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Abstract
Purpose of Review Ultraportable handheld ultrasound (HHU) devices are being rapidly adopted by emergency medicine (EM)
physicians. Though knowledge of the breadth of their utility and functionality is still limited compared to cart-based systems,
these machines are becoming more common due to ease-of-use, extreme affordability, and improving technology.
Recent Findings Images obtained with HHU are comparable to those obtained with traditional machines but create unique issues
regarding billing and data management. HHU devices are increasingly used successfully to augment the education of practi-
tioners-in-training, by emergency physicians in austere environments, and in the burgeoning fields of “tele-ultrasound” and
augmented reality scanning.
Summary This review seeks to describe the current state of use of HHU devices in the emergency department (ED) including
device overview, institutional concerns, unique areas of use, recent literature since their adoption into clinical EM, and their
future potential.

Keywords Handheld ultrasound . Emergency ultrasound . POCUS . Pocket ultrasound . Portable ultrasound . Emergency
medicine

Introduction

Point-of-care ultrasound (POCUS) is ubiquitous in emergency
departments (EDs) and recognized as standard of care in the
workup of multiple disease processes encountered by the
emergency physician (EP). In addition to its recognition as a
workhorse for diagnosis and procedural guidance, POCUS is
increasingly used by other medical specialties, ancillary staff,
and first responders. POCUS is increasingly used outside the
clinical setting as a tool for teaching practitioners-in-training

with ultrasound instruction integrated into medical school
curricula.

Technological advances have led to the introduction
of truly handheld ultrasound (HHU) into the POCUS
market [1•]. With smaller footprints, user friendly inter-
faces, and lower price points, the broad appeal of these
devices is clear. However, as with most emerging tech-
nology in healthcare, the advent of HHU devices brings
a host of clinical and academic potential as well as new
challenges and complex questions about the handling of
patient data.

While numerous HHU devices are available, and large,
robust data to support their interchangeable use with the tra-
ditional machines is lacking [2, 3••], the American College of
Emergency Physicians (ACEP) released a consensus state-
ment recognizing HHU-generated images as “comparable”
to those of traditional machines [1•, 2–4]. In order to better
navigate the myriad handheld devices, this paper will serve as
an overview of what is currently known about HHU devices:
the mechanics of how they work, nuances of their use in
practice, how they compare to traditional machines, and what
this technology portends for the future of POCUS in the ED
and beyond.
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Devices

Several HHU devices are currently available. A comparison of
specifications between several devices can be found in Fig. 1.
The image-generating technology between handhelds and tradi-
tional machines is similar with one exception. To create ultra-
sound images, traditional cart-based ultrasound systems and
most handhelds use piezoelectric crystal technology. The prod-
uct from Butterfly Network Inc., however, utilizes capacitive
micromachined ultrasound transducers on complementarymetal
oxide semiconductors, or CMUT-on-CMOS technology.
CMUTs replace the traditional vibrating piezoelectric crystals
with oscillating drums embedded in a single silicon chip, serving
the same function of converting electricity into sound waves [4,
5]. In addition to decreasing the cost of production, this technol-
ogy allows a single device to operate at a wider range of fre-
quencies, negating the need for multiple probes [5].

Handheld products come as single or multiple probe de-
vices. SonoQue and GE offer two separate heads on a single
probe, increasing the range of studies that can be performed by
simply rotating the probe (Fig. 1) [3••]. While some products

have the ability to display generated images on personal smart
devices, others utilize proprietary displays sold with the prod-
uct, which may hold much of the processing power of the
system [3••]. Connectivity between the probe and the display
varies between products. Some HHU probes connect through
a traditional cable system, while some products offer wireless
communication. The Clarius and Vave devices can stream
their images live to multiple displays simultaneously.

Some HHU devices feature artificial intelligence (AI) pack-
ages that perform calculations such as ejection fraction and blad-
der volumemeasurement [5]. Image recognition software allows
auto-identification and labeling of structures and gives real-time
feedback on the quality of the images obtained. The Kosmos
product can also perform digital cardiac auscultation with image
acquisition and comes with telemetry leads which can be at-
tached to the patient, thus integrating electrocardiograph findings
and rhythm interpretation into the ultrasound study.

