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ONE STOP SHOP SERVICE?

ANDREAS SERAPHIM, MD', STAVROULA A PASCHOU, MD, PHD?, JULIA GRAPSA, MD, PHD'2,

AND PETROS NIHOYANNOPOULOS, MD?

'"DEPARTMENT OF CARDIOVASCULAR SCIENCES, ROYAL BROMPTON, LONDON, UNITED KINGDOM
2DEPARTMENT OF CARDIOVASCULAR SCIENCES, IMPERIAL COLLEGE OF LONDON, LONDON, UNITED KINGDOM

The introduction of portable, pocket-sized echocardiography devices in various healthcare systems has raised new questions
with regards to their realistic use in clinical practice. Several studies have already attempted to provide information regarding
their safety and diagnostic potential, the training required to operate them, as well as their direct comparison with standard
echocardiography machines. This manuscript is a review of the literature of the documents or position papers which employ the
use of pocket or handheld devices. Following review of the literature, we suggest that these miniaturized devices can provide
a valuable diagnostic tool that can complement and improve the diagnostic yield of clinical examination. When operated by
appropriately trained professionals, they can provide a limited but very reliable echocardiographic assessment. Pocket-sized

echocardiography is a part of physical examination and should not be considered a complete echocardiographic scan. Optimal
training is required for the smooth operation of handheld echocardiography.
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INTRODUCTION

Due to limited resources and increasing demand in health-
care, technological advances and their application to clinical
practice undergo careful evaluation with regards to both their
safety and cost-effectiveness.

Several studies have suggested that the availability of hand-
held portable ultrasound equipment, not only may increase
the diagnostic accuracy of physicians, but can allow earlier dis-
ease detection, triage improvement and facilitate patient refer-
ral." However, the availability of these miniaturized hand-
held ultrasound devices has raised several questions with
regards to their current and future use in clinical practice.

Despite being an innovative technology, important issues
arise with regards to their realistic use. Questions such as their
true diagnostic use, the training needed to operate them,
whether they can extract reliable information comparable to
conventional echocardiography machines and their cost-effec-
tiveness are still a matter of ongoing research. This is the main
scope of this manuscript.

Interestingly, national and international bodies™ issued

statements clarifying their views on the use of these hand-held
echo machines. Although there is a clear consensus that these
devices cannot be used as substitutes to the standard echocar-
diography, their exact role in clinical practice remains to be
defined. The aim of this review manuscript was to summarize
the types and utility of portable devices.

TYPES OF HAND-CARRIED ULTRASOUND
DEVICES

The concept of portable echocardiography originates from
as early as the 1970s, were the first descriptions of “ultrasonic
stethoscope” appeared in the literature.”” Since then, techno-
logical developments allowed the production of a range of
echocardiography devices, ranging from mobile systems
equipped with all standard modalities to the newer miniature
“pocket” devices.”

Evidently, the functions and capabilities of each device are
different, prompting the European Association of Echocar-
diography to clearly differentiate between different types of
portable echo machines. Important technical functions such as
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the color-flow Doppler and spectral Doppler are not available
in all hand-held portable devices.

The newer pocket-sized portable echocardiography machines
are small devices similar to the size of a smart phone and may
be easily carried by a healthcare professional. They are battery
operated and may provide diagnostic quality 2D, with color
Doppler imaging in real-time.” Images may be stored and may
be transferred offline in a digital format. Their small size and
low weight, allow them to be considered truly hand-held por-
table devices, easily carried by a healthcare professional.

USE OF POCKET-SIZED PORTABLE
ECHOCARDIOGRAPHY DEVICES

There have been a number of studies assessing the clinical ef-
fectiveness of portable echocardiography devices. They have
suggested that these devices may be safely used to enhance the
diagnostic accuracy of cardiovascular examination and proposed
their use in various clinical settings. Furthermore, since their
introduction in clinical practice, several studies have compared
these new pocket-sized echo devices with the standard, high
quality transthoracic echocardiography devices, suggesting a
high level of correlation in terms of basic diagnostic accuracy.

