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Abstract: Point-of-care ultrasound is a growing field within anesthesiology as well as
several other medical and surgical specialties. The recent development of handheld ultra-
sound devices has the potential to expand the use or this technology by decreasing the cost
and increasing accessibility for the healthcare provider. These handheld devices may be used
to assist with education, training, and even direct patient care. We outline our process for
using a handheld ultrasound device, the Lumify, to assist in the completion of a point-of-care
ultrasound certificate program offered by the American Society of Anesthesiologists. We
outline the unique advantages of this device as it relates to cost, portability, and applicability
of its web-based technology compared to a traditional standalone ultrasound machine for the
completion of this course.
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Introduction

Point-of-care ultrasound (POCUS) is now recognized as a core competency within
anesthesiology.' > Advantages include its speed, portability, non-invasive nature,
avoidance of radiation, and the ability to provide results in real time at the
bedside.* ® Despite these advantages, barriers to its full integration and implemen-
tation into clinical practice may still exist. Within each department, there may be
only a limited number of faculty who are proficient in all aspects of POCUS. While
ultrasound guided procedures have become commonplace in anesthesia practice for
vascular access and regional anesthesia using primarily a linear probe, diagnostic
POCUS requires additional training and expertise. Additionally, these procedures
require the use of multiple types of probes to ensure image acquisition. In parti-
cular, a phased array probe is necessary for cardiac ultrasound while a curvilinear
probe is helpful for gastric and lung ultrasound.*’ These technology needs may
further increase the cost and equipment barriers for training and implementation
into routine clinical practice.

While the standard for the practice of POCUS in anesthesiology has generally
included larger, stand-alone devices such as the Sonosite SII or GE Venue 50, the
development of handheld devices has the potential to expand POCUS training by
making ultrasound technology more affordable, more portable, and more accessible
to the anesthesiologist in various clinical scenarios and situations. Many of these

novel, hand-held devices are compatible with pre-existing smartphones and tablets,
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thereby improving imaging acquisition and viewing. They
have a high degree of diagnostic accuracy at a fraction of
the cost of the stand-alone ultrasound machines.” Many of
these devices can also use cloud-based technology to cap-
ture, store, and share images in a Health Insurance
Portability and Accountability Act (HIPAA) compliant
manner. Hand-held ultrasound devices can also be used
to facilitate and enhance remote learning by providing
a pathway for practicing anesthesiologists to submit ultra-
sound images to outside faculty mentors for review if their
own department lacks sufficient expertise.” These remote
learning opportunities refer to the use of virtual learning or
connection with mentors through the internet and other
virtual platforms. This allows teaching by experts when
there may not such expertise available at one’s home
institution.

American Society of
Anesthesiologists’ POCUS Course
The American Society of Anesthesiologists (ASA) has
recently introduced a diagnostic point-of-care ultrasound
This s
a comprehensive program requiring proof of prior comple-

course for physician anesthesiologists.
tion of an in-person POCUS training session, image inter-
pretation through online case based modules, image
acquisition training, and a final examination to test for
knowledge. Successful fulfillment of these steps will result
in a certificate of completion from the ASA. This course
can be used to help validate anesthesiology departments
for credentialing and granting of privileges in diagnostic
point-of-care ultrasound within the hospital. Particular
focus of this course is on gastric ultrasound for verification
of nil per os (NPO) status, lung ultrasound to evaluate for
pathology, and cardiac and IVC ultrasound for evaluation
of function, pathology, and intravascular volume status.
For image acquisition training, physicians are required
to upload a subset of ultrasound video clips in MPEG-4
(MP4) format for a faculty mentor to review. This includes
scans of the gastric antrum in the supine and right lateral
decubitus position, lung ultrasound in the anterior and
posterolateral lung fields, and cardiac scans in the para-
sternal long axis, parasternal short axis, apical four cham-
ber, subcostal four chamber, and inferior vena cava views.
These clips can be reviewed by either a local mentor at
one’s institution or submitted online to be reviewed by an
ASA faculty member if a local mentor is not available.
Clips are removed of all personal health information (PHI)

before being sent to a mentor in a HIPAA compliant
manner. In order to ensure video quality, specific criteria
must be met for each scan prior to uploading for review.
This includes proper image orientation, depth, gain, inclu-
sion of identifiable landmarks, and appropriate function
according to criteria set by the ASA (ASA criteria for
POCUS images).®

Image Acquisition and Storage

For image acquisition, we used a Philips Lumify (Philips
Healthcare, Cambridge, MA) handheld ultrasound probe
connected to a Samsung Galaxy tablet with the Lumify
mobile app (Figure 1). A phased array probe (1-4 MHz)
was used for the cardiac and inferior vena cava (IVC)
scans, a curvilinear probe (2-5 MHz) for the gastric and
lung scans in the diaphragmatic region, and a linear probe
(4-12 MHz) for the anterior lung fields. All videos met
ASA standards for quality (Figures 2—4). Videos were
saved to the Philips Lumify app as three second clips in
a HIPAA compliant manner with all personal health infor-
mation (PHI) removed (Supplementary Videos 1, 2 and 3).

