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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, 
which in 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 guidelines, 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.1,2

Visual stethoscope was a theoretical concept first men-
tioned and then implemented in a real diagnostic device 
in 1970s by Roelandt et al. (Minivisor).3,4 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 value5” – 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 

in cardiology is quite intriguing, and finding new possibili-
ties for augmenting diagnostic process with ultrasonogra-
phy appears very tempting.6,7

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.8

–  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 AI module for LVEF 
assessment, and systems tutoring and aiding inexperienced 
sonographers.9 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.10,11 According to the European Association of Car-
diovascular Imaging (EACVI) guidelines,1,2 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 

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 identified12,13; however, the results largely de-
pended on the quality of acquired images. Furthermore, 
in almost 12% of patients, the software failed to calculate 
LVEF.12 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.14 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).15,16

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.17–19 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.20

Fig. 1. AI-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

AI – artificial intelligence; 
LVEF – left ventricular 
ejection fraction.
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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).21

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,22 
masses suggesting the presence of tumors (e.g., myxoma23), 

or thrombus in transit in right atrium (RA) and RV24 could 
all be identified. There is a good overall concordance with 
the conventional echocardiography in the detection and 
assessment of pericardial effusion (Fig. 4).25,26

Extracardiac findings

The  HUD-performed lung ultrasonography became 
a particularly interesting diagnostic option in the time 
of  COVID-19 pandemic.27,28 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).29

Ultrasound screening for certain vascular abnormali-
ties can also prove clinically relevant. Handheld ultra-
sound devices proved their feasibility in carotid stenosis 
evaluation,30,31 accessing site complications screening after 
the femoral artery puncture32 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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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.33 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.

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.34 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 

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.

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.
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understand and respect its scope and limitations.33 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.35

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.36,37 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.38 The HUDs were also introduced 
as a tool used in numerous screening programs in schools, 
workplaces and in social campaigns.39–42 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 
in acquiring images in parasternal short-axis and apical views, 
which were subseqently sent to an experienced sonographer 
for assessment. Interestingly, acquired projections were suf-
ficient for the qualitative assessment of LV function.43 Finally, 
HUDs are efficient, cost-effective screening tool to detect pa-
tients requiring full echocardiography.44,45

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.

Fig. 6. AI-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

AI – 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.



Adv Clin Exp Med. 2023;32(3):267–274 273

ORCID iDs
Dominika Filipiak-Strzecka  https://orcid.org/0000-0001-5760-1243
Piotr Lipiec  https://orcid.org/0000-0001-5959-2109
Jarosław D. Kasprzak  https://orcid.org/0000-0002-5850-8187

References
1.	 Cardim N, Dalen H, Voigt JU, et al. The use of handheld ultrasound 

devices: A position statement of the European Association of Cardio-
vascular Imaging (2018 update). Eur Heart J Cardiovasc Imaging. 2019; 
20(3):245–252. doi:10.1093/ehjci/jey145

2.	 Sicari R, Galderisi M, Voigt JU, et al. The use of pocket-size imaging 
devices: A position statement of the European Association of Echo-
cardiography. Eur J Echocardiogr. 2011;12(2):85–87. doi:10.1093/ejecho 
card/jeq184

3.	 Ligtvoet C, Rusterborgh H, Kappen L, Bom N. Real time ultrason-
ic imaging with a hand-held scanner part I: Technical description.  
Ultrasound Med Biol. 1978;4(2):91–92. doi:10.1016/0301-5629(78) 
90033-9

4.	 Roelandt J, Wladimiroff JW, Baars AM. Ultrasonic real time imag-
ing with a hand-held-scanner part II: Initial clinical experience.  
Ultrasound Med Biol. 1978;4(2):93–97. doi:10.1016/0301-5629(78) 
90034-0

5.	 Mehta M, Kaul S. Reply: Handheld ultrasound is a valuable bed-
side tool which can supplement the bedside cardiac exam but not 
replace it. JACC Cardiovasc Imaging. 2015;8(5):622. doi:10.1016/j.jcmg. 
2015.01.016