IMPROVEMENT OF DIAGNOSTIC ACCURACY WHEN
ADDED TO CLINICAL EXAMINATION

Studies have previously demonstrated the limitations of the
cardiovascular examination, and also highlighted the reduced
emphasis on clinical examination skills in modern medical ed-
ucation.”” Various groups have also demonstrated that porta-
ble echocardiography may be used as an extension of the phys-
ical examination, enabling more accurate assessment of the
cardiovascular system and often resulting in the modification
of the initial diagnosis and management.”” More specifically,
hand-held echocardiography has been shown to serve as a
valuable tool in addition to clinical examination, in the detec-
tion of various cardiac abnormalities such as left ventricular
(LV) dystunction, LV hypertrophy, pericardial effusion, valvu-
lar heart disease and right atrial pressure (Table 1).

Although extrapolation of this data to the newer pocket-
sized machines should be done with care given the technical
differences among the “hand-held portable echo machines”, it
is not surprising that similar levels of additional diagnostic
benefit seemed to be gained from the use of the newer pocket-
sized devices.'*"”

Appreciating the true benefit gained by the use if these de-
vices seems to be a challenging task. A study by Spencer et
al.,” demonstrated that the use of portable echocardiography
increased the diagnostic accuracy of cardiologists by 50% for
major cardiovascular abnormalities, whereas a more recent
study by Galderisi et al.,'” using a pocket-sized device showed
a “theoretical” additional diagnostic power of 31.5%. More
importantly, a study by Cardim et al.,"”” not only demonstrat-
ed an additive clinical value over clinical examination, but

showed various other benefits such as reducing the need for
unnecessary standard echocardiography and discharge rate
from the outpatient clinic.

The diagnostic benefit gained from these seems to apply to
a range of healthcare professionals ranging from fully qualified
cardiologists,” internal medicine residents,” junior doctors
and medical students.””""? Interestingly, Kobal et al.”” showed
that with the use of a hand-held echo device, the ability of
medical students to detect various cardiac abnormalities, in-
cluding valvular heart disease, LV dysfunction, enlargement,
and hypertrophy was significantly greater to that of experi-
enced cardiologists physical examination.

It could also be argued that the true impact that pocket-sized
echo machines may have on the diagnosis and management of
patients, extends beyond the field of cardiology patients. In-
deed, a study by Mjolstad et al."” demonstrated that the addi-
tion of pocket-sized examination of < 10 min to usual care
(cardiac and abdominal ultrasound), corrected the diagnosis in
almost 1 of 5 patients admitted to a medical department.

HOW WELL DO THE LATEST POCKET-SIZED DEVICES
COMPARE TO STANDARD TRANSTHORACIC
ECHOCARDIOGRAPHY?

There is an increasing body of evidence comparing the diag-
nostic accuracy of the pocket-sized echo devices with standard,
high quality echocardiography (Table 2). Several studies have
demonstrated that these newer devices are not only easy to op-
erate, but in appropriate conditions may provide diagnostic
yield similar to that of standard echocardiography, with re-
gards to basic echo parameters.

Most studies concluded that the images acquired with the
new devices have very good correlation with standard echocar-
diography, especially with regards to the assessment of the LV,
regional wall motion abnormalities, valvular abnormalities
and pericardial effusions. It is however widely accepted, that
despite their impressive diagnostic accuracy in identifying sig-
nificant cardiac pathology, these devices do not provide a sub-
stitute for standard transthoracic echocardiography (sSTTE)
due to their limited technical capabilities.

ASSESSMENT OF THE LEFT VENTRICLE

Most studies comparing the quality of pocket-sized echo
devices have used the assessment of the LV as a primary end-
point. Liebo et al."” compared the images obtained from 97
patients with those obtained from sTTE. Their group demon-
strated that the images were adequate for interpretation of the
LV ejection fraction in 95% of cases, regional wall motion ab-
normalities in 83%, whereas LV end-diastolic dimension in
95% of the studies. Compared to standard echocardiography,
interpretation of the images by cardiologists had accuracy
greater than 90% for all of the above LV parameters. Similar
results were published by Andersen et al.,"” after demonstrat-
ing that the pocket-sized echocardiography had almost perfect
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Table 1. Summary of hand-held portable echo studies assessing the length of training and the added diagnostic benefit for cardiovascular pa-
thology as an addition to clinical examination

Study

No.