A secured, password protected Google Drive folder was
created as an export destination for the videos. The images
were saved in MP4 format as requested by the ASA
POCUS committee (Figures 5 and 6). The files were then
uploaded to the ASA website for review by a faculty
mentor.

Figure | Philips Lumify S4-1 broadband phased array probe connected to
a Samsung Galaxy tablet with the Lumify app.
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Figure 2 Cardiac ultrasound parasternal long axis view using a Philips Lumify S4-
| broadband phased array probe. This is a screenshot of a three second MP4
video clip. The MP4 clip is also available for viewing. The following structures
are labelled.

Abbreviations: LV, Left Ventricle; LA, Left Atrium; LVOT, Left Ventricular Outflow
Tract; RV, Right Ventricle; AV, Aortic Valve; MV, Mitral Valve.
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Figure 3 Lung ultrasound in the anterior lung field using a Philips Lumify L12-4
broadband linear probe. This is a screenshot of a three second mp4 video
clip. The MP4 clip is also available for viewing. The following structures are
labelled.

Abbreviations: R, Ribs; PL, Pleural Line; A, A-Line, a horizontal artifact indicating
a normal lung surface.

Figure 4 Gastric ultrasound in the right lateral decubitus (RLD) position using
a Philips Lumify C5-2 broadband curvilinear probe. This is a screenshot of a -
three second mp4 video clip. The MP4 clip is also available for viewing. The liver;
GA (gastric antrum), and Ao (Aorta) are labelled.

y or Media raw:/storage/emulated/0/Download/_DriveSyncFiles
ut 720p HD widescreen

Figure 5 Google drive folder created as an export destination on the Philips Lumify
app.

Discussion

Diagnostic POCUS is a growing field that involves multi-
ple medical specialties. While other specialties such as
Emergency Medicine and Intensive Care have long estab-
lished POCUS clinical use and guidelines in their practice,
POCUS use, training, and credentialling has recently
become incorporated into Anesthesiology and its training.
It is now also recognized as a core competency by the
Accreditation Council in Graduate Medical Education
(ACGME) for Anesthesiology.” The training for anesthe-
siology residents, fellows, and faculty includes exposure to
a combination of written materials, didactic lectures,
hands-on teaching, case based modules, and image acqui-
sition training.

We suggest that the incorporation of handheld ultra-
sound devices can greatly facilitate this training. These
novel devices are more portable and less expensive than
stand-alone ultrasound machines.'® In the anesthesiology
arena, they can be used in remote or off-site areas such as
radiology or procedural sedation centers when the larger
stand-alone ultrasound machines may not be available due
to space or cost constraints. Their portability allows them
to be easily carried to these areas when needed. They offer
greater flexibility in teaching and image acquisition since
some ultrasound probes that are not as commonplace on
ultrasound machines in anesthesiology departments, such
as the phased array and curvilinear probes, can become
more readily available. In addition, with the feasibility and
easy access to websites, images used for educational pur-
poses can be sent remotely to a POCUS mentor at an
outside institution for review in a HIPAA compliant
manner.

As these techniques are relatively novel in the field of
anesthesiology, it will be necessary to train the current
cohort of practicing anesthesiologists in addition to ensur-
ing that our residents and fellows are trained in these
techniques. This “Training the Trainer” has been suggested
as a particular challenge in establishing use of point-of-
care ultrasound programs.'” By enhancing remote
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Figure 6 Saved images in the google drive folder. These images were then uploaded
to the ASA website for review. All images were removed of personal health
information and were stored in a HIPAA compliant manner.

learning, teaching can be concentrated and directed to
more established POCUS experts. This process allows
for the training of local experts without the meeting time
and expense of attending courses away from one’s home
institution. This can not only help with initial POCUS
certification, but can also aid in continuous quality

improvement, which is crucial for POCUS programs.

