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Pocket-sized point-of-care
cardiac ultrasound devices
Role in the emergency department

Introduction

Acute breathing difficulties are the cause
of 8%of emergency calls and are the third
ranking emergency call presentation [1,
2].

Diagnosing the cause of respiratory
symptoms in patients can be a diagnostic
challenge due to thewide range of disease
processes and the number of systems in-
volved. Causes include primary lung or
cardiac conditions, shock or metabolic
causes. To confuse the clinician further
the aetiology may be multifactorial and
therefore treating the wrong cause may
exacerbate the condition [4]. We know
from autopsy studies that misdiagnosis
occurs in 30–50% of patients [4, 5] and
improvements need to be made.

Obtaining an accurate diagnosis in an
emergency department can be delayed
by waiting for diagnostic tests such as
B-natriuretic peptide assays, chestX-rays
or CT pulmonary angiograms. Depart-
mental echocardiography is rarely readily
availableanddepartmentsareunderhuge
strain. Point-of-care cardiac ultrasound
can be very useful in these scenarios.

Table 1 NHS triage categories [13]

National
codes

1 Immediate resuscitation: patients in need of immediate treatment for preservation of
life

2 Very urgent: Seriously ill or injured patients whose lives are not in immediate danger

3 Urgent: patients with serious problems, but apparently stable condition

4 Standard: Standard Accident and Emergency (A&E) cases without immediate danger
or distress

5 Non-urgent: patients whose conditions are not true accidents or emergencies

Echocardiography in the emergency de-
partment is a well-established technique
[3, 6, 7], but itsuse isnotascommoninev-
eryday practice as itmight be. It has been
shownthatFoCUSechocardiographycan
be a valuable tool for rapid assessment in
the emergency department where prede-
fined clinical questions can be answered
with a limited number of views by non-
cardiologist operators [6, 8, 9]. Pocket-
sized echocardiography is increasingly
used by cardiologists when reviewing pa-
tients with diagnosed or suspected acute
coronary syndrome and with the man-
agement of a wider range of chronic con-
ditions in less acute inpatient settings.
Pocket-sized devices are convenient, be-
coming more affordable and image qual-
ity is rapidly improving to a standard that
their use is now widespread.

Currently there is no established rec-
ommendation for performing echocar-
diography in patients presenting with
breathlessness, although its efficacy for
the diagnosis of several conditions has
previously been demonstrated [10] with
a suggestion that this should be become
part of good clinical practice. At present

the curriculum of the Royal College of
Emergency Physicians requires level 1
ultrasound competencies, which include
echocardiography in life support where
a FoCUS scan is delivered [3]. Accord-
ingly, emergency department registrars
and consultants are trained in the basic
echoviewsrequired to identifysignificant
life-threatening pathologies that pocket-
sized point-of-care systems are designed
for. Morewidespread use of FoCUS as an
extension of clinical examination as rec-
ommended [11] will improve the skill set
in this group of professionals and poten-
tially reduce thenumberofmisdiagnosed
patients.

Objective

In the PEEDED study we seek to assess
the effect on time to diagnosis when
using early pocket-sized echo in patients
attending the emergency department
with acute dyspnoea. We hypothesized
that the addition of cardiac imaging
with a pocket-size ultrasound system
(Vscan) would provide rapid diagnostic
information as an extension of clinical
examination.

Table 2 PEEDED study group demo-
graphics

VScan
group
(n = 21)

Control
group
(n = 19)

Age (years; median) 64 65

Gender

Male 62% 47%

Female 38% 53%
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Fig. 18 VSCAN. (With permission fromGE
Healthcare)

Methods

Study population and design

This was a prospective blinded observa-
tional feasibility study that was carried
outatabusy innerLondonemergencyde-
partment at StMary’s Hospital, Padding-
ton, UK. St Mary’s Hospital is a general
acute hospitalwith anaccident and emer-
gency department seeing over 41,000 at-
tendances a year and is one of London’s
four major trauma centres. Adult pa-
tientswith respiratory symptomsaregen-
erally admitted through the emergency
department arriving by ambulance, self-
presenting or referred by general practi-
tioners oroutpatient clinics. Acute short-
ness of breath contributes around 8% of
attendances with approximately 270 at-
tendances a month.

