings. Although the value of
these techniques to the practice of anesthesiology is substantial, they have only begun to be
incorporated. This article reviews the basic techniques required to perform a bedside focused
cardiovascular ultrasound (ie, FOCUS examination). This includes a discussion of patient posi-
tioning, breath control, probe position, and manipulation and was supplemented by normal and

abnormal examples for review.

perform a focused cardiovascular ultrasound (FoCUS)

examination at the bedside. It begins with indications,
limitations, and equipment, then describes in detail the nuts
and bolts of physically performing the examination. For each
of the views, there is a discussion of patient positioning and
technique, a brief review of anatomy, and examples of normal
and abnormal images. This article is also accompanied by a
Supplemental Video tutorial that demonstrates the techniques
described herein (Supplemental Digital Content, http://
links.lww.com/AA /B686). Obviously, no article is adequate
to train a provider without a background in cardiovascular
ultrasound. The goal of this article is not to provide compre-
hensive education but rather a solid introduction and refer-
ence for further practice. A broader description of the history,
application, value, and training required for anesthesiologists
to perform these techniques has been published separately.

FoCUS should be seen as an extension of the physical
examination rather than as a limited version of a compre-
hensive echocardiogram. When viewed in this light, ultra-
sound can expand dramatically the diagnostic potential of
the bedside evaluation. Although there are numerous poten-
tial reasons to perform FoCUS, the most common indica-
tions in the perioperative period include signs or symptoms
of heart failure and hemodynamic instability. The diagnos-
tic targets of FoOCUS include evaluation of cardiac structure,
biventricular systolic function, valvular function, pericar-
dial effusion, and volume status.

It is important that physicians performing FoCUS
have a clear understanding of the limitations inherent to
the techniques, as well as the limitations of their individ-
ual level of skill, training, and experience. Furthermore,

This article reviews the basic techniques required to
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the pocket-sized devices often used for FoOCUS cannot be
expected to have the same image quality and resolution of
a full-service platform. The FoCUS examination is neither
comprehensive nor designed to make quantitative assess-
ments.! Subtle abnormalities may be overlooked, and there
may be uncertainty regarding the severity of abnormali-
ties that are identified. There is a natural tendency to place
a high value on what can be seen, and the practitioner of
FoCUS needs to be careful to neither lock in nor exclude
diagnoses based on limited ultrasound information. The
findings of an examination always should be taken in
context, with a healthy suspicion that the interpretation
could be flawed or incomplete and with a low threshold
to request a second opinion or a formal echocardiogram to
confirm findings.

EQUIPMENT AND ULTRASOUND PROBE SELECTION
Focused ultrasound can be performed with any of a variety of
ultrasound machines, from the stand-alone full-service echo-
cardiography platforms, to smaller portable machines, to the
smallest pocket-sized ultrasound devices. It is not the type
of machine that defines focused ultrasound but the training
of the provider and the scope of the clinical questions being
addressed. Any ultrasound system can be used so long as it
meets the following requirements: availability of a 2-dimen-
sional phased array (cardiac) probe of appropriate frequency
for adult patients; the ability to record date, time, and patient
identifiers with the images; and the ability to adjust gain and
depth. The availability of M-mode, color flow Doppler, spec-
tral Doppler imaging, and measurement tools are not required
for a FOCUS examination.!? Electrocardiogram (ECG) capa-
bility is not required for FoCUS, and some machines may not
be able to display ECG. When machines with this capability
are used, however, ECG leads should be connected to ensure
that images are acquired appropriately.

ULTRASOUND PROBE TERMINOLOGY

Because the language used to describe ultrasound probe
manipulation is not standardized, the terminology used in
this article needs to be defined. For cardiac ultrasound, the
probe is held in the left hand so that the right hand can be
used to manipulate the machine. All probes will have an
indicator, generally a light or a notch, that corresponds to
an orientation marker, usually a dot, on the ultrasound
image. For cardiac ultrasound, the orientation marker is on
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the right of the ultrasound image. Although probe orienta-
tion can be confusing for new bedside ultrasonographers, it
need not be. The ultimate goal is to create the correct orien-
tation on the screen. If the image appears reversed, simply
rotate the probe 180°. When describing probe motion, the
authors will use the following terminology:

Sliding. Motion of the probe to a different position on the body.
This will also be described as “window shopping.” This is done
to find the optimal position from which to image, particularly
when trying to scan between ribs. The sliding motion can be
done to move from one interspace to another (larger motions),
or to optimize imaging at a given interspace (small motions).

Tilting. With the probe kept at the same location on the
body, a rocking motion is applied to the probe to image
different structures within the same plane (Figure 1). This is
done most commonly to center an image on the screen and
represents a motion of the “tail” or cord of the transducer
toward or away from the probe’s indicator.

Angulation. With the probe kept at the same location on the
body, the transducer is moved side-to-side to create new
imaging planes relatively parallel to the original plane. This
motion will be at angles perpendicular to the tilting motion.

Rotation. With the probe otherwise held still, it is turned
around its central axis similar to turning a key in a lock.

ULTRASOUND IMAGE TERMINOLOGY

Window. The term window is used to describe the location
of the ultrasound probe. Just like a window in a house, this
is what the transducer transducer looks through to see the
heart. The 3 windows described in FoCUS are parasternal,
apical, and subcostal (Figure 2).

Plane. This is the anatomic plane or cross section of the
heart that is made by the ultrasound beam. The 3 planes
used for the FoCUS examination are the long axis, short
axis, and 4 chamber.

1. Long axis: Parallel to the long axis of the left ventricle
(LV), simultaneously intersecting the apex of the LV,
the center of the aortic valve (AV), and the center of
the mitral valve in the anterior-posterior dimension.

2. Short axis: Perpendicular to the long axis of the ven-
tricle, showing a circular cross section of the ventricle.
In the case of FoCUS, the LV short axis will be at the
level of the papillary muscles.

3. Four chamber: Perpendicular to the short axis, this
plane simultaneously transects the apex of the LV, both
ventricles and atria, and the mitral and tricuspid valves.

View. A combination of window and plane used to describe
a particular image. For instance, the parasternal long-axis
(PLAX) view is made from the parasternal window and
transects the heart in the long axis plane.

KNOBOLOGY AND IMAGE OPTIMIZATION

A detailed understanding of ultrasound physics is not nec-
essary for the practitioner of FOCUS; however, some under-
standing of image optimization will prove useful. The
following settings are available on many of the simplest
ultrasound devices.

754 www.anesthesia-analgesia.org

“Tail”
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/
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Angle

Figure 1. Ultrasound probe manipulation nomenclature. Tilt moves
the probe in the plane of the ultrasound beam, angle moves the
probe perpendicular to the beam (creating new planes parallel to the
original), and rotate turns the probe like a key in a lock.

@ asternal

.

\pical

Subcostal

Figure 2. The heart in the chest, with the sternum and ribs to pro-
vide orientation. The 3 windows are indicated by the yellow dots.

Depth. The depth of scanning for each image should be set
to include the structures of interest and nothing else (as
shown in the video examples). Inappropriately increas-
ing the depth of scanning both makes relevant structures
appear smaller and results in an image that is refreshed less
frequently with less temporal resolution and quality.

Gain. This setting affects the displayed brightness of the
ultrasound image. Gain should be set so that blood appears
black rather than gray. A reasonable setting could be
achieved by turning gain up until blood appears gray, then
decreasing it slightly.

Time-Gain Compensation. Some ultrasound systems offer the
ability to automatically adjust gain to optimize the display
and to provide uniform brightness throughout the image
rather than an image that becomes darker at increasing depth
due to the lower strength of the returned signal. Sometimes
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referred to as the “make it better button,” it can be a quick
way to improve the gain and image display settings.

PARASTERNAL WINDOW

Patient Positioning. A complete FoCUS examination often
can be performed in the supine patient, and clinical situa-
tions in which patients cannot be turned will be encountered
frequently. Parasternal imaging, however, would ideally be
performed in the full left-lateral decubitus position, with the
patient’s left arm extended. It is often comfortable for patient
to rest their left forearms under their head (Figure 3). For all
FoCUS imaging, the ultrasonographer should be positioned on
the patient’s left side with the probe held in the left hand, leav-
ing the right hand free to manipulate the ultrasound machine.

Breath Control. Imaging from every window is better if Figure 3. Optimal patient positioning for the parasternal window.
patients can breathe shallowly. In spontaneously ventilat- The patient is in the left lateral decubitus position with his left arm
ing patients, parasternal images are often best at end-exha- extended.

lation when there is less lung interposed between the probe
and the heart. If possible, having patients briefly hold their
breath at a low lung volume can improve imaging from the
parasternal window. The authors’ technique is to instruct
the patient to “Take a deep breath in, now breathe all the
way out and hold it...hold it...hold it...now breathe.” This
reminds the patient not to begin breathing in until adequate
images have been obtained. In intubated patients, it can help
to briefly pause the ventilator to allow a passive exhalation.

Parasternal Long Axis (Supplemental Digital
Content, Video 1, http://links.lww.com/AA/B611)
Probe Position and Manipulation. The PLAX image is made
with the probe placed just to the left of the sternum in the
third to fifth intercostal space with the indicator pointed
toward the patient’s right shoulder (Figure 4). The tech-
nique referred to by the authors as “window shopping”
should be used. This entails moving the probe briefly across  Figure 4. Probe position for the parasternal long axis (PLAX.) The
the left parasternal interspaces to select the one that pro- probe is just to the left of the sternum, in the fourth intercostal
vides the best image. After identifying the best window, space (though this location will vary), with the indicator pointing

. . . toward the patient’s right shoulder. The indicator location and direc-
sma.ll .change.s in rotation, tilt, and angle should be made to tion is shown by the yellow arrow.
optimize the image.

Anatomy. The PLAX shows the right ventricular outflow
tract (RVOT), the AV and proximal ascending aorta, the left
atrium, mitral valve, and the basal and mid segments of the
anteroseptal and inferolateral walls of the LV (Supplemental
Digital Content, Video 1, http://links.lww.com/AA/B611;
Figure 5).

Assessment. A great deal of valuable information is avail-
able from the PLAX image. The authors recommend a con-
sistent approach to evaluating this image, starting with the
RVOT and moving clockwise.

1. Right ventricle (RV): Although this image is not the
best to quantify the size or function of the RV, the
sonographer can get a sense of significant RV enlarge-
ment or dysfunction. The RVOT should appear simi-
lar in size to the aortic root in this view. As discussed
previously, all assessment of chamber size with
FoCUS is qualitative but nonetheless valuable. Figure 5. Anatomy of the PLAX. At the top of the screen, closest to

: . the ultrasound probe, is the right ventricular outflow tract (RVOT).
2. AV: The structure and opening of the. AV .c.an b.e Moving clockwise, the aortic valve (AV) and proximal ascending aorta
assessed. A valve that opens well, even if calcified, is (Ao) are seen, then the left atrium (LA), mitral valve (MV) and left

not likely to have clinically significant stenosis. An AV ventricle (LV). PLAX indicates parasternal long axis.
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that is heavily calcified and opens poorly should alert
the provider to the possibility of significant aortic ste-
nosis (Supplemental Digital Content, Video 2, http://
links.lww.com/AA /B612).

. Left atrium: A qualitative assessment of left atrial size

can be obtained by visually comparing the diameter of
the atrium to that of the aortic root. A left atrium that
is much larger than the aortic root suggests a history
of elevated left atrial pressures (from diastolic dys-
function, mitral valve disease, or atrial fibrillation).
(Supplemental Digital Content, Video 2, http://links.
Iww.com/AA/B612).

. Mitral valve: A normal mitral valve should open

briskly in diastole and should close completely in sys-
tole, with no portion of the valve prolapsing above
the annulus in this view. Leaflet tissue that extends
above the annulus in systole suggests mitral valve
prolapse or flail (Supplemental Digital Content,
Video 3, http://linkslww.com/AA /B613). An ante-
rior mitral leaflet that does not open briskly and come
near the anteroseptal wall in diastole should alert the
provider to the possibility of decreased cardiac out-
put or mitral stenosis (Supplemental Digital Content,
Video 4, http://links.lww.com/AA/B614). Mitral
annular calcification (MAC), particularly at the base
of the posterior leaflet, is a common finding in patients
with hypertension, vascular disease, and renal fail-
ure (Supplemental Digital Content, Video 2, http://
links.lww.com/AA /B612). Because MAC affects the
base of the valve rather than the coaptation, it is a
rare cause of hemodynamically significant stenosis.
Rheumatic mitral valve disease, on the other hand,
affects the subvalvular apparatus, commissures,
and coaptation early in the disease process and cre-
ates what is described as a “hockey stick” deformity
with stenosis resulting from a much smaller degree
of leaflet thickening (Supplemental Digital Content,
Video 5, http://links.lww.com/AA/B615). Another
important abnormality that can be identified from
the PLAX is systolic anterior motion (SAM) of the
anterior leaflet of the mitral valve. The identification
of SAM should alert the practitioner to the possibil-
ity of dynamic left ventricular outflow tract obstruc-
tion. This pathology can be seen in hypertrophic
cardiomyopathy but also can be seen in patients with
small, thick ventricles and abnormal mitral leaflet tis-
sue. The findings can be subtle but should be sought
when patients present with hemodynamic instability,
syncope, or heart failure symptoms. It should be sus-
pected when a portion of the mitral valve appears to
be drawn into the left ventricular outflow tract during
late systole (Supplemental Digital Content, Video 6,
http:/ /links.lww.com/AA /B616).

. LV: Although only a portion of the anteroseptal and

inferolateral walls are viewed in this image, a good
sense of global and regional function can be obtained
in the PLAX. There should be brisk thickening of the
myocardium in systole. Other qualitative signs of
normal global LV systolic function include a brisk
anterior—posterior motion of the aortic root caused

www.anesthesia-analgesia.org

by the filling and emptying of the LV and LA, brisk
opening of the anterior mitral leaflet in diastole, and
the descent of the base of the LV toward the apex, rep-
resenting the piston-like effect of longitudinal myo-
cardial fibers. Decreased global function will be seen
as decreased aortic root excursion, decreased excur-
sion of the anterior mitral leaflet, decreased descent
of the base of the MV, and decreased thickening of the
myocardium (Supplemental Digital Content, Video 4,
http://links.lww.com/AA /B614).

6. Effusions: Pericardial effusion can sometimes be identi-
fied in this view and can be distinguished from pleu-
ral effusion based on the relationship of the fluid to
the descending thoracic aorta. A pericardial effusion
will come between the aorta and the heart, whereas
a left pleural effusion will appear behind the aorta
(toward the bottom of the image) (Supplemental Digital
Content, Video 7, http://links.Iww.com/AA /B617). To
ensure that effusion is not overlooked, the sonographer
should begin imaging the PLAX with adequate depth
to visualize at least 5 cm beyond the descending aorta.

Parasternal Short Axis (PSAX) (Supplemental
Digital Content, Video 8, http://links.lww.com/
AA/B618)

Probe Position and Manipulation. Starting with the PLAX
view, the short-axis image is made by keeping the probe in
the same location and rotating 90° clockwise so the indica-
tor points toward the patients left shoulder (Figure 6).

