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Abstract

Introduction: Hand-held imaging devices are widely used in clinical practice and are a Key Words
useful tool. There is no published review examining the diagnostic parameters achieved » pocket-size imaging
with these devices in clinical practice. devices
Methods: We searched three online medical literature databases (PubMed, EMBASE and
MEDLINE) for all literature published up until January 2018. We selected studies that (1)
were conducted in the adult population; (2) used a truly hand-held device; (3) featured
sensitivities and/or specificities on the use of the hand-held scanner. We extracted and
summarised the diagnostic metrics from the literature.

Results: Twenty-seven articles were excluded from the initial 56 relevant articles, as the
device featured was not truly hand-held. Ultimately a total of 25 studies were analysed.
Sixteen studies were carried out by experienced users, seven by users with little previous
experience and two studies by nurses. High diagnostic parameters were achieved by all
three groups when scanning cardiac pathology and intra-abdominal structures. Training
of non-expert users varied, taking a mean of 21.6 h. These hand-held devices can change
diagnoses at the bedside and be used as gate-keepers to formal echocardiography.
Individual studies show them to be cost-effective.

Conclusion: Hand-held echocardiography is a useful tool in the hands of experts and
novices alike. Studies conducted are highly heterogeneous making it difficult to pool
data for the diagnostic metrics. Further studies with rigorous methodology are needed to
evaluate the true diagnostic potential in the hands of non-experts and in the community as
well as to validate training protocols.

» hand-held ultrasound
» echocardiography

> sensitivity

Introduction battery-powered devices culminating in the release of the

Sonosite 180 (1), the first hand-carried device, weighing

The introduction of echocardiography was transformative.
By allowing direct visualisation and measurement, it
improved the understanding, and simplified appreciation
of cardiac structure and function in health and disease. It
changed medical practice and continues to play a crucial
role in patient care. The first machines were large and
virtually immobile. In 1995, Sonosite began developing

justunder 3 kg. Other hand-carried devices have since been
released (including the Sonosite Heart and MicroMaxx,
and the Philips OptiGo). Further miniaturisation has
resulted in devices designed to fit a physicians’ pocket,
such as the Acuson P10 (Siemens) and the Vscan (GE).
This latter device weighs only 400g and features
colour flow mapping (CFM). Such devices have made
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hand-held echocardiography (HHE) accessible to clinicians
and patients at the ‘point of care’.

Miniaturisation comes at a cost. Small devices may be
less robust, more easily misplaced and misappropriated
than larger devices. More importantly, image quality
and ‘functionality’ might be compromised as portability
increases. Hand-held devices possess small screens and
reduced computing power compared with standard
echocardiography and all lack spectral Doppler capability.
This restricts the users’ ability comprehensively to assess
pathology according to current guidelines, making the
utility of HHE in everyday clinical practice uncertain.

Despite these limitations hand-held scanners
provide the clinician with images of the patient’s cardiac
pathology rather than requiring them to use clinical signs
as surrogate markers of disease. Physical examination
skills have declined, especially among junior doctors
(1, 2). This, coupled with the belief that basic scanning
skills readily can be learned, has led some to describe
HHE as the ‘stethoscope of the future’, augmenting the
physical examination skills of both novice and expert
(3,4).Itsrelatively low cost makesitauseful toolin screening
for rheumatic heart disease in developing countries
(5). Medical students trained in echocardiography were
superior to cardiologists restricted to physical examination
with a stethoscope in correctly identifying the valvular
pathology (6). Furthermore, medical residents more reliably
can detect left ventricular systolic dysfunction (LV SD) and
pericardial effusion using point of care echocardiography
than through standard physical examination (7).

However, these and many other studies commonly
included in contemporary reviews (8) utilised hand-
carried, rather than the smaller hand-held, devices. We
aimed to perform a systematic review of all the studies
using truly hand-held devices and that reported aspects
of diagnostic utility. The aim was to answer the following
questions:

1. What are the diagnostic performances of experts and
novices using HHE?

2. What training is needed for safe and proficient use of
HHE?

3. What constitutes a comprehensive and clinically
useful HHE exam?

Methods

We searched three online medical literature databases
(PubMed, EMBASE and MEDLINE) for all literature
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published between January 1978 and January 2018 using
the search strategy: (‘Vscan’ OR ‘Point of Care Systems’
OR ‘portable’ OR ‘pocket” OR ‘hand-held’) AND (‘cardiac
ultrasound’ or ‘echocardiography’). The search was
limited to ‘human studies’ and those available in English.