Understanding the benefits and limitations of HHU is crit-
ical to its proper use in the clinical arena. In the same way a
POCUS examination is not a comprehensive evaluation, HHU
excels when used to evaluate well-defined clinical questions

Fig. 1 Comparison of specifications between several devices
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in a manner that respects the limitations of this new technol-
ogy [3••, 5].

A primary benefit to HHU is that it is readily available to
the clinician for every patient encounter. Starting as low as
$2000, these devices are the cheapest available ultrasound
(US) systems, opening the door for widespread use in medical
education, resource-limited settings, or to any clinician who
performs POCUS examinations [2, 3••, 6, 7].

Most HHU devices offer a battery life that is capable of inter-
mittent scanning for the duration of a clinical shift without being
tethered to an electrical outlet [5, 8, 9]. However, this benefit is
tempered by the tendency of some devices to overheat after a
relatively short period of use [5, 8]. Image quality of HHU has a
foundation of published literature establishing its non-inferiority
to cart-based machines for POCUS applications1, though anec-
dotally HHU-generated images are subjectively of lesser quality
(Fig. 2) [2, 4, 5, 8–10••]. A notable exception is that CMUT-on-
CMOS (i.e., Butterfly iQ) technology has minimal published
comparisons against traditionalmachines. Advanced echocardio-
graphic applications are also lacking in the HHUworld. Focused
cardiac US can still be qualitatively performed with HHU, but
few current devices offer spectral Doppler capabilities, thus pre-
cluding their use for quantitative applications [5, 8, 11, 12•, 13].

Most HHU models leverage app-based smartphone tech-
nology, generally Android or iOS [2] making boot times neg-
ligible and reducing complicated knobology to familiar finger
swipes and taps [14], thereby reducing the barrier to entry for
the novice users. Many HHU models offer HIPAA-compliant
cloud-based storage with a user interface that promotes col-
laboration and immediate feedback from remote reviewers
without the need for a middleware solution [3••, 5, 15].
Cloud-based storage is often proprietary andmay be incapable
of agnostic integration with existing US and/or hospital
Picture Archiving and Communication System (PACS) sys-
tems, but most HHU systems can be configured for DICOM
PACS [2]. HIPAA compliance is also contingent upon the
device/smartphone with which the HHU is paired. The use
of powerful smart devices opens opportunities for tele-
ultrasound and remote guidance directly from the device itself
without the need for additional equipment [16].

Institutional Concerns

Image Storing and Sharing

Archiving images and clips for all POCUS exams is best prac-
tice and required for billing. HHU devices offer novel solu-
tions to image archiving [5, 8]. When deciding between local
PACS vs. cloud-based storage, most of the handheld devices

1 Of note, two systematic reviews on handheld ultrasound diagnostic perfor-
mance are heavily dominated by studies that utilized GE’s Vscan device.
Ninety-four percent of studies included by Rykkje et al. [3••] and 88% by
Galusko et al. [10••] were on the Philips Healthcare Vscan.

Fig. 2 Side by side comparison of a parasternal long axis (PLAX) cardiac
view obtained on the same patient using a SonoSite X-Porte (Fujifilm,
SonoSite INC. Bothell, WA) on the left and the Butterfly iQ HHU

(Butterfly Network INC, Guilford, CT) on the right. Both images were
obtained using the cardiac preset function on each machine
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allow either option [2]. Choosing the local storage optionmost
closely mirrors existing workflows with cart-based machines
and likely allows more seamless integration with existing
PACS systems. Cloud-based image archiving on the other
hand prompts important questions about ownership of images,
HIPAA compliance, and security of images.

