Handheld ultrasound in cardiology: Current perspective

Dominika Filipiak-Strzecka®®, Piotr Lipiect, Jarostaw D. KasprzakEF

Chair and Department of Cardiology, Bieganski Hospital, Medical University of Lodz, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Dominika Filipiak-Strzecka
E-mail: dominika.filipiak@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Received on December 12, 2022
Accepted on December 26, 2022

Published online on March 28, 2023

Citeas

Filipiak-Strzecka D, Lipiec P, Kasprzak JD. Handheld
ultrasound in cardiology: Current perspective.
Adv Clin Exp Med. 2023;32(3):267-274.
d0i:10.17219/acem/158555

Dol
10.17219/acem/158555

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv lin Exp Med. 2023;32(3):267-274

Abstract

The advantages of ultrasonography do not need to be discussed. It is suitable for use in diverse clinical settings
and environments by operators with different backgrounds. Recent technological advances have led not only
to the enhancement of the diagnostic capabilities of stationary ultrasound systems but also to miniaturization,
whichin turn led to the introduction of smartphone-sized handheld ultrasound devices (HUDs), designed to be
used at bedside to improve and extend the scope of physical examination. Although diagnostic capabilities
of HUDs are expanding, according to quidelines, they cannot be perceived as a tool suitable for performing
full echocardiographic examination. However, their ultraportability made them essential for the bedside
assessment, with the particular emphasis on the bedside focus cardiac ultrasound (FoCUS)-goal-oriented,
limited echocardiographic screening. Clinically relevant cardiological targets suggested for HUDs include
the assessment of left ventricular (LV) systolic function and size, assessment of other cardiac chambers,
identification of gross valvular abnormalities, and detection of the pathological masses within the heart
cavities. Handheld ultrasound devices may be also helpful in identifying pleural effusion or subpleural
consolidations; furthermore, brief ultrasonographic assessment of “lung comets” enables the estimation
of the level of congestion. Ultrasound screening for certain vascular abnormalities also appears promising.
The limitations of HUDs are rather obvious and caution is needed to distinguish the role of HUD-based
bedside-limited scan from comprehensive stationary echocardiography. It appears that the right approach
is to treat them as complementary tools proving their capabilities in diverse clinical scenarios.
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Introduction

The advantages of ultrasonography are unquestionable
and its widespread application requires no justification.
It is probably the most versatile imaging method in medi-
cine, and its unique characteristics — availability, portabil-
ity, low cost, and absence of side effects — make it suitable
for use in diverse clinical settings and environments by op-
erators with different backgrounds, to examine numerous
structures of the human body. Additionally, the fast image
acquisition and the possibility for immediate image inter-
pretation can provide relevant clinical information with
direct impact on patient management.

Recent technological advances have led not only to the en-
hancement of the diagnostic capabilities of stationary ultra-
sound systems. With different clinical scenarios requiring
diversified tools, the path of development began to diverge.
On the one hand, echocardiographers expect top imaging
quality with the implementation of the most sophisticated
imaging methods. On the other, when used in a fast-paced
reality of emergency room, such traits are left underused
and undervalued - it is the portability and simplified yet
prompt assessment of patient’s status that counts. Conven-
tional high-end systems, even though designed as mobile,
in reality prove difficult to transport. The necessity for bed-
side examination would result in a time-consuming and
impractical transfers of heavy and delicate devices. Thus,
the development within the echocardiographic realm may
mean more cutting-edge imaging technology but also fit-
ting basic modalities into take-me-everywhere portable de-
vices. While discussing various stages of miniaturization,
we should mention the creation of mobile echocardiographs
— slightly trimmed down in size yet not in 2D-imaging capa-
bilities group of devices which are more easily transported;
laptop-sized portable echocardiographs with slightly limited
array of imaging modalities but still sufficient to perform
full echo, and finally smartphone-sized handheld ultra-
sound devices (HUDs) designed for use at bedside to extend
and improve physical examination beyond the stethoscope
rather than replace standard echocardiography.2

Visual stethoscope was a theoretical concept first men-
tioned and then implemented in a real diagnostic device
in 1970s by Roelandt et al. (Minivisor).>* However, brilliant
ideas may require the technology to catch up and it was not
until the beginning of 2000s when the first, “pocket size
imaging ultrasonograph” suitable for cardiac imaging was
introduced (Acuson P10; Siemens AG, Munich, Germany).
Other problem which brilliant ideas usually face is that
they have to prevail old routines. Two hundred years ago,
it was commonly doubted whether the recently invented
stethoscope “will ever come into general use, notwith-
standing its value®” — and now it has become a symbol
of a physician and the diagnostic process.