Operators

Clinical setting Type of training

Type of assessment

Results

Galderisi et al.'"* 304

Panoulas etal.™ 122 5 final year medical Emergency 2 hr bedside tutorial
students, department,
3 junior doctors cardiology ward
Cardim etal.”* 189 6 cardiologists Outpatient Experienced operators
cardiology clinic
Brennan et al.'” 40 4 internal medicine Inpatients, 4 hr didactic
residents < 1 hr after right teaching and
sided catheterization 20 studies
Kobal et al.” 61 2 medical students  Inpatients 18 hr of training
in cardiac US
Spencer et al.” 36 4 cardiologists Outpatient Experienced
cardiologists who had
performed 10-15
studies using the
hand-held device
Martin et al."” 354 10 hospitalists Inpatients 5 training studies
Decara et al.'” 12 10 medical students Outpatients 15 days of training

Expert operators
(102 studies),
trainees
(202 studies)

Outpatient 15 hr of teaching
cardiology clinic and 3 months
experience
in handling and

visual interpretation

LV dilatation,
hypertrophy
and function,
RV dilatation,
valve calcification,
pericardial/
pleural effusions

LV function,
RV function,

valvular abnormalities

Pocket-size
echo added to

clinical examination

Assessment of
right atrial pressure

Assessment of
valvular heart disease,
LV function/
hypertrophy

LV dysfunction,
valvular heart
disease, HCM, VSD

LV function,
cardiomegaly,
valvular disease,
pericardial effusion

Valvular heart
disease,
cardiomyopathy,
ASD, VSD,
pericardial effusion

Additional diagnostic
power 31.5% compared
to physical examination.
Concordance with

STTE was good

Improvement in
diagnostic accuracy,
for LV dysfunction
and valvular disease

Increase in number
of diagnosis, reduction
in referrals for sSTTE,
facilitating discharges
from cardiology clinic

Diagnostic accuracy for
RA pressure > 10 mm Hg
was higher compared
to physical examination

Student’s assessment
with HCU resulted in
higher diagnostic
accuracy than that
of cardiologists
performing a physical
examination

Improvement in
diagnostic accuracy.
Cardiac examination
failed to identify 59%
of findings, and this
was reduced to 29%
when portable
echo was used

Improvement in
diagnostic accuracy
for LV function,
cardiomegaly
and pericardial
effusion.

No improvement
in assessment
of AR, AS, MR

Improvement in
diagnostic accuracy,
greater for valvular
heart disease rather
than cardiomyopathy

*Studies that used pocket-sized portable echo devices. LV: left ventricle, RV: right ventricle, STTE: standard transthoracic echocardiography, RA: right atrium,
US: ultrasound, HCU: hand-carried cardiac ultrasound, HCM: hypertrophic cardiomyopathy, VSD: ventricular septal defect, AR: aortic regurgitation, AS: aor-

tic stenosis, MR: mitral regurgitation, ASD: atrial septal defect

correlation with sSTTE with regards to global and regional LV
function r (95% confidence interval): 0.95 (0.90—0.99) and 0.92
(0.83-0.98), respectively. Fukuda et al.”” also showed an excel-
lent correlation between pocket-sized echo and sTTE with re-
gards to assessment of LV dimensions and fractional shorten-
ing when experienced ultrasonographers performed the scan.
Studies also demonstrated a good correlation with sSTTE with

regards to the LV assessment when the scan was performed by a
non-specialist. Culp et al.”” demonstrated that a cardiology fel-
low with a 2-month experience in echocardiography was able to
visually estimate the ejection fraction of the LV at an adequate
degree, with a good correlation with sTTE. Furthermore, an-
other study assessing the ability of medical students to acquire
images with pocket-sized transthoracic echocardiography
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Table 2. Studies comparing the diagnostic accuracy of pocket-sized echo devices with sTTE, showing operators, clinical setting and operator

training
Study No. Operators (no. of studies) ~ Clinical setting Training Type of assessment Main findings
Prinz and Voigt™” 349 Experienced cardiologist Echo department Operators experienced LV size and function, Good correlation
in echocardiography RWMA, with sTTE. Good
pericardial effusion,  concordance for
valve stenosis and valve regurgitation
valve regurgitation  with slight
overestimation
of severity
Kono et al.””! 186  Experienced Echo department  Less experienced Assessment of Good correlation

ultrasonographers (121),
less experienced
ultrasonographers (65)