While image ownership is a complex legal question, the
precedent is that it is owned by the creator of the information,
i.e., the clinician. Butterfly IQ follows this precedent in their
Patient Privacy Notice, identifying themselves as “data pro-
cessor” and clinicians as “data controller” [17, 18]. This same
terminology is used by another major cloud storage solution,
Trice Imaging [19]. The term “data controller” originates from
the European Union’s General Data Protection Regulation
and indicates a party who decides what to do with data and
when to delete it. Physician ownership of imaging studies is
further substantiated in that patient requests to modify or re-
move data sent to Butterfly will be referred back to the clini-
cian who obtained the image [20]. Likewise, Trice Imaging
provides tools for clinicians to modify or delete studies but
will not do so themselves [19]. Another important ethical con-
sideration with image ownership is that some cloud-based
services use de-identified ultrasound studies from users to
improve proprietary AI algorithms, which will then be sold
back to the same users.

A hospital-owned PACS server is the traditional workflow
solution for image archiving, but significant and common se-
curity issues have been identified [2, 21, 22]. Cloud-based
storage brings its own set of security concerns, in part due to
the increased visibility [17]. Despite these concerns, cloud
storage offers security advantages over local storage as IT
resources are pooled, making it easier to stay up-to-date with
threats [23]. Security of ultrasound images is an important and
complex topic which requires further investigation.

Other factors that ultimately influence a hospital’s decision
between local or cloud storage include internet connectivity,
bandwidth availability, and redundancy of image availability
during “downtime.” All of these factors require careful con-
sideration at the hospital level and are best undertaken prior to
implementation of the new technology [1•].

Billing

Per ACEP guidelines, “ultrasound is a separate entity from the
physical examination that adds anatomic, functional and phys-
iologic information to the care of the acutely-ill patient” [24].
Comparisons to stethoscopes are inaccurate, as ultrasound
presents a new set of data separate from the physical exami-
nation that requires archiving and quality assurance [25].
Similar to other procedures, appropriate performance and in-
terpretation of ultrasound requires training, skill development,
feedback, credentialing, and time to complete the study.
Therefore, imaging studies completed with handheld devices

should continue to be billed as independent procedures and
not regarded as an extended physical examination [1, 24].

Ownership of the device impacts the type of billing
allowed. Hospital device ownership is preferable, allowing
billing for both facility and professional fees [2]. It is unlikely
that the facility fee can be billed for devices owned by indi-
viduals or physician groups. Facility fees are needed to sup-
port overhead costs of machine purchases, EMR integration,
maintenance, and workflow solutions. This also has the po-
tential to create confusion for coding and billing companies, as
device ownership may not be readily apparent [2]. Without
approval from hospital administration, IT, security, and legal
departments, ACEP’s stance is that personally owned devices
should not be used clinically [1•]. Overall, it is recommended
that the hospital purchase both the HHU transducer and the
device with which it will be used—this will allow for both the
professional and technical fees to be charged without changes
to extant billing structures [2].

Theft/Misplacement

The portability offered by handheld devices is a double-edged
sword, as they are more prone to misplacement or theft [5].
Though data is ultimately uploaded, some protected health
information (PHI) is maintained on the portable device. To
safeguard health information and comply with HIPAA, de-
vices should ideally be hospital-owned and password-
protected. They should also be loaded with mobile device
management software allowing tracking, locking, and erasure
of PHI. If enough devices can be purchased, assigning devices
to individual providers may allow greater personal responsi-
bility over their safekeeping. Radio frequency identification
tagging is another option commonly implemented in hospitals
to track device location and provide alerts if a device leaves
the premises.

Disinfecting Procedures and Concerns

Proper cleaning of HHU devices is necessary to prevent iat-
rogenic infection transmission. Cleaning processes for hand-
held devices are similar to cart-based machines with a few
notable exceptions. Only one HHU device is currently ap-
proved for endocavitary use (Clarius EC7 HD); the majority
of HHUs are only intended for external scanning or procedural
guidance. External scanning over intact skin is considered low
risk for infection transmission, so cleaning the probe and cable
with a low-level disinfectant is sufficient [26, 27]. US-guided
procedures are considered high risk and require a barrier
(Tegaderm, probe cover) plus low-level disinfection.