Anatomy. The PSAX view transects the left and right ven-
tricles at the level of the papillary muscles (the mid-portion
of the LV). The short-axis section is like slices in a loaf of
bread. The mid-segments of each of the 6 ventricular walls
can be seen, representing myocardial territories perfused by
each of the 3 main coronary arteries (Figure 7).

Assessment. The PSAX gives important information about
global and regional ventricular function and filling and is
useful particularly in the hemodynamically unstable patient.

Figure 6. Probe position for the parasternal short axis (PSAX.) The
probe is just to the left of the sternum, in the fourth intercostal
space (though this location will vary), with the indicator pointing
toward the patient’s left shoulder. The indicator location and direc-
tion is shown by the yellow arrow.
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Figure 7. Anatomy of the PSAX. The right ventricle is seen on the left
side of the screen and defines the 2 septal walls of the left ventricle.
The papillary muscles are seen, identifying this as the midportion of
the ventricle. Six segments of the ventricle are shown, representing
distributions of all 3 coronary arteries. A, mid-anterior segment of the
LV; AL indicates mid-anterolateral segment of the LV; AS, mid-antero-
septal segment of the LV; |, mid-inferior segment of the LV; IL, mid-
inferolateral segment of the LV; IS, mid-inferoseptal segment of the
LV; LV, left ventricle; PSAX, parasternal short axis; RV, right ventricle.

1. LV: In a ventricle with normal regional function, the
PSAX will have symmetrical thickening of each of the
myocardial segments. Decreased thickening (hypo-
kinesis) or absence of thickening (akinesis) suggests
coronary ischemia or infarction. Typically, the left
anterior descending coronary artery perfuses the
anterior portion of the LV, the circumflex coronary
artery perfuses the lateral portion of the ventricle, and
the right coronary artery perfuses the inferior portion
of the ventricle (Supplemental Digital Content, Video
9, http://links.lww.com/AA /B619). In hypovolemic
states, the LV will appear relatively small in diastole
with hyperdynamic systolic function (Supplemental
Digital Content, Video 10, http://links.lww.com/
AA/B620). In low afterload states, the ventricle will
be fuller in diastole but will still be empty in systole
reflecting increased cardiac output (Supplemental
Digital Content, Video 11, http://linksIww.com/
AA/B621).

2. Right ventricle: The right ventricle is not the focus of
the PSAX, but if it appears significantly larger than
the LV, it should trigger further evaluation of the RV
from the apical 4 chamber.

3. Interventricular septum (IVS): The behavior and
position of the IVS can give important information
about the balance of pressures in the two ventricles.
Normally the LV appears circular throughout the
cardiac cycle, reflecting the fact that LV pressures are
higher than RV pressures. If the IVS is flat in diastole
but returns to normal (concave to the LV) in systole, it
suggests an RV volume overload state (often tricuspid
regurgitation.) If the IVS stays flattened throughout
systole and diastole, it suggests a pressure overload
state of the RV Septal flattening in systole is an

March 2017 e Volume 124 ¢ Number 3

ominous sign that is often seen in severe pulmonary
hypertension (Supplemental Digital Content, Video
12, http:/ /links.Iww.com/AA /B622).

APICAL WINDOW

Patient Positioning. Like the parasternal window, the apical
window is best imaged with the patient in the left lateral
decubitus position. Apical images are often more challeng-
ing than parasternal images when performed in the supine
position and even a small amount of left tilt of the patient
can improve the images. This can be achieved in some
cases by a towel or pillow bump under the right side of the
patient. With the patient in the full left-lateral decubitus
position, it can be challenging to place the ultrasound probe
at the true apex. This problem can result in an image with
the right ventricle at the apex of the screen, giving the false
impression of RV enlargement. This can be overcome either
by moving the patient all the way to the edge of the bed or
by tipping the patient slightly back from a true left lateral
position.

Breath Control. Unlike the parasternal window, the opti-
mal lung volume for apical images is less predictable. The
LV apex generally moves slightly caudally as the patient
inhales. After finding a reasonable window, the patient can
be asked to breathe in or out slowly until the best apical
image is achieved. They can then be asked to hold their
breath using the same “hold it...hold it...hold it, now
breathe” technique described earlier.

Apical 4-Chamber (A4) (Supplemental Digital
Content, Video 13, http://links.lww.com/AA/
B623)

Probe Position and Manipulation. The A4 image generally is
more challenging than the parasternal or subcostal images.
The first step is to identify the correct window for imaging.
Again, this will involve a degree of window shopping. In
some cases, palpation of the point of maximal impulse can
be useful, though the authors generally identify the apex
with ultrasound alone. The apex is usually just inferior
and lateral to the nipple in men, and under the inferolat-
eral quadrant of the left breast in women. Starting slightly
medial to the expected location and moving the probe ceph-
alad and caudad over several interspaces while slowly slid-
ing laterally can help identify the apex. For the 4-chamber
plane, the probe indicator will be often be pointed to the 5
o’clock position when viewed from above (Figure 8).

Anatomy. The apex of the LV should be at the top of the
screen. The inferoseptal and anterolateral walls of the LV
can be seen, and 6 myocardial segments (basal, mid-, and
apical) can be identified. The longer anterior mitral leaflet
can be seen medially with the shorter posterior leaflet later-
ally. The right ventricle can be seen as well, with the tricus-
pid valve displaced slightly toward the apex relative to the
mitral valve. The left and right atrial should be visualized at
the bottom of the image (Figure 9).

Assessment.
1. Left ventricle: This is another excellent view to assess
global and regional left ventricular systolic function.
A normal ventricle will have symmetrical thickening,
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abrisk opening of the mitral valve, and a brisk descent
of the mitral valve toward the LV apex (Supplemental
Digital Content, Video 13, http://linksIww.com/
AA/B623). Ischemia or infarction of the left anterior
descending coronary artery can often be recognized
in this view as wall motion abnormalities in the api-
cal portion of the ventricle (Supplemental Digital
Content, Video 14, http:/ /links.lww.com/AA /B624).

2. Mitral valve: The leaflets of a normal valve should
remain below the mitral annulus with adequate
coaptation in systole. Significant prolapse or flail,
or an obvious lack of valve coaptation should raise
the possibility of significant mitral regurgitation
(Supplemental Digital Content, Video 15, http://
links.lww.com/AA/B625). MAC and rheumatic
valve changes can also be identified, as described
in the PLAX assessment (Supplemental Digital
Content, Video 2, http://links.lww.com/AA/B612;
and Supplemental Digital Content, Video 16, http://
links.lww.com/AA /B626).

3. Atria: The relative sizes of the atria can be assessed
qualitatively in this view. They should be similar in
size and should be not appear larger than the ventri-
cles in diastole (Supplemental Digital Content, Video
16, http:/ /links.lww.com/AA /B626).

4. Right ventricle: This is the preferred view to assess
RV size and global systolic function.? The RV should
appear smaller than the LV in the A4, and the apex
of the heart should be made up of only LV. An RV
that contributes to the apex or that appears simi-
lar in size to the LV in this view is an indication of
RV enlargement. A normal RV will have thicken-
ing of the free wall and a brisk descent of the base
of the tricuspid valve toward the apex in systole
(Supplemental Digital Content, Video 17, http://
links.lww.com/AA /B627).

5. Tricuspid valve: This is also the preferred view
to assess structure and function of the tricuspid
valve. A normal TV will open fully in diastole, and
will remain below the annulus with good coapta-
tion in systole. The appearance of significant pro-
lapse or a lack of valve coaptation should suggest
the presence of significant tricuspid regurgitation
(Supplemental Digital Content, Video 18, http://
links.lww.com/AA /B628).

SUBCOSTAL WINDOW

Patient Positioning. Subcostal images are obtained with the
patient in the supine position. In patients who are awake,
the tone of the abdominal muscles can occasionally make
imaging difficult. In these cases, the patient should place a
pillow behind his/her knees or rest his/her feet on the bed.

Subcostal 4-Chamber (SC4) (Supplemental
Digital Content, Video 19, http://links.lww.com/
AA/B629)

Probe Position and Manipulation. The subcostal window is
usually found 1 to 2 cm below the xiphoid process or slightly
to the right of midline. There is a tendency for the probe to drift
toward the patients left because this is where the heart is known
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Figure 8. Probe position for the apical 4 chamber. The patient is in
the left lateral decubitus position with their left arm extended. The
probe is located just inferior and lateral to the left nipple, with the
indicator pointed toward 5 o’clock (as viewed from above.) The indi-
cator location and direction is shown by the yellow arrow.

Figure 9. Anatomy of the apical 4 chamber. The apex of the LV
should be under the probe, and the right and left atria and ventricles
should be seen as well as the mitral and tricuspid valves. LA indi-
cates left atrium; LV, left ventricle; MV, mitral valve; RA, right atrium;
RV, right ventricle; TV, tricuspid valve.

to be, but to make the best subcostal images the liver needs to be
used as the window rather than the stomach or spleen. To cre-
ate the SC4 image, the probe is placed on the abdomen nearly
horizontally with the indicator pointing directly to the patient’s
left (Figure 10). The technique of creating the subcostal window
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Figure 10. Probe position for the subcostal 4 chamber. The patient is
supine with a pillow under his/her knees to relax the abdominal mus-
cles. The probe is 1 to 2 cm below the xiphoid process with the indica-
tor pointing directly toward the patient’s left (toward the sonographer.)
The indicator location and direction is shown by the yellow arrow.

Figure 11. Anatomy of the subcostal 4 chamber. The liver is at the
top of the screen. The right and left atria and ventricles can be visu-
alized, along with the mitral and tricuspid valves. It should be noted
that this is not the same cross-section as the apical 4 chamber.
LA indicates left atrium; LV, left ventricle; MV, mitral valve; RA, right
atrium; RV, right ventricle; TV, tricuspid valve.

for this image is reminiscent of placing a subclavian central line.
The probe is pushed down into the abdomen and forward to
create a window that looks toward the heart (located directly
under the ribs) rather than a window that looks down into the
abdomen. Slight changes in angulation and rotation are then
used to create an appropriate SC4.

Breath Control. The subcostal 4 chamber can be improved
in some cases by having the patient take a partial or full
breath in and hold it. As the diaphragm falls, the probe
comes closer to the heart.

Anatomy. Although the view is called the subcostal 4 cham-
ber, and it may indeed show all 4 chambers of the heart, the
cross section is not identical to that obtained from the api-
cal window (Figure 11). This view transects a more inferior

March 2017 e Volume 124 ¢ Number 3

Figure 12. Probe position for the subcostal IVC image. The probe is
1-2 cm below the xiphoid process with the indicator pointing toward
the patient’s head. The indicator location and direction is shown by
the yellow arrow. IVC indicates inferior vena cava.

portion of the right ventricle, and although it may show the
inferoseptal and anterolateral walls of the LV, this is less pre-
dictable. The benefit of this view is that it shows the free wall
of the right ventricle very well. It is a view that complements
the information obtained from the other windows. For some
patients, particularly those with tubes and drains or those
with severe chronic obstructive pulmonary disease, the sub-
costal window may be the only one that provides adequate
imaging, and a detailed 2D assessment of the cardiac struc-
tures can often be obtained from this window alone.

Assessment.

1. Right ventricle: The SC4 is an excellent view to assess
global RV systolic function as described earlier.
Although an RV that appears larger than the LV in
this view likely represent RV dilation, it is possible
for this image to underestimate the size of the right
ventricle (Supplemental Digital Content, Video 20,
http:/ /links.Iww.com/AA /B630). That means an RV
that appears normal in size from the SC4 could be
falsely reassuring.

2. Pericardial effusion: This is an excellent view to iden-
tify the presence of a pericardial effusion. An effusion
will appear as an echolucent (dark) space around the
right heart (Supplemental Digital Content, Video 21,
http://linkslww.com/AA /B631). Findings of tam-
ponade physiology may include right atrial inversion
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during ventricular systole, right ventricular compres-
sion during diastole, and inferior vena cava (IVC)
dilation (see next section.) As with other complex
clinical scenarios, findings of effusion and tamponade
should be evaluated within the clinical context.

Subcostal IVC Long Axis (Supplemental Digital
Content, Video 22, http://links.lww.com/AA/
B632)

Probe Position and Manipulation. Starting from the SC4,
the probe should be tilted to center the right atrium in the
screen. Then a slow counterclockwise rotation of the probe
by 60 to 90° should show the IVC entering the right atrium.
(Figure 12).

Anatomy. At the top of the image is the liver, with the IVC
appearing near-horizontal on the screen as it enters the
right atrium. It is important to distinguish the IVC from
the abdominal aorta in this view. The aorta is thick-walled
and will often have obviously systolic pulsatility. The IVC is
thin-walled, can be seen to enter the right atrium, and has
hepatic veins draining into it. The left hepatic vein can often
be identified entering the IVC at the 12-0’clock position near
the right atrium (Figure 13).

Assessment. The utility of this view is to evaluate the
relative size and behavior of the IVC to aid in the assess-

Figure 13. Anatomy of the subcostal IVC. At the top of the image
is the liver. The IVC can be seen entering the right atrium. The left
hepatic vein is seen entering the IVC near the right atrium. Dia indi-
cates diaphragm; IVC, inferior vena cava; RA, right atrium; RV, right
ventricle.

ment of volume status and fluid responsiveness.> An IVC
that appears large with minimal change in diameter with
ventilation (spontaneous or controlled) suggests relatively
greater right atrial pressures and a lower likelihood of
volume responsiveness (Supplemental Digital Content,
Video 23, http://linksIww.com/AA/B633). A very
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small appearing IVC suggests a patient that is likely vol-
ume responsive (Supplemental Digital Content, Video 24,
http://linkslww.com/AA/B634). Because assessment of
volume status is one of the more complex aspects of cardiac
ultrasound, it is important to view this information in the
broader clinical context and not to use IVC assessment as
the sole determinant.

IMAGE STORAGE AND REPORTING

The days when perioperative echocardiographers could
make images, act on the findings, store no images, and
report no findings are gone. At this early stage of the adop-
tion of point-of-care ultrasound, the authors recommend
applying the current standards for medical imaging to all
forms of point-of-care ultrasound and to FoCUS in particu-
lar. That means images should always be archived, either on
an imaging server or on disks, for review and quality assur-
ance. Every currently available ultrasound device has some
mechanism for image storage. Likewise, there should be
some mechanism for reporting the findings of each FoCUS
examination. Paper forms can be used (an example used by
the authors is included in the Supplemental Digital Content,
http://links lww.com/AA /B687), electronic forms can be
created, or information can be reported in the anesthetic
record.

CONCLUSIONS

The field of perioperative echocardiography is broad, com-
plex, and takes years to master. FOCUS, on the other hand,
can provide significant value in the care of complex patients
with substantially less time and experience. This article pro-
vides a brief introduction to the techniques of FoCUS and
the reader with further interest is strongly encouraged to
seek further instruction. g5
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1. WHY IS A GUIDELINE NEEDED?

