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Abstract

Background: Lung ultrasound experts
claim that ‘B line’ artefacts herald pul-
monary oedema, but links between
early recognition and improved out-
come are unconfirmed, particularly for
non-expert clinicians.
Objective: Assess individual and sys-
tem impacts of early, non-expert lung
ultrasound (LUS) in breathless older
patients.
Methods: Prospective single-blinded
randomised controlled trial of point of
care LUS by non-expert clinicians,
augmenting ED assessment of patients
over 60 years, presenting with dys-
pnoea. After brief training, clinicians at
three hospitals used computer-
generated block randomisation enve-
lopes to allocate a convenience sample
of consenting presenters to conven-
tional or LUS-augmented management.
ED provisional diagnosis was com-
pared to a post-discharge chart audit
diagnosis, blinded to ultrasound find-
ings. Secondary outcomes were the
length of stay in ED and hospital, costs
and discharge destinations.

Results: From three sites, 224 con-
trols were compared with 218 inter-
ventions. LUS improved diagnostic
accuracy, with a small effect size in
favour of LUS (risk difference: 6.5%,
95% CI 0.9–12) and a number
needed to scan of 16 (95% CI
8–107). With LUS, ED and hospital
stay increased non-significantly,
while discharge destination trends
improved. No harm ensued.
Conclusions: Non-expert LUS
augmenting dyspnoea workup may
improve diagnostic accuracy, but did
not significantly alter costs or out-
comes in the ED or the hospital.
Trial registration: Australia and
New Zealand Clinical Trials Regis-
try (ACTRN12613001023741).
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Introduction
To date, there is only one multicentre
randomised controlled trial (RCT)
showing that ED lung ultrasound

(LUS) can improve recognition of
pulmonary oedema in the breathless
patient.1 More accurate and timely
diagnosis with LUS is assumed to
improve patient outcomes2 via cor-
rect early management, but this has
not yet been demonstrated.
Despite evidence that the B line

artefact is strongly associated with
pulmonary oedema,2–5 quantification
of B lines appears to be more nuanced
than originally proposed.6–11 Studies
are limited by convenience sampling
and the lack of an accessible clinical
gold standard12–15 with most studies
resorting to post hoc expert opinion.
Favourable reports on the utility of

LUS are found in meta-analyses,16–18

but most of these are weighted by
exclusive populations, with expert
sonologists performing multisystem
protocols.2–4,19–21 With two important
exceptions,1,3 most are prospective
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Key findings
• International studies show

that expert lung ultrasound to
detect heart failure is very
accurate.

• This study shows that the
implementation of lung ultra-
sound to detect pulmonary
oedema is likely to be time
and cost neutral.

• The practice of lung ultra-
sound may be beneficial even
in the early phases.
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observational trials. LUS performs less
well when performed by non-expert
sonologists on a broad cohort.6,7,22–24

Despite the above reservations,
point of care ultrasound is increasing
exponentially,25 and LUS is rec-
ommended as a simple ‘entry level’
technique appropriate for beginners.
Our pilot studies suggested that LUS
would improve our ability to recognise
pulmonary oedema23 but that this
improved diagnostic accuracy did not
appear to improve length of stay or
mortality (unpublished data).
This pragmatic study replicates the

implementation of an LUS protocol in
the ED. It focuses on two questions.
First, does LUS in the hands of non-
expert clinicians improve the recogni-
tion of pulmonary oedema? Second, if
we choose to introduce bedside LUS
what are the implications for the
patient, department and hospital?
To answer the first question, we con-

ducted a RCT comparing the diagnos-
tic accuracy of newly trained clinicians
using either conventional diagnostic

workup (CDW) or CDW augmented
by a simple LUS screening test to iden-
tify pulmonary oedema (CDW-L).
To address the second question,

we collected additional patient-
centred outcomes including length of
ED and hospital stay, costs, in-
hospital death and the destination at
hospital discharge for both groups.
Sub-studies were planned a priori,

to investigate learning trajectories of
newly trained sonologists, the added
utility of chest X-ray, individualised
service costs and the utility of the
protocol within tertiary versus urban
hospitals. Further cost and subgroup
analyses will be reported in subse-
quent presentations.