Data collection

We read the titles and abstracts of the resultant 3045
articles and selected for further study those that fulfilled
our selection criteria of: (1) using a truly hand-held
device; (2) featuring sensitivities and/or specificities of
HHE with respect to specific conditions. We excluded
studies reported only as conference abstracts, studies
with medical student operators and studies conducted
in a paediatric population. A flow diagram for the search
and selection process can be found in Fig. 1. References
of selected papers were manually searched to identify
additional studies of interest.

We extracted the following information from the
papers for analysis: type of hand-held ultrasound (HHU)
device used, who used it, clinical setting, any training
(prior to, or for the purposes of, the study), particular
structures scanned, image quality (feasibility) and
diagnostic metrics for the detection of LV SD, valvular
disease, pericardial effusion, aortic and inferior vena caval
(IVC) characteristics.

Not all articles clearly described the prior scanning
experience of the HHE operators. Unless the authors
stated that the clinicians were experienced, we categorised
them as inexperienced.

As studies used differing scanning protocols,
we divided studies into those incorporating a single
assessment (e.g. LV SD) and those including more
extensive echocardiographic assessment.

Results

The initial search yielded 3045 publications of which
2989 were excluded after reading the abstracts, leaving
56 potentially relevant studies. Following analysis of the
full texts, we excluded 27 studies based on the type of
HHE device used. Of these excluded studies 17 used the
hand-carried type of OptiGo (Philips) device rather than
the hand-held version (or the hand-held nature of the
device could not be verified); four studies used SonoHeart
(Sonosite), one used Sonosite 180 (Sonosite) and four
used MicroMaxx (Sonosite); these hand-carried devices
had been referred to as ‘hand-held’ within the abstract
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Articles Identified in
PubMed:
n=950

Articles Identified in
Embase:
n=1192

Articles Identified in
Medline:
n=903

Articles Identified in
Cochrane Reviews:
n=0

Articles excluded for
not fulfilling inclusion - —
criteria using title and -

abstract:
n= 2989

Articles Identified:
n=56

Articles excluded for
-+ not using a hand-held:

n=27

Articles excluded on the T
basis of other criteria: |4~
n=4

Articles Included in the Review: n= 25

Articles featuring the Vscan (GE):

n=22 P10 (Siemens): n=3

Articles featuring the Acuson

Figure 1
Flow chart of the study selection process.

and/or title. The authors of one study failed to state exactly
which HHE was used. A further four studies were excluded
because they lacked a valid ‘gold standard’ against which
to compare the diagnostic accuracy of HHE. We therefore
analysed 25 studies in our review, 3 featuring the Acuson
P10 (Siemens) and 22 the Vscan (GE).

The 25 selected studies were published between 2009
and 2017. Fourteen studies were European (9, 10, 11, 12, 13,
14, 15) (seven from Norway (16, 17, 18, 19, 20, 21, 22)), five
from Japan (23, 24, 25, 26, 27), five from USA (28, 29, 30,
31, 32) and one from India (33). We considered the findings
in three groups: (1) scans performed by experienced users
(n=16); (2) scans performed by non-expert physicians, with
little or no prior experience (n=7); (3) scans performed by
nurses with variable experience (n=2).

HHE scans by all users

Details of all studies, their protocols and main findings are
shown in Table 1. Population characteristics, numbers of
patients scanned and duration of HHE examinations are
shown in Table 2.

Most studies were of HHE in the assessment of LV
size and function, detection of regional wall motion
abnormalities (RWMA) and valvular assessment (including
CFM). Ten studies we felt provided a ‘comprehensive’
cardiac assessment. Their protocols for scanning included
the obtaining of images from at least the parasternal
long-axis (PLAX), parasternal short-axis (PSAX) and

three apical views (10, 11, 14, 16, 17, 18, 23, 25, 27, 28).
Only three studies featured fewer views (excluding the
eight studies featuring focused assessments). Although
a further three studies stated they used standard cardiac
protocols, their details could not be confirmed (9, 12, 24).
The focused studies included determining LV function
(20, 30, 29), detection of pleural or pericardial effusions
(21, 22, 32) or pre-defined lung-cardiac-IVC protocols for
the investigation of dyspnoea (15, 24). Subcostal views
were included in 30% of the comprehensive studies and
27% of all protocols. Studies following a comprehensive
protocol took a mean of 4.4min, and 4.8 min for studies
also featuring pericardial and RV assessments.

What can we see from a meta-analysis of the
HHE data?