The value of ultrasound as a diagnostic cardiac modality is in many re-
spects unparalleled. It is more portable and less expensive compared
with other imaging modalities (computed tomography, magnetic res-
onance imaging, nuclear perfusion imaging). Unlike methods that ex-
pose patients to radiation, there are no known adverse effects of
ultrasound used at diagnostic imaging intensities, which allows safe, se-
rial evaluation of patients. Echocardiography permits rapid assessment
of cardiac size, structure, function, and hemodynamics. Ultrasound im-
ages are evaluated in real time, which allows rapid diagnostic interpre-
tation in a wide variety of settings, such as the outpatient clinic,
inpatient ward, critical care unit, emergency department, operating
room, remote clinic, and cardiac catheterization laboratory. Cardiac ul-
trasound is used across the entire spectrum of patient care from in
utero to the frail elderly patient. Echocardiography is sensitive and spe-
cific for a broad range of clinical disorders, which allows evaluation of
a wide variety of parameters with well-documented prognostic utility.
In an effort to increase the value of echocardiography even further,
platforms have been developed that incorporated advanced imaging
capabilities (three-dimensional [3D], strain imaging) and complex al-

gorithms for quantitative analysis.
Equally important to the technical performance of this modality is
the training of the clinicians who use it. Even before images are
567
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ADHF = Acutely
decompensated heart failure

ASE = American Society of
Echocardiography

CPT = Center for Medicare
Service’s Current Procedural
Terminology

DICOM = Digital Imaging and
Communications in Medicine

eFCU = Expert FCU
EKG = Electrocardiographic

FCU = Focused cardiac
ultrasound

ICU = Intensive care unit

IVC = Inferior vena cava

acquired, physicians who per-
form echocardiography need to
be knowledgeable about the ap-
propriate uses of the technique.'
Accurate clinical use of cardiac
ultrasound is completely depen-
dent on users who are trained in
image acquisition, analysis, and
interpretation. Given the exten-
sive expertise required for accu-
rate use, guidelines have been
established for the knowledge
base, practical experience, and
continued maintenance of com-
petency for echocardiographic
image acquisition.>* Image anal
ysis, interpretation, and report
ing require extensive training.
Recommendations for these
also exist.>*° In addition, there

are comprehensive guidelines
that incorporate extensive recom
mendations for echocardiogra
phic use in clinical practice.®'?
The expertise required to use
advanced platforms and the
extensive training required to
appropriately analyze and inter
pret transthoracic images have
traditionally only been fulfilled
by specialists in cardiovascular
TTE = Transthoracic medicine.

echocardiography Two major developments
have changed the practice of car-
diac ultrasound:

LA = Left atrium
LV = Left ventricle

LVH = Left ventricle
hypertrophy

LVSD = LV systolic
dysfunction

RA = Right atrium
RV = Right ventricle

2D = Two-dimensional

3D = Three-dimensional

e Development of small ultrasound

platforms. These devices have significantly fewer features and capabilities,
which make them easier to operate. Despite their small size, they have
proven diagnostic utility when used by physicians with comprehensive
echocardiographic training.>2° Simplified operation and substantially
smaller size and cost have opened their potential use to nontraditional
cardiac ultrasound users. However, the easier operation of small devices
does not obviate the need for training to acquire and interpret cardiac
images.
Physicians from diverse specialties have become interested in having access
to the diagnostic value of cardiac ultrasound in clinical settings relevant to
their scope of practice. This has led to the concept of focused use of cardiac
ultrasound. The hypothesis is that nontraditional users, who have less train-
ing in cardiac image acquisition and interpretation compared with those
trained in echocardiography, can learn to acquire and interpret cardiac ultra-
sound images as an adjunct to their physical examination assessment.

It is important to maintain excellence in the practice of echocardi-
ography, a discipline that requires significant training and knowledge
of guidelines for acquisition, analysis, and interpretation, while en-
abling ultrasound to be used as a tool by nonechocardiographers to
augment their clinical assessments traditionally based on physical ex-
amination alone. It is recognized that there is a broad continuum of
imaging and interpretive expertise among physicians with cardiac ul-
trasound training. Some users may understand more advanced imag-
ing acquisition, analysis, and interpretation. However, as in most areas
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of medicine, specific thresholds of expertise need to be defined. This
is critical to providing excellent patient care by holding physicians
accountable to practice within their scope of expertise as well as
setting expectations for the practitioner, referring physician, and
patient. The current document distinguishes the emerging field of
focused cardiac ultrasound (FCU) as a bedside adjunct to the physical
examination and echocardiography. Defining the distinctions be-
tween these techniques will allow practitioners to realize the utility
of FCU and yet maintain the value of echocardiography. This guide-
line will not address ultrasound imaging outside of the cardiovascular
system or nontransthoracic ultrasound modalities (ie, transesophageal
echocardiography). This guideline is specific to cardiac imaging in
the adult.

2. DEFINITIONS

a. What is FCU?

FCU is a focused examination of the cardiovascular system
performed by a physician by using ultrasound as an ad-
junct to the physical examination to recognize specific ul-
trasonic signs that represent a narrow list of potential
diagnoses in specific clinical settings.

b. Terminology

There are a variety of terms that have been used to describe a focused
ultrasound of the heart. The importance of defining the nomenclature
is the recognition that these procedures are distinct from the practice
of echocardiography, as outlined in section 3. The American Society
of Echocardiography (ASE) recommends the use of the term “focused
cardiac ultrasound,” but recognizes that other terms are in use
(Table 1). The literature also contains hybrid terms that should be
avoided because the expectations of the examination, equipment
used, expertise in image acquisition, and proficiency in data analysis
and interpretation are unclear if these terms are used. Such terms in-
clude “focused echocardiography,” “hand-held echocardiography,”
“hand-carried echocardiography,” “point of care echocardiography,”
and “directed echocardiography.” The appropriate terminology for
echocardiography has previously been established and includes
“complete” or “comprehensive” echocardiography and “limited”
echocardiography.

3. DIFFERENTIATION OF FCU AND “LIMITED
TRANSTHORACIC ECHOCARDIOGRAPHY (TTE)”

The technical requirements for equipment, expertise for image acqui-
sition, and the knowledge base for image analysis and interpretation
have been well defined for echocardiography. This permits the appro-
priate and safe use of echocardiography in an unlimited number of
clinical scenarios and permits its users to have a very broad scope
of practice. Because of equipment capability, image acquisition train-
ing, image interpretation training, and image interpretation knowl-
edge base, the practitioner of FCU will have a scope of practice that
is restricted to the equipment and skill set that he or she possesses.
The scope of practice may be a specific patient population or a clinical
setting. The specific clinical question to be addressed and the cardiac
abnormalities that can be ruled in or out with the focused examina-
tion will be narrow. The difference between the limited
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Table 1 Terms in use that may refer to FCU

Hand-held cardiac ultrasound
Point-of-care cardiac ultrasound
Ultrasound stethoscope
Hand-carried cardiac ultrasound
Bedside cardiac ultrasound
Quick look cardiac ultrasound

Table 2 Differences between limited echocardiography and
FCU

Limited echocardiography

Definitive examination that requires knowledge and expertise
described below

Knowledge that specific additional images would be useful

Expertise to acquire additional images from all acoustic windows

Knowledge that a specific additional ultrasound technique would
be useful

Expertise to acquire additional images with all cardiac ultrasound
imaging modalities

Knowledge to identify all expected normal structures and/or
artifacts from all views

Knowledge to identify pathologic findings on structure of clinical
interest

Knowledge to look for and identify lesions associated with other
findings, whether in the same view of other parts of the study

Knowledge to identify incidental findings within images acquired

Knowledge of quantitative techniques

Expertise to apply quantitative techniques

Expertise to answer any referral question with appropriate
negative and positive pertinent findings

FCU

Identify the presence or absence of one or several specific findings

by using a defined, preestablished image acquisition protocol

echocardiogram and FCU rests in the expectations of the examina-
tion, the equipment used, the expertise in image acquisition, and pro-
ficiency in data analysis and interpretation. “Limited” refers to
areduced number of images, whereas “focused” refers to a narrowed,
specific question and scope of expertise (Tables 2 and 3).

a. Examination Expectations

With FCU, subjective interpretation of one or a few prechosen targets
of interest is emphasized, with the intent that subsequent referral for
an echocardiographic study will delineate and measure all findings, in-
cluding incidental or associated findings, which may go unrecognized
by FCU. Abnormalities when using FCU are typically classified as
present or absent by using a predefined specific imaging protocol.
The practitioner is “focused” on making a specific diagnosis or identi-
fying a potentially significant valvular, hemodynamic, or structural ab-
normality. This approach allows rapid detection of a small number of
evidence-based targets at the bedside that could provide clues to the
patient’s cardiac status and requires less training and expertise than
that considered adequate to perform echocardiography. The results
of an FCU examination can be used in conjunction with other bed-
side measures, such as the physical examination, in formulating an ini-
tial diagnostic impression and guiding appropriate early triage and
management.
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Although a FCU evaluation may facilitate initial management, all
patients with abnormal findings not previously documented on echo-
cardiography should be referred for a comprehensive echocardio-
graphic examination. A physician with only FCU expertise does not
have the image acquisition or interpretation expertise to completely
evaluate a symptomatic cardiac patient. Comprehensive echocardi-
ography allows additional characterization of an abnormality from
supplementary views, complete assessment of the hemodynamics as-
sociated with a lesion and further evaluation of a finding with addi-
tional ultrasound tools (Doppler, 3D, etc). When FCU evaluation
fails to detect any prespecified abnormalities in a patient with symp-
toms or signs of cardiovascular disease, referral for comprehensive
echocardiography is probably warranted. For example, in a patient
with dyspnea, although FCU may allow rapid and accurate exclusion
of a large pericardial effusion or significant left ventricle (LV) systolic
dysfunction, numerous other cardiac pathologies missed by FCU,
but detectable by comprehensive echocardiography, remain to be in-
vestigated as alternative causes of the patient’s breathlessness.

The implications of the FCU examination go beyond its terminol-
ogy in regard to the perception of the act by the patients, their families,
health care professionals, and the legal profession. Patients who un-
dergo or witness an FCU examination should be informed that this
particular use of ultrasound is a new method that is meant to enhance
bedside examination by providing “early” or “preliminary” informa-
tion that is used to formulate the physician’s initial impression.
Importantly, it is not equivalent to a diagnostic echocardiographic
study. The operator is incorporating his or her recognition and knowl-
edge of specific findings within the scope of his or her clinical practice
in the care of the patient. Patients and their families should be told that
significant abnormal findings will be confirmed with a complete
diagnostic echocardiogram. Patients should understand that an echo-
cardiogram will be performed as soon as practical if their symptoms or
signs warrant one. Likewise, when patients undergo echocardiogra-
phy after an FCU examination, they should understand that this is
not a duplicate or repeated examination but a comprehensive evalu-
ation of their condition by an expert in cardiac imaging.

With echocardiography, the whole sum of knowledge is applied
“upfront,” with measurements of normal structures and function,
documentation of findings other than those that may have prompted
the referral, and a thorough search to answer the referral question.
The ASE has provided detailed recommendations for the perfor-
mance, interpretation, documentation, and image storage that apply
to comprehensive and limited echocardiographic examinations.?
These standards were developed to contribute to patient and pro-
vider satisfaction, and to improve patient outcomes.

The “limited” descriptor of a limited echocardiogram simply refers
to the fact that, compared with a comprehensive examination, the
number of views obtained and the number of images that are ac-
quired are fewer. Every other aspect of limited echocardiography is
the same as for comprehensive echocardiography. The practitioner
will completely interpret all available data from all images, albeit in
a limited echocardiogram from a more “limited” number of images.
The clinical decision to perform a limited echocardiogram, as op-
posed to a comprehensive examination, requires expertise in echo-
cardiography and specific knowledge of the appropriate indications.
When performing a limited echocardiogram, the imager must have
the knowledge of all views necessary to characterize or exclude the
referral diagnosis. In addition, a clinician performing a limited echo-
cardiogram must be cognizant of the potential to miss findings not
in the field of view that (1) could offer an alternative explanation
for the patient’s referral or (2) are incidental but clinically significant.
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Limited echocardiogram

FCU

Patients Any adult patient
Location of imaging  Any location
Image protocol

Defined scope of practice
Defined scope of practice

Skill to perform any view, but only selected views may be required  Limited number of views

Equipment Full function (M-mode, 2D, color Doppler, spectral Doppler, 2D minimum
TDI, contrast), EKG gated
Transducers Multiple Single
Measurements Advanced quantification None or linear measurement
Acquisition Sonographer or level II/1ll echocardiographer Physician with FCU training
Interpretation Echocardiographer; all pathology and normal structures Physician with FCU training defined, limited scope

within imaging view
Image storage

Documentation Formal report meeting ICAEL standards

Billing 93308

DICOM format, archived for easy retrieval and review

Only for select indications (see text)

Documentation as brief report or as part of PE
depending on indication

None

TDI, Tissue Doppler imaging; ICAEL, Intersocietal Commission for the Accreditation of Echocardiography Laboratories; PE, physical examination.

A limited echocardiogram is more often used as a follow-up examina-
tion, after a prior comprehensive echocardiogram has delineated all
findings. When performing limited echocardiography, report genera-
tion and comparison with prior studies must follow standard require-
ments of echocardiography.

b.Equipment

Ultrasound machines have evolved from large, poorly moveable de-
vices to hand-carried ultrasound instruments and now pocket-sized
devices. It is not the size or weight characteristics that define an echo-
cardiographic machine. The use of FCU in this document generally
applies to a nonechocardiographer imager who is using a basic ultra-
sound device. However, nonechocardiographer users who acquire
images with a high-end platform or users trained in echocardiography
who use pocket ultrasound devices are also performing FCU
(Table 4).

The equipment used for limited echocardiography should be capa-
ble of performing two-dimensional (2D) echocardiography, M-mode,
colorflow imaging, and spectral and tissue Doppler ultrasound.
Although all of these modalities may not be used in every case, their
availability is critical in preserving the expectation that a patient
referred for echocardiography (whether limited or complete) will
receive the examination needed to delineate all abnormalities.
Platforms for FCU are intended to answer a specific clinical question
within the technologic limitations of a small device and thus do not
require all these modalities.