There are currently various hand-held ultrasound
devices that are practical for the practicing anesthesiol-
ogist. Our current preference for the Philips Lumify was
based on several factors. First, it provides a high image
quality. Clinical investigation has demonstrated superior
image quality with the Lumify when compared with
other handheld devices and showed accuracy equivalent
to stand-alone ultrasound machines for specific, focused,
POCUS functions.'""'* The Lumify probes have a similar
look and feel to the standard ultrasound probes from the
larger machines. Their size and footprint are also iden-
tical. The Lumify uses piezo-electric crystal technology
similar to a traditional ultrasound. These factors may
provide an easier transition from using the handheld
device for teaching purposes to using a larger stand-
alone machine inside the operating room setting.

The Philips Lumify has options for B-Mode, color
Doppler mode, and M-Mode scanning. Most point-of-care
functions in anesthesiology require B-mode for qualitative
analysis of organ function. Color Doppler can assist with the
evaluation of cardiac valvular function and during vascular
access. M-Mode can be useful in lung ultrasound when
identifying the seashore sign for the presence of lung venti-
lation and the barcode sign for the absence of lung
ventilation."*'> Unlike other handheld devices, the Lumify
probe does not need to be charged separately. Only the
smartphone or tablet used to display the images needs to
be charged. Additionally, the device can be connected to
either a smartphone (thereby increasing its portability) or
a large tablet if needed to improve image analysis.

Finally, we appreciated the flexibility of having multi-
ple export destinations for our saved images. In addition to
storing images on the tablet, they could be emailed, stored
in a local area network, or synced to a hospital’s picture
archiving and communication system (PACS); all in
a secured, encrypted, HIPAA compliant manner. Users
have complete control over how the images are managed.
They could either be stored as still images or as video
clips. Unlike other devices, a paid subscription is not
required. However, users do have the option to upgrade
to a paid service that allows one-on-one telehealth gui-
dance with a healthcare professional in real time via the
Reacts digital software platform (Innovative Imaging
Technologies Inc, Montreal, Canada).

As handheld ultrasound technology becomes more ubi-
quitous and providers begin to use them more for direct
patient care, it will be mandatory to work with the hospi-
tal’s IS or IT department to ensure that images are saved,
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stored, and annotated in compliance with hospital policy.
In the case of the Philips Lumify, a business agreement
needs to be signed by hospital administration if images
have the potential to contain personal health information.
Ideally, a subset of these images should be periodically
reviewed by members of the point-of-care ultrasound team
for quality assurance.

Despite the many advantages of the Philips Lumify
handheld ultrasound system, certain limitations exist. First,
multiple types of Lumify probes are required depending on
the depth and location of the desired scan. This is similar to
a stand-alone ultrasound machine. Other hand-held devices,
such as the Butterfly iQ, have a microchip in place instead
of a piezoelectric crystal that is capable of emulating multi-
ple types of probes; thereby allowing the use of one probe
for multiple functions.” Each Lumify probe weighs less than
five ounces and all three probes and a tablet easily fit into
a shoulder bag to carry. Our impression was that the images
of the Lumify device were more similar to a stand-alone
ultrasound machine. However, as this technology is rapidly
changing and there are many personal preferences that will
go into the discussion process, we would recommend eval-
uating several of the hand-held devices before making
a purchase to determine how best to balance cost, conve-
nience, and comfort with image quality. The decision is
made more difficult by the current lack of evidence-based
medicine in our literature. A literature search of POCUS in
anesthesiology reveals a paucity of clinical trials comparing
hand-held ultrasound devices with each other and with
stand-alone ultrasound machines. As this technology
becomes more common in medical practice, it will be
important to conduct rigorous studies showing the benefits
and limitations of each device for image acquisition, train-
ing, education, and patient care.

Diagnostic POCUS is a growing field within the speci-
alty of anesthesiology. Its utility in our practice has been
recognized by incorporation of its training into residency
and fellowship core competencies acceptance. As this
practice continues to expand, it will be important to further
establish guidelines for training, didactic and hands-on
teaching, credentialling, and continuous quality improve-
ment analysis. Individual departments will need to deter-
mine how best to incorporate training of their residents,
fellows, and faculty. We believe that the ASA course can
serve as a useful foundation for the development of these
processes. They offer online lectures, case based modules,
and image acquisition training with an ASA approved
The of hand-held ultrasound

mentor. development

technology can further assist with this training. These
hand-held devices are less expensive, more portable, and
may be more accessible to the anesthesiologist than
a stand-alone machine. They can also provide a high
degree of diagnostic accuracy for specific, focused, point-
of-care functions. In our experience, we have found that
the unique features of the Philips Lumify hand-held ultra-
sound probe connected to a Samsung Galaxy tablet with
the Lumify app will help enhance participation in an ASA
sponsored POCUS course.

Disclosure
Neither author has any competing interests or financial
in this

disclosures related to the devices described

manuscript.
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