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a b s t r a c t 

Cardiovascular diseases remain the leading cause of morbidity and mortality worldwide, and current risk 

scores based on personal history, physical examination and basic tests fail to identify a proportion of in- 

dividuals who will experience cardiovascular events. In this context, handheld echocardiography (HHE) 

is an intermediate step between clinical assessment alone and comprehensive transthoracic echocardiog- 

raphy, with the potential to act as an imaging-based tool within cardiovascular prevention programmes. 

Through focused, bedside or outpatient examinations, HHE can detect early signs of hypertensive organ 

damage as well as left and right ventricular dysfunction and other structural cardiovascular abnormalities, 

beyond traditional clinical evaluation. 

Through an examination of current evidence, technological developments, and clinical implementation 

pathways, this review provides a comprehensive overview of the evolving role of HHE as an adjunct 

to standard cardiovascular assessment, highlighting its potential to enhance early risk stratification in 

preventive cardiology. In this context, it proposes a pragmatic worklist for focused HHE examinations 

in at-risk individuals and illustrates representative HHE use cases, with involvement of non-cardiologists 

and the potential contribution of teleconsultation and digital integration. Finally, unresolved challenges 

are highlighted, defining the research priorities for the systematic integration of HHE into cardiovascular 

prevention strategies. 

© 2026 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Cardiovascular diseases remain a major global health burden, 

ighlighting the need for efficient tools for early detection and in- 

ervention. Ultrasound is a low-cost, accessible imaging modality, 

hile standard echocardiography, although highly accurate, is lim- 

ted by resource and accessibility constraints. Advances in minia- 

urisation have led to handheld ultrasound devices, enabling bed- 

ide assessment and extending physical examination beyond con- 

entional approaches [ 1–3 ]. Handheld echocardiography (HHE) of- 

ers portability and broader applicability but remains limited by 

hallenges in image acquisition, interpretation, and quantitative as- 

essment compared with standard echocardiography [ 1 ]. 

In this narrative review, we summarize current evidence, tech- 

ological developments, and clinical applications of HHE, with a 

articular focus on its potential integration into cardiovascular risk 

ssessment pathways in preventive cardiology. In this context, the 

eview provides an overview of clinical use cases and proposes a 

ragmatic worklist for focused HHE examinations as cardiovascular 

isk modifier and to guide referral for comprehensive echocardiog- 

aphy. 

ethods 

This narrative review was conducted through a comprehensive 

lectronic literature search of PubMed to identify relevant stud- 

es. The search strategy was designed to maximize sensitivity and 

pecificity by combining Medical Subject Headings, when available, 

ith relevant free-text keywords using standard Boolean opera- 

ors. Reference lists of the included articles were also manually 

creened to identify additional pertinent publications. Studies were 

onsidered eligible if they were published in English from earli- 

st available records until December 2025 and addressed the role 

f handheld ultrasound technologies in cardiovascular assessment 

nd prevention. The search strategy incorporated combinations of 

erms related to handheld echocardiography, focused cardiac ul- 

rasound (FoCUS), echocardiography, bedside assessment, point-of- 

are cardiac imaging (POCUS), cardiovascular screening, and pre- 

entive cardiology. A total of 459 studies were identified. Dupli- 

ates, editorials, case reports and articles not directly related to the 

ain review topic were excluded. 

echnological landscape of handheld echocardiography 

Echocardiographic equipment ranges from stationary high-end 

ystems with full diagnostic capabilities to mobile/portable units 

ith more limited functions, down to HHE, the smallest devices, 

hich typically provide only 2D imaging with basic colour Doppler 

 4 ]. Ultrasound assessment exists along a continuum from compre- 

ensive transthoracic echocardiography (TTE), allowing full quan- 

itative evaluation, to focused bedside approaches such as emer- 

ency echocardiography, point-of-care ultrasound (POCUS), and fo- 

used cardiac ultrasound (FoCUS), which address specific clinical 

uestions [ 5–7 ]. Within this framework, handheld ultrasound de- 

ices are mainly used for FoCUS and, despite their simplicity, their 

ore imaging functions enable rapid bedside cardiovascular assess- 

ent, particularly in preventive cardiology. 

istory of handheld ultrasound 

Handheld ultrasound has advanced through progressive minia- 

urisation and expanding point-of-care applications [ 8 ]. From bulky 

ortable systems in the 1980s, advances in the 1990s–20 0 0s led to 

ncreasingly compact devices. Further progress in phased-array and 

atrix transducers, together with wireless connectivity and smart- 
2

hone/tablet integration, has significantly enhanced image quality 

nd diagnostic performance [ 9 ]. 

ain handheld echocardiograms systems on the market 

Portable ultrasound systems vary widely in form, connectiv- 

ty, and imaging capabilities. These characteristics influence how 

hey can be integrated into clinical pathways in preventive cardiol- 

gy. Below, we describe a few of these systems (more detailed in 

able 1 ) [ 10–19 ]. 

he GE Vscan 

The GE Vscan family comprises pocket-sized ultrasound devices 

esigned for rapid point-of-care imaging, including targeted car- 

iac examinations. Integrated artificial intelligence (AI) software 

rovides real-time guidance on how to maneuver the probe to cap- 

ure diagnostic-quality standard views [ 10 ]. 