Echocardiographic examinations (comprehensive and limited)
require that a broad selection of transducers be available for use,
whereas FCU does not. In the process of miniaturization, many of
the fundamental capabilities of an echocardiogram have been omit-
ted, including advanced signal processing and electrocardiographic
(EKG) gating. The small screen size and reduced image resolution
on devices used in FCU may limit recognition of diagnostic findings.
The platform of a typical FCU device is incompatible with the perfor-
mance of detailed or gated measurements that are the minimum
professional standard for echocardiography. Echocardiographic
platforms must store images in a method compatible with DICOM
(Digital Imaging and Communications in Medicine) standards.
Platforms that do not export in the DICOM format should not be
used to perform echocardiography (limited or comprehensive).
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Table 4 Types of cardiac ultrasound examinations by level of
training and nature of equipment

Training level

Equipment capabilities Nonechocardiographer Echocardiographer

Basic FCU eFCU
Comprehensive FCU Echocardiography

c.Image Acquisition

Differentiating the image acquisition aspects of FCU and “Limited
TTE” is best made by noting the requirements for image acquisition
for limited echocardiography. Guidelines for specific training and
credentialing of sonographers and physicians to acquire images in
echocardiography have been published.>*?' Specific imaging
components for completion of a comprehensive examination are
specified. Practitioners who perform limited echocardiography need
familiarity with all the windows and views of a comprehensive
examination, because different clinical situations may require
a particular subset of a comprehensive examination. Limited
echocardiographic examinations may require any or all of the
modalities used in a comprehensive examination. Practitioners who
perform limited echocardiography need to be proficient in 2D,
pulsed-wave and continuous-wave Doppler, color-Doppler, tissue
Doppler, and M-mode echocardiography. The limited echocardio-
graphic acquisition skill set must include familiarity with all trans-
ducers used in comprehensive echocardiography, because the
clinical question, which may be answered with a limited echocardio-
gram examination, may require any of a number of transducers.
Image quality of a limited echocardiographic examination is expected
to be equal to comprehensive echocardiography to provide compara-
ble data for side-by-side comparisons during assessment of temporal
changes in patient status.

d.Image Interpretation

In the practice of limited echocardiography, the user is responsible for
interpretation and delineation of primary, associated, and “incidental”
findings that are apparent or became apparent while obtaining the
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views. Similar to the radiographic standard of chest X-ray interpreta-
tion in which the radiologist is accountable for the diagnosis of a soli-
tary pulmonary nodule even when the primary cardiac finding of the
radiograph is cardiomegaly, a limited echocardiogram that “excludes”
a pericardial effusion is still accountable for a diagnosis of any evident
wall-motion abnormality, valvular disease, or significant finding
clearly present in the specific views recorded. Moreover, the interpre-
tation must include assessment of key structures and cardiac function,
including performance of measurements when feasible. Finally, there
must be a report that includes key elements of cardiac structure and
function, findings, and interpretation.

In these circumstances, an echocardiogram, comprehensive or lim-
ited, provides the maximum ultrasonic diagnostic capabilities and ex-
pert interpretation and upholds the perceived standards and justified
costs of the echocardiogram held by the referring physician, patient,
and payers. FCU does not require quantitation or provide equivalent
diagnostic capability, and it is not the expectation of the user to delin-
eate and quantify all findings viewed.

e.Billing

In the United States, the Center for Medicare Service’s Current
Procedural Terminology (CPT) codes provides a system in which
a participating health care provider can bill for the particular services
rendered. The calculated reimbursement for a procedure is deter-
mined on a “relative value” scale that takes into account practice ex-
pense, physician work, malpractice costs, and the relative value of the
procedure adjusted to regional factors where the service was ren-
dered, the so-called resource-based relative value scale. In calculating
the physician work component for limited echocardiography, the fol-
lowing factors are considered: physician time, technical skill, physical
effort, mental effort, judgment, and stress due to potential risk to the
patient. The submission of limited echocardiographic CPT (93308)
for FCU would be inappropriate because the components used in
the resource-based relative value scale cost estimates for FCU and lim-
ited echocardiography are different.

Practice expenses are different primarily due to the substantial dif-
ferences in machine, room, documentation, image storage, and per-
sonnel costs. Liability is different because the echocardiographer is
responsible for interpretation and delineation of primary, associated,
and “incidental” findings that are apparent or became apparent while
obtaining the images. FCU users are responsible for recognizing a fo-
cused list of potential diagnoses in specific clinical settings within their
scope of practice. Finally, the physician work component, which in-
cludes time, technical skill, and mental effort, is entirely different be-
tween FCU and limited echocardiography. FCU is not a procedure
described under current echocardiographic CPT codes. Use of the
limited echocardiography code for FCU is not appropriate because
the resource-based determination for reimbursement was made by
assuming the standards established for echocardiography.

4. CONSIDERATIONS FOR SUCCESSFUL USE OF FCU AS AN
ADJUNCT TO PHYSICAL EXAMINATION

a. Personnel

Rapid evaluation to expedite patient triage and early management is
an important role of specialists in emergency medicine. Assessment of
critically ill patients after hours or at the bedside after a sudden change
in clinical status is a role of critical care physicians. Internists, surgeons,
and hospitalists perform serial evaluations of hospitalized adult pa-
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tients daily. These are all situations when a sonographer or level 11/
11l trained physician in echocardiography are potentially not immedi-
ately available or cannot be present for daily image acquisition. All
these physicians could potentially use FCU to augment their cardiac
physical examination assessment. As long as the training require-
ments are met and maintenance of competency and quality assur-
ance are documented, many adult medical and surgical specialties
could potentially use FCU. It is essential that physicians who use
FCU have realistic expectations of their abilities to image and interpret
as well as knowledge of the limitations of FCU devices. Inappropriate
interpretation or application of FCU beyond a defined scope of prac-
tice may have adverse consequences for patient care.

Sonographers and physicians with level Il or Il training in echocar-
diography can acquire images without additional training, and physi-
cians with level Il or III training in echocardiography can interpret
FCU images. Although these practitioners have the required expertise
for image acquisition and interpretation, if using a device typically
used for FCU, then they would not be performing echocardiography.
For the purposes of distinction, this document refers to this as expert
FCU (eFCU). Use of FCU by medical students should be for educa-
tional or training purposes only, under the direct supervision of an
echocardiographer or a trained FCU physician.?? Likewise, use by
nurses or other allied health care professionals who are not registered
cardiac sonographers should be for research purposes only and not
for clinical use.?>*

b. Equipment

Ultrasound platforms for cardiac imaging can be broadly character-
ized into 4 groups:

(D) Full functionality platforms. These devices have the complete range of
echocardiographic image acquisition capabilities (M-mode, 2D, color-
Doppler, spectral Doppler, tissue Doppler), have advanced quantification
and analysis packages, permit acquisition, and processing of stress images,
have advanced image processing for contrast enhancement, and have
a wide array of specialized transducers for advanced functions such as
transesophageal and 3D echocardiography.

(2) Small ultrasound platforms. These machines typically support the standard
echocardiographic modalities (M-mode, 2D, color Doppler, spectral
Doppler, transesophageal echocardiography, and stress) but are smaller
and may lack advanced imaging options.

(3) Hand-carried platforms. These machines, which generally weigh 6-12

pounds, are readily carried by a user to the bedside or may be cart based.

These typically have standard cardiac ultrasound capabilities and may have

fundamental quantification packages.

Pocket platforms. These devices are compact and can be placed in a lab

coat pocket. Pocket ultrasound instruments include basic ultrasound func-

tionality such as 2D imaging and may or may not have color Doppler.

(4

Although an FCU examination can be performed with a full func-
tionality ultrasound platform, the size, expense, and complexity of
these instruments are disparate with the clinical settings in which
FCU is useful as well as the abilities of an FCU provider. Small ultra-
sound platforms can also be used by a nonechocardiographer to per-
form an FCU assessment. However, the cost of these devices makes
their use solely as an adjunct to the physical examination impractical.
In some hospital intensive care units (ICU) or emergency department
settings, these machines are used for other diagnostic (noncardiac)
procedures and, therefore, available for FCU use. Use of these small
platforms capable of performing echocardiography by a practitioner
without echocardiographic training and imaging and/or interpreta-
tion expertise should be considered FCU, not limited echocardiogra-
phy. In practice, these devices are typically used by practitioners with
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comprehensive echocardiographic acquisition and interpretation
skills in settings in which their smaller size is an advantage.

The devices ideally suited for FCU extension of physical examina-
tion use a simpler technology compared with full-functionality echo-
cardiographic platforms. Most reports that evaluated FCU by
nonechocardiographer users have been with hand-carried platforms.
Although pocket-sized instruments have shown clinical promise, the
published literature consists primarily of their use by experienced
imagers or cardiology fellows.>2%2532 |t is possible that the
reduced imaging abilities and smaller screen will make it more
difficult for nonechocardiographer practitioners to use pocket
devices accurately.

FCU equipment must consist of a transducer with a frequency ap-
propriate for adult patients. Minimum display requirements include
the ability to label the images with at least 2 patient identifiers, date
and time of examination. Electronic calipers are not required, but there
should be markers that indicate scale or image depth. Measurement
packages are not standard, because much of the clinical functionality
of FCU is for rapid qualitative assessment. Minimum functionality con-
sists of 2D grayscale imaging and controls for depth and gain adjust-
ment. Studies or images used to evaluate a symptomatic patient to
direct management because formal echocardiography is not available
should be stored in a retrievable location. Ideally, stored images should
be in the DICOM format and be exportable to the digital archive
where the patient’s echocardiographic images are stored.

Additional functionality is available on hand-carried and pocket
devices. These capabilities (color-Doppler, spectral Doppler and
tissue Doppler) require more training to appropriately use and inter-
pret, which would extend the duration of FCU instruction. In addi-
tion, these capabilities are typically not needed for the scope of FCU
practices. Demonstrating that the extra training and device costs for
color-Doppler FCU adds clinical value would require that (1) FCU
augmented physical examination could detect clinically important
valvular lesions not already apparent by physical examination, and
(2) the early bedside identification of the valvular lesion makes
a clinically important difference over having it detected at the
time of a standard TTE. Supplementary functionality only seeks
to increase the costs of the devices, potentially reducing their
cost-effectiveness. There also is concern that users may attempt to
implement features or functionality without the proper training,
which potentially results in erroneous clinical conclusions and
adverse patient outcomes. Although an echocardiographer or qual-
ified sonographer would have the training to acquire images by
using these additional functionalities of a hand-carried or pocket
ultrasound, the clinical scenarios when this would be preferred
over a standard platform with better quality imaging and more
capabilities are infrequent and discussed in a later section of the
article (eFCU).

c. Potential Limitations of FCU

Using FCU as an adjunct to physical examination is facilitated by using
smaller ultrasound devices (hand carried or pocket). However, these
devices may not have the capabilities to image all findings. A system
that weighs less than 10 pounds with an estimated cost between
$8,000-$30,000 should not be expected to produce the image qual-
ity of a 200 pounds, $200,000 system. The transducer technology is
not the same, and the complex image enhancement and artifact re-
duction abilities cannot be reproduced on an FCU machine. In addi-
tion, the images are visualized on a screen with significantly lower
resolution and size compared with those available with state-of-the-
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art echocardiography. Commonly performed acquisition modifica-
tions, such as the ability to zoom, alter the ultrasound beam focus,
narrow sector width, adjust dynamic range, use harmonic imaging,
use settings optimized for contrast, change grayscale maps, or opti-
mize transducer frequency, may be lacking. These restrictions make
identification of subtle abnormalities inappropriate for FCU scope
of practice. Despite these limitations, small devices with specifications
that are inadequate for performing echocardiography can generate
clinically useful images.

Instruments used for FCU have been miniaturized to improve
functionality at the bedside. The compromise of smaller devices is
loss of features, including spectral Doppler, tissue Doppler, and 3D.
This concession is certainly worthwhile because it allows the devices
to be smaller and less expensive. Lack of spectral Doppler makes FCU
inappropriate for the assessment of pericardial constriction, pulmo-
nary hypertension, and diastolic dysfunction. Quantitation of regurgi-
tant or stenotic valvular lesion severity is also not appropriate with
FCU. However, the morphology of stenotic valves and secondary
findings, such as chamber enlargement and hypertrophy, to suggest
pressure or volume overload or left ventricle (LV)-right ventricle
(RV) interaction may still be detected by the astute user. Color
Doppler is available on most systems and has been used to qualita-
tively assess for potentially severe regurgitant lesions of the aortic
and mitral valve.

To distinguish the limitations of the smaller devices from the skill of
the user, the writing group reviewed studies that included at least 50
patients in which a small platform was compared with traditional
echocardiography, with all images acquired and interpreted by ex-
perts to determine which pathologies FCU devices are capable of de-
tecting despite their reduced functionality. Articles that use cardiology
fellows as imagers were not included. Cardiac abnormalities that have
been accurately detected included the following:

LV enlargement 18,19,29,33-35

LV hypertrophy 929303539
LV systolic function!®8:2028303234:37,39-45
LA enlargement23303436:42:4345

RV enlargement>%>>42

RV systolic function?83!:32343942
Pericardial effusion%-283032:353739-42
Inferior vena cava (IVC) size>%#*

There are a variety of both standard and nonstandard echocardio-
graphic windows used to assess cardiac structures. From each win-
dow, multiple views and sweeps of the heart are typically acquired.
There is no question that certain windows and/or views are easier
to learn than others. The parasternal and subcostal views, for example,
are typically easier to master. The landmarks for these windows are
characteristically more reliable. Imaging from the parasternal window
is easier to hold stable and consistently provides more interpretable
images than the apical views. Parasternal views are less dependent
on patient positioning and less subject to interference from patient
body habitus. The parasternal window is preferred for the assessment
of LV systolic function by less experienced users.*® Proficiency in ac-
quiring adequate parasternal views by novices under direct proctoring
is similar to acquiring an apical 4-chamber view but much easier than
the apical 2-chamber view.*”

Other views, such as the apical planes, are more difficult to opti-
mize and require expertise to correctly adjust patient position and
breathing cycle to acquire. In addition, apical views require
a more powerful transducer with higher penetration, which may
not be available with hand-carried or pocket-sized platforms.
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Optimization of cardiac views is critical to obtaining a correct diag-
nosis. Nonexpert imagers obtain adequate images from the paraster-
nal view nearly twice as often as from the apical views with an FCU
device.?® It is also clear that off-axis imaging and foreshortening
from the apical views can lead to incorrect conclusions and errone-
ous clinical management. Nonexpert imagers must be aware of the
pitfalls and limitations of apical imaging before imaging is attempted.
Because of these factors, the parasternal and subcostal views are pre-
ferred for FCU imaging. Diagnoses that depend on nontraditional
windows (right parasternal, suprasternal) should not be made or ex-
cluded with FCU.

Complex or unusual cardiac disorders should not be expected to
be diagnosed by a physician solely trained in FCU. In addition,
some pathologies are subtle and are difficult to recognize (LV wall mo-
tion). Other abnormalities require assimilation of data from multiple
views to correctly define (RV systolic function and size). Certain find-
ings on a cardiac ultrasound image may only make sense considered
in the context of a broader picture, which requires extensive training
in cardiovascular disease, such as in patients with congenital heart dis-
ease or other uncommon disorders. Because these are beyond the ex-
perience of FCU training and experience, the following pathologies
are unlikely to be accurately detected by FCU examination: aortic dis-
section, hypertrophic cardiomyopathy, LV regional wall-motion ab-
normalities, LV aneurysm, cardiac masses, RV hypertrophy, LV
thrombus, and valvular vegetations.

Although small ultrasound devices have been used to demonstrate
a broad range of pathology in the hands of a sonographer or echocar-
diographer (cardiovascular specialist with level II or Il echocardio-
graphic training), this document seeks to review the cardiac
abnormalities that nonechocardiographer users have successfully
identified. It is important to realize that most FCU studies are designed
to evaluate the ability to image and interpret significant abnormalities,
such as moderate or severe deviations from normal. Most abnormal-
ities are defined by FCU users as present or absent. The broader ex-
perience to characterize pathologies into severities of abnormality
should not be expected with FCU.