We applied meta-regression techniques to the performance
parameters for the detection of global LV SD and found
that experienced users performed better than non-experts
(P=0.0295), even if the outlying studies (19, 20) were
removed from the analysis. For AS, AR and MR there were
nosignificant differences between experts and non-experts;
however, the heterogeneity was high and the number of
studies was considerably smaller (Supplementary Table 1,
see section on supplementary data given at the end of this
article). These findings need to be treated with caution, as
there is high level of inconsistency (I2 values of >80%) in
performance across the studies (Supplementary Table 1).
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Table 2 The participants, and the patient population scanned by the expert, non-expert users and nurses.

Experienced users Non-experts Nurses
Studies (n) 14 9 2
Patients (n) 2185 2189 121
Mean patients (s.0.) 156 (102) 243 (285)a 60 (2)
Who scanned? Cardiologists, echocardiographers, cardiology Medical residents, Nurses
trainees and intensivists physicians, GPs
Studies featuring comprehensive  7/14 2/9 0/2
scans (n)
Length of comprehensive scan 4.4 (2.6) 5.7 n/a
(min (s.n.))
Interpretation on the device (n) 12/14 7/9 2/2

aThe overall mean (s.0.) was 243 (285), however, one study scanned patients undergoing cataract surgery in a surgical camp (35) screening 968 patients and
skewing the mean. If this study was excluded from the calculation, mean (s.0.) would be 153 (91) patients.

respectively. In three studies scans were performed from
a single viewing point. These focused on LV SD (20, 30)
or left ventricular hypertrophy (LVH) (31). Images of
sufficient quality as to allow assessment were obtained
in 87 to 100% cases, but scanning lower abdominal
structures was more difficult (AA: 50%, IVC: 77%) (18).
Most measurements (n=7/9) were performed directly on
the device rather than on computer software.

Two studies involved general practitioners (GPs),
though only one was conducted in the primary care
setting. The wusers measured septal mitral annular
excursion (SMAE) (20), from apical 4-chamber (A4C)
views, to diagnose LV SD achieving a NPV value of 88%,
with a sensitivity of 78% (compared to sTTE). The second
study was in a hospital setting where the GPs used HHE to
detect and assess LVH in PLAX (31); the NPV of a normal
HHE was 83% while sensitivity and PPV were 73 and 63%
respectively.

HHE findings were compared to sTTE in all cases apart
from one study where expert image re-analysis served as
a benchmark, with sTTE being conducted if only major
pathology was identified (33). Diagnostic utility for LV
SD and valvular pathology are displayed in Table 3, while
that for all other pathologies can be found in Table 6.

Nurses

Only two studies were conducted by nurses in the
hospital setting (21, 22), scanning a total of 121 patients.
Experienced nurses were able to detect pleural effusions
and assess IVC size in a heart failure outpatient clinic
with the same proficiency as a cardiologist who used sTTE
(21). The investigators speculate that the nurses’ ability to
judge fluid status can improve heart failure management
in this setting. In the second study, the nurses, who were
unfamiliar with echocardiography, were trained to detect

pleural and pericardial effusions (22). They achieved
sufficient image quality in all cases and high agreement
with sTTE, despite patients being scanned after cardiac
surgery when image quality would be suboptimal.
The agreement, sensitivity, PPV and NPV for pleural
effusions were all superior for HHE as compared to chest
radiography. For full study protocols and results refer to
Tables 1, 4, 5 and 6.

Training of users to be able to use HHE

The way the extent of training was reported varied highly.
Some studies reported the number of hours of training that
the participants underwent, whereas others expressed this
in days and months (18), the number of scans performed
during training (30) or even level of training according
to European Association of Echocardiography (EAE) (14).
Overall (12, 18, 19, 20, 22, 31, 33), the number of hours
in training (mean (s.p.)) was 21.6 (37) hours (ranging
from 2 to 105h). More limited single view scans required
GPs to undergo a mean of 6h of training. The mean
number of scans performed by the physicians during the
period of training was 94. These latter users were trained
over months (18, 22) with some even completing 150
examinations (12).