hilips Lumify 

The Philips Lumify is a portable ultrasound solution with differ- 

nt transducers connected via cable to a compatible smart device. 

mages and clips can be shared in real time for tele-ultrasound and 

emote consultation, which is particularly relevant in community 

r preventive cardiology settings where expert supervision may be 

seful [ 11 ]. 

utterfly iQ 

The Butterfly iQ and its successors are portable ultrasound de- 

ices built around a single semiconductor probe that can be used 

or multiple applications. The platform integrates cloud-based stor- 

ge and remote review, facilitating follow-up and teaching and 

aking it attractive for integrated preventive care pathways [ 12 ]. 

iemens ACUSON P500 

The ACUSON P500 is a compact, tablet-like ultrasound sys- 

em that is portable, though not pocket-sized. It can accommodate 

ultiple probes and offers a wide range of applications. In clini- 

al practice, it is often used as an intermediate solution between 

igh-end laboratory systems and handheld devices. It provides ad- 

anced echocardiographic imaging at the bedside in high-intensity 

r resource-limited environments [ 13 ]. 

larius Ultrasound 

Clarius Ultrasound offers a range of portable, wireless probes 

hat connect to smartphones or tablets. These probes also support 

-mode, colour Doppler, and PW Doppler. The platform integrates 

I to optimize image settings and simplify workflow, potentially 

elping inexperienced users in outpatient and preventive cardiol- 

gy settings [ 14 ]. 

onoSite Edge II 

The SonoSite Edge II is a robust, clamshell-style portable ultra- 

ound system. It is larger than pocket-sized devices, yet still eas- 

ly transportable, particularly in emergency and intensive care set- 

ings. The focus is on durability, reliability, and image quality at the 

edside. In many hospitals, it serves as a reliable PoCUS platform 

ather than a true pocket-sized HUD [ 15 ]. 

choNous Vein 

Originally developed as a portable vascular access device, the 

choNous Vein provides high-resolution images of superficial veins 

nd arteries. More recently, EchoNous platforms have been ex- 

ended to include basic cardiac imaging capabilities and AI-driven 

orkflows [ 16 ]. 
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Table 1 

Overview of selected handheld and portable ultrasound systems discussed in this review and key characteristics. 

Overview of cardiac-capable systems mentioned in the manuscript. Device characteristics are summarised from manufacturer documentation and comparative evaluations of 

handheld ultrasound systems [ 10–19 ]. 

Device Form factor Main imaging scope Key features 

GE V-scan 

(and V-scan 

Air) [ 10 ] 

True pocket-sized device, with 

either an integrated screen or a 

wireless probe connected to a 

smartphone 

Multi-organ point-of-care imaging 

with a focus on rapid cardiac and 

vascular assessment at the bedside 

Dual-probe options (sectorial + linear) enable both 

superficial and deep imaging; designed to 

complement physical examination with quick 

assessment of LV size and function, valves, 

pericardium and lungs. AI real-time guidance for 

standard views. 

Philips Lumify 

[ 11 ] 

Phased, convex or linear probe 

connected by cable to a 

compatible smartphone or tablet 

Broad range of applications including 

cardiac, lung, abdominal, FAST and 

vascular imaging through different 

transducers 

Probe-to-smartphone solution with dedicated cardiac 

and lung presets; emphasises ease of use, mobility 

and real-time connectivity/tele-ultrasound for remote 

collaboration. 

Butterfly iQ 

[ 12 ] 

Single semiconductor probe 

connected to a smartphone via 

app 

“Whole-body” PoCUS with multiple 

presets for abdomen, heart, lung, 

vascular and other applications 

Single-probe, whole-body concept with > 20 

software-defined presets; designed to cover multiple 

specialities with one handheld device and seamless 

cloud integration. 

Siemens 

ACUSON P500 

[ 13 ] 

Compact tablet-style ultrasound 

system with multiple probes; 

portable but not pocket-sized 

Wide spectrum of applications with 

PW/CW Doppler and advanced 

cardiovascular options 

Provides advanced echocardiographic imaging at the 

bedside; often used as a bridge between the echo 

laboratory and PoCUS in high-complexity settings. 

Clarius 

Ultrasound 

[ 14 ] 

Wireless handheld probes paired 

with a smartphone or tablet 

Cardiac and lung ultrasound, trauma 

and abdominal/superficial imaging 

depending on the probe 

High-definition wireless scanner with B-mode, 

M-mode, colour/power Doppler and PW Doppler; 

designed for rapid assessment of heart, lungs and 

abdomen (up to ∼40 cm depth) and integrates 

AI-assisted workflow optimisation. 

SonoSite Edge 

II [ 15 ] 

Rugged compact “clamshell”

system, portable but not 

pocket-sized, with a large screen 

and multiple probes 

Point-of-care multi-organ imaging, 

including cardiac and abdominal 

examinations in critical settings 

Highly robust platform with emphasis on durability, 

reliability and image quality at the bedside; 

frequently used as a POCUS system in 

emergency/critical care rather than as a true 

pocket-sized HUD. 