Methods
This prospective, single-blinded, par-
allel RCT was conducted in three Bris-
bane EDs between May 2014 and
October 2016. Two of these depart-
ments are in central Brisbane locations
and are classified as Level 6 facilities

under the Queensland Clinical Ser-
vices Capability Framework (Site
1 and Site 2). The third is a Level
5 facility on Brisbane’s urban fringe
(Site 3).
The full trial methodology,

STARD and CONSORT checklists
are provided in Appendices S1–S3.

Patient participants

A convenience sample of patients
was recruited on shifts when partici-
pating clinicians were rostered.
Patients were 60 years and above,
reporting breathlessness to the triage
nurse, able to understand and sign a
written consent and not requiring
immediate resuscitation. Patients
were randomised via opaque enve-
lope prepared by the trial coordina-
tor using computer-generated block
randomisation (1:1 allocation) to
receive either CDW or CDW-L (with
attempted cardiac clip).
Following patient discharge, elec-

tronic data was collected to describe

TABLE 1. Recruiting clinicians, sonologists and auditors were asked to categorise each patient using this description†

Description Examples Clinical indicators LUS definition

Dry Patient likely to benefit
from extra fluid, either
oral or i.v.

COPD, anaemia,
pneumonia, PE, sepsis,
anxiety

i.v. or oral fluids ordered
in ED

<9 B lines in total. May
have other recognised
pathology

Dry
(subclinical)

Patient may have history
of CCF without frank
pulmonary oedema,
not needing fluid
reduction in the ED

Treated or resolving heart
failure (effusions,
cardiomegaly), with
second demonstrated
cause for breathlessness,
such as anaemia or PE

Oral diuretics continued
or increased next
routine dose. Fluid
restriction or balance
ordered

9 to 11 B lines, any
distribution, and/or
effusions or large heart
with obvious poor
squeeze

Wet Patient with pulmonary
oedema likely to be
contributing to current
dyspnoea-needing new
treatment in the ED

Acute or subacute
pulmonary oedema

i.v. diuretic, preload
reduction or CPAP for
pulmonary oedema
ordered in ED

12 or more B lines, as
three per still image in
two views per
hemithorax

Wet (dual) Patient in whom
pulmonary oedema
likely to be present
along with other
pathology

Any significant illness
plus known heart
failure, such that it is
not possible to
determine the relative
contribution of each

Above measures plus
extra, such as i.v.
antibiotics, drainage of
effusion

As above with extra
recognisable pathology
(e.g. consolidation)

†Some categorisation errors (n = 6) arose when clinicians misinterpreted ‘dual’ to mean any two pathologies, rather than
pulmonary oedema plus another illness. CCF, congestive cardiac failure; COPD, chronic obstructive pulmonary disease;
CPAP, continuous positive airway pressure support; i.v., intravenous; LUS, lung ultrasound; PE, pulmonary embolism.
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demographics, presentation parame-
ters and outcomes of admission. We
extracted chest X-ray reports, triage
category, arrival and departure times,
discharge date, time, and destination at
discharge (usual residence, interfacility
transfer or death), diagnosis-related
groups and individualised costs.
A retrospective electronic report

was extracted at Site 3, to allow
comparison of the sampled popula-
tion with the targeted population.

Conventional diagnostic workup

If randomised to the CDW group,
patient management continued as per
normal. All received history, physical
examination, ECG and blood tests.
Most received chest X-ray. Com-
puted tomography scan or formal
echocardiography (rarely available)
was added at the discretion of
treating clinician. The treating ED cli-
nician was asked to record a provi-
sional ED diagnosis (EDDx),
categorised as one of ‘dry’, ‘subclini-
cal’, ‘wet’ or ‘dual’ in the trial book-
let as the patient left the ED. These
categories are described in Table 1
and evolved from the pilot studies.23

If the EDDx was not specifically
recorded in the trial booklet, the
chief auditor (KB) reviewed the
detailed ED records and imputed the
category from the diagnosis and
management strategies commenced
in the ED.

Intervention group

For the CDW-L group, conventional
workup progressed in parallel with
LUS. Sonography was performed by
ED clinicians with no pre-existing
LUS experience, other than extended
Focussed Abdominal Sonography in
Trauma (eFAST). The 30 participat-
ing clinicians volunteered from a
range of disciplines including
advanced care nurse (n = 1) through
to middle-grade doctors (n = 25) and
Consultant Emergency Physicians
(n = 4). Before recruiting, each clini-
cian completed a standardised 4 h
programme of theory, practice and
interpretation of LUS, and then per-
formed 10 supervised practice scans.
Clinicians were taught to acquire
and count B lines, and to recognise

when other pathologies might be
present.
LUS was performed early during

the ED assessment and prior to fluid
modifying therapy. We aimed to
have sonology performed by the pri-
mary treating clinician but too few
completed credentialing. More often,
a participating staff member teamed
with a junior primary treating clini-
cian, commensurate with the staffing
models.