The available published studies are methodologically inconsistent in
regard to the duration and nature of training, provider background, pa-
tient population, devices used, and the clinical settings for the FCU ex-
amination. The writing group reviewed studies, including at least 50
patients in whom a small platform was compared with traditional echo-
cardiography or another criterion standard, with allimages acquired and
interpreted by physicians with no or minimal prior training in cardiac ul-
trasound, to determine which pathologies a physician performing FCU
candiscern. The most commonly studied pathology that was adequately
detected by using FCU was LV systolic dysfunction, in which sensitivities
of 73%-100% and specificities of 64%-96% have been demonstrated.
Other abnormalities with significantly less validation include LV enlarge-
ment,*4° LV hypertrophy,>®*® LA enlargement,*®°"52 RV
enlargement,>® pericardial effusion,%*®>! and IVC size.3%>3*7

Most importantly, although the ability to detect abnormalities at
the bedside by FCU users is lower than having a comprehensive
TTE, it is clearly better than traditional bedside assessment. FCU
use allows detection of cardiac pathology more accurately than phys-
ical examination, which supports its use as an adjunct to physical
examination, not as a replacement for echocardiography. When
used by physicians without formal echocardiographic training, FCU
is superior to physical examination for the detection of cardiac abnor-
malities, including LV enlargement, LV systolic dysfunction, LA en-

largement, LV hypertrophy, pericardial effusion, and RA pressure
elevation 303949535861
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5. FCU SCOPE OF PRACTICE

As with any clinical tool, inappropriate application of FCU beyond
a defined scope of practice may have adverse consequences on pa-
tient diagnoses, triage, and management. One paradigm is to use
FCU routinely as an adjunct to the physical examination with every
patient encounter. However, the impact of widespread use of FCU
in all patient encounters that involve a physical examination has not
been tested. The implications of following up on abnormalities de-
tected by routine use of FCU at the time of physical examination,
many of which would be false positives, needs to be considered. In
addition, the potential impact of failure to refer symptomatic patients
for complete echocardiographic evaluation, because of a “normal”
FCU physical examination, needs to be considered. The infrastructure
to educate and train all physicians who perform physical examination
in FCU would be a massive undertaking. Although this may represent
the future of cardiac examination, the introduction of FCU as an ad-
junct to physical examination into specific clinical settings to answer
a particular clinical question seems more prudent at this time.

It seems that the greatest value of FCU is as an adjunct to the his-
tory and physical examination in an attempt to provide more rapid
and appropriate patient management in the early phases of his or
her presentation. It is impractical to enumerate the specific clinical set-
tings or patient conditions in which FCU-assisted physical examina-
tion might prove useful. Rather, general clinical settings are
described in which (1) an FCU trained clinician needs to assess a pa-
tient at the bedside, (2) FCU would improve the clinician’s assessment
over the tools that would otherwise be available, such as a stethoscope
and one’s hands, and (3) echocardiography is not available, not avail-
able quickly enough, or impractical. Although additional indications
may be described, the focus of this discussion is limited to settings
in which clinical value has been documented in the literature. The
risk of a false-negative FCU examination that leads to delayed treat-
ment or a false-positive examination that results in unnecessary treat-
ment must be recognized.

In these contexts, it is important to state that individuals performing
FCU will be making direct interventions based upon their findings,
just as they would based on their physical examination and basic lab-
oratory findings. FCU is not just to detect disease, but clinicians will be
able to act upon the findings. However, most studies that evaluate
FCU have focused on evaluating image quality and accuracy to detect
specific abnormalities in comparison with full-featured platforms and
have not addressed the added value of FCU. There are limited data on
the use of FCU by nonechocardiographer users to affect medical de-
cision making or alter time to diagnosis and initiate treatment. There is
a need to demonstrate in which setting FCU improves outcomes.
Because FCU use directly affects patient care, it is imperative that cli-
nicians keep to their scope of practice. Medically unwarranted over-
use is a serious concern that justifies the establishment of rigorous
standards for training and scope of practice.

a. FCU When Echocardiography is Not Promptly Available

i. The need for clinical evaluation is emergent or urgent and echocardiography
is not immediately available

The need for emergent and/or urgent clinical evaluation may occur
in patients with hemodynamic instability or chest trauma, and with
findings that suggest the possibility of pericardial tamponade. These
types of emergent evaluations generally are performed in the emer-
gency department or the ICU. FCU in these settings clearly adds to
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the bedside physical examination and can be performed immediately
at the bedside.®? In patients who are critically ill, FCU has been shown
to be helpful to traditional bedside assessment in determining volume
status and LV systolic function.’>>®®3® In patients who are
hemodynamically unstable, FCU diagnoses may impact therapy in
terms of the use of volume repletion, vasopressors, and inotropes,
as well as diuretics and vasodilators. FCU may also be used to
identify findings suggestive of pulmonary embolism (RV
enlargement). Although RV enlargement lacks both sensitivity and
specificity for pulmonary embolism; if present, this may alter
triaging of further diagnostic testing. Findings from FCU are not
definitive; the presence of ultrasound signs must be integrated with
other bedside information to form an initial diagnostic impression
that can then be pursued with alternative imaging or diagnostic
modalities.

Patients who have had cardiac arrest may also benefit from FCU.
During cardiopulmonary resuscitation, FCU has been used to evalu-
ate for large pericardial effusion suggestive of cardiac tamponade
and to evaluate for cardiac standstill when deciding to cease resusci-
tative efforts. FCU may help guide early post-arrest management by
allowing rapid assessment of LV systolic function, pericardial tampo-
nade, signs of pulmonary embolism, and volume status, all findings
difficult to confirm by physical examination alone. In patients with
chest trauma or findings consistent with pericardial tamponade,
FCU can readily be used to identify the presence or absence of
pericardial effusion. Comprehensive echocardiography should be
performed for confirmation of abnormal findings as well as evaluation
of LV regional wall motion, valvular heart disease severity, and locu-
lated pericardial effusions if clinically suspected.

ii.

Echocardiography not immediately available and the findings from FCU fa-
cilitated physical examination would allow more rapid triage and directed
clinical management

In patients with acutely decompensated heart failure (ADHF), FCU
can be used to readily distinguish those with normal versus reduced
LV systolic function as the cause of their congestive heart failure symp-
toms and signs. It is clear that FCU is superior to traditional bedside
evaluation, including physical examination, EKG, chest X-ray, and
blood analysis for the detection of LV systolic dysfunction in patients
with ADHF.>® Although these patients all need comprehensive echo-
cardiography, the bedside use of FCU allows earlier knowledge of LV
systolic function, which allows both initiation of appropriate therapies
and avoidance of contraindicated therapies before the complete
echocardiogram is done and reported. In 1| study of patients with
ADHEF, FCU allowed directed therapy to start 18 hours (on average)
before a complete echocardiogram was performed and formally re-
ported.>® Another trial demonstrated reduced length of stay when
a hospitalist used FCU to guide ADHF care.®”

b. FCU When Echocardiography is Not Practical

i. Frequent serial examinations to follow up an ultrasound finding

Very few echocardiographic parameters are worthwhile for assess-
ing every day or multiple times a day for a period of time, such as dur-
ing a hospitalization. It would be impractical to use traditional
echocardiography for this purpose. Although a pericardial effusion
may need serial assessment, repeated evaluation of this is best re-
served for limited TTE not FCU. The knowledge base to interpret
the hemodynamic effects of a pericardial effusion is beyond the scope
of FCU. In addition, serial comparison of images, which is critical with
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pericardial effusions, is often difficult with FCU systems. Knowledge
of patient volume status (at least as measured by RA pressure), how-
ever, is frequently assessed by physical examination and, therefore,
suitable for FCU.*3%° Patients admitted with ADHF should have
complete echocardiographic evaluation if it has not been
performed recently. These patients may have uncertain volume
status after initial diuresis. FCU assessment of the IVC is both more
feasible and accurate than physical examination for detecting
elevated central venous pressure.>® Evaluation of IVC size and pleth-
ora with FCU has been successfully piloted in patients with ADHF
and shown to be a predictor of hospital readmission.®® Patients in
the ICU may have fluctuation in volume status and/or LV or RV func-
tion. FCU is readily applicable for use in serially monitoring a patient’s
volume status and ventricular contractile function in the critical care
area.

ii. Physical examination adjunct in at-risk populations

Physical examination may identify subjects who are asymptomatic
but have a cardiac condition, but sensitivity is low. Echocardiography
(comprehensive or limited) is not practical or reimbursed when used
as an adjunct to physical examination. FCU is potentially an ideal
technique to improve physical examination detection of cardiac dis-
ease because FCU devices are portable and relatively inexpensive,
and nonechocardiographer users can be trained to use them with rea-
sonable accuracy. An appropriate pathology to identify would have
the following characteristics:

o Identifiable with FCU

e Somewhat prevalent

o Asymptomatic

o Frequently missed by physical examination

e Associated with significant morbidity

o Effective therapies exist for asymptomatic patients

LV systolic dysfunction (LVSD) is an ideal target. It is reliably iden-
tifiable with FCU and is somewhat prevalent, even in a population of
asymptomatic subjects (2.0%-4.0%) but is often missed by physical
examination and has effective therapy even in the preclinical
stage.”%”! Results of several studies have shown the feasibility of
FCU for identifying LV dysfunction in a variety of patient
populations.#>°1°85963.647276 A cost  analysis  study  was
performed, which suggested that using FCU in patients with an
abnormal brain natriuretic peptide or EKG was the most cost-
effective strategy for identifying asymptomatic LV dysfunction.””
However, unlike global LV dysfunction, assessment of regional wall
motion may be challenging and is best assessed by echocardiography.

In addition to LVSD, other echocardiographic findings can also
identify patients at an increased risk for cardiovascular morbidity
and mortality, such as left ventricular hypertrophy (LVH) and in-
creased left atrium (LA) size.”® Increased LV wall thickness and
LA dimensions can be readily identified with FCU."7° It is
possible to perform an examination for LV dysfunction, LA
enlargement, and LVH from the parasternal long-axis ultrasound
view within seconds to a few minutes more accurately than the as-
sessment of sustained apical impulses, or S3 or S4 gallops.
Confirmation of LVH and LA enlargement with echocardiographi-
cally derived LV mass index and LA volume, which have established
prognostic value, is appropriate. Using FCU in this way may also
have prognostic implications.”® The addition of subcostal imaging
of the IVC to estimate RA pressure to the parasternal appraisal of
LV function and LA size is superior to inspection of the jugular ve-
nous pulse and precordial assessment for LVSD and LA

continued on next page

26



ORIGINAL RESEARCH

continued from previous page

Supplemental Online Material 3 continued

Journal of the American Society of Echocardiography
Volume 26 Number 6

enlargement.”® The appropriate setting and patient population for
such examinations would need to be studied. Results of preliminary
data suggest a reasonable yield in patients at higher risk for CV dis-
ease, such as those patients in general medical inpatient wards.”?
Whether the value of adding FCU to part of a routine physical ex-
amination could be demonstrated in a healthier general outpatient
population remains to be seen.

c. eFCU

In general, an experienced echocardiographer would use an echocar-
diographic device with complete functionality to image cardiovascu-
lar structures. The following situations occur when a level [I/111 trained
echocardiographer with knowledge of comprehensive echocardiog-
raphy uses a device that does not meet criteria for performing echo-
cardiography. This use model is defined as eFCU. Although not the
focus of this guideline, these are briefly described.

i. Adjunct to physical examination

Echocardiographers may find FCU devices useful in their clinical
practice in settings similar to other practitioners to supplement their
physical examination assessments of patients.

The need for cardiac ultrasound is emergent or more urgent than when
echocardiography is feasible®®8%8!
Echocardiography is not immediately available and the findings from FCU
would allow early triage and earlier directed clinical manage-
ment!327.2882:88
Frequent serial examinations to follow up an ultrasound finding
During physical examination of at-risk populations in which there is a clini-
cally relevant abnormality. Given the added expertise in image acquisition
and interpretation, eFCU as an adjunct to physical examination has demon-
strated the ability to detect LVH,*#87 LVSD,”?° LA enlau'gement,90 abdom-
inal aortic aneurysm,”°" and carotid plaque.”®

. Assessing heart disease in underserved or remote populations in which
echocardiographic platforms are not available

The underserved population often have no or limited access to
echocardiographic evaluation. Having an echocardiographer evaluate
underserved patients with a small ultrasound device at the point of
care opens a new vista for making diagnoses in patients who either
have a long wait to get an echocardiogram at a public health facility
(county hospital) or are unable to afford an echocardiogram.”?
Small ultrasound platforms have been used to identify significant
myocardial disease such as LVH, reduced left ventricular ejection frac-
tion, and valvular and congenital heart disease. This methodology has
also been successfully used to image patients in remote locations.”>®”

iii. Screening of athletes for potential causes of sudden cardiac death

Screening of at-risk populations in which there is a low incidence of
positive findings is another example in which a small device might
provide a lower cost option to evaluate otherwise healthy individuals.
An example of this type of screening would be the screening of ath-
letes for potential causes of sudden cardiac death.”®?® An eFCU may
allow identification of hypertrophic cardiomyopathy, which is the
most common cause of sudden death in this population. In this
context, this is eFCU (not FCU) because the expertise in imaging
and the expertise in image interpretation (to diagnose hypertrophic
cardiomyopathy) are substantial.

d. FCU Imaging Protocol

The specific views to obtain and images to acquire may differ, de-
pending on the clinical need,. At this point, a universal FCU examina-
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tion cannot be proposed. Factors to consider when designing an FCU
protocol include

The limited functionality of hand-carried devices

Image acquisition skills of the examiner

Interpretation skills of the examiner

Disease states, given the device capabilities, image acquisition expertise, and
interpretive training expertise that can be reliably detected

Pathologies that need to be confirmed and/or excluded given the clinical
question

Some FCU clinical use models may only require 2D imaging.
Although nonechocardiographer users can be taught to perform
a color-Doppler examination, the clinical scenarios in which FCU
has proven useful do not generally require use of color Doppler
and spectral Doppler. There are very few situations in which the
need to know about a regurgitant valvular lesion is more urgent
than when echocardiography is feasible or requires frequent serial ex-
amination that would be impractical for echocardiography. If an FCU
clinical need were identified for Doppler, then the expertise to use
these Doppler techniques responsibly would require additional didac-
tic education, hands-on imaging, and maintenance of competency.

FCU extended physical examination may be performed primarily
from the parasternal and subcostal acoustic windows, which is consis-
tent with 2 published ultrasound examinations that involve cardiac
imaging as a part of their protocols. Both the Cardiopulmonary
Limited Ultrasound Exam (CLUE) and Focused Abdominal
Sonography in Trauma (FAST) examinations image the heart from
the parasternal and subcostal windows only. As reviewed above,
the expertise to acquire images from these windows is significantly
less than apical views. When assessing LV systolic function, there is
a theoretical consideration that extensive apical abnormalities may
not be appreciated if imaging is performed only from the parasternal
window. Several studies have demonstrated that parasternal imaging
is adequate for the subjective assessment of LV func-
tion,!7°8:6074758290 | maging  from subcostal and parasternal
windows also requires minimal or no patient positioning or
cooperation, which is key in many of the clinical scenarios in which
FCU is likely to be useful.