6.	 Hsieh A, Baker MB, Phalen JM, et al. Handheld point-of-care ultrasound: 
Safety considerations for creating guidelines. J Intensive Care Med.  
2022;37(9):1146–1151. doi:10.1177/08850666221076041

7.	 Chamsi-Pasha MA, Sengupta PP, Zoghbi WA. Handheld echocar-
diography: Current state and future perspectives. Circulation. 2017; 
136(22):2178–2188. doi:10.1161/CIRCULATIONAHA.117.026622

8.	 Wejner-Mik P, Teneta A, Jankowski M, et al. Feasibility and clinical util-
ity of real-time tele-echocardiography using personal mobile device-
based pocket echocardiograph. Arch Med Sci. 2019;18(4):998–1003. 
doi:10.5114/aoms.2019.83136

9.	 Stewart JE, Goudie A, Mukherjee A, Dwivedi G. Artificial intelligence-
enhanced echocardiography in the emergency department. Emerg 
Med Australas. 2021;33(6):1117–1120. doi:10.1111/1742-6723.13847

10.	 Wejner-Mik P, Kasprzak JD, Filipiak-Strzecka D, Miśkowiec D, Lorens 
A, Lipiec P. Personal mobile device-based pocket echocardiograph: 
The diagnostic value and clinical utility. Adv Med Sci. 2019;64(1): 
157–161. doi:10.1016/j.advms.2018.11.003

11.	 Michalski B, Kasprzak JD, Szymczyk E, Lipiec P. Diagnostic utility and 
clinical usefulness of the pocket echocardiographic device: Diag-
nostic utility and clinical usefulness of the pocket echocardiograph-
ic device. Echocardiography. 2012;29(1):1–6. doi:10.1111/j.1540-8175. 
2011.01553.x

12.	 Filipiak-Strzecka D, Kasprzak JD, Wejner-Mik P, Szymczyk E, Wdowi-
ak-Okrojek K, Lipiec P. Artificial intelligence-powered measurement 
of  left ventricular ejection fraction using a handheld ultrasound 
device. Ultrasound Med Biol. 2021;47(4):1120–1125. doi:10.1016/j.ultra-
smedbio.2020.12.003

13.	 Hjorth-Hansen AK, Magelssen MI, Andersen GN, et al. Real-time auto-
matic quantification of left ventricular function by hand-held ultra-
sound devices in patients with suspected heart failure: A feasibility 
study of a diagnostic test with data from general practitioners, nurses 
and cardiologists. BMJ Open. 2022;12(10):e063793. doi:10.1136/bmjo-
pen-2022-063793

14.	 Papadopoulou SL, Sachpekidis V, Kantartzi V, Styliadis I, Nihoyannopoulos P.  
Clinical validation of an artificial intelligence-assisted algorithm for 
automated quantification of left ventricular ejection fraction in real 
time by a novel handheld ultrasound device. Eur Heart J Digital Health. 
2022;3(1):29–37. doi:10.1093/ehjdh/ztac001

15.	 Filipiak-Strzecka D, Kasprzak JD, Lipiec P. Brief cardiovascular imaging 
with pocket-size ultrasound devices improves the accuracy of the ini-
tial assessment of suspected pulmonary embolism. Int J Cardiovasc 
Imaging. 2018;34(10):1595–1605. doi:10.1007/s10554-018-1382-5

16.	 Dresden S, Mitchell P, Rahimi L, et al. Right ventricular dilatation 
on bedside echocardiography performed by emergency physicians 
aids in the diagnosis of pulmonary embolism. Ann Emerg Med. 2014; 
63(1):16–24. doi:10.1016/j.annemergmed.2013.08.016

17.	 Zisis G, Yang Y, Huynh Q, et al. Nurse-provided lung and inferior 
vena cava assessment in patients with heart failure. J Am Coll Cardiol.  
2022;80(5):513–523. doi:10.1016/j.jacc.2022.04.064

18.	 Gundersen GH, Norekval TM, Haug HH, et al. Adding point of care 
ultrasound to assess volume status in heart failure patients in a nurse-
led outpatient clinic: A randomised study. Heart. 2016;102(1):29–34. 
doi:10.1136/heartjnl-2015-307798