EchoNous Vein 

[ 16 ] 

Handheld device primarily 

dedicated to vascular access 

High-resolution imaging of superficial 

veins and arteries for vascular access; 

in some settings used within broader 

POCUS protocols 

Designed for vascular access with 2D and Doppler 

imaging and AI-guided workflows, with potential 

integration into cardiovascular pathways. 

Mindray TE 

Air [ 17 ] 

Different transducer 

configurations, including 

phased-array, convex and linear 

probes. 

Point-of-care cardiac, abdominal, 

vascular and lung ultrasound 

examinations in a highly portable 

format. 

Wireless operation that makes it suitable for bedside 

assessment, emergency care and community-based 

screening programs. 

Konted [ 18 ] Pocket-sized wireless ultrasound 

device with dual-probe options. 

Basic focused examinations in 

emergency or outpatient settings 

Dual-probe or interchangeable transducer options for 

basic bedside imaging and educational use. 

Abbreviations: AI, artificial intelligence; B-mode, brightness mode; CW, continuous-wave; ED, Emergency Department; HUD, handheld ultrasound device; ICU, intensive care 

unit; LV, left ventricle; M-mode, motion mode; POCUS, point-of-care ultrasound; PW, pulsed-wave. 
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indray TE Air 

The Mindray TE Air is a wireless HHE designed for point-of-care 

maging with phased-array, convex, and linear transducer config- 

rations, enabling comprehensive bedside assessment in a highly 

ortable format. Its fully wireless design enhances mobility and 

orkflow efficiency [ 17 ]. 

onted ultrasound 

The Konted HHE is a pocket-sized wireless ultrasound device 

esigned for point-of-care imaging via connection to smartphones 

r tablets. It supports basic PoCUS modalities, and enables rapid 

edside assessment of cardiac function, pericardial effusion, vol- 

me status, and basic lung ultrasound [ 18 ]. 

ationale for handheld echocardiography in preventive 

ardiology 

Cardiovascular risk assessment is based on clinical evaluation 

nd SCORE2-based stratification, with secondary prevention pa- 

ients classified as very high risk [ 20 , 21 ]. Guidelines also include

maging-based risk modifiers to refine risk estimation [ 20 , 21 ]. 

owever, a substantial number of events still occur in low- or 

ntermediate-risk individuals, highlighting limitations of current 

odels. 

From a preventive cardiology perspective, several echocardio- 

raphic findings may act as risk assessment tool because they re- 

ect target-organ damage and are associated with adverse progno- 
3

is. These include left ventricular hypertrophy (LVH) and concen- 

ric remodelling, reduced LV systolic function or subclinical systolic 

ysfunction, left atrial enlargement as a marker of chronic pres- 

ure and volume overload, haemodynamically significant ( ≥ mod- 

rate) valvular heart disease, right ventricular dilatation and pres- 

ure overload with possible pulmonary hypertension (PH), peri- 

ardial effusion and signs of pulmonary congestion on lung ul- 

rasound [ 1 , 22–24 ]. Systematic screening with comprehensive TTE 

s not feasible because of limitations in cost, time and resources 

 1 , 9 ]. In clinical practice, echocardiography is therefore reserved for 

ymptomatic patients, those with obvious abnormal clinical find- 

ngs or with a high suspicion of disease, with the risk of leaving a 

roportion of individuals undiagnosed. In this context, HHE rep- 

esents a possible intermediate solution between clinical assess- 

ent alone and imaging in the echocardiography laboratory. HHE 

evices are relatively inexpensive, highly portable and increasingly 

vailable, enabling rapid focused assessment of cardiac morphol- 

gy and function directly at the point of care. They can be inte- 

rated into routine visits in hypertension and diabetes clinics, pre- 

entive cardiology clinics and, in secondary prevention, follow-up 

isits of patients with established cardiovascular disease to address 

pecific questions (for example, re-evaluation of systolic function) 

 1 , 9 , 22 ]. HHE demonstrated to be a valuable alternative to TTE in

he presence of focused clinical questions [ 25 ]. Moreover, HHE may 

ppear particularly valuable for the refined assessment of patients 

cheduled for procedures posing an increased risk of adverse car- 

iac events, with non-cardiac surgery representing a paradigmatic 
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Table 2 

Proposed handheld echocardiography worklist for preventive cardiology. 

Proposed protocol for focused HHE examinations in at-risk individuals, awaiting validation. Each step is linked to predefined targets, mandatory items to record, binary 

screening questions, and downstream actions [ 1 , 5 , 23 ]. 

Step HHE view Main targets Items to record Screening questions (Yes/No) 

0 Clinical 

Pre-scan 

Baseline risk Heart rate; blood pressure; rhythm (sinus / AF); main risk factors 

(hypertension, diabetes, dyslipidaemia, smoking, family history); 

indication for HHE 

—

1 Parasternal 

long-axis 

(PLAX) 

LV systolic 

function; aortic 

root; mitral and 

aortic valves 

LV size (normal/dilated); wall thickness (normal/increased); 

global LV systolic function (preserved/reduced); obvious MV/AV 

lesion (none/suspected) 

• LV hypertrophy or concentric 

remodelling? 