Fortunately, it is an exaggeration to compare the above-
mentioned anecdote and the current position of HUDs
in modern medicine. However, the question of their status
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in cardiology is quite intriguing, and finding new possibili-
ties for augmenting diagnostic process with ultrasonogra-
phy appears very tempting.5”

Technical evolution

Finding a niche in a world of imaging diagnostics required
investigating uncharted waters. The HUD manufacturers
implemented various ideas to meet clinicians needs that
other devices could not fulfill. The user interface of HUDs
was simplified, with limited image adjustments, as exami-
nation was supposed to be based on the predefined presets,
optimally with ease of a single-handed operation. Pioneer
HUD enabled only 2D imaging with most basic area and
distance measurement tools. Initially used 3.7-inch screen
now seems outdated, as the technology utilized then does
not compare favorably with screens of currently used
smartphones. Significant improvements made throughout
the years of development included:

— Addition of color — Doppler modality (visual assess-
ment of cardiac valve competence was made possible).

— Introduction of a dual probe combining the features
of a sector and linear probe, which enabled the assessment
of more superficially positioned structures.

— Radical change of design — certain HUDs are just
a probe which could either be connected by a cord or wire-
lessly with the smartphone/tablet with a dedicated appli-
cation installed. Such approach had numerous benefits:
possibility of fitting the screen size to the clinician’s needs;
no risk of the prolonged use of the outdated technol-
ogy as the screen could be “replaced” with the purchase
of a new smart device; easy firmware updates that could
fix potential software issues; less complicated disinfection
of the device (which proved vital during the coronavirus
disease (COVID-19) pandemic).

— Implementation of M-mode imaging capabilities.

— Streaming a real-time examination for a second opin-
ion or consult, which might prove essential if the HUD
operator is an entry-level sonographer.?

— Introduction of the downloadable apps that assist
in obtaining correct projections or enable automated
evaluation of certain cardiac parameters with the use
of machine learning technology. With sufficient comput-
ing power of HUDs, it is possible to automatically cal-
culate the left ventricular ejection fraction (LVEF) using
an artificial intelligence (AI) module. The first iteration
of the software requires only a single 4-chamber view with
no border tracing editing. Currently, there are HUDs with
more advanced LVEF assessment algorithm which uses
2 apical views: 4-chamber and 2-chamber. Furthermore,
manual correction of endocardial borders is possible.

Manufacturers still search for the optimal size of the HUD
screen. At first, the miniaturization was perceived as a para-
mount goal and the devices were constantly becoming smaller
and easy for one-handed operation. However, at a certain
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point, the desired ultraportability clashed with the limited
visibility of echocardiographic projections on tiny screens.
It appears that a larger device with better screen resolution
and equipped with a widened set of diagnostic functions
but still not exceeding more or less the size of a tablet com-
bines the best features from both worlds. While it will not
fit a white coat pocket, it still remains very lightweight and
portable. Most recent HUDs may be slightly bigger than
other devices from this group, but are equipped with color
Doppler, M-mode, pulsed wave and continuous wave spec-
tral Doppler, previously mentioned Al module for LVEF
assessment, and systems tutoring and aiding inexperienced
sonographers.’ This makes the separation of a “HUD study”
from a “standard study in the lab” less obvious; however,
the main objective of using HUDs is improved initial diagno-
sis rather than replacing comprehensive echocardiography.

Clinical targets for HUDs

The search for the optimal clinical application of HUDs
became a focus of numerous published studies. Many
of those papers present cardiologists’ outlook on the sub-
ject.1%1! According to the European Association of Car-
diovascular Imaging (EACVI) guidelines,? the following
findings should be emphasized.

Assessment of LV systolic
function and size

In the majority of cases, the assessment of LV systolic
function is qualitative, based on visual estimation of LVEF
and regional wall motion. This task proved to be one
of main interests of authors attempting to make HUD-
acquired echocardiography analysis a fully automated
process. Certain HUDs (e.g., VScan Extend; GE Health-
care, Lincoln Park, USA) offer a downloadable applica-
tion which enables an automated edge detection of left
myocardial wall and calculates the end-systolic and
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Fig. 1. Al-enhanced
assessment of LVEF.

A. LVivo application;
measurement based

on 4-chamber apical
view only; B. Assessment
based on 4-chamber and
2-chamber apical views;
manual endocardium
border editing available

Al - artificial intelligence;
LVEF — left ventricular
ejection fraction.

end-diastolic left ventricular volumes and LVEF using
apical 4-chamber views. Good agreement between HUD
and 3D measurement of LVEF on stationary echocardiog-
raphy was identified'>!3; however, the results largely de-
pended on the quality of acquired images. Furthermore,
in almost 12% of patients, the software failed to calculate
LVEF.!2 A more advanced algorithm available on other
device (Kosmos; Echonous, Redmond, USA) performed
an automated EF calculation from 2 apical projections,
which showed good agreement with measurements using
Simpson’s method. Other clinical benefits of this soft-
ware include high-specificity and high-sensitivity detec-
tion of patients with decreased LVEF.!* Improvements
to the algorithm also enable a semi-automated EF by edit-
ing the endocardial borders, which might prove clinically
relevant but requires further validation (Fig. 1).