Discussion

HHE is a promising tool with the potential to augment
diagnosis at the bedside in the hands of novices and
experts alike. Single studies show that it can be used as a
triage tool prior to sTTE (25, 28), leading to cost-savings
and shorter hospital stay (34). It has the potential to be
used in screening and surveillance of AS given its high
NPV for AS-related events (13, 27). Furthermore, the LCI
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protocol for identification of cardiogenic dyspnoea has
been well validated in two studies (15, 24) and can be
a useful tool in clinical practice. Diagnostic parameters
achieved with HHE by experts and non-experts are relatively
high. For LV SD, our meta-analysis suggests that the experts’
performance is superior to non-experts. As for AS, AR and
MR, the data are very limited to draw any conclusions.
Heterogeneity of patient populations, HHE
training (both existing and specific to the study), study and
scanning protocols are highly heterogeneous making the
data difficult to compare side by side. High-quality studies
with robust study protocols are needed to assess: (1) the
length of training required to safely use HHE; (2) diagnostic
parameters in the hands of novices and training longevity;
(3) the diagnostic values of HHE in general practice for more
comprehensive HHE scans of the heart.

scanner

Device and terminology used

The terminology used in the literature to describe such
devices — ‘mini’, ‘mobile’, ‘hand’, ‘pocket’ — is highly
heterogeneous, making systematic literature searches
difficult. This is reflected in our initial search, where nearly
50% of selected articles were later excluded because the
devices featured were hand-carried, not hand-held. We
suggest that a hand-held or pocket imaging device (PSID)
should weigh <725¢g (the weight of the Acuson P10 and
the weight of most portable tablet computers) — allowing
easy transportation from bedside to bedside.

Furthermore, to make pooling of data easier for future
researchers we suggest using the terminology: pocket-
sized imaging device (PSID), HHE or HHU when featuring
a device that is truly hand-held.

What is a comprehensive HHE scan?

A scan using HHE is quick, and, given limitations of
functionality associated with miniaturisation, cannot be
as comprehensive as sTTE. In this study, we use the term
comprehensive for any scan featuring LV assessment (size
and function) and valvular function in at least PLAX,
PSAX and at least three apical views as the majority of
studies featured use this protocol. We suggest that ideally
a truly comprehensive HHE scan would also include a
quick visual RV, IVC assessment as well as a pericardial
effusion screen and hence feature a subcostal view. This
would be a simplified, 2D version, of the sTTE assessment
and should be extensive enough to avoid missing obvious
RWMA and valvular abnormalities adding no more than
4.8min to the clinical encounter.

A systematic review of pocket- 5:4 131

sized imaging devices

HHE benefits to clinical practice

For the expert clinician, HHE remains inferior to sTTE
because of limited functionality. However, it is more
accessible and portable and augments the standard
physical examination. Cardiologists using HHE are able to
detect more LV/RV SD and valvular pathology compared
with full clinical examination including auscultation
using a stethoscope (35). Agreement of HHE with sTTE in
some studies is >90%, and the overall diagnostic metrics
are similarly high (sensitivity 95%, specificity 83%) and are
even higher for patients with underlying co-morbidities
(sensitivity 98% and specificity 89%) (25).

HHE can be used by doctors (32) and nurses (21, 22)
to detect pleural effusions with greater sensitivity and
NPV than chest radiography (22, 24). This may aid the
management of patients presenting with similar clinical
features (e.g. dyspnoea), can help detect heart failure and
guide management (22).

Given the high sensitivity of ultrasound, HHE can
correctly change clinical diagnoses (36, 37) and has been
shown to have a positive impact on 55% of patient cases
(changing primary diagnosis in 16% of cases) (17). Even
when used in suboptimal conditions, such as in the ED,
the ability to obtain interpretable images remains high,
as does agreement with sTTE for the detection of gross
abnormalities such as LV/RV SD, IVC size and pericardial
effusions (11).

Downstream modelling has shown a reduction in
cost and length of hospital stay. Cost reduction with HHE
is also seen when HHE is used in addition with other
standard hospital tests such as ECG (25). This has been
confirmed in a UK setting (38). Although users of HHE
should be aware that lower feasibility and image quality
is achieved when examining abdominal structures as
compared to the cardiac structures (16, 17, 28).

Are inexperienced HHE users just as good as
experienced users?

HHE devices appear ‘user friendly’ and can be used by
novice users to acquire images effectively even after
<lh of training (39). However, image interpretation
requires longer training. In one study, despite relatively
strong correlations with sTTE (r>0.83) for cardiac and
abdominal pathologies, inexperienced users over- and
underestimated some of the pathologies by at least
one grade (18). Michalski et al. showed that agreement
for LV RWMA using HHE was significantly lower than
that obtained by an experienced cardiologist, however,
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remained high for more straightforward assessments such
as LV SD (12). Residents’ accuracy is higher for detecting
extremes of LV SD (i.e. LV <30% and LV >50%) compared
to moderate degrees of pathology (30). Furthermore, Guli¢
et al. showed that there was no significant difference in
detection of severe pathology or some moderate valvular
(AS, MR) pathologies by a newly trained medical resident
using HHE as compared with a cardiologist (13). Our meta-
analysis shows that experts detect LV SD using HHE more
accurately than non-experts, which is not the case for AS,
AR and MR. The former finding is the most expected and
we speculate the valvular pathology analysis is hampered
by the lack of studies reporting diagnostic parameters that
we could extract and pool. Furthermore, heterogeneity is
high across all the analyses.