One notable difficulty that has arisen during the SARS-
CoV-2 pandemic is machine disinfection between suspected
or confirmed cases. Given documented persistence of SARS-
CoV-2 on surfaces up to 3 days, current recommendations are

76 Curr Emerg Hosp Med Rep (2021) 9:73–81



to drape cart-based machines with disposable plastic drapes.
This process is time-consuming and resource-intensive. HHU
devices present a solution for POCUS infection control as
there is no cart-based system in existence that is as easily
cleaned or covered [11, 16, 28, 29]. HHU devices can be
quickly and completely cleaned with a single disinfectant
wipe. Another simple alternative is to place the entire US
device and tablet/phone within a sterile probe cover and close
the end [30]. After the exam is complete, the probe cover is
discarded and the device wiped down. Additionally, the re-
mote viewing capabilities offered by HHU technologies may
be beneficial for infection control as they allow one user to
obtain images that can be virtually viewed by other clinicians
outside the patient room [5].

Current Use of HHUs in the ED

POCUS applications in the ED using traditional cart-style
machines are well established as standard of care for the man-
agement of certain disease processes [24]. Use of HHU de-
vices in the ED is currently informed by mostly small, single-
center studies with few randomized control trials (RCTs)
available at this time. Nonetheless, the limited data from these
studies is promising [3, 8, 31–35]. A retrospective study eval-
uating POCUS lung scores obtained from ED COVID-19 pa-
tients using a Butterfly iQ HHU and traditional GE Venue
machine reported a high degree of correlation between images
[31]. Two other studies using HHU to differentiate the cause
of acute dyspnea in the ED found HHU use feasible for this
purpose and demonstrated reliable discrimination between
cardiac and non-cardiac causes of dyspnea [33, 34]. Pujol
et al. determined that it is feasible to diagnose proximal deep
vein thrombosis by performing venous compression studies
with a HHU device [32]. Another small RCT found no differ-
ence between HHU and traditional machines when used to
guide EPs placing IJ central lines on training models [35].
Similarly, a small retrospective study found HHU devices
feasible to use for ultrasound-guided paracentesis [36].

Though evidence on HHU use for traditional POCUS ap-
plications in the ED is sparse, handhelds already demonstrate
great potential to change specific areas of EM practice. One
such area is within the scope of ED patient resuscitation.
Though no large studies have been performed assessing the
non-inferiority of HHU for rapid evaluation ED patients in
this context, it stands to reason that smaller, portable equip-
ment would be beneficial in these circumstances. Some data
exists that hints HHU would perform adequately as a stand-
alone device if used during resuscitation efforts. Previous
comparison studies between HHU and standard machines re-
ported general agreement for evaluation of left ventricular
ejection fraction, pericardial effusions, and inferior vena cava
collapsibility, three clinical questions frequently evaluated by

EPs attending critically ill patients [37]. Another study found
the results of focused assessment with sonography in trauma
(FAST) assessments of trauma patients performed by EPs
using HHU devices correlated well with findings from radiol-
ogist performed abdominal ultrasounds that immediately
followed, suggesting that HHU performs as well as standard
machines for this application [38].

HHU also exhibits value in areas of patient care previously
prohibitive to widespread use of ultrasound due to constraints
inherent in traditional machines. In some EDs, trained ancil-
lary staff perform POCUS peripheral IV (PIV) placement.
Until recently this has been executed using standardmachines,
leading to workflow issues when a machine needed for a
POCUS study by an EP is in use by another ED teammember
placing IVs. HHU devices offer a solution to this problem,
easily replacing larger ultrasound machines as the workhorses
for ultrasound PIV placement, thus freeing the main machines
for more complex POCUS studies. A retrospective study of
PIVs placed in difficult to access ED patients using the Philips
Lumify HHU system found 92% success with HHU devices,
compared to the 97% success rate using traditional ultrasound
machines; first-attempt success was similar as well [39•].

One of the most robust areas of application for HHU de-
vices outside the ED ismedical education. HHU, like its larger
predecessors, can be utilized in undergraduate and graduate
medical education to teach safer approaches to invasive pro-
cedures, improve physical examinations, and enhance under-
standing of anatomy [5]. Some evidence suggests that physi-
cians are less inclined to utilize physical examination skills
and that the quality and proficiency of these skills is lacking
and prone to error [40, 41]. POCUS is proven, to improve
bedside physical exams by medical students and residents to
the point that one author recommends “insonation” as a com-
ponent of the physical exam [4, 40, 42]. Recent studies dem-
onstrate that incorporating HHU devices into undergraduate
medical education was well received by students, improved
conceptual understanding of anatomy, and improved student
confidence and diagnostic accuracy when performing physi-
cal examinations [42–44, 45••, 46].