There may be cases in which an apical window may be the only
window that gives useful images. It may be more prudent to wait
for formal echocardiographic imaging than trying more difficult win-
dows to avoid the hazards of off-axis apical imaging. Apical imaging
can easily lead to overestimation of left ventricle ejection fraction
by foreshortening and to a false conclusion of RV dilatation by obtain-
ing an RV modified apical 4-chamber image rather than a true apical
4-chamber image. However, FCU use models may be developed in
which the apical views are required. If apical imaging is needed,
then it should be included in the training (didactic, hands on, and in-
terpretive). It is imperative to recognize that imaging from additional
views and acquiring supplemental images does not change an FCU
augmented physical examination into an echocardiographic exami-
nation. The difference between these techniques lies in the expecta-
tions of the examination, the equipment used, the expertise in image
acquisition and proficiency in data analysis and interpretation (section
3.), not in the number of images acquired, patient position during ex-
amination, or windows from which imaging was performed.

Depending on the specialty of the practitioner, FCU may only be
a portion of a specialty’s bedside ultrasound protocol. For example,
the FAST examination in trauma involves ultrasound of the heart,
chest, abdomen, and pelvis. Imaging in the critical area may include
noncardiac targets, such as lung water, ascites, hydronephrosis, and
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pleural effusions. This guideline is not meant to cover extracardiac
imaging protocols. It would be expected that multiorgan protocols
that involve cardiac imaging would adhere to the guidelines set
forth for the cardiac portion of their imaging protocol. One
could imagine modules of training for different aspects of bedside
ultrasound use.

e. Quantification

Quantitative assessment is a core component of echocardiography,
whether complete or limited. There are detailed documents about
how to properly measure the cardiac chambers, ventricular perfor-
mance, valvular lesions, and vessels.””'? Devices used for FCU
imaging have a variable degree of measurement capabilities. These
devices have shown reasonable accuracy when used by novices to
quantify LVH, LA size, and LV dimensions.*”->%100 However,
making measurements has several disadvantages during FCU.
Learning how to make even basic measurements adds to the
duration of didactic and practical training. Pausing during a bedside
assessment to quantify the size of a cardiac structure or to compute
a calculation adds delay to a procedure for which rapid bedside
evaluation is one of its major strengths. The lack of an ECG gating
with some FCU devices increases the chance of making an
inaccurate measurement. Lastly, for the scope of practice in which
FCU has been used, quantification is simply not necessary.

The bedside decisions facilitated by FCU can generally be made by
using subjective categorization of abnormalities into broad ranges of
severity. Knowing if LV systolic function is normal, reduced, or se-
verely reduced allows immediate therapeutic decisions to be made
in a patient admitted with ADHF. Most clinicians would like to
know if a pericardial effusion and RV are normal, large, or very large
rather than a quantitative measurement. The LA has well-
documented subjective interpretation criteria that correlate well
with criterion standards.>%'"!

f. Image Archival and Reporting

Devices currently used for FCU examinations all store images inter-
nally. The storage format varies from device to device, as does the
ease of image integration with enterprise digital storage systems.
The documentation (both image and report) of FCU examinations
is dependent on clinical use. The writing group’s recommendation
is that images performed to evaluate a symptomatic patient to direct
management because formal echocardiography is not available
should be stored to a retrievable location. Ideally, this would be on
the same digital storage system where the clinical echocardiography
images are stored. Storage of these images is useful for both quality
assurance (for the FCU clinician) and for assessment of changes by
comparison with the formal echocardiographic findings.

All FCU examination results must be documented in the patient
chart and/or electronic medical record. Parameters should include
the same items recorded for a physical examination:

e Date and time of examination

e Name and hospital identification number of the patient

e Patient age, date of birth, and sex

e Name of the person who performed and/or interpreted the study
o Findings

If the FCU examination is noted within the physical examination
portion of the chart, then most of these items are likely present and
only the findings need to be documented.
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Studies performed to evaluate a symptomatic patient to direct
management because formal echocardiography is not available,
should, in addition, include the following:

e Indication for the study
e Impression (including when a study is nondiagnostic)
e Mode of archiving the data (where can the images be found to be viewed)

Images from an FCU examination performed for serial evaluation
of the IVC or ventricular function in a patient with a prior comprehen-
sive echocardiogram need not be saved. Ideally, significant changes in
serial findings would prompt referral for limited echocardiography.
Images performed as part of an extended physical examination in
a patient at risk for cardiac disease (but no cardiac symptoms) need
not be saved either, but abnormal findings should prompt referral
for echocardiography. This is consistent with current cardiac physical
examination techniques such as inspection, palpation and ausculta-
tion, the presence or absence of signs are documented but without
mandatory recording of pictorial, video, or audio information despite
the modern capability to do so. The findings from FCU in these set-
tings should be formally documented in the patient’s chart. The results
of FCU can be easily recorded within the physical examination por-
tion in the medical record, akin to the handling of visual bedside in-
formation obtained through use of the ophthalmoscope or
otoscope, thereby setting appropriate physician and patient expecta-
tions of this bedside technique. Mandatory video archival and formal
reporting of FCU examinations for these indications would unneces-
sarily increase the time needed for examination and create an unnec-
essary burden on digital storage within the electronic health record.

6. TRAINING RECOMMENDATIONS

The development of FCU devices offers the opportunity to provide
a quick snapshot view of the heart at the bedside. Although the de-
vices and protocols are less complex than standard echocardiography,
the training and oversight required to develop the skills necessary to
perform and interpret FCU studies must not be minimized. Although
specific training requirements (duration, number of studies, etc) are
not offered, this document provides a framework from which the
medical community can establish the criteria necessary to optimize
the use of this exciting new technology.

There are a number of articles that demonstrate acceptable accu-
racy of nonechocardiographer users who performed FCU from which
one could surmise that the training protocol used was ade-
quate 304548:5658,59,63:657275,102 However, the heterogeneity in
these studies makes it difficult to draw specific conclusions. The
training protocols differed with respect to the background of the
trainees, the ultrasound device used, the hours and content of
didactic lectures, acoustic windows imaged from, the number of
ultrasound examinations performed, percentage of proctored
examinations, subjects imaged (volunteers, patients), clinical setting
(echocardiography laboratory, ward, clinic, ICU), which cardiac
findings were evaluated (LV function, atrial size, etc), whether
assessment was subjective or quantitative, and the criterion
standard used. Studies that evaluated the acquisition of FCU skills
by novice users (residents) found an “acceptable” level of skill in
performing and interpreting FCU studies might be obtainable with
20-30 studies if the scope of acquisition and interpretation were
limited.*”-'%3

Although there may be a perception that FCU examinations are
“easier” to perform, this is not necessarily the case. It is true that there
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are fewer controls and settings to master. An FCU examination in-
volves a reduced number of windows and can be performed without
knowledge of more advanced ultrasound technologies (Doppler,
strain, 3D, etc). However, one should also take into account that
the transducers might require extra skill due to their limited process-
ing power, poorer penetration, and lower number of scanning ele-
ments, which results in a more challenging proposition to obtain
clear images. The size and quality of the screens on FCU systems
are inferior compared with full-size systems, and they may be more
sensitive to viewing angle and light conditions. It is also inopportune
that the clinical situations in which an FCU examination might prove
most useful are frequently settings that have subjects with the poorest
acoustic windows. ICU settings with limited patient mobility and pos-
sibly mechanical ventilation are difficult to image even by skilled
echocardiogra\phers4]04 Trauma, drains, and bandages in patients
who are acutely ill can limit image acquisition even with full-
featured platforms.

a. Background

Although training for FCU can begin in medical school, FCU use
should be limited to licensed physicians. It is expected that physicians
with diverse training backgrounds could use FCU in patient care. The
scope of this document is limited to the use of FCU in the care and
management of adult patients, and, therefore, physicians should be
trained in an adult medical or surgical specialty. By nature, FCU tech-
nology is used at the patient bedside during clinical evaluation and
management, so practitioners in radiology are not addressed in this
document. It is our recommendation that physicians who have com-
pleted training in internal medicine, hospital medicine, emergency
medicine, anesthesia, critical care medicine, or cardiovascular surgery
would have an appropriate background to pursue training in FCU.

b. Training Environment

A formal structured training program is the best approach to equip
physicians with the necessary knowledge and technical skills to per-
form FCU. Instruction in an FCU course or program should focus
not only on providing education but also on assessing competency.
Clinicians who seek FCU training should do so within an accredited
graduate medical education or continuing education program. It ap-
pears feasible and appropriate to begin FCU training in medical
school curriculums, where it can be taught in conjunction with history
and physical examination training. Bedside ultrasound evaluation, in-
cluding FCU, may become part of a core curriculum for resident train-
ing. To better ensure success, FCU educational programs should
collaborate locally with an Intersocietal Commission for the
Accreditation of Echocardiography Laboratories accredited echocar-
diography laboratory. Although portions of training may be done at
courses and online, collaborating with certified sonographers and
the National Board of Echocardiography certified echocardiographers
offers the opportunity to be trained and supported by experts in com-
prehensive echocardiography. The exposure to the breadth of pathol-
ogy required to gain experience is best acquired when there is access
to the volume of cases performed in a busy laboratory. The quality as-
surance procedures in place at an accredited echocardiography facil-
ity can be expanded to provide oversight for an FCU program.

c. Components of a Training Program - Didactic Education

Recommendations for cardiac ultrasound training for nonechocar-
diographers include 3 core components: didactic education, hands-
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on image acquisition, and image interpretation experience. There
are important considerations in each of these areas that prior guide-
lines have not comprehensively addressed.

Guidelines should be specific in the knowledge component of FCU
training. Background topics should include ultrasound physics and ba-
sic cardiac anatomy with the corresponding ultrasound views. The
pathophysiology of the common clinical conditions in the trainee’s
scope of practice should be reviewed, specifically with regard to the
effects these conditions have on cardiac function and structure.
Clinical topics will be tailored to the users but should include appro-
priate clinical use scenarios and imaging protocols. This component is
the integration of the cardiac anatomy, pathophysiology with the FCU
imaging capabilities, and scope of practice. The indications for FCU
versus comprehensive and/or limited echocardiography should be re-
viewed. Practitioners should get a solid understanding of the appropri-
ate scope of practice by understanding the limitations of FCU imaging
equipment as well as the scope of their image acquisition and inter-
pretation training. The value of FCU in specific clinical scenarios
should be demonstrated by using case studies and image correlations.
Common abnormalities encountered with FCU should be reviewed.

In an effort to accommodate a trainee’s limited schedule, the didac-
tic contents of the training could potentially be delivered as hybrid
learning modules with a combination of traditional class lectures
and online interactive modules. The online module should have
a posttest component to ensure that all trainees are prepared for
hands-on practice. For spatial training, the use of imaging aids such
as 3D cardiac models, phantom imaging, and simulation mannequins
may expedite the understanding of scanning planes and their corre-
sponding anatomy. Review of digital-video loops and still frames of
normal cases, which show the recommended scanning views and nor-
mal variants should be included. The trainee should be familiarized
with different chest conformations and possible deviations from the
typical scanning windows.

It is important to complete this portion of the training before pro-
ceeding to hands-on experience to allow the participant to become
familiar with terminology, probe orientation, and views. To maximize
the value of the didactic training, the hands-on practice should pro-
ceed within a reasonable period of time. Extending the training period
outside a predetermined window would be deleterious to compe-
tency outcomes.*”

d. Components of a Training Program - Hands-on Training

There is significant variation in the consideration of cardiac ultrasound
simulation as a viable alternative to hands-on training. It is the opinion
of this writing group and the ASE that, although ultrasound simulators
may be used as adjunct in FCU training, the majority of hands-on
studies should be performed on human subjects. There is simply no
adequate way to simulate the wide range in patient body habitus,
chest wall structure, translational motion of the heart due to respira-
tion, heart orientation within the chest, cardiac size, patient coopera-
tion, and normal variants with simulation.

Training with normal subjects is common in FCU training settings.
The use of normal volunteers and/or having trainees image each
other serves as a quick way to gain hands-on experience. It is the opin-
ion of this writing group and the ASE that the majority of hands-on
image experience be acquired in patients, preferably in the clinical
arena where the physician practices or in subjects similar to those in
the physician’s practice setting. Initially, imaging in normal subjects
who have excellent windows and are cooperative in their positioning
and respiration is a good way to learn acoustic windows, imaging
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planes, transducer manipulation, and basic anatomy. However, expe-
rience imaging at the bedside in real-life settings is invaluable.

There is ambiguity in how the hands-on experience should be su-
pervised in other guidelines. It is the recommendation of this writing
group that a portion of hands-on studies be proctored in real time.
Immediate feedback while acquiring images from an experienced im-
ager is critical to success. Acquisition of images in the presence of
a proctor and independent acquisition of images are both necessary
experiences.

Although most guidelines recommend independent image acquisi-
tion as a core component of training, there is often ambiguity in the
setting in which this occurs. The ASE recommends that a significant
number of examinations should be performed with the device (or de-
vice with similar capabilities) that the physician will be using for FCU
and performed on patients in clinical settings typical of the trainee’s
scope of practice. Training with a full-featured device on selected sta-
ble outpatients, for example, does not prepare a clinician to image pa-
tients who are critically ill and intubated with a small portable bedside
device.

Lastly, most guidelines fail to specify the equipment requirement
used for hands-on training. It is recommended that the majority of
hands-on image cases be acquired with the device (or a device with
similar capabilities) that the physician will be using for FCU
examinations. Initial experience in an echocardiography laboratory
on a high-end platform may prove useful to gain confidence and ac-
quire familiarity with acoustic windows; however, experience must
be primarily acquired with the device that will be used for FCU imaging.

e. Components of a Training Program - Image
Interpretation

Trainees should keep records of documented cases where he or she
performed the FCU protocol and prepared a complete interpretation.
A practitioner proficient in FCU or echocardiography should review
these scans. Any discrepancy of interpretation should be communi-
cated to the trainee as part of an ongoing learning experience. This
could be done at the local institution where a qualified reviewer is in-
volved, or images could be sent to a central reviewing body. All im-
ages (loops and frames) stored for review should be deidentified
and comply with the Health Insurance Portability and
Accountability Act regulations if submitted to an external reviewer.
They should be able to recognize the abnormalities and normal struc-
tures within the scope of their FCU practice.

It is clear that the variety of pathologies experienced during hands-
on training and expert review is likely to be a subset of the scope of
pathologies and normal variants seen in the clinical setting. Review
of additional cases is essential. Ideally, this should be provided through
didactic review of images or in a self-education review of images se-
lected to represent normal variants and pathologies relevant to the
scope of practice. Salient features of the images should be provided
with teaching points. Specific lists of cases and/or abnormalities could
be developed to represent the normal variants and expected pathol-
ogies within a variety of FCU scopes of practice.

f. Documentation and Maintenance of Competency and
Quality Assurance

Specific recommendations for documentation of competency cannot
be made at this time. Once formal training recommendations are de-
veloped, presumably, documentation of competency will involve
documentation of the completion of the core components of a train-

JOURNAL OF EDUCATION IN PERIOPERATIVE MEDICINE: VOL. XXII, ISSUE 2

Journal of the American Society of Echocardiography
June 2013

ing program (didactic education, hands-on imaging, and interpretive
skill). There are no current objective metrics or validated tools to de-
termine competency in FCU. Current guidelines and training require-
ments are based on hours or months in training and the number of
ultrasounds performed and/or interpreted, which are used as surro-
gates of competency.'®> % There unfortunately is a weak
correlation between the number of studies interpreted and the
months of training with interpretation accuracy. "9 The correlation be-
tween cardiac studies scanned with interpretation and scanning abil-
ities is better, which supports a curriculum that is replete with practical
hands-on imaging. Other work has demonstrated that acquisition
skills were acquired more slowly than interpretive skills.*” An FCU
training program should emphasize safety and require ample hands-
on training and exposure to pathology before considering an individ-
ual without echocardiography training competent to use these tools
appropriately.