Assessment of other cardiac chambers

Right ventricle (RV) visualization with HUDs proves
more challenging. Variable correlations between HUD
and high-end systems to identify RV dysfunction have
been reported. Some studies showed that HUDs proved
feasible in the initial assessment of patients with suspected
pulmonary embolism. It was concluded that rapid imag-
ing protocols with HUDs, based, among others, on RV
enlargement, allow for improved initial evaluation of pa-
tients with suspected pulmonary embolism and increase
the diagnostic accuracy of clinical risk assessment scores
(Fig. 2).1516

Several studies confirmed the feasibility of HUDs in as-
sessing the width and collapsibility of the inferior vena cava
(IVC) parameters used for estimating right atrial filling
pressures, also in the setting of critical care unit. It is worth
noting that in few studies, HUD operators were trained
nurses.!”1° The presence of left atrium (LA) dilatation
as a marker of increased LA pressures was proposed as one
of the parameters to be evaluated in critically ill patients
when performing their initial assessment.?°
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Gross valvular abnormalities

Initially, a valvular assessment could only be qualita-
tive and based on the visual detection of morphologic
abnormalities, such as significant calcification or dilated
valvular ring. Due to the introduction of the color Dop-
pler modality, such assessment, although still qualita-
tive, became more accurate. Quantitative analysis was
recently made available with the implementation of spec-
tral Doppler to a HUD. It was already confirmed that
experienced operators can reliably detect clinically sig-
nificant aortic stenosis (AS) and facilitate AS grading
with the use of this HUD, and this modality might prove
promising (Fig. 3).2

Other specific echo findings

The HUD-derived projections are of sufficient quality
to enable the detection of the pathological masses within
heart cavities. Although scientific data are mainly ob-
tained from case studies, they show that thrombus in LV,
masses suggesting the presence of tumors (e.g., myxoma?3),
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or thrombus in transit in right atrium (RA) and RV?* could
all be identified. There is a good overall concordance with
the conventional echocardiography in the detection and
assessment of pericardial effusion (Fig. 4).2>2¢

Extracardiac findings

The HUD-performed lung ultrasonography became
a particularly interesting diagnostic option in the time
of COVID-19 pandemic.?”?® Besides the identification
of pleural effusion or subpleural consolidations, brief ul-
trasonographic assessment of “lung comets” allows the es-
timation of the level of congestion, which is vital in patients
with heart failure (HF) (Fig. 5).%°

Ultrasound screening for certain vascular abnormali-
ties can also prove clinically relevant. Handheld ultra-
sound devices proved their feasibility in carotid stenosis
evaluation,3*3! accessing site complications screening after
the femoral artery puncture®? or a detection of the aortic
root dilatation as a marker of aortic dissection in symp-
tomatic patients. Abdominal aneurysm screening may
also be feasible in patients with good substernal visibility.

Fig. 2. Bedside HUD examination in patients with suspected pulmonary embolism. A. 4-chamber apical view, RV:LV ratio >1; B. M-mode presentation,
decreased TAPSE indicating RV dysfunction; C. Positive result of compression ultrasound, specific for thrombus in femoral vein (marked with an arrow)

HUD - handheld ultrasound device; RV - right ventricle; RA - right atrium; LV — left ventricle; LA — left atrium; FA — femoral artery; FV — femoral vein; TAPSE

— tricuspid annular plane systolic excursion.

Fig. 3. Valve abnormalities registered with the use of a HUD. A. Massive tricuspid insufficiency; B. Moderate aortic insufficiency; C,D. Significant AS;

continuous wave Doppler modality used to confirm severity of stenosis

HUD - handheld ultrasound device; RV - right ventricle; RA - right atrium; LV - left ventricle; LA — left atrium; AS - aortic stenosis.
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Fig. 4. Intracardiac pathological masses detected with a HUD. A. “Thrombus in transit”; B. LA tumor, later diagnosed as myxoma; C. Thrombus in the apical

part of the LV

HUD - handheld ultrasound device; RV - right ventricle; RA - right atrium; LV - left ventricle; LA — left atrium.

FoCUS examination

Due to limited diagnostic capabilities of HUDs, it was
impossible, according to guidelines, to perceive them
as tools that could be used for full echocardiographic
examination. However, their ultraportability made them
essential tools for the bedside examination, with the par-
ticular emphasis on the bedside focus cardiac ultrasound
(FoCUS)-goal-oriented, limited echocardiographic ex-
amination.?? Such procedure should be treated as an ex-
tension of the physical examination. It can be performed
in any environment, with a predefined limited protocol,
by an operator not necessarily trained in comprehensive
echocardiography, but appropriately trained in FoCUS
and usually responsible for decision-making and/or treat-
ment process.