Ultrasound protocol –
acquisition

An adaptation of Volpicelli’s 8 view
protocol was used,26 with 1–5 or
2–5 MHz curvilinear probes, aug-
mented by a subcostal cardiac clip.
The posterior lung is not scanned.
This protocol was tested in the pilot
study23 and illustrated in Figure 1.
The protocol is demonstrated in a

shortened version of the training video
(Video S1).

Ultrasound protocol –
interpretation

This is a non-specific screening pro-
tocol that looks for increased tissue
density at the lung surface, as

evidenced by the appearance of the
‘B line’ artefact, radiating from the
pleural surface to the lower margin
of the screen.
In the pilot study, sonologists were

unwilling to utilise a dichotomous
grading system, so for interpretation
purposes, each side of the ‘12 B line’
threshold was subdivided (Table 1).
After performing the scan, the
sonologist recorded an initial inter-
pretation in the trial booklet (the
‘bedside’ interpretation, BUSDx). If
not primarily managing the patient,
the sonologist discussed these find-
ings with the treating clinician.

Ultrasound protocol –
integration

The treating clinician was instructed
to integrate the sonological findings
with clinical judgement, rather than
accept the BUSDx as the EDDx. To
facilitate this, potential sources of false
positive scans were highlighted in the
training session. For example, if the
patient had a history of fibrosing lung
disease, a ‘wet’ sonographic interpre-
tation might be disregarded. Alterna-
tively, if clinical judgement strongly
suggested pulmonary oedema, with a

Figure 1. LUS+2014 lung ultrasound protocol. The 8 view lung protocol samples
anterior and lateral lung regions. We added a subcostal cardiac clip. The illustrated
scan set would be categorised as wet (dual) because there are more than 12 B lines,
with other abnormal findings (effusion and pleural line abnormalities). The cardiac
image suggests that the sonologist could obtain an adequate view of the heart and
major right heart failure or pericardial effusion is unlikely. AAL, anterior axillary
line; L, left; R, right.

© 2019 Australasian College for Emergency Medicine

IMPLEMENTATION OF NOVICE LUNG ULTRASOUND 3



BUSDx of ‘subclinical’, then the EDDx
category should be upgraded to ‘wet’.
All scan sets were reviewed by an

expert reviewer blinded to all other
details of the case. An interpretation
was made for each, along with a
grading of quality of acquisition. For
each sonologist, the progression of
scan quality was plotted over time
against diagnostic accuracy for both
BUSDx and EDDx. These will be
reported separately.

Reference standard

The reference standard was the opin-
ion of an experienced Emergency
Physician (EP), auditing the medical
record after patient discharge, using
a pre-formulated guideline
(summarised in Table 1, detailed in
Appendix S1). Auditors were blinded
to the group allocation and LUS
results, but able to examine all imag-
ing, testing, treatments and the final
diagnoses determined by the inpa-
tient treating team. The auditor was
asked whether the evidence indicated
that pulmonary oedema was a mani-
fest at presentation, such that the
patient benefitted (or might have
benefitted) from acute intervention
in the ED.
The entire patient record was

reviewed whenever there was
uncertainty or controversy between
admitting diagnosis (from ED) and
discharge diagnosis (from inpatient
team). In disputed cases, the auditor
requested a second audit from
another EP site investigator. If these
disagreed, a third EP audited and the
majority decision was selected. In
four cases, inadequate inpatient notes
necessitated an imputation of the ref-
erence result.

Outcomes

The primary outcome was the pro-
portion of correct identification of
significant pulmonary oedema in the
CDW and CDW-L groups when the
EDDx was compared against the ref-
erence standard.
Secondary outcomes were length

of stay in ED and in the hospital,
costs and discharge destinations
derived from the hospital informa-
tion system.