Filipiak-Strzecka et al.”® 90 2 medical students

Culp et al.”” 40 1 cardiology fellow Echo department
Andersen et al."” 108 3 cardiologists Cardiac and
non-cardiac
units
Fukuda et al.*” 125  Expert sonographer Echo
(90 patients) department (90)
Physician (35) Bedside (35)
Kitada et al.”” 200 Expert physician Echo department
Liebo ecal.'” 97  Ultrasonographers Inpatients,
outpatients

ITU/outpatients

ultrasonographer MR and AR with sTTE,
had 6 months with slightly reduced
experienced in correlations for
echocardiography the less experienced
operator
5 day course LV function, Moderate to very

(5 hours a day) pericardial effusion,
RWMA, LV/RV/

LA/ascending aorta

good agreement
with sTTE,

with notable
learning curve effect

2 months experience  Visual estimation Good correlation

in echocardiography ~ of EF for EF estimation
Operators experienced LV function, Almost perfect
in echocardiography LA size, IVC, AA, correlation for LV
pericardial effusion  function, AA,

pericardial effusion.
Strong correlation
between RV and
valvular function

Excellent correlation
and agreement
with STTE

Cardiac chamber
size and function

Operators experienced
in echocardiography

Operators experienced LV size and function, Strong correlation with

in echocardiography RWMA, LA size, STTE. Overestimation
pericardial effusion,  of abnormalities
valvular heart in 14 patients,
disease missed findings

in 7 patients
Echo performed by EE, RWMA, Good correlation for

ultrasonographers. LV end-diastolic LV function,

Images interpreted dimension, RWMA, cardiac

by 2 cardiology pericardial effusion,  structures with

valvular heart

disease, IVC

fellows (2-month
echo experience)
and 2 cardiologists

STTE. Suboptimal
visualization of IVC

LV: left ventricle, RWMA: regional wall motion abnormality, sSTTE: standard transthoracic echocardiography, MR: mitral regurgitation, AR: aortic regurgita-
tion, ITU: intensive therapy unit, RV: right ventricle, LA: left atrium, EF: ejection fraction, IVC: inferior vena cava, AA: abdominal aorta

(pTTE), showed good agreement between pTTE and sTTE
with regards to the assessment of global LV function.””

ASSESSMENT OF VALVULAR HEART DISEASE

There is a general consensus that among the various cardiac
parameters estimated, assessment of valvular heart disease ap-
pears to be one of the most limited functions of these pocket-
sized devices, with slightly reduced correlation with sTTE
findings. Prinz and Voigt™ reported an overestimation of the
severity of valvular regurgitation. In their study, no valve ste-
nosis was missed, whereas all valve regurgitations missed were
graded as mild with sTTE. Kitada et al.” demonstrated an

overestimated severity of valvular regurgitation in 17% of cas-
es, who also highlighted the fact that no valvular stenosis was
missed by pTTE. Finally, another study showed a modest un-
derestimation of valvular pathology, especially with regards to
the classification of aortic stenosis."”

Certainly, the lack of spectral Doppler and the lower resolu-
tion of the pocket-sized devices, are thought to be the main
limiting factors in the assessment of valvular heart disease.
However, Kono et al.”” demonstrated that when pTTE was
used by an experienced operator, there was a very good correla-
tion with STTE in the assessment of mitral and tricuspid re-
gurgitation. Furthermore, their group reported that the sensi-




tivity and specificity of pTTE in detecting more than moderate
mitral and tricuspid regurgitation was greater than 95%.

ASSESSMENT OF OTHER CARDIAC STRUCTURES

The assessment of the pocket-sized echo device in its ability
to detect other cardiac structures such as right ventricle, the
atria, pericardium and the great vessels has also been studied
in various studies. Most studies showed excellent correlation
with sTTE in the diagnosis of pericardial effusions'*”"**"
whereas the assessment of right ventricular function was also
found to have a good correlation with sSTTE."” Some groups
reported difficulties in the visualization of the inferior vena
cava and the right atrial size."”"” This could be partly ex-
plained by the inability of these devices to show the cyclicity
of the cardiac and respiratory phases, as well as the lack of oth-
er features such as M-mode and electocardiography timing.