• LV systolic function reduced? 

• ≥ moderate MV or AV disease? 

• Aortic aneurism? 

2 Parasternal 

short-axis 

(PSAX) 

LV geometry; 

regional wall 

motion; indirect 

PH 

LV shape; regional wall motion (normal/abnormal); RV size 

relative to LV (RV < / = / > LV); Coronary arteries origins; 

Pulsed-wave Doppler at the pulmonary valve 

• Any regional wall motion 

abnormality? 

• RV diameter ≥ LV diameter? 

• Normal Coronary arteries origins? 

• Indirect estimation of PH 

3 Apical 

4-chamber 

(A4C) 

LV and RV 

size/function; LA 

size; mitral and 

tricuspid valves 

Visual LVEF category (preserved / mild/moderate/severe 

reduced); diastolic function; RV function (normal/reduced); LA 

size (normal/dilated); MR/TR severity (none-mild / ≥ moderate) 

• LV systolic dysfunction confirmed? 

• Marked LA enlargement? Diastolic 

dysfunction? 

• ≥ moderate MR or TR? 

4 RV-focused 

A4C (PH view) 

RV pressure 

overload 

RV free-wall motion; RV/LV ratio; systolic septal flattening; • RV dilated with reduced function? 

• Septal flattening suggesting pressure 

overload? 

5 Subcostal 

view + IVC 

Pericardial 

effusion; volume 

status 

Presence and size of pericardial effusion; IVC diameter and 

collapsibility; 

• Pericardial effusion? 

• Tamponade signs (RA/RV diastolic 

collapse and plethoric IVC)? 

• Marked volume overload? 

6 Focused lung 

ultrasound 

Pulmonary 

congestion and 

pleural effusion 

Pattern of B-lines and presence of pleural effusion • Bilateral, multifocal B-lines 

compatible with pulmonary 

congestion? 

• Pleural effusion present? 

7 Synthesis and 

image quality 

assessment 

Global 

interpretation and 

ruling out major 

disease 

Overall image quality; HHE classification (negative /positive); 

recommendation regarding TTE (not 

needed/advisable/mandatory) 

• Any abnormal or non-diagnostic 

finding? 

• Image quality insufficient to rule out 

major pathology? 

Abbreviations: A4C, apical 4-chamber; AF, atrial fibrillation; B-lines, ultrasound lung comet-tail artefacts; HHE, handheld echocardiography; IVC, inferior vena cava; LA, 

left atrium; LV, left ventricular; MR, mitral regurgitation; PH, pulmonary hypertension; PLAX, parasternal long-axis; PSAX, Parasternal short-axis; RA, right atrium; RV, 

right ventricle; TR, tricuspid regurgitation; TTE, transthoracic echocardiography. 
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xample [ 26 ]. In this setting, preoperative FoCUS examination may 

mprove patient management – also reducing the need for TTE as- 

essment – and guide intra-procedural as well as post-operative 

atient management, possibly reducing all-cause mortality [ 26 , 27 ]. 

When used according to a structured worklist, HHE can reli- 

bly answer simple and clinically relevant questions, such as those 

ummarised in the proposed worklist table ( Table 2 ) [ 5 , 28 ]. Mod-

rn HHE platforms also allow image storage and remote report- 

ng, so that examinations performed by non-expert operators (for 

xample in primary care) can be reviewed by cardiologists. This 

ombination of relatively low cost, reliability, availability and the 

ossibility of remote expert review facilitates wider dissemina- 

ion of HHE, including in the hands of non-specialists, in preven- 

ive care settings [ 8 , 22 , 29 ]. In patients in whom a focused HHE

xamination does not show relevant structural abnormalities (an 

HHE-negative” study), the pre-test risk category is generally not 

odified, and risk factor management can be continued accord- 

ng to current guidelines, with routine follow-up [ 1 , 18 ]. Conversely, 

n “HHE-positive” study may justify reclassifying the patient into 

 “most scrutinized” category, intensifying pharmacological and 

ifestyle interventions, and referring the patient for comprehen- 

ive TTE, where detailed quantification and advanced Doppler tech- 

iques can be performed [ 1 , 9 ]. This approach has the potential

o optimise the use of echocardiographic resources by prioritis- 

ng comprehensive studies in those with the highest likelihood of 

athological findings [ 1 , 9 , 22 ]. 

Methodologically heterogeneous studies, conducted in at-risk 

utpatient populations, including hypertensive and diabetic pa- 

ients, suggest that HHE can reveal a high prevalence of previously 

nrecognised LVH, left atrial enlargement and subclinical systolic 
T

4

ysfunction that are not apparent on traditional clinical and in- 

trumental assessment [ 22 , 30 , 31 ]. In these studies, agreement be-

ween HHE and TTE was generally good for major structural ab- 

ormalities, with high specificity but more variable sensitivity: de- 

ection of systolic dysfunction showed a sensitivity of 74–97% and 

 specificity of 94–99%, whereas assessment of LV dilatation and 

ypertrophy demonstrates a sensitivity of 71–94% and a specificity 

f 97–100% [ 22 , 30 , 31 ]. False positives were typically mitigated by

perator training, adherence to focused protocols and confirmation 

ith comprehensive TTE, which remains the reference standard. 