Patients included were adults over the
ageof18whoattended theemergencyde-
partment by anymeans with a presenting
complaint including shortness of breath.

Inclusion criteria:
4 Adult patients over 18 years of age,
4 Nontrauma,
4 Shortness of breath/dyspnoea as part

of presenting complaint,

Fig. 28 Apical 4-chamber view frompartici-
pant

4 Majors (major illness area) or re-
suscitaton area patients (triage
category 1–3) see . Table 1; [12,
13].

Recruitment and consent

Appropriate patients were identified at
triage by the emergency department care
team and asked for consent for the re-
search team to approach. Written con-
sent was obtained from all patients in-
cluded. Patients with temporary lack of
capacity due to being acutely unwell were
included where appropriate personal or
professional assent couldbeobtained and
retrospective consentwas obtainedwhen
capacity was restored. Where loss of ca-
pacity was permanent patients were ex-
cluded.

Randomisation

Eachpatientwas assigned anumber from
a random number generator. Those with
an even number were included in the
scan group and those receiving an odd
number in the control group.

Devices

The pocket-sized cardiac ultrasound
scans were performed using the Vscan
device by GE Systems (. Fig. 1).

Fig. 38 PLAX view fromparticipant

Procedures and outcomes

Those patients recruited to the Vscan
group received a FoCUS scan of less than
10min duration. Results for this were
recorded in a reporting sheet adapted
from the a previous trial using Vscan
(the POPPET trial [14]). This sheet was
placed in the patient case card. In addi-
tion to this an algorithm, adapted from
Emergency Echocardiography byAdrian
Chenzbraun[15], wascompleted ifmajor
diagnostic findings were found. The re-
viewing physician was asked to complete
a proforma recording:
4 The presumptive diagnosis,
4 Time of diagnosis,
4 Treatment given,
4 Time of treatment.

The patients were followed up by the
researchers via their electronic patient
records to collect data on:
4 Final diagnosis,
4 Length of stay,
4 Inpatient mortality,
4 30 day mortality.

A sample size of 40 patients was used
based on recommendations in the Impe-
rial College feasibility assessment.
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Abstract
Background. Acute breathlessness accounts
for 8% of accident and emergency attendan-
ces. Point-of-care cardiac ultrasound (US)
effectively reduces time to diagnosis. Fast and
practical information via pocket-sized cardiac
US devices may better the diagnosis in this
complex patient group.
Methods.We prospectively enrolled 40 con-
secutive patients presenting with shortness
of breath at the emergency department
(ED). Divided into two groups were all
adult patients over 18 with acute breathing
difficulties (triage category 1–3): 21 patients
received a short focused cardiac US scan using
a pocket-sized Vscan and 19 patients received
no scan. Data were obtained regarding the

time taken for diagnosis and treatment,
patient length of stay, inpatientmortality and
30-day mortality.
Results. In the scanned group 33% of patients
had significantly abnormal Vscan results
that had the potential to aid diagnosis and
guide management. The difference of 20min
between the means of the time to diagnosis
between the groups was not significant.
Discussion. The individual knowledge of
UK emergency physicians regarding basic
echocardiography varies greatly. An intuitive
approach following a brief tutorial on pocket-
size echocardiography was shown to improve
diagnostic accuracy in addition to history
taking and physical examination by medical

students and junior doctors with no previous
exposure to echocardiography. Increasing
evidence shows the feasibility and benefit of
FOCUS echo in the ED and the pocket-sized
devices could play a large role.
Conclusion. The Vscan is a practical, portable
device that provides rapid diagnostic
information. One third of patients had
significant findings on the scans to possibly
aid diagnosis and prevent misdiagnosis. This
has the potential to reduce time to diagnosis
in the ED.