Statistics

Sample size estimation for the pri-
mary outcome only was extrapolated
from the pilot study.23 Diagnostic
accuracy was considered to be the
sum of the number of correct posi-
tive diagnoses of acute pulmonary
oedema and the correctly diagnosed
absence of acute pulmonary oedema,
divided by the total population size.
We calculated that detecting an

improvement in diagnostic accuracy
of 15% would require two groups of
170 patients each to achieve an
alpha error of 0.05 and a power of
80%. Allowing for exclusions and
data loss, we aimed to recruit
400 patients. Data monitoring at the
halfway point revealed a higher rate
of exclusions early on, so the target
was reset to 440 patients.
Categorical data and primary out-

come data were compared with the
Pearson’s χ2-test, Fisher’s exact test
or Z-test for difference in propor-
tion. Sensitivity, specificity and likeli-
hood ratios were calculated. Effect

size for proportion was described
using risk difference and number
needed to treat. The primary out-
come data was analysed with both
intention-to-treat and per-protocol
samples.
Secondary data was tested using

the Wilcoxon rank sum test with con-
tinuity correction for continuous
data. All data were analysed by
intention-to-treat using RStudio
V1.1.383, 2009–2017, or VassarStats
online calculators (www.vassarstats.
net).27

The trial received ethics approval
from Metro South HREC, and clini-
cal trial registration from Australia
and New Zealand Clinical Trials
Registry (ACTRN12613001023741).

Results
Recruiting commenced in May 2014
and ceased in October 2016. After
exclusions, 442 patient data sets
were collated, 224 randomised to
CDW and 218 to CDW-L. There

Figure 2. LUS+2014 recruitment flow chart. ‘Dry’ diagnosis implies absence of acute
pulmonary oedema; ‘wet’ implies presence of acute pulmonary oedema, with interven-
tion commenced in the ED. Numbers are given for intention-to-treat groups.
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were 16 protocol violations, 14 being
CDW who received an LUS scan.
Recruitment is depicted by a flow
chart as shown in Figure 2.
The median patient was 76 years

old, of moderate acuity and male.
Patient demographics are described
in Table 2. The CDW and CDW-L
group characteristics were not signif-
icantly different. The search strategy
and results for the electronic screen-
ing report are described in Appendix
S1 and Table S1.
For the primary outcome, the differ-

ence in diagnostic accuracy between
the CDW and CDW-L groups was sig-
nificant, but the effect size was small
and fragile. Per-protocol analysis was
non-significant. Sensitivity, specificity,
likelihood ratios and number-needed-
to-treat are documented in Table 3.
Overall, ultrasounds were performed
by the primary treating clinician only
one quarter of the time.
Despite appearances, neither ED

length of stay nor total length of stay,

costs and destination at hospital dis-
charge showed significant difference
between groups, due in part to the wide
variance and non-normal distributions.
Secondary outcomes are summarised
in Table 4.
For the index test, inter-rater agree-

ment between BUSDx and blinded
review was only moderate (κ = 0.55),
best at Site 2 (0.75) and worst at Site
1 (0.41). As reported interpretation
and integration was good at all sites
(particularly Site 1) this discrepancy
seemed more likely because of the
inability of the novice to use the cine-
loop function to capture a representa-
tive still image, rather than inability
to interpret the test at the bedside.
Blinded reviewers reported difficulty
in interpreting still images, with diffi-
culty distinguishing confluent B lines
from over-gain.
Cardiac clips were generally very

poor, from 232 scans, 58 did not
record a clip, and a further 19 were
indecipherable. Seventy-six were of

‘eFAST quality’ (able to discern move-
ment or effusion), 57 were of quality
that could be used to categorise simple
shock, and only 21 were of excellent
quality, with clear endocardial edges.
With respect to the reference test,

92 cases were flagged for second
audit (Site 1 = 15, Site 2 = 18, Site
3 = 59), because of complex com-
orbidities or disagreement between
auditor and inpatient team. In these
disputed cases, inter-rater agreement
between first and second audit was
moderate (κ = 0.53). All disagree-
ment received a third audit (Site
1 = 7, Site 2 = 0, Site 3 = 8).
Total training cost was calculated

at $981 per clinician trained, using
external tutors, but less when the
internal training processes were used.
No adverse events were recorded

from the performance of bedside
ultrasound.