Similarly, the combination of focused cardiac echocardiogra- 

hy with lung ultrasound improves the ability to detect conges- 

ion compared with clinical assessment alone, in both acute and 

hronic heart failure (HF), reinforcing the idea that adding HHE to 

tandard evaluation may modify risk classification and influence 

anagement decisions [ 23 , 24 ]. However large-scale data on hard 

utcomes and cost-effectiveness in preventive programmes are still 

imited. 

linical applications in prevention 

From a preventive cardiology perspective, the primary goal of 

HE is the rapid identification of structural and congestion-related 

red flags” that may modify cardiovascular risk classification ( Fig. 

 and Fig. 2 ), prompt treatment intensification, and select patients 

ho should be referred for comprehensive TTE. Major documents 

n handheld devices frame these tools as a complement to, rather 

han a replacement for, full echocardiographic studies [ 1 , 4–6 , 9 , 22 ].

he following subsections mirror the clinical questions and tar- 
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Fig. 1. Handheld echocardiography in preventive cardiology: from at-risk individuals to risk reclassification and targeted echocardiography. 

At-risk individuals first undergo standard clinical assessment, including medical history, physical examination, blood pressure measurement, electrocardiogram and laboratory 

tests. HHE is then performed using a structured worklist to screen for major structural and functional abnormalities. HHE findings are used to reclassify risk and to triage 

patients into two groups: (i) those with no significant structural abnormalities, who continue lifestyle interventions and guideline-directed risk factor management with 

routine follow-up; and (ii) those with structural heart disease or evidence of congestion, who may benefit from intensified preventive therapy and closer follow-up and who 

require a comprehensive transthoracic echocardiogram. 

Abbreviations: HHE, handheld echocardiography; IVC, inferior vena cava; LV, left ventricle; RV, right ventricle. 

Fig. 2. Cardiac, Pulmonary, and Extracardiac targets assessed by handheld echocar- 

diography [ 1 , 5 , 9 , 22 ] 

IVC, Inferior Vena Cava. LV, Left Ventricular. RV, Right Ventricle. 
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ets included in the proposed HHE worklist awaiting validation 

 Table 2 ) and in the care pathway summarised in the Fig. 1 . 

V hypertrophy and LV systolic function 

In patients with hypertension, diabetes or chronic coronary 

rtery disease, LVH and overt or subclinical reduction in global sys- 

olic function are classic markers of target-organ damage and are 

ssociated with adverse prognosis [ 1 , 9 , 22 ]. Early work using hand-

eld devices in hypertensive cohorts showed that focused imaging 

an detect LVH in a substantial proportion of patients who would 

therwise remain undiagnosed [ 32 ]. HHE allows a rapid qualitative 

ssessment of LV size, wall thickness and global systolic function, 

ith visual categorisation of LV ejection fraction (LVEF) into broad 
5

lasses and the ability to recognising obvious regional wall motion 

bnormalities when image quality is adequate [ 1 , 4 , 9 , 30 ]. 

Some devices incorporate automated or artificial intelligence- 

ased applications for semi-automated LVEF estimation from api- 

al views, which may be particularly helpful for less experienced 

perators, although performance is highly dependent on image 

uality and patient characteristics [ 33–35 ]. HHE is not suitable 

or advanced quantitative parameters such as myocardial strain or 

etailed diastolic function assessment, and cannot provide a full 

haracterisation of HF with preserved ejection fraction [ 1 , 9 ]. In a

reventive setting, a “positive” HHE examination showing marked 

VH, LV dilatation, or clearly reduced LVEF warrants risk reclas- 

ification, a more aggressive therapeutic strategy, and referral for 

omprehensive standard echocardiography. Conversely, a “negative”

tudy supports continuation of guideline-directed preventive care 

nd routine follow-up [ 1 , 9 , 22 , 30 ]. 

ight ventricle and pulmonary pressure overload 

Right ventricular (RV) dilatation and signs of pulmonary pres- 

ure overload carry important prognostic implications in HF, pul- 

onary disease and thromboembolism. HHE enables a qualitative 

ssessment of RV size and global function, the RV/LV ratio and 

he presence of systolic interventricular septal flattening consistent 

ith pressure overload, within the focused views recommended 

or FoCUS [ 1 , 5 , 6 , 22 ]. Measurement of the inferior vena cava (IVC)

iameter and collapsibility provides an indication of right-sided 

lling pressures and overall volume status, particularly when in- 

egrated into limited cardiopulmonary FoCUS protocols [ 28 , 36 ]. 