POCUS use is widespread in the clinical setting, utilized by
practitioners spanning multiple specialties. In order for
learners to keep up-to-date with the myriad clinical ultrasound
applications, medical schools are integrating concepts of
ultrasonography—such as teaching bedside image acquisition
and image interpretation—into their core medical school cur-
ricula [44, 47]. In a survey of ultrasound medical education
directors, respondents noted that lack of funding was a huge
barrier to implementing ultrasound curricula for medical stu-
dents [44]. With the price of some HHU devices around
$2000 (compared to $50,000 or greater for a cart-based sys-
tem), they represent a low-cost solution to providing the ben-
efits of early ultrasound education to medical students. The
feasibility of this is demonstrated by the medical school at the
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University of California Irvine which provided Butterfly iQ
devices to their entire 2023 medical student class [6].

HHU has great potential for use outside of traditional hospital
and academic settings [3, 48]. The use of POCUS to augment the
work of paramedics and first responders has been previously
explored, but the size, cost, and necessity for multiple probes
inherent to standard machines significantly limited the ability
to undertake large scale prehospital studies [48].With the advent
of HHU devices, research on prehospital POCUS and its effect
on patient outcomes is now feasible [49]. The cost and portability
of HHU devices make them ideal diagnostic tools for first re-
sponders as well as EPs who staff large-scale events, sometimes
in areas with few existing medical resources [4]. Large gather-
ings can generate disease states warranting POCUS imaging
such as trauma, dehydration, and undifferentiated dyspnea
[50]. Prager et al. prospectively evaluated the use of HHU by
EPs at a large music festival and reported that HHU findings
altered the management decision in 39% of cases. Prager notes
that, “As POCUS machines continue to become more portable
and less expensive, this modality could prove to be an important
measure to reduce downstream health care costs in patients pre-
senting [for evaluation] at mass gatherings” [50]. There are also
documented cases of HHU assisting in triage during disaster/
mass-casualty scenarios [48]. Their high portability and ability
to provide real-time diagnostics make these devices ideal for
such circumstances [4]. Similarly, HHU is proving invaluable
to practitioners in austere environments that otherwise have no
reliable imaging source [3, 4, 15, 49]. Burleson et al. retrospec-
tively reported the experience of ultrasound-trained physicians
using the Butterfly iQ HHU in an austere East African ED [8].
They found that while there were some disadvantages to the
device, such as frequent overheating and poorer quality of car-
diac POCUS, the Butterfly iQ met the needs of their high-acuity
ED [8]. The authors note that “…advantages over cart-based
machines are magnified where financial resources, floor space,
and reliable power may be scarce” [8].

While evidence for the use of HHU within the scope of EM
practice is in its infancy, more rigorous data on the subject exists
in literature outside of this specialty [3, 4, 32, 37, 51, 52].
Findings from some of these studies are undeniably applicable
to HHU use in the ED. A prospective blinded study comparing
HHU devices to traditional machines for grading
hydronephrosis found excellent agreement between the two de-
vices [51]. A systematic review comparing HHU devices to
standard machines reported that “Strong correlations [between
devices] were found when evaluating ascites, hydronephrosis,
pleural cavities, in detection of abdominal aortic aneurysms and
for use with obstetric and gynecological patients” [3••]. Overall,
there remains a paucity of data generated from large RCTs di-
rectly comparing handheld devices to cart-style machines in the
context of ED use. Data from such studies are necessary before
broad adoption of HHU as the primary POCUS tool in the ED is
possible, but the potential of these devices is already apparent.