19.	 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 trans-
thoracic echocardiography. Ann Intern Med. 2011;155(1):33. doi:10.7326 
/0003-4819-155-1-201107050-00005

20.	 Mai TV, Shaw DJ, Amundson SA, Agan DL, Kimura BJ. Learning to 
apply the pocket ultrasound device on the critically ill: Comparing 
six “quick-look” signs for quality and prognostic values during ini-
tial use by novices. Crit Care. 2013;17(5):448. doi:10.1186/cc12875

21.	 Sachpekidis V, Papadopoulou SL, Kantartzi V, Styliadis I, Nihoyan-
nopoulos P. A novel handheld echocardiography device with contin-
uous-wave Doppler capability: Implications for the evaluation of aor-
tic stenosis severity. J Am Soc Echocardiogr. 2022;35(12):1273–1280.  
doi:10.1016/j.echo.2022.08.012

22.	 Shamoun F, Narichania A. Handheld echocardiography saves the brain:  
A serendipitously found left ventricular thrombus. J Cardiovasc 
Echography. 2015;25(2):53. doi:10.4103/2211-4122.161780

23.	 Pourdjabbar A, Hibbert B, Maze R, Lai C, Le May MR. Left atrial myxoma:  
A rare cause of dyspnea. Can J Cardiol. 2014;30(4):465.e1–465.e2. 
doi:10.1016/j.cjca.2013.11.017

24.	 Wejner-Mik P, Filipiak-Strzecka D, Kasprzak JD, Lipiec P. Intracar-
diac thrombus in a patient with pulmonary embolism: The use 
of handheld ultrasound. Fol Cardiol. 2016;11(4):347. https://journals. 
viamedica.pl/folia_cardiologica/article/view/FC.2016.0058/37779

25.	 Kennedy Hall M, Coffey EC, Herbst M, et al. The “5Es” of emergen-
cy physician-performed focused cardiac ultrasound: A protocol for 
rapid identification of effusion, ejection, equality, exit, and entrance. 
Acad Emerg Med. 2015;22(5):583–593. doi:10.1111/acem.12652

26.	 Kimura BJ, Yogo N, O’Connell CW, Phan JN, Showalter BK, Wolfson T. 
Cardiopulmonary limited ultrasound examination for “quick-look” 
bedside application. Am J Cardiol. 2011;108(4):586–590. doi:10.1016/j.
amjcard.2011.03.091

27.	 Dadon Z, Levi N, Alpert EA, et al. The quality, safety, feasibility, and 
interpretive accuracy of echocardiographic and lung ultrasound 
assessment of COVID-19 patients using a hand-held ultrasound.  
Echocardiography. 2022;39(7):886–894. doi:10.1111/echo.15372

28.	 Dadon Z, Levi N, Orlev A, et al. The utility of handheld cardiac and 
lung ultrasound in predicting outcomes of hospitalised patients 
with COVID-19. Can J Cardiol. 2022;38(3):338–346. doi:10.1016/j.cjca. 
2021.11.016

29.	 Johannessen Ø, Myhre PL, Omland T. Assessing congestion in acute 
heart failure using cardiac and lung ultrasound: A review. Exp Rev  
Cardiovasc Ther. 2021;19(2):165–176. doi:10.1080/14779072.2021.1865155

30.	 Filipiak-Strzecka D, Kasprzak JD, Szymczyk E, Wejner-Mik P, Lipiec P. 
Bedside screening with the use of pocket-size imaging device can be 
useful for ruling out carotid artery stenosis in patients scheduled for 
cardiac surgery. Echocardiography. 2017;34(5):716–722. doi:10.1111/
echo.13507

31.	 Jin L, Tong LY, Sha L, et al. Handheld versus conventional ultrasound 
for assessing carotid artery in routine volunteers. Clin Hemorheol 
Microcirc. 2022;82(3):255–263. doi:10.3233/CH-221521

32.	 Filipiak-Strzecka D, Michalski B, Kasprzak JD, Lipiec P. Pocket-size imag-
ing devices allow for reliable bedside screening for femoral artery 
access site complications. Ultrasound Med Biol. 2014;40(12):2753–2758.  
doi:10.1016/j.ultrasmedbio.2014.06.022