In addition, studies in patients with suspected pulmonary em- 

olism have shown that pocket-size devices can identify RV dilata- 

ion and dysfunction thereby refining risk stratification and im- 

roving diagnostic accuracy when added to clinical assessment 

 37 , 38 ]. However, HHE does not allow accurate estimation of 

ulmonary artery pressures or standardised quantification of RV 

unctional indices, which require comprehensive echocardiography 



A. Stefanini, M.C. Pastore, C. Salvatici et al. Trends in Cardiovascular Medicine xxx (xxxx) xxx

ARTICLE IN PRESS
JID: TCM [m5G;July 16, 2026;14:47]

[

a

h

p

a

t

m

t

P

i

V

s

c

d

s

h

t

d

i  

r

m

e

[

h

h

t

d

s

a

h

e

l

A

i

b

a

w

p

f

h

t

g

s  

t

c

m

d

r

g

c

E

c

i

r

t

[  

i

p

h

r

c

o

c

s

w

w

t

w

a

r

h

i

d

t

m

t

m

l

c  

i

c

a

g

(  

t

m

i

I

s

i

w

a

c

m

p

p

e

p

I

t

e

i

t

q

s

p

s

h

r

o

a

e  

p

s

d

[

 1 , 22 ]. In preventive and follow-up settings, a negative HHE ex- 

mination for RV dilatation and overload helps to exclude major 

aemodynamic abnormalities, whereas a positive study identifies 

atients who should be referred for full TTE and, when appropri- 

te, further workup for PH or chronic thromboembolic PH. Fur- 

hermore, the use of pulsed-wave Doppler at the level of the pul- 

onary valve can serve as an indirect estimator of PH. In the con- 

ext of HHE, where continuous-wave Doppler is often unavailable, 

W-derived parameters provide a valuable surrogate, allowing clin- 

cians to obtain functional hemodynamic information. 

alvular abnormalities 

At least moderate valvular heart disease, particularly clinically 

ignificant aortic stenosis and mitral or tricuspid regurgitation (in- 

luding isolated tricuspid regurgitation independent of left-sided 

isease), has a major impact on follow-up strategies and progno- 

is. In this field, HHE has a pivotal role. Prospective comparisons 

ave shown that handheld and pocket-size devices can reliably dis- 

inguish essentially normal valves from clearly abnormal ones and 

etect valvular lesions at least moderate in severity when the clin- 

cal question is framed in binary terms [ 1 , 9 , 22 , 25 , 30 ]. HHE enables

ecognition of markedly thickened or calcified valves, gross leaflet 

otion abnormalities and significant regurgitation based on the 

xtent and direction of the colour Doppler jet in standard views 

 1 , 9 ]. 

Handheld systems equipped with continuous-wave Doppler 

ave also demonstrated the feasibility of preliminary screening for 

aemodynamically significant aortic stenosis, although full quan- 

ification still requires standard TTE [ 39 , 40 ]. Overall, current evi- 

ence is largely limited to small feasibility and diagnostic accuracy 

tudies and detailed assessment of transvalvular gradients, valve 

reas and regurgitation severity remains the domain of compre- 

ensive echocardiography. Any HHE study suggesting valvular dis- 

ase of at least moderate severity should be systematically fol- 

owed by a complete echocardiographic examination [ 1 , 9 , 22 ]. 

ortic root, pericardial effusion and pleural effusion 

Assessment of the aortic root, pericardium and pleural spaces 

s another area in which HHE can provide relevant information in 

oth primary and secondary prevention. In the parasternal long- 

xis view, handheld devices allow measurement of the aortic root 

ith sufficient accuracy to identify overt dilatation, which should 

rompt more detailed imaging and, in selected patients, evaluation 

or aortic pathology [ 1 , 22 ]. Focused protocols incorporating hand- 

eld devices have also shown that pericardial effusions can be de- 

ected and their extent qualitatively assessed at the bedside, to- 

ether with echocardiographic signs compatible with tamponade, 

uch as right-sided chamber collapse and a plethoric IVC [ 28 , 41 ]. In

he same examination, basal pleural effusions and dependent fluid 

ollections can be visualised and integrated into the overall assess- 

ent of congestion [ 23 , 36 ]. Within the proposed worklist, a clearly 

ilated aortic root, pericardial effusion or clinically relevant pleu- 

al effusion are considered positive HHE findings that should trig- 

er more detailed echocardiographic or tomographic imaging and 

loser clinical follow-up [ 1 , 22 , 41 ]. 

xtracardiac findings (lung congestion, carotid disease, femoral access 

omplications, etc.) 

Lung ultrasound performed with handheld systems allows rapid 

dentification of bilateral B-lines and pleural effusions, which 

eflect increased extravascular lung water and correlate with 

he degree of congestion in patients with acute or chronic HF 

 23 , 24 , 42 , 43 ]. Adding lung ultrasound to the clinical examination
6

mproves the ability to detect and grade congestion compared with 

hysical examination alone, and structured reporting checklists 

ave been proposed to standardise quantification in HF [ 21 , 42 ], 

ecognizing that B-lines are non-specific findings and may reflect 

auses other than congestion, such as interstitial lung disease. 