WHO SHOULD OPERATE THE POCKET-SIZED
ECHO DEVICES

Evidently, the small size and limited technical features of
these devices render them simple and convenient to use. Since
these pocket-sized echo devices became available, several
groups attempted to assess the training required for their safe
use by various healthcare professionals with different levels of
experience in echocardiography (Table 1 and 2). Training pro-
grams ranging from 2 hr bedside tutorials to several hours of
didactic and practical training seem to have been used in dif-
ferent studies resulting in variable outcomes.

Studies using experienced operators in echocardiography
(cardiologists, ultrasonographers) demonstrated that only
minimal training is needed before these devices can be used to
their maximal potential. In spite of the fact that most studies
using inexperienced trainees such as medical students, demon-
strated an impressive improvement in both diagnostic benefit
compared to clinical examination alone'™"”"”
factory correlation with sTTE images,”” the widespread appli-
cation of pT'TE in clinical practice needs careful consideration.
Studies have described the steep learning curve associated with
the use of these devices,””*” but have also emphasized the role
of echocardiography experience in both acquisition and inter-
pretation of findings with pTTE. Galderisi et al.'” demon-
strated significant differences in both sensitivity and specifici-
ty of the diagnostic accuracy of pTTE between trainees and
expert operators, whereas the majority of studies directly com-
paring the pT'TE with sTTE used expert operators.

In view of the significant role of previous echocardiography
experience in the appropriate use of pTTE, the European Soci-
ety of Echocardiography has recommended that non-cardiolo-
gists should undergo dedicated training and revision of basic
cardiac physiology, before the use of these devices. Furthermore,
they proposed the idea of training specifically designed for this
class of devices as a mandatory certification process, setting a
clear standard of technical skill needed to operate them.”

as well as a satis-
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DISCUSSION

Even though hand-held portable echo devices have been
available for more than a decade, the introduction of new
pocket-sized echo devices have raised new questions with re-
gards to their clinical use. There is a growing body of evidence
suggesting that not only these devices can provide a valuable
diagnostic tool that can complement the clinical examination,
but under certain conditions these devices can provide a limit-
ed but very reliable echocardiographic assessment. Further-
more, studies using these newer devices suggested a role in re-
ducing the need for standard echocardiography and discharge
rate from outpatient clinics.'”” Combining the evidence de-
rived from this growing number of studies is a challenging
task. Not only most of these studies included a very small
number of patients, but there is a significant heterogeneity
between them in terms of the type of portable devices used,
the clinical setting, the training of the operator involved as
well as their actual primary outcomes. Extrapolation of data
derived from studies done using “hand-held portable devices”
to the new pocket-sized machines should be done with caution.
For example, the lack of colour Doppler in some models would
have a significant effect on their diagnostic abilities, such as the
assessment of valvular heart disease, whereas the lack of spectral
Doppler results in a less complete assessment of the LV.

Although studies have already shown that their use by non-
expert healthcare professionals yielded an additional diagnostic
benefit, it seems clear that the clinical purpose for the use of
these devices should be primarily determined by the expertise
of the operator. Indeed, if these devices are used appropriately,
ensuring a standardized training and competence level for
non-expert operators, their scope for clinical application is
wide. This can range from their use in the emergency depart-
ment and acute medical assessment unit, facilitating the as-
sessment of common cardiovascular pathologies such as LV
systolic dysfunction, valvular heart disease and elevated central
venous pressure, to their use by cardiologists on the coronary
care unit. Evidently, their use in other clinical settings such as
ambulances, community activities and outpatient settings is
also a possibility, although a distinction of their diagnostic
purposes should be made given the variability of operator ex-
perience.

The introduction of new technology in clinical practice is
part of the process that allows the evolution of modern medi-
cine. The use of these pocket-portable echo devices provides
an additional tool, which if used appropriately has the poten-
tial of improving the standards of practice.
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