33.	 Neskovic AN, Skinner H, Price S, et al. Focus cardiac ultrasound core 
curriculum and core syllabus of the European Association of Cardio-
vascular Imaging. Eur Heart J Cardiovasc Imaging. 2018;19(5):475–481. 
doi:10.1093/ehjci/jey006

34.	 Plummer D, Brunette D, Asinger R, Ruiz E. Emergency department 
echocardiography improves outcome in penetrating cardiac injury.  
Ann Emerg Med. 1992;21(6):709–712. doi:10.1016/S0196-0644(05)82784-2

35.	 Jujo S, Sakka BI, Lee-Jayaram JJ, et al. Medical student medium-term 
skill retention following cardiac point-of-care ultrasound training based 
on the American Society of Echocardiography curriculum framework. 
Cardiovasc Ultrasound. 2022;20(1):26. doi:10.1186/s12947-022-00296-z

https://journals.viamedica.pl/folia_cardiologica/article/view/FC.2016.0058/37779
https://journals.viamedica.pl/folia_cardiologica/article/view/FC.2016.0058/37779


D. Filipiak-Strzecka, P. Lipiec, J.D. Kasprzak. Handheld ultrasound in cardiology274

36.	 Filipiak-Strzecka D, John B, Kasprzak J, Michalski B, Lipiec P. Pocket-
size echocardiograph: A valuable tool for non-experts or just a por-
table device for echocardiographers? Adv Med Sci. 2013;58(1):67–72. 
doi:10.2478/v10039-012-0054-2

37.	 Kameda T, Koibuchi H, Konno K, Taniguchi N. Self-learning fol-
lowed by telepresence instruction of focused cardiac ultrasound 
with a handheld device for medical students: A preliminary study.  
J Med Ultrasonics. 2022;49(3):415–423. doi:10.1007/s10396-022-01233-3

38.	 Moharir A, Tobias JD. The role of a handheld ultrasound device to 
facilitate remote learning for a point-of-care ultrasound certificate 
program. Adv Med Educ Pract. 2021;12:1043–1048. doi:10.2147/AMEP.
S328625

39.	 Esposito R, Ilardi F, Schiano Lomoriello V, et al. Identification of the main 
determinants of abdominal aorta size: A screening by pocket size imag-
ing device. Cardiovasc Ultrasound. 2017;15(1):2. doi:10.1186/s12947-016-
0094-z

40.	 Saxena A. Rheumatic heart disease screening by “point-of-care” echo-
cardiography: An acceptable alternative in resource limited settings? 
Transl Pediatr. 2015;4(3):210–213. doi:10.3978/j.issn.2224-4336.2015.06.01

41.	 Abe Y, Ito M, Tanaka C, et al. A novel and simple method using pocket sized 
echocardiography to screen for aortic stenosis. J Am Soc Echocardiogr.  
2013;26(6):589–596. doi:10.1016/j.echo.2013.03.008

42.	 Hosseini S, Samiei N, Tabib A, et al. Prevalence of structural heart dis-
eases detected by handheld echocardiographic device in school-age 
children in Iran: The SHED LIGHT Study. Global Health. 2022;17(1):39. 
doi:10.5334/gh.1121

43.	 Dykes JC, Kipps AK, Chen A, Nourse S, Rosenthal DN, Selamet Tier-
ney ES. Parental acquisition of echocardiographic images in pediat-
ric heart transplant patients using a handheld device: A pilot tele-
health study. J Am Soc Echocardiogr. 2019;32(3):404–411. doi:10.1016/j.
echo.2018.10.007

44.	 Gianstefani S, Catibog N, Whittaker AR, et al. Pocket-size imaging 
device: Effectiveness for ward-based transthoracic studies. Eur Heart 
J Cardiovasc Imaging. 2013;14(12):1132–1139. doi:10.1093/ehjci/jet091

45.	 Prinz C, Voigt JU. Diagnostic accuracy of a hand-held ultrasound 
scanner in routine patients referred for echocardiography. J Am Soc 
Echocardiogr. 2011;24(2):111–116. doi:10.1016/j.echo.2010.10.017