Fig. 5. Bedside HUD
examination in a patient
with symptoms of HF.

A. IVC dilatation, suggestive
of fluid retention; B. Lung
ultrasonography — B-lines
marked with arrows show
pulmonary congestion

HUD - handheld ultrasound
device; IVC — inferior vena
cava; RA - right atrium;

HF — heart failure.

Who needs the HUDs?

Non-cardiologist use of ultrasound for rapid, bedside
structural assessment of the heart in critically ill patients
drew widespread attention for the first time in the early
1990s. It was shown that a readily available, limited echo-
cardiogram carried out by emergency physicians could
confer a mortality benefit to those with penetrating car-
diac injuries.?* From this narrow scope, non-traditional
users of echocardiography such as critical care physicians
have expanded the applications of cardiac ultrasound
to address a broad array of important clinical questions
at the bedside.

The EACVI guidelines emphasize that FoCUS should
only be used by the operators who have completed ap-
propriate education and training program, and who fully
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Fig. 6. Al-enhanced auto-labeling and auto-guiding modality (Kosmos; Echonous, Redmond, USA). A. The task was to acquire 4-chamber apical view;
projection was assessed as incorrect (orange indicators); probe clockwise rotation suggested; B. Correct 4-chamber apical view; all indicators green

Al — artificial intelligence; RV - right ventricle; RA - right atrium; LV - left ventricle; LA — left atrium; LVOT - left ventricular outflow tract; TV — tricuspid valve;

MV — mitral valve; AO — aorta.

understand and respect its scope and limitations.?* The Fo-
CUS utilizes a highly restricted protocol that represents
a small part of the standard comprehensive echocardio-
graphic examination. Although cardiologists who have
completed basic echocardiography training outlined
in the EACVI recommendations are qualified to perform
echocardiography in all emergency situations, for optimal
use of FoCUS, they should be familiar with the FoCUS
scope, approach and Core Curriculum. In this regard, they
could also benefit from additional training, e.g., in basic
lung ultrasound (LUS) and the use of cardiac ultrasound
in critical care. In case of other medical professionals, theo-
retical and practical training is vital; it was observed that
learning curve for FoCUS is relatively steep.3°

Novel HUDs introduced machine-learning tutorials for
the less experienced operators — modality of real-time la-
belling of the visualized structures. Apical projections can
also be assessed using the software algorithm, and in case
of the suboptimal quality hints regarding the proper probe
orientation are displayed on the device screen (Fig. 6).

Other implementations of HUDs

Apart from their clinical usefulness, HUDs are an un-
equivocally valuable tools for educating and hands-on train-
ing of medical students. It was previously confirmed that
even a brief training of medical students results in the reli-
ably performed basic ultrasonographic screening augment-
ing the physical examination.?®%” Importantly, the learning
curve is steep. Proposed use of HUDs by anesthesiologists
for the purpose of point-of-care ultrasound (POCUS) learn-
ing also proved effective.>® The HUDs were also introduced
as a tool used in numerous screening programs in schools,
workplaces and in social campaigns.>*~*2 They may also play
a prominent role in the development of the contemporary

telemedecine — in a study conducted by Dykes et al., the par-
ents of pediatric patients after heart transplant were trained
inacquiring images in parasternal short-axis and apical views,
which were subsegently sent to an experienced sonographer
for assessment. Interestingly, acquired projections were suf-
ficient for the qualitative assessment of LV function.* Finally,
HUDs are efficient, cost-effective screening tool to detect pa-
tients requiring full echocardiography.*4>

Conclusions

In a world where the consumer needs are being created
rather than correctly identified, it may be difficult to tell
apart between a gadget and a useful tool that might actu-
ally improve certain aspects of our lives. Things become
even more convoluted in medicine, where the stakes are
especially high. The HUDs at first may seem “gimmicky”
and having no real substance to back their widespread
use. But in reality, they are still passing the test of time
being widely used by numerous medical professionals, who
would not otherwise be able to introduce the elements
of imaging diagnostics into the treatment process. Moving
limited echocardiogram out of echocardiography rooms
to the bedside created a real challenge to the traditional
‘just a stethoscope’ approach towards more robust bedside
screening. Expert sonographers may frown upon the lim-
ited set of features, but even them, when facing an immedi-
ate threat to patient’s life in a setting of an emergency ward,
would be more than happy to perform basic echocardiog-
raphy rather than rely on a limited set of diagnostic data.
The limitations of HUDs are obvious and effort is needed
to distinguish indications for the HUD-based bedside-
limited scan and comprehensive, in many cases decisive
standard state-of-the-art echocardiography. This is, how-
ever, the skill of picking the right tool for the job.
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