Future of Handhelds in the ED

Remotely guided US, or “tele-ultrasound,” improves image
quality and scanning confidence among novice users and will
be critical for improving safety as HHU becomes more wide-
spread [5, 15, 53, 54]. AI algorithms have been developed that
automatically show users the movements necessary to obtain
high quality images [5, 55]. Use of neural networks in com-
puter science also has significant implications for POCUS
[56]. Many HHU devices already possess AI functions such
as automated calculation of ejection fraction and bladder vol-
ume [57, 58]. Zhang et al. created a fully automated echocar-
diography interpretation algorithm which functions with B-
mode images obtained byHHU [59]. Thus, practitioners using
machines lacking advanced echocardiography functionality or
high-end image quality may still use HHU devices to answer
cardiac-related clinical questions due to these advances in AI
and smart device processing power. The combination of wide-
spread HHU availability, evolving tele-ultrasound capabilities
and machine learning algorithms paints a promising picture
for patient care with earlier, more accurate disease detection
from even novice users, in any geographic location [3••].

Concordant with advances in tele-ultrasound, virtual
POCUS education has recently become feasible.
Technologies inherent in some HHU devices allow for remote
image viewing and thus remote peer-review and QA [5]. HHU
devices saw increased use as adjuncts to resident education
during the COVID-19 pandemic due to their compatibility
with virtual platforms [60]. Research on efficacy of this
emerging facet of medical education is currently extremely
limited but likely to expand in the face of restrictions on in-
person learning during the current COVID-19 pandemic.

HHU will likely see increased future use by ED consul-
tants, including specialties that are not traditional users of
POCUS (e.g., nephrology, internal medicine) [61]. The like-
lihood that HHU devices will become ubiquitous outside the
ED relatively soon has led some to suggest that US should
become a routine part of the physical examination [3••, 40,
62]. As US education is increasingly incorporated into medi-
cal school curricula, it is likely to make specialty-specific
training and implementation at the graduate level easier and
more widespread [5, 63–65].

Use of HHU devices by consultants offers many potential
benefits for patient care. In an office-based setting, it could be
used to identify conditions requiring urgent ED referral (e.g.,
large pericardial effusion) versus those appropriately treated in
the outpatient setting (e.g., cellulitis without abscess). In the
inpatient setting, HHU could be used to track serial changes in
a patient’s condition, such as pulmonary edema, from arrival
in the ED until discharge from the floor. Alternatively, con-
sultants could use HHU devices to perform focused examina-
tions to answer limited questions—has left ventricular ejection
fraction decreased or does the patient with known
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cholelithiasis now have findings suggestive of acute cholecys-
titis? Rapid answers to these direct questions, particularly with
consultants at the bedside, could facilitate treatment and dis-
position decisions while reducing the burden on sonographers
and interpreting physicians [3••].

While it is highly plausible that HHU use can improve
patient care, demonstration of such benefit with formal re-
search studies will strengthen the argument for widespread
implementation and direct its use to the areas with greatest
potential impact. Several preliminary studies suggest benefits
of HHU use. These include reduced need for follow-up testing
when used in the outpatient setting, with a low incidence of
false negatives (5%), and faster time to diagnosis and reduced
time to first intervention when HHUs were used by rapid
response teams [66, 67]. While image interpretability appears
similar between HHUs and cart-based systems, a critical con-
cept for future studies is not to conflate image quality and the
setting of use with operator training and skills [68].
Maintenance of rigorous educational programs and adequate
quality assurance are crucial as device availability increases.

Conclusion

The potential benefits of a handheld advanced imaging system
are undeniable. With further technologic developments, the
gap in functionality between handheld and cart-based systems
will continue to decline.

Though there are obstacles surrounding HHU device oper-
ation and image management, many of these can be overcome
through administrative hospital support and the fiscal advan-
tages these devices provide. Medical education continues to
be a driving force for HHU innovation and adoption. Training
a new generation of physicians in anatomy and diagnostics
using these platforms will foster familiarity and comfort that
is likely continue into regular practice.

As we look toward the future of ultrasound, the growing
body of research to improve and validate use of handheld
ultrasound devices will be key to improving patient outcomes
and expanding its use to novel settings. Implementation of
machine learning and tele-ultrasound applications is likely to
alter the POCUS landscape, and physicians should continue to
study and embrace these technologies for the improvement of
patient care.
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