Maintenance of competency is a separate issue from the achieve-
ment of proficiency. It is well known that skill level declines unless
a technique is regularly implemented and reinforced. Continued ex-
cellence in FCU requires ongoing performance of FCU, exposure to
a variety of clinical situations and pathology, and staying up to date
with advances in the field. To maintain scanning and interpretation
skills, a minimum number of studies performed annually will need
to be determined. FCU practitioners are encouraged to routinely fol-
low up on the complete echocardiographic findings. Likewise, echo-
cardiography laboratories that perform complete echocardiographic
examinations and have access to the results of the prior FCU should
communicate missed or misinterpreted findings to the FCU
practitioner informally through verbal communication. Additional
accredited continuing medical education courses or approved self-
assessment programs directly related to FCU should also play a role
in maintenance of competency.

NOTICE AND DISCLAIMER

This report is made available by ASE as a courtesy reference source
for their members. This report contains recommendations only and
should not be used as the sole basis to make medical practice deci-
sions or for disciplinary action against any employee. The statements
and recommendations contained in this report are primarily based
on the opinions of experts, rather than on scientifically verified
data. ASE makes no express or implied warranties regarding the
completeness or accuracy of the information in this report, including
the warranty of merchantability or fitness for a particular purpose. In
no event shall ASE be liable to you, your patients, or any other third
parties for any decision made or action taken by you or such other
parties in reliance on this information. Nor does your use of this in-
formation constitute the offering of medical advice by ASE or create
any physician-patient relationship between ASE and your patients
or anyone else.

REFERENCES

1. Douglas PS, Garcia MJ, Haines DE, Lai WW, Manning W], Patel AR, et al.
ACCF/ASE/AHA/ASNC/HFSA/HRS/SCAI/SCCM/SCCT/SCMR
2011 appropriate use criteria for echocardiography. ] Am Soc Echocar-
diogr 2011;24:229-67.

2. Picard MH, Adams D, Bierig SM, Dent JM, Douglas PS, Gillam LD, et al.
American Society of Echocardiography Recommendations for Quality

continued on next page

30



continued from previous page

ORIGINAL RESEARCH

Supplemental Online Material 3 continued

Journal of the American Society of Echocardiography
Volume 26 Number 6

w

b

b

~

JOURNAL OF EDUCATION IN PERIOPERATIVE MEDICINE: VOL. XXII, ISSUE 2

Echocardiography Laboratory Operations. ] Am Soc Echocardiogr 2011;
24:1-10.

. Bierig SM, Ehler D, Knoll ML, Waggoner AD. American Society of Echo-

cardiography minimum standards for the cardiac sonographer: a position
paper. ] Am Soc Echocardiogr 2006;19:471-4.

Quinones MA, Douglas PS, Foster E, Gorcsan ], Lewis JF, Pearlman AS,
et al. ACC/AHA clinical competence statement on echocardiography.
] Am Soc Echocardiogr 2003;16:379-402.

Gardin JM, Adams DB, Douglas PS, Feigenbaum H, Forst DH, Fraser AG,
et al. Recommendations for a standardized report for adult transthoracic
echocardiography: a report from the American Society of Echocardiog-
raphy’s Nomenclature and Standards Committee and Task Force for
a Standardized Echocardiography Report. | Am Soc Echocardiogr
2002;15:275-90.

Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM,
Derumeaux G, et al. Current and evolving echocardiographic techniques
for the quantitative evaluation of cardiac mechanics: ASE/EAE Consen-
sus Statement on Methodology and Indications. ] Am Soc Echocardiogr
2011;24:277-313.

Rudski LG, Lai WW, Afilalo ], Hua LQ, Handschumacher MD,
Chandrasekaran K, et al. Guidelines for the echocardiographic assess-
ment of the right heart in adults. ] Am Soc Echocardiogr 2010;23:
685-713.

Zoghbi WA, Chambers JB, Dumesnil ]G, Foster E, Gottdiener ]S,
Grayburn PA, et al. Recommendations for evaluation of prosthetic valves
with echocardiography and Doppler ultrasound. ] Am Soc Echocardiogr
2009;22:975-1014.

Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA,
et al. Recommendations for the evaluation of left ventricular diastolic
function by echocardiography. ] Am Soc Echocardiogr 2009;22:107-33.
Baumgartner H, Hung ], Bermejo |, Chambers |B, Evangelista A,
Griffin BP, et al. Echocardiographic assessment of valve stenosis: EAE/
ASE recommendations for clinical practice. ] Am Soc Echocardiogr
2009;22:1-21. quiz 101-2; erratum 442.

. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA,

et al. Recommendations for chamber quantification: a report from the
American Society of Echocardiography’s Guidelines and Standards Com-
mittee and the Chamber Quantification Writing Group. ] Am Soc Echo-
cardiogr 2005;18:1440-63.

. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD,

Levine RA, et al. Recommendations for evaluation of the severity of na-
tive valvular regurgitation with two-dimensional and Doppler echocardi-
ography. ] Am Soc Echocardiogr 2003;16:777-802.

. Cardim N, Golfin CF, Ferreira D, Aubele A, Toste ], Cobos MA, et al. Use-

fulness of a new miniaturized echocardiographic system in outpatient
cardiology consultations as an extension of physical examination. ] Am
Soc Echocardiogr 2011;24:117-24.

. Egan M, lonescu A. The pocket echocardiograph: a useful new tool? Eur |

Echocardiogr 2008;9:721-5.

. Frederiksen CA, Juhl-Olsen P, Larsen UT, Nielsen DG, Eika B, Sloth E.

New pocket echocardiography device is interchangeable with high-end
portable system when performed by experienced examiners. Acta
Anaesthesiol Scand 2010;54:1217-23.

. Giusca S, Jurcut R, Ticulescu R, Dumitru D, Vladaia A, Savu O, et al. Ac-

curacy of handheld echocardiography for bedside diagnostic evaluation
in a tertiary cardiology center: comparison with standard echocardiogra-
phy. Echocardiography 2011;28:136-41.

Kimura BJ, Gilcrease GW, Showalter BK, Phan N, Wolfson T. Diagnostic
performance of a pocket-sized ultrasound device for quick-look cardiac
imaging. Am ] Emerg Med 2012;30:32-6.

. Liebo MJ, Israel RL, Lillie EO, Smith MR, Rubenson DS, Topol EJ. Is

pocket mobile echocardiography the next-generation stethoscope? A
cross-sectional comparison of rapidly acquired images with standard
transthoracic echocardiography. Ann Intern Med 2011;155:33-8.

. Prinz C, Voigt JU. Diagnostic accuracy of a hand-held ultrasound scanner

in routine patients referred for echocardiography. ] Am Soc Echocardiogr
2011;24:111-6.

20.

21.

22.

2

w

2

~

25.

26.

2

2

2

30.

3

32.

3

@

34.

35.

3

3

38.

39.

~N

i

o

>

~N

Spencer et al 579

Reant P, Dijos M, Arsac F, Mignot A, Cadenaule F, Aumiaux A, et al. Val-
idation of a new bedside echoscopic heart examination resulting in an
improvement in echo-lab workflow. Arch Cardiovasc Dis 2011;104:
171-7.

Ehler D, Carney DK, Dempsey AL, Rigling R, Kraft C, Witt SA, et al.
Guidelines for cardiac sonographer education: recommendations of
the American Society of Echocardiography Sonograpber Training and
Education Committee. ] Am Soc Echocardiogr 2001;14:77-84.

Decara M, Kirkpatrick JN, Spencer KT, Ward RP, Kasza K, Furlong K,
et al. Use of hand-carried ultrasound devices to augment the accuracy
of medical student bedside cardiac diagnoses. ] Am Soc Echocardiogr
2005;18:257-63.

. Kirkpatrick JN, Belka V, Furlong K, Balasia B, Jacobs LD, Corcoran M,

et al. Effectiveness of echocardiographic imaging by nurses to identify
left ventricular systolic dysfunction in high-risk patients. Am | Cardiol
2005;95:1271-2.

. Garrett PD, Boyd SYN, Bauch TD, Rubal BJ, Bulgrin JR, Kinkler ES. Fea-

sibility of real-time echocardiographic evaluation during patient trans-
port. ] Am Soc Echocardiogr 2003;16:197-201.

Culp BC, Mock JD, Ball TR, Chiles CD, Culp WC. The pocket echocar-
diograph: a pilot study of its validation and feasibility in intubated pa-
tients. Echocardiography 2011;28:371-7.

Culp BC, Mock D, Chiles CD, Culp WC. The pocket echocardiograph:
validation and feasibility. Echocardiography 2010;27:759-64.

Skjetne K, Graven T, Haugen BO, Salvesen O, Kleinau JO, Dalen H. Di-
agnostic influence of cardiovascular screening by pocket-size ultrasound
in a cardiac unit. Eur ] Echocardiogr 2011;12:737-43.

Mijolstad OC, Dalen H, Graven T, Kleinau JO, Salvesen O, Haugen BO.
Routinely adding ultrasound examinations by pocket-sized ultrasound
devices improves inpatient diagnostics in a medical department. Eur ] In-
tern Med 2012;23:185-91.

Fukuda S, Shimada K, Kawasaki T, Fujimoto H, Maeda K, Inanami H,
et al. Pocket-sized transthoracic echocardiography device for the mea-
surement of cardiac chamber size and function. Circ | 2009;73:
1092-6.

Galderisi M, Santoro A, Versiero M, Lomoriello VS, Esposito R, Raia R,
etal. Improved cardiovascular diagnostic accuracy by pocket size imaging
device in non-cardiologic outpatients: the NaUSiCa (Naples Ultrasound
Stethoscope in Cardiology) study. Cardiovasc Ultrasound 2010;8:51.

. Andersen GN, Haugen BO, Graven T, Salvesen O, Mjolstad OC,

Dalen H. Feasibility and reliability of point-of-care pocket-sized echocar-
diography. Eur | Echocardiogr 2011;12:665-70.

Testuz A, Muller H, Keller PF, Meyer P, Stampfli T, Sekoranja L, et al. Di-
agnostic accuracy of pocket-size handheld echocardiographs used by car-
diologists in the acute care setting. Eur Heart | 2012;33:857-8.

. Duvall WL, Croft LB, Goldman ME. Can hand-carried ultrasound de-

vices be extended for use by the noncardiology medical community?
Echocardiography 2003;20:471-6.

Vourvouri EC, Poldermans D, De Sutter |, Sozzi FB, Izzo P, Roelandt JR.
Experience with an ultrasound stethoscope. ] Am Soc Echocardiogr
2002;15:80-5.

Xie T, Chamoun AJ, McCulloch M, Tsiouris N, Birnbaum Y, Ahmad M.
Rapid screening of cardiac patients with a miniaturized hand-held ultra-
sound imager: comparisons with physical examination and conventional
two-dimensional echocardiography. Clin Cardiol 2004;27:241-5.
Coletta C, De Marchis E, Lenoli M, Rosato S, Renzi M, Sestili A, et al. Re-
liability of cardiac dimensions and valvular regurgitation assessment by
sonographers using hand-carried ultrasound devices. Eur ] Echocardiogr
2006;7:275-83.

Gorcsan | 3rd, Pandey P, Sade LE. Influence of hand-carried ultrasound
on bedside patient treatment decisions for consultative cardiology. |
Am Soc Echocardiogr 2004;17:50-5.

Vourvouri EC, Poldermans D, Schinkel AFL, Koroleva LY, Sozzi FB,
Parharidis GE, et al. Left ventricular hypertrophy screening using
a hand-held ultrasound device. Eur Heart ] 2002;23:1516-21.

Panoulas VF, Daigeler A, Malaweera ASN, Lota AS, Baskaran D,
Rahman S, et al. Pocket-sized hand-held cardiac ultrasound as an adjunct

continued on next page

31



continued from previous page

ORIGINAL RESEARCH

Supplemental Online Material 3 continued

580 Spencer et al

40.

41.

4

N

4

[

44.

45.

46.

47.

48.

49.

50.

51.

5

N

5

ey

54.

55.

56.

57.

JOURNAL OF EDUCATION IN PERIOPERATIVE MEDICINE: VOL. XXII, ISSUE 2

to clinical examination in the hands of medical students and junior doc-
tors. Eur Heart ] Cardiovasc Imaging 2012;14:323-30.

Borges AC, Knebel F, Walde T, Sanad W, Baumann G. Diagnostic accu-
racy of new handheld echocardiography with Doppler and harmonic Im-
aging properties. ] Am Soc Echocardiogr 2004;17:234-8.

Liu SC, Chang WT, Huang CH, Weng TI, Matthew HMM, Chen WJ.
The value of portable ultrasound for evaluation of cardiomegaly pa-
tients presenting at the emergency department. Resuscitation 2005;
64:327-31.

. Rugolotto M, Hu BS, Liang DH, Schnittger I. Rapid assessment of cardiac

anatomy and function with a new hand-carried ultrasound device (Op-
tiGo): a comparison with standard echocardiography. Eur ] Echocardiogr
2001;2:262-9.

. Scholten C, Rosenhek R, Binder T, Zehetgruber M, Maurer G,

Baumgartner H. Hand-held miniaturized cardiac ultrasound instruments
for rapid and effective bedside diagnosis and patient screening. ] Eval
Clin Pract 2005;11:67-72.

Vourvouri EC, Schinkel AF, Roelandt JR, Boomsma F, Sianos G,
Bountioukos M, et al. Screening for left ventricular dysfunction using
ahand-carried cardiac ultrasound device. Eur ] Heart Fail 2003;5:767-74.
DeCara M, Lang RM, Koch R, Bala R, Penzotti ], Spencer KT. The use of
small personal ultrasound devices by internists without formal training in
echocardiography. Eur | Echocardiography 2002;4:141-7.

Mark DG, Ku BS, Carr BG, Everett WW, Okusanya O, Horan A, et al.
Directed bedside transthoracic echocardiography: preferred cardiac win-
dow for left ventricular ejection fraction estimation in critically ill patients.
Am ] Emerg Med 2007;25:894-900.

Hellmann DB, Whiting-O'Keefe Q, Shapiro EP, Martin LD, Martire C,
Ziegelstein RC. The rate at which residents learn to use hand-held echo-
cardiography at the bedside. Am ] Med 2005;118:1010-8.

Martin LD, Howell EE, Ziegelstein RC, Martire C, Shapiro EP,
Hellmann DB. Hospitalist performance of cardiac hand-carried ultra-
sound after focused training. Am ] Med 2007;120:1000-4.

Martin LD, Howell EE, Ziegelstein RC, Martire C, Whiting-O'Keefe QE,
Shapiro EP, et al. Hand-carried ultrasound performed by hospitalists:
does it improve the cardiac physical examination? Am | Med 2009;
122:35-41.

Perez-Avraham G, Kobal SL, Etzion O, Novack V, Wolak T,
Liel-Cohen N, et al. Left ventricular geometric abnormality screening
in hypertensive patients using a hand-carried ultrasound device. ] Clin
Hypertens 2010;12:181-6.