Keywords
Dyspnea · Echocardiography · Diagnosis,
differential · Ultrasound · Vscan

Ultraschallgeräte im Taschenformat für die kardiale Point-of-care-Versorgung. Bedeutung in der
Notaufnahme

Zusammenfassung
Hintergrund. Bei 8% der Unfall- und
Notfallbehandlungen liegt eine akute
Atemnot zugrunde. Eine kardiale Point-of-
care-Sonographie reduziert die Zeit bis zur
Diagnose effektiv. Schnelle und praktische
Informationen, die durch ein Ultraschallgerät
im Taschenformat zur Verfügung gestellt
werden, können die Diagnosestellung
bei dieser komplexen Patientengruppe
verbessern.
Methoden. Insgesamt wurden 40 Patienten,
die sich mit Atemnot in der Notaufnahme
vorstellten, prospektiv in die Studie ein-
geschlossen. Alle erwachsenen Patienten
über 18 Jahre mit akuten Atemproblemen
(Triage-Kategorie 1–3) wurden in 2 Gruppen
unterteilt: 21 Patienten, die einen kurzen
fokussierten Herzultraschall mit einem Vscan

im Taschenformat erhielten, und 19 Patienten,
die keinen Scan erhielten. Es wurden Daten
bezüglich der Zeit bis zur Diagnose und
Behandlung, der Hospitalisationsdauer,
Krankenhausmortalität und 30-Tage-
Mortalität erhoben.
Ergebnisse. In der Vscan-Gruppe hatten
33% der Patienten signifikant abnormale
Vscan-Ergebnisse, die das Potenzial hatten,
bei der Diagnosestellung zu helfen und die
richtige Behandlung zu finden. Die Differenz
von 20 min zwischen den Mittelwerten der
Diagnosezeit in den beiden Gruppenwar nicht
signifikant.
Diskussion. Der individuelle Kenntnisstand
der Notfallärzte in Großbritannien weist große
Unterschiede auf. Ein intuitives Vorgehen
nach einem kurzen Lehrgang zum EKG im

Taschenformat hat die diagnostische Präzision
bei Medizinstudierenden und Assistenzärzten
ohne vorherige EKG-Erfahrung verbessert. Die
steigende Evidenz zeigt die Machbarkeit und
Vorteile der fokussierten Sonographie in der
Notaufnahme. Die Geräte im Taschenformat
könnten hier eine große Rolle spielen.
Schlussfolgerung. Der Vscan stellte sich als
praktisches, mobiles Gerät dar, das schnell
diagnostische Informationen lieferte. Ein
Drittel der Patienten hatten im Rahmen der
Scans signifikante Befunde, die das Potenzial
hatten, die Zeit bis zur Diagnose in der
Notaufnahme zu verbessern.

Schlüsselwörter
Dyspnoe · Echokardiographie · Differenzial-
diagnose · Ultraschall · Vscan

Quality control

The images acquired from the 21 Vscans
obtained were reviewed by three further
echocardiographers (one cardiology reg-
istrar and two cardiac physiologists) who
were asked to complete the same report-
ing sheet.

Medical ethics

All procedures followed were in accor-
dance with the ethical standards of the
responsible commitee on human exper-
imentation (institutional and national)
andwith theHelsinkideclarationof1975,
as revised in 2008. Informed consentwas
obtained from all patients for being in-
cluded in the study. Theprojectwas given
a favourable opinion by:

4 Ethics committee: Wales REC7,
4 REC reference: 16/wa/0158,
4 HRA approval: IRAS 199156.

Results

In all, 52 patientswere approached for re-
cruitment over a period of 10 days in the
emergency department. Eleven (21%)
declined to participate. Twenty one pa-
tients were recruited in the scan group
and 20 patients were recruited to the
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Fig. 48 Apical 4-chamber viewwith colour
Doppler demonstrating tricuspid regurgitation

control group. One patient in the con-
trol group withdrew informed consent
after inclusion in the study. No patients
withdrew from the study due to adverse
events or complications. Forty patients
remained in the study in total, 21 in the
scan group, 19 in the control group.