Pocket-size devices have also been used for bedside screening 

f significant carotid artery stenosis (also in patients undergoing 

ardiac surgery) and for the detection of femoral artery access- 

ite complications after invasive procedures, with good agreement 

ith standard vascular ultrasound [ 44–46 ]. In selected patients 

ith favourable acoustic windows, a preliminary assessment of 

he abdominal aorta may be feasible and is conceptually aligned 

ith POCUS protocols that include screening for abdominal aortic 

neurysm. Nevertheless, most cardiac phased-array probes may not 

eliably visualize the abdominal aorta and dedicated evidence with 

andheld systems in structured abdominal aortic aneurysm screen- 

ng programmes remains limited [ 7 , 35 ]. These extracardiac findings 

o not replace dedicated vascular imaging but can serve as addi- 

ional imaging-based “risk modifiers” that refine global risk assess- 

ent and help identify patients who warrant intensified therapy or 

argeted follow-up in preventive cardiology clinics [ 21 , 44 , 47 ]. 

Taken together, these use cases can be translated into a prag- 

atic HHE worklist and care pathway for preventive cardiology, in 

ine with FoCUS- and POCUS approaches endorsed by major so- 

ieties [ 1 , 5 , 9 ]. In our proposal, each examination follows a lim-

ted set of standard views (parasternal long- and short-axis, api- 

al four-chamber and RV-focused views, subcostal view with IVC 

ssessment and focused lung ultrasound), with predefined tar- 

ets, mandatory items to record and binary screening questions 

 Table 2 ) [ 5 , 6 , 28 ]. This structured approach ( Fig. 1 ) is intended

o standardise the use of HHE in prevention clinics and to opti- 

ise downstream use of echocardiography resources, albeit requir- 

ng validation [ 1 , 9 , 22 ]. 

mplementation and utilisation beyond cardiology 

The impact of HHE on prevention largely depends on its dis- 

emination beyond the echocardiography laboratory and the imag- 

ng cardiologist [ 1 , 9 ]. Bringing this triage tool into the settings 

here cardiovascular risk is actually managed - general practice 

nd community clinics, hypertension, diabetes and dyslipidaemia 

linics, and nurse-led services - makes a targeted HHE-based 

odel realistically implementable [ 1 , 22 ]. However, widespread im- 

lementation will also require reorganisation of clinic workflows, 

rotected time for scanning and appropriate reimbursement mod- 

ls. In these settings, HHE can be used by different professional 

rofiles, provided that the scope of practice is clearly defined. 

n addition to cardiologists who are not advanced imagers, in- 

ernists, general practitioners, emergency physicians and experi- 

nced nurses embedded in structured teams can perform lim- 

ted examinations focused on a small number of binary ques- 

ions [ 7 , 47 ]. The aim is structured triage, not full echocardiographic 

uantification. 

Integration with image archiving systems and with concise, 

tandardised reports is crucial to enable tele-consultation with ex- 

ert cardiologists, especially for indeterminate studies and for non- 

pecialist operators [ 8 , 29 ]. The use of HHE outside cardiology also 

as important organisational implications. On the one hand, it may 

educe the number of unnecessary TTEs, anticipate the diagnosis 

f LV hypertrophy, significant valvular disease or congestion, and 

llow a more targeted follow-up, leading to more efficient use of 

chocardiographic resources [ 1 , 22 , 30 ]. On the other hand, if im-

lemented without adequate governance, it may promote over- 

creening, increase false positives and false negatives, fragment 

ata and encourage use of the tool outside its intended indications 

 22 , 31 ]. For this reason, the introduction of HHE in non-cardiology 
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ettings should be accompanied by shared protocols that clearly 

efine indications, admissible clinical questions, criteria for referral 

o standard TTE and quality indicators to be monitored over time 

 1 , 5 ]. Specifically, existing recommendations suggest minimum re- 

uirements for FoCUS training, including a combination of theo- 

etical instruction, supervised image acquisition, and a predefined 

umber of mentored examinations to achieve basic competence 

nd quality assurance [ 1 , 5 , 6 ]. In particular, training requirements

annot be standardized in terms of a fixed number of hours or ex- 

minations, given the heterogeneity of trainees and clinical con- 

exts; instead, competency should be the primary goal and as- 

essed throughout practical training that should also ensure opera- 

ors’ awareness on their own limitations and the appropriate scope 

f FoCUS use [ 1 , 5 , 6 ]. 

In summary, when embedded within standardised care path- 

ays, with appropriate training and specialist supervision, HHE 

an help bridge the gap between risk stratification based solely on 

linical scores and the early identification of cardiovascular target- 

rgan damage in at-risk populations [ 9 , 22 ]. 

hallenges and future directions 

Despite rapid technological progress and the growing adoption 

f portable devices, the integration of HHE into structured cardio- 

ascular prevention programmes is still limited by several barri- 

rs. These relate to diagnostic performance, training and quality 

ssurance, protocol standardisation, digital integration and, above 

ll, the paucity of data on clinical outcomes and cost-effectiveness 

 1 , 9 , 22 ]. 