Discussion
The LUS+2014 project is not a test
of LUS per se, it is a test of the
implementation of an LUS protocol.
LUS has been proven worthy in
other arenas and is already trickling
into practice.16–18 We asked whether
the protocol is ready for wholesale
implementation, robust enough to
withstand non-expert sonologists,
complex patients and a range of hos-
pitals. We show that the learning
process does no harm. Other studies
suggest that there may accrue
benefit.
The recent release of Pivetta’s

RCT1 is invaluable, in that it demon-
strates the alternate end of the spec-
trum – beneficial outcomes that may
be expected when more experienced
operators utilise LUS for more unwell
patients. Europe has long led the way
in LUS, integrating cardiac, vena
caval and deep vein scanning to
differentiate cardiac from respira-
tory causes, identifying effusions,
pneumonias and fibrosing lung
disorders.2–4

Experts further recommend that
this skill should be translated into
routine care, but practically speak-
ing, having access to expert
sonographers is challenging. Hence
the need for the present study of

TABLE 2. Patient demographic comparison between conventional diagnostic
workup (CDW) and CDW plus lung ultrasound (CDW-L) groups (intention
to treat distribution)

Group demographics CDW (n = 224) CDW-L (n = 218)

Median age (years) 75 (IQR 67.5–83) 76 (IQR 68–84)

Male sex 134 (60%) 122 (56%)

Admitted from ED 206 (92%) 202 (92%)

No pulmonary oedema† 152* 143*

Stable or minimal degree of heart
failure, not requiring treatment in
ED†

8* 7*

Pulmonary oedema requiring active
treatment in ED†

47* 44*

Dyspnoea due to both pulmonary
oedema and other comorbidity,
requiring active treatment in ED†

17* 24*

Triage Category 1 3** 2**

Triage Category 2 66 (30%)** 71 (32%)**

Triage Category 3 146‡ (65%)** 144 (66%)**

Triage Category 4 9 (4%)** 1 (0.5%)**

†As diagnosed by the auditing physician, blinded to group allocation and
result of lung ultrasound scan. ‡Two missing triage categories, so assumed to
be triage Category 3. *Auditor diagnosis not significantly different, P = 0.67
(Pearson’s χ2-test, df = 3). **Triage category distribution not significantly dif-
ferent, P = 0.068 (Fisher’s exact test).
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naturalistic LUS implementation by
newly trained clinicians.
New skills must be taught in sim-

ple form, and that is the fallibility of
this protocol. This protocol assumes
that bilateral symmetrical B lines
represent pulmonary oedema,
acknowledging that there will be a
small rate of false positives from
fibrosing or inflammatory lung disor-
ders. False positives are infrequent
when the pre-test probability of pul-
monary oedema is high, and likely

confounders have been excluded pre-
emptively. In practice, when faced
with a distressed and breathless
patient it is not always possible to
identify confounding conditions
before starting treatment.
The false positive rate may be

higher in the over 60 years, non-
critically breathless population. Older
patients are more likely to have B lines
from causes other than pulmonary
oedema.28 These patients create the
‘grey zone’ within our dichotomies.

We chose this population particularly
to test the boundaries of the proposed
protocols. It is important to discover
if there is a patient group where non-
experts should not use LUS.

Limitations

Recruitment was limited by the
requirement for consent. The sickest
patients – those most likely to benefit
from rapid early diagnosis, were
excluded. Hence our prevalence of

TABLE 3. Test characteristics for conventional diagnostic workup (CDW) and CDW plus lung ultrasound (CDW-L)
groups

Intention to treat Per-protocol

CDW (n = 224) CDW-L (n = 218) CDW (n = 210) CDW-L (n = 232)

Sensitivity, % (95% CI) 83% (71–91) 88% (78–94) 85% (73–92) 86% (76–93)

Specificity, % (95% CI) 88% (82–93) 95% (90–98) 89% (82–93) 94% (89–97)

+LR (95% CI) 7.0 (4.5–11) 19 (9–39) 7.5 (4.7–12) 15 (8–29)

−LR (95% CI) 0.2 (0.11–0.33) 0.12 (0.06–0.24) 0.17 (0.09–0.31) 0.15 (0.08–0.26)

Diagnostic accuracy 86.6% 93.1% 87.6% 91.8%

Risk difference,† % (95% CI) 6.5% (0.9–12.3)‡, P = 0.033 4.2% (−1.4 to 9.9)‡, P = 0.197

NNT (95% CI) 16 (8–107) 24 (−10 to 67)

†The risk difference (or absolute risk reduction) is also the difference in diagnostic accuracy, as a proportion. ‡Z-test for
difference in proportion, two-tailed test. NNT, number-needed-to-treat (with LUS) to achieve one more correct diagnosis. It
is the inverse of risk difference; hence, it shares the P-value with risk difference.