Another use of HHE for the non-expert could be
screening for pathologies that need fast-tracking for sTTE
(13, 27). This would be extremely useful for GPs who
are consulted by large numbers of elderly patients with
breathlessness in whom systolic murmurs are detected,
to screen for severe AS and severe LV SD. Currently,
there is very limited evidence for the diagnostic utility
for screening in the community using comprehensive
HHE assessments. The use of HHE has been limited
to measurements of LV hypertrophy (31) and LV SD
using sMAE (20). However, given that such specific
measurements can be obtained accurately by GPs, further
studies assessing a broader range of pathologies are
possible. Screening in the community by sonographers
can detect significant pathologies (40). Given recognised
shortages in highly skilled sonographers, training of GPs
in this area may improve echocardiography uptake and
request quality to the local echo department (34, 41, 42).
The practicalities of re-imbursement for scans in primary
care would need to be considered.

Training for inexperienced users: how much
is enough?

The amount of training required for a user to achieve
competence in HHE must partly be related to the type
of assessment they are required to perform. The data
presented in this review are too heterogeneous to draw
any conclusions. The design of some studies implies
adequate performance can be learned over some hours of
training. In others, a number of days were required (18)
or a minimum number of scans (12). Previously we have
reported that even medical students can be taught to use
HHE effectively (especially for LV SD) in under 10h (43).
It seems likely that the more time is spent performing
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HHE, the better the diagnostic accuracy. This is supported
by studies of physicians (19) and nurses (21, 22). High-
quality studies are needed to determine the threshold
allowing users to practise under supervision, and then
independently. Furthermore, research is needed on the
retention of skill, and how quickly proficiency is lost if
the skill is not practised (44).

Diagnostic criteria for HHE and future directions

We argue for the production of a guideline document
specifically directed at HHE that contains recommended
programmes of training, protocols for imaging and
criteria for detection of pathology. Existing standards for
detailed assessment make use of functions, such as spectral
Doppler, that HHE lacks, and may not take into account
the relative inexperience of the potential user of hand-
held devices. Without such unifying recommendations
there are likely to develop substantial differences in
practice, quality and reliability between centres and
individual users. Taking LV function as an example, is a
purely visual assessment sufficient or does measurement
using SMAE (20) or fractional shortening (26) add extra
clinically important information when derived through
HHE? What pathologies might trigger a more detailed
urgent sTTE assessment? Given the reliability of HHE,
what therapy might be started based on HHE findings
alone.

Some argue that non-cardiologists should be
trained as rigorously as cardiologists with respect to
echocardiography as its use has the potential to change
clinical management. Yet less highly trained non-experts
should be capable of performing short screening studies
(13, 18), answering clinical questions in a binary fashion
to pre-specified clinical questions (45). As more HHE
studies emerge using short training programmes and are
tested and validated, those aspects of specific point of care
echocardiography training programmes that are effective
in teaching, learning, assessment and retention of skills
may become more apparent (46, 47). As HHE becomes
more commonly practised in acute and general medical
specialties, the skill may become accepted as one of the
clinical skills taught in medical school.

Limitations

The data are highly heterogeneous and tested in different
settings, using different cohorts of patients. Furthermore,
>40% of the studies originating from Europe came from
Norway and some of them came from the same study
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group. Our meta-regression analysis suggests that the
larger the studies, the poorer the user performance to
detect LV SD. Furthermore, the funnel plots show that
the findings from smaller studies are more enthusiastic
in terms of outcomes or that there is an element of
publication bias.

Conclusions

HHE can be used in the hands of experts and inexperienced
users alike, although with a reduced diagnostic accuracy.
It is a safe and effective screening tool for pathology
and has greater diagnostic utility compared with
physical examination for the detection of LV SD and
valvular pathology. HHE can confirm and alter patient
management in the hospital setting. There is evidence
that it can provide a useful screening tool and ‘gatekeeper
function’ for sTTE. Precise description of the diagnostic
reliability of HHE is hampered by the heterogeneous
nature of the various published studies. Further research
with rigorous training protocols using truly hand-held
devices is needed to evaluate its true potential.
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