Demographics of the two groups are
summarised in . Table 2.

Quality control

Following quality control there was 96%
concordance with reports by other in-
terpreters. No results were found to be
underestimated in severity.

Patient data

Of the 21 patients who received a Vs-
can, 7 (33%) had significant findings
falling into the categories of the algo-
rithm (tamponade [n =0], moderate to
severe LVSD [n =5], enlarged poorly
contracting RV [n =2], significant valvu-
lar disease [moderate or severe, n =5])
(. Table 3; . Fig. 2, 3, 4 and 5).

Of the recruited patients, 9 received
aVscan by a cardiologist later in their ad-
mission andone a departmental echo. Of
thefivescanned intheEDaspartof the in-
tervention group, four Vscans concurred
withEDscanresults. The5thcardiologist
Vscan reported a patient’s mitral regur-
gitation as mild rather than moderate as
estimated in the emergency department
scan. Two showed severely impaired LV

Fig. 5a–c8 Images acquired via Vscan from a patientwith severe left ventricular systolic dysfunc-
tion and a pleural effusion. Therewas discrepancywithin the quality control image interpreters as to
whether this was pericardial effusion. Imageswere reviewedby a consultant cardiologist at the time
of acquisition to confirm this was a pleural effusion

systolic function, one showed a new area
of hypokinesis and the other had inade-
quate imagesobtaineddue topoor acous-
tic windows.

Time to diagnosis

The median time to diagnosis from the
time first seenby the clinicianwas 40min
in the scanned group and 60min in the
control group. Using the Mann–Whit-
ney U test this difference is not signif-
icant at P < 0.05 (U-value 142, Z-score
–1.54379) (. Fig. 6).

Diagnoses

A breakdown of the final diagnosis on
discharge is shown in . Table 4.

Time to treatment

The median time to treatment for those
that required treatment was 55.5min
(70min scan group, 49min control)
with three people having treatment on
triage or from the London Ambulance
Service before review by clinician. Eight
patients did not require any treatment
within the emergency department. Me-
dian time to referral was 61min (60min
scan group, 64min control). Thirteen
patients did not require referral.

Length of hospital stay

Median length of stay in the two groups
was 1 day (both groups 1 day), mean was
3.7 days (4.85 days scan group, 2.47 days
control).

Mortality

Inpatient mortality was zero. Two pa-
tients died in the 30-day follow-up pe-
riod both in the theoretical control group
and both from apparent cardiac-related
causes.

Discussion

Inthis feasibilitystudyweshowedthat the
addition of cardiac imaging in the emer-
gency department using a Vscan pro-
videsuseful information ina short period
of time. Seven scanned patients (33%)
had significantly abnormal scans helping
guide diagnosis and management.

The Vscan was a user friendly practi-
cal device that allowed a focused cardiac
study to be carried out in less than 10 min
inall includedpatients inorder to identify
the significant abnormalities as defined
in the algorithm. It is light, portable and
small enough to fit into scrub pockets.
Battery life was good with a full charge
allowing over 10 scans a day with ad-
ditional image reviews. Another benefit
was the ability to take the device to show
colleagues or specialists the images with-
out time-consuming uploads.
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Fig. 68 Datadistribution forprimaryoutcomedata: aHistogramshowingtimetodiagnosis inscangroupbHistogramshow-
ingtimetodiagnosis innon-scangroup,bothdemonstratingnonnormallydistributeddata. cBoxandwhiskerplotcomparing
median time to diagnosis for scan andnon scan groups

The images were of good quality, and
the image optimisation functions were
adequate for this studyalthough themax-
imum depth available was a problem in
some of the larger patients. The scans
were well tolerated by patients and most
were enthusiastic about having the addi-
tional test.