Lucas BP, Candotti C, Margeta B, Evans AT, Mba B, Baru J, et al. Diagnos-
tic accuracy of hospitalist-performed hand-carried ultrasound echocardi-
ography after a brief training program. ] Hosp Med 2009;4:340-9.

. Kimura BJ, Fowler §], Fergus TS, Minuto J], Amundson SA, Gilpin EA,

et al. Detection of left atrial enlargement using hand-carried ultrasound
devices to screen for cardiac abnormalities. Am | Med 2005;118:912-6.

. Brennan M, Blair JE, Goonewardena S, Ronan A, Shah D, Vasaiwala S,

et al. A comparison by medicine residents of physical examination versus
hand-carried ultrasound for estimation of right atrial pressure. Am | Car-
diol 2007;99:1614-6.

Blair JE, Brennan JM, Goonewardena SN, Shah D, Vasaiwala S,
Spencer KT. Usefulness of hand-carried ultrasound to predict elevated
left ventricular filling pressure. Am | Cardiol 2009;103:246-7.

Stawicki SP, Braslow BM, Panebianco NL, Kirkpatrick JN, Gracias VH,
Hayden GE, et al. Intensivist use of hand-carried ultrasonography to mea-
sure [VC collapsibility in estimating intravascular volume status: correla-
tions with CVP. ] Am Coll Surg 2009;209:55-61.

Gunst M, Ghaemmaghami V, Sperry ], Robinson M, O'Keeffe T, Friese R,
et al. Accuracy of cardiac function and volume status estimates using the
bedside echocardiographic assessment in trauma/critical care. ] Trauma
2008;65:509-15.

Goonewardena SN, Blair JEA, Manuchehry A, Brennan JM, Keller M,
Reeves R, et al. Use of hand carried ultrasound, B-type natriuretic peptide,
and clinical assessment in identifying abnormal left ventricular filling pres-
sures in patients referred for right heart catheterization. ] Card Fail 2010;
16:69-75.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

7

(%2}

76.

Journal of the American Society of Echocardiography
June 2013

Razi R, Estrada JR, Doll ], Spencer KT. Bedside hand-carried ultrasound
by internal medicine residents versus traditional clinical assessment for
the identification of systolic dysfunction in patients admitted with de-
compensated heart failure. ] Am Soc Echocardiogr 2011;24:1319-24.
Croft LB, Duvall WL, Goldman ME. A pilot study of the clinical impact of
hand-carried cardiac ultrasound in the medical clinic. Echocardiography
2006;23:439-46.

Kimura BJ, Amundson SA, Willis CL, Gilpin EA, DeMaria AN. Usefulness
of a hand-hold ultrasound device for bedside examination of left ventric-
ular function. Am ] Cardiol 2002;90:1038-9.

Kobal SL, Trento L, Baharami S, Tolstrup K, Naqvi TZ, Cercek B, et al.
Comparison of effectiveness of hand-carried ultrasound to bedside car-
diovascular physical examination. Am | Cardiol 2005;96:1002-6.
Labovitz AJ, Noble VE, Bierig M, Goldstein SA, Jones R, Kort S, et al. Fo-
cused cardiac ultrasound in the emergent setting: a consensus statement
of the American Society of Echocardiography and American College of
Emergency Physicians. ] Am Soc Echocardiogr 2010;23:1225-30.
Vignon P, Dugard A, Abraham ], Belcour D, Gondran G, Pepino F, et al.
Focused training for goal-oriented hand-held echocardiography per-
formed by noncardiologist residents in the intensive care unit. Intensive
Care Med 2007;33:1795-9.

Melamed R, Sprenkle MD, Ulstad VK, Herzog CA, Leatherman JW. As-
sessment of left ventricular function by intensivists using hand-held echo-
cardiography. Chest 2009;135:1416-20.

Mark DG, Hayden GE, Ky B, Paszczuk A, Pugh M, Matthews S, et al.
Hand-carried echocardiography for assessment of left ventricular filling
and ejection fraction in the surgical intensive care unit. ] Crit Care
2009;24:470.e1-7.

Vignon P, Chastagner C, Francois B, Martaille JF, Normand S,
Bonnivard M, et al. Diagnostic ability of hand-held echocardiography
in ventilated critically ill patients. Crit Care 2003;7:R84-91.

Lucas BP, Candotti C, Margeta B, Mba B, Kumapley R, Asmar A, et al.
Hand-carried echocardiography by hospitalists: a randomized trial. Am
] Med 2011;124:766-74.

Brennan JM, Ronan A, Goonewardena S, Blair JEA, Hammes M, Shah D,
et al. Handcarried ultrasound measurement of the inferior vena cava for
assessment of intravascular volume status in the outpatient hemodialysis
clinic. Clin ] Am Soc Nephrol 2006;1:749-53.

Goonewardena SN, Gemignani A, Ronan A, Vasaiwala S, Blair J,
Brennan M, et al. Comparison of hand-carried ultrasound assessment
of the inferior vena cava and N-terminal pro-brain natriuretic peptide
for predicting readmission after hospitalization for acute decompensated
heart failure. JACC Cardiovasc Imaging 2008;1:595-601.

Atherton JJ. Screening for left ventricular systolic dysfunction: is imaging
a solution? JACC Cardiovasc Imaging 2010;3:421-8.

Martin LD, Mathews S, Ziegelstein RC, Martire C, Howell EE,
Hellmann DB, et al. Prevalence of asymptomatic left ventricular systolic
dysfunction in at-risk medical inpatients. Am | Med 2013;126:68-73.
Kirkpatrick JN, Davis A, Decara JM, Hong AE, Kurtz PL, Balasia B, et al.
Hand-carried cardiac ultrasound as a tool to screen for important cardio-
vascular disease in an underserved minority health care clinic. ] Am Soc
Echocardiogr 2004;17:399-403.

Fedson S, Neithardt G, Thomas P, Lickerman A, Radzienda M,
DeCara JM, et al. Unsuspected clinically important findings detected
with a small portable ultrasound device in patients admitted to a general
medicine service. ] Am Soc Echocardiogr 2003;16:901-5.

Ghani SN, Kirkpatrick JN, Spencer KT, Smith GL, Burke MC, Kim SS,
et al. Rapid assessment of left ventricular systolic function in a pacemaker
clinic using a hand-carried ultrasound device. | Interv Card Electrophysiol
2006;16:39-43.

. Kirkpatrick JN, Ghani SN, Spencer KT. Hand carried echocardiography

screening for LV systolic dysfunction in a pulmonary function laboratory.
Eur ] Echocardiogr 2008;9:381-3.

Lipczynska M, Szymanski P, Klisiewicz A, Hoffman P. Hand-carried
echocardiography in heart failure and heart failure risk population:
a community based prospective study. ] Am Soc Echocardiogr 2011;
24:125-31.

continued on next page

32



continued from previous page

ORIGINAL RESEARCH

Supplemental Online Material 3 continued

Journal of the American Society of Echocardiography
Volume 26 Number 6

77.

78.

7!

80.

8l.

8

N

83.

84.

85.

86.

8

8

89.

9

91.

92.

JOURNAL OF EDUCATION IN PERIOPERATIVE MEDICINE: VOL. XXII, ISSUE 2

o

~N

IS

IS

Galasko GIW, Barnes SC, Collinson P, Lahiri A, Senior R. What is the
most cost-effective strategy to screen for left ventricular systolic dysfunc-
tion: natriuretic peptides, the electrocardiogram, hand-held echocardiog-
raphy, traditional echocardiography, or their combination? Eur Heart |
2006;27:193-200.

Douglas PS. The left atrium: a biomarker of chronic diastolic dysfunction
and cardiovascular disease risk. ] Am Coll Cardiol 2003;42:1206-7.
Kimura BJ, Yogo N, O'Connell CW, Phan N, Showalter BK, Wolfson T.
Cardiopulmonary limited ultrasound examination for “quick-look” bed-
side application. Am | Cardiol 2011;108:586-90.

Manasia AR, Nagaraj HM, Kodali RB, Croft LB, Oropello |M,
Kohli-Seth R, et al. Feasibility and potential clinical utility of goal-
directed transthoracic echocardiography performed by noncardiologist
intensivists using a small hand-carried device (SonoHeart) in critically
ill patients. ] Cardiothorac Vasc Anesth 2005;19:155-9.

Vignon P, Frank MB], Lesage ], Mucke F, Francois B, Normand S, et al.
Hand-held echocardiography with Doppler capability for the assess-
ment of critically-ill patients: is it reliable? Intensive Care Med 2004;
30:718-23.

. Kimura BJ, Bocchicchio M, Willis CL, DeMaria AN. Screening cardiac ul-

trasonographic examination in patients with suspected cardiac disease in
the emergency department. Am Heart ] 2001;142:324-30.

Vourvouri EC, Koroleva LY, Ten Cate FJ, Poldermans D, Schinkel AFL,
van Domburg RT, et al. Clinical utility and cost effectiveness of a per-
sonal ultrasound imager for cardiac evaluation during consultation
rounds in patients with suspected cardiac disease. Heart 2003;89:
727-30.

Trambaiolo P, Papetti F, Posteraro A, Amici E, Piccoli M, Cerquetani E,
et al. A hand-carried cardiac ultrasound device in the outpatient cardiol-
ogy clinic reduces the need for standard echocardiography. Heart 2007;
93:470-5.

de Groot-de Laat LE, ten Cate FJ, Vourvouri EC, van Domburg RT,
Roelandt JR. Impact of hand-carried cardiac ultrasound on diagnosis
and management during cardiac consultation rounds. Eur | Echocardiogr
2005;6:196-201.

Vourvouri EC, Poldermans D, Deckers JW, Parharidis GE, Roelandt JR.
Evaluation of a hand carried cardiac ultrasound device in an outpatient
cardiology clinic. Heart 2005;91:171-6.

Giannotti G, Mondillo S, Galderisi M, Barbati R, Zaca V, Ballo P, et al.
Hand-held echocardiography: added value in clinical cardiological assess-
ment. Cardiovasc Ultrasound 2005;3:7.

Greaves K, Jeetley P, Hickman M, Dwivedi G, Sabharwal N, Lim T, et al.
The use of hand-carried ultrasound in the hospital setting: a cost-effective
analysis. ] Am Soc Echocardiogr 2005;18:620-5.

Senior R, Galasko G, Hickman M, Jeetley P, Lahiri A. Community
screening for left ventricular hypertrophy in patients with hypertension
using hand-held echocardiography. ] Am Soc Echocardiogr 2004;17:
56-61.

Kimura BJ, Shaw D], Agan DL, Amundson SA, Ping AC, DeMaria AN.
Value of a cardiovascular limited ultrasound examination using a hand-
carried ultrasound device on clinical management in an outpatient med-
ical clinic. Am | Cardiol 2007;100:321-5.

Cueff C, Keenan NG, Krapf L, Steg PG, Cimadevilla C, Ducrocq G, et al.
Screening for abdominal aortic aneurysm in coronary care unit patients
with acute myocardial infarction using portable transthoracic echocardi-
ography. Eur Heart ] Cardiovasc Imaging 2012;13:574-8.

Kobal SL, Czer LSC, Czer PC, Feldsher Z, Hamilton R, Siegel R]. Making
an impossible mission possible. Chest 2004;125:293-6.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Spencer et al 581

Kobal SL, Lee SS, Willner R, Vargas FEA, Luo HA, Watanabe C, et al.
Hand-carried cardiac ultrasound enhances healthcare delivery in devel-
oping countries. Am ] Cardiol 2004;94:539-41.

Yacoub S, Lang HJ, Shebbe M, Timbwa M, Ohuma E, Tulloh R, et al.
Cardiac function and hemodynamics in Kenyan children with severe ma-
laria. Crit Care Med 2010;38:940-5.

Choi BG, Mukherjee M, Dala P, Young HA, Tracy CM, Katz R}, et al. In-
terpretation of remotely downloaded pocket-size cardiac ultrasound im-
ages on a Web-enabled smartphone: validation against workstation
evaluation. ] Am Soc Echocardiogr 2011;24:1325-30.

Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C. Echocar-
diography screening for rheumatic heart disease in Ugandan schoolchil-
dren. Circulation 2012;125:3127-32.

Singh S, Bansal M, Maheshwari P, Adams D, Sengupta SP, Price R, et al.
American Society of Echocardiography: Remote Echocardiography with
Web-Based Assessments for Referrals at a Distance (ASE-REWARD)
Study. ] Am Soc Echocardiogr 2013;26:221-33.

Weiner RB, Wang F, Hutter AM, Wood M], Berkstresser B,
McClanahan C, et al. The feasibility, diagnostic yield, and learning curve
of portable echocardiography for out-of-hospital cardiovascular disease
screening. ] Am Soc Echocardiogr 2012;25:568-75.

Wyman RA, Chiu RY, Rahko PS. The 5-minute screening echocardio-
gram for athletes. ] Am Soc Echocardiogr 2008;21:786-8.

Royse CF, Seah JL, Donelan L, Royse AG. Point of care ultrasound for
basic haemodynamic assessment: novice compared with an expert oper-
ator. Anaesthesia 2006;61:849-55.

Kimura BJ, Kedar E, Weiss DE, Wahlstrom CL, Agan DL. A bedside ultra-
sound sign of cardiac disease: the left atrium-to-aorta diastolic diameter
ratio. Am | Emerg Med 2010;28:203-7.

Alexander JH, Peterson ED, Chen AY, Harding TM, Adams DB,
Kisslo JA Jr. Feasibility of point-of-care echocardiography by internal
medicine house staff. Am Heart ] 2004;147:476-81.

Kimura B], Amundson SA, Phan JN, Agan DL, Shaw DJ. Observations
during development of an internal medicine residency training program
in cardiovascular limited ultrasound examination. ] Hosp Med 2012;7:
537-42.

Goodkin GM, Spevack DM, Tunick PA, Kronzon I. How useful is hand-
carried bedside echocardiography in critically ill patients? ] Am Coll
Cardiol 2001;37:2019-22.

ACEP. Emergency ultrasound guidelines. Ann Emerg Med 2009;53:
550-70.

Burwash IG, Basmadjian A, Bewick D, Choy |B, Cujec B, Jassal DS, et al.
2010 Canadian Cardiovascular Society/Canadian Society of Echocardi-
ography Guidelines for Training and Maintenance of Competency in
Adult Echocardiography. Can | Cardiol 2011;27:862-4.

Cholley BP. International expert statement on training standards for crit-
ical care ultrasonography. Intensive Care Med 2011;37:1077-83.
Seward |B, Douglas PS, Erbel R, Kerber RE, Kronzon I, Rakowski H,
et al. Hand-carried cardiac ultrasound (HCU) device: recommenda-
tions regarding new technology. ] Am Soc Echocardiogr 2002;15:
369-73.

Sicari R, Galderisi M, Voigt JU, Habib G, Zamorano JL, Lancellotti P, et al.
The use of pocket-size imaging devices: a position statement of the
European Association of Echocardiography. Eur | Echocardiogr 2011;
12:85-7.

Nair P, Siu SC, Sloggett CE, Biclar L, Sidhu RS, Yu EHC. The assessment
of technical and interpretative proficiency in echocardiography. ] Am Soc
Echocardiogr 2006;19:924-31.

continued on next page

33