TABLE 4. Comparison of secondary outcomes between conventional diagnostic workup (CDW) and CDW plus lung
ultrasound (CDW-L) groups

Secondary outcomes CDW CDW-L P-value

N 224 218

ED LOS median (min) (IQR, min) 193 (128–274.5) 202 (136.5–276.5) 0.465†

Total hospital LOS median (min) (IQR, min) 4193 (1511.5–7778.5) 4525 (1371–8729.5) 0.643†

Destination at discharge from hospital

Home or usual residence, n (%) 184 (82.2%) 191 (87.6%) 0.1097‡

Interfacility transfer,§ n (%) 30 (13.3%) 24 (11.0%)

Died in hospital, n (%) 10 (4.5%) 3 (1.4%)

ED cost median in $¶ (IQR) 916 (800–1017) 887 (799–1015) 0.891†

Inpatient cost median in $¶ (IQR) 4087 (1612–8696) 4915 (1754–9130) 0.498†

†Wilcoxon test. ‡Fisher’s exact test. §Includes inter-hospital transfer, respite care and nursing home when not recorded as
usual place of residence. ¶Due to certain exclusions for inaccurate cost data, CDW group: n = 217 and CDW-L group:
n = 213. IQR, interquartile range; LOS, length of stay.
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pulmonary oedema was 30%
(Pivetta: 43%), our total length of
stay was 3 days (Pivetta: 9 days) and
in-hospital mortality 3% (Pivetta:
7.9%). Conversely, non-experts
practised on the less urgent cohort,
working with less immediate cogni-
tive load in an environment more
conducive to learning.
A second limitation of this trial is

the imprecision of the reference stan-
dard for the primary outcome. When
using conventional chart audit, the
inter-rater reliability for recognition
of heart failure is known to be
mediocre,29 but more advanced tools
(such as 24/7 formal echocardiogra-
phy and computed tomography scan-
ning) are beyond both means and
ethics of most clinical ED research. In
our trial, there was minimal change
in lengths of stay and outcome
between control and intervention.
This suggests that irrespective of
diagnostic accuracy, our novice LUS
protocol had no direct impact on the
patient outcomes.
The third limitation is that

although many attended the teaching
session, few clinicians completed the
required ultrasound credentialing.
This necessitated convenience sam-
pling and even then only a small pro-
portion of potential cases were
sampled. The target population
described by the electronic screen
depicted a clinically relevant popula-
tion, albeit statistically different
(Table S1). Despite this caveat, our
findings still have merit in that they
are comparable with most other
large published studies,1,3,4,20,21 con-
strained by convenience sampling for
the same reasons.
The fourth limitation is that a

sonologist who is not the primary
treating doctor may not be aware of
the patient’s full history, nor com-
municate the nuances of the interpre-
tation back to the treating clinician.
We tried to pre-empt this issue,
including false positive examples in
the teaching module. The sonologist
was instructed to remind the treating
clinician of these caveats; however,
we do not know how often this
occurred. This situation is sub-
optimal, but justified because it
imitates real world knowledge trans-
lation – where self-selected early

adopters perform techniques at the
request of their colleagues, demon-
strating and teaching at the bedside.
Future research on LUS implemen-

tation should seriously consider the
following recommendations:
1. Increase the teaching component,

including revision.
2. Widen the protocol to include

more than a simple B line count.
3. Save clips rather than still images.
4. Encourage clinician judgement in

the case of known confounders or
mild disease.

5. Unblind the auditor to LUS
results in the absence of an objec-
tive reference test for pulmonary
oedema.

6. Record patient and cost-centred
outcomes.

7. Request a waiver of consent to
capture the more unwell cohort.

Conclusion
The present study suggests that a
very basic LUS protocol has minimal
effect on accuracy, outcomes or costs
when applied by non-expert clini-
cians to the stable breathless patient.
Implementation of LUS is appropri-
ate and feasible.
This is not a negative paper. We

do not suggest that EPs abjure LUS
as being of no benefit. On the con-
trary, while experts show that LUS
improves diagnosis of dyspnoea, we
show that the first step toward
expertise is neither dangerous, time-
consuming nor costly.
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