iagnostic and methodological limitations 

Compared with comprehensive TTE, lower spatial and temporal 

esolution, reduced Doppler capabilities and the lack of advanced 

ools (such as strain imaging or a full diastolic evaluation) translate 

nto a non-negligible risk of false negatives, particularly for mild or 

ubclinical abnormalities [ 1 , 31 ]. At the other end of the spectrum,

sing HHE outside its predefined scope may favour false positives 

nd overdiagnosis [ 48 ]. A key priority for the future is the def-

nition and validation of simple, reproducible criteria specifically 

n preventive populations, rather than extrapolated from acute or 

ospital-based cohorts [ 5 , 22 ]. 

rotocols, digital integration and technology 

Currently, there are no widely accepted prevention-specific 

rotocols for HHE in cardiovascular risk clinics beyond general 

oCUS and POCUS frameworks [ 5–7 ]. Key issues remain unre- 

olved, including patient selection, examination frequency, re- 

uired imaging views, and standardized reporting [ 5 , 22 ]. Integra- 

ion with electronic health records is also limited, with risks of 

ata fragmentation and poor longitudinal traceability [ 8 ]. Emerging 

ools such as AI-assisted acquisition and interpretation, and tele- 

chocardiography/tele-mentoring, offer promising solutions but re- 

uire robust validation in preventive settings to ensure safety, reli- 

bility, and clinical impact [ 27 , 33 , 35 ]. 

Specifically, AI-based acquisition and measurement are increas- 

ngly integrated into commercially available echocardiography plat- 

orms; however, regulatory approval does not eliminate the need 

or local validation, quality assurance procedures and clinician 

versight [ 49 ]. Current recommendations emphasize that AI tools 

hould be regarded as clinical decision-support systems rather 

han autonomous diagnostic platforms [ 49 ]. 

Moreover, published studies have demonstrated good agree- 

ent with expert measurements, including studies involving 
7

ovice operators [ 50 , 51 ]. Nevertheless, performance remains de- 

endent on image quality and clinical context, and results ob- 

ained in community settings should be interpreted with appropri- 

te caution [ 49 ]. Automation bias is a potential limitation, as oper- 

tors may over-rely on AI-generated outputs; therefore, consistent 

ith current recommendations on trustworthy AI, human over- 

ight remains essential, particularly in cases with suboptimal im- 

ges or complex pathology [ 49 ]. Finally, regulatory clearance does 

ot transfer medico-legal responsibility from clinicians to the soft- 

are, highlighting the importance of quality assurance processes, 

ppropriate governance and clear lines of responsibility [ 49 ]. 

vidence gaps, health systems and cost-effectiveness 

Perhaps the most relevant limitation is the lack of robust data 

n the impact of HHE-based strategies on hard clinical outcomes, 

ervice organisation and cost-effectiveness [ 1 , 9 , 22 ]. A few stud- 

es have evaluated pocket-sized echocardiography as a screening 

ool for structural heart disease, reporting good diagnostic ac- 

uracy and favourable short-term cost-effectiveness in outpatient 

r population-based cohorts, but they remain small and context- 

pecific [ 52 , 53 ]. Most of the available evidence comes from diag-

ostic accuracy studies, feasibility series or small implementation 

rojects, often conducted in hospital and acute care environments 

ather than in primary or secondary prevention clinics [ 1 , 31 ]. 

ey health-system questions therefore remain largely unanswered: 

ho should perform HHE, how to embed it in the care pathways 

f hypertensive or diabetic patients, what is the optimal frequency 

f examinations, and what is the real cost-effectiveness and the 

et balance between avoided TTEs, earlier detection of structural 

isease, treatment intensification, events prevented and additional 

osts [ 1 , 8 , 22 ]. Issues of equity are also central: in low-resource set-

ings and community screening programmes, HHE might expand 

ccess to basic imaging, but this requires well-regulated task shift- 

ng to nurses or community health workers, with clear boundaries 

f responsibility and appropriate supervision [ 7 , 22 ]. 

uture directions 

For HHE to be integrated into structured prevention pro- 

rammes, further hardware and software improvements are 

eeded to overcome current diagnostic limitations in screening- 

riented applications [ 1 , 22 ]. Simple, binary, prevention-oriented 

riteria for key cardiac abnormalities should be developed and val- 

dated [ 5 , 22 ]. Dedicated training and certification pathways, sup- 

orted by simulation and audit, are required to ensure quality 

 2 , 6 , 48 ]. In addition, standardized protocols with integration into 

lectronic records, AI support, and tele-echocardiography should 

e implemented to standardize workflows [ 5 , 8 , 29 ]. Finally, real-

orld implementation studies, including pragmatic and cluster- 

andomized designs, are needed to define the clinical and eco- 

omic value of HHE in preventive settings [ 1 , 9 , 22 ]. 

onclusions 

HHE in preventive cardiology sits as an intermediate step be- 

ween clinical assessment alone and comprehensive TTE. In at-risk 

ndividuals, focused HHE examinations can reveal early signs of 

ardiac target-organ damage that are not captured by physical ex- 

mination or risk scores alone. To translate this into routine prac- 

ice, clear definition of HHE use, operator training, standardised 

rotocols, system integration, and evidence on outcomes and cost- 

ffectiveness are required. If addressed in a coordinated way, these 

hallenges may allow HHE to evolve from a promising technology 

nto a structural component of preventive cardiology pathways. 
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