The patient group studied was broad
with the only clinical criterion being
breathlessness as part of the presenting
complaint. It became apparent dur-
ing recruitment that patients reported
shortness of breath less readily than
symptoms such as chest pain, fever or
cough despite it being clinically appar-

ent. Consequently, some patients were
not included who were later deemed by
the clinician to have significant dysp-
noea on examination. A previous study
by Laursen et al. [10] placed less em-
phasis on expressed breathlessness as
a symptom or perceived breathlessness
at triage or by ambulance staff, but more
on physiological parameters (in this
case saturations less than 95%, oxygen
therapy commenced or a respiratory
rate over 20) followed by a broader
definition of “respiratory symptoms”
including present or recent cough, chest
pain or dyspnoea in addition to those
physiological parameters. As a relatively

large proportion of the patients included
in the study group were well enough
to be discharged from the emergency
department without follow-up, it would
be helpful to add measures to include
a more unwell patient group with ab-
normal physiological parameters being
a logical step in place of triage categories
and patient presenting complaint. We
included triage category 1–3 patients;
these categories are assigned by the triage
nurses and in practice when reviewed
by the clinician it appeared many of the
patients included would fall into some
of the less urgent categories 4–5.
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Table 3 Abnormal VScan findings

Focused sonography find-
ings

Value
(n = 21)

LVHmoderate or severe 2 (9%)

LV systolic function moder-
ately impaired

2 (9%)

LV systolic function severely
impaired

3 (14%)

LV moderate/severely dilated 2 (9%)

LA dilated 2 (9%)

RV systolic function impaired 2 (9%)

RV dilated 2 (9%)

RA dilated 2 (9%)

AS-moderate or severe 1 (4%)

AR-moderate or severe 1 (4%)

MS-moderate or severe 0 (0%)

MR-moderate or severe 2 (9%)

TR-moderate or severe 3 (14%)

PR-moderate or severe 0

Aortic root dilated 0

Pericardial effusion 0

Pleural effusion 1 (4%)

RAP pressure raised 1 (4%)

Obvious RWMA 1 (4%)

LVH left ventricular hypertrophy, LV left
ventricle, LA left atrium, RV right ventricle,
RA right atrium, AS aortic stenosis, AR aortic
regurgitation,MSmitral stenosis,MRmitral
regurgitation, TR tricuspid regurgitation,
PR pulmonary regurgitation, RAP right
atrial pressure, RWMA regional wall motion
abnormality

The primary outcome measure was
time to diagnosis. In this study we based
this time in minutes on the time from
the clinician’s first encounterwith the pa-
tient towhen they considered a diagnosis
had been made. On collecting this data
for both groups it was apparent that it
was rather subjective and the exact time
was difficult to ascertain. In some cases
investigations such as chest X-rays and
blood testshadbeenpre-orderedbyother
clinical staff allowing these results to be
taken into consideration which clearly
leads to faster diagnosis. Moreover, there
was large variation amongpatients in this
head start effect. Future studies should
focus on patients admitted directly to the
resuscitation room, who are seen on ar-
rival facilitating the clinician to perform
a Vscan in parallel with other investiga-
tions whilst also allowing for the time of
clinician’s first contact to be well defined.

Table 4 Final diagnoses

Final diagnosis Number of
patients

Fast atrial fibrillation 2 (5%)

Fast AF and pleural effusion 1 (2.5%)

Bronchiectasis 1 (2.5%)

Anxiety 3 (7.5%)

Sepsis and cardiac failure 1 (2.5%)

COPD 7 (17.5%)

Pneumonia 4 (10%)

Allergic broncho-
aspergillosis

1 (2.5%)

SLE 1 (2.5%)

COPD and CCF 1 (2.5%)

Vasovagal 1 (2.5%)

Viral inducedwheeze 1 (2.5%)

Crescendo angina 1 (2.5%)

Asthma 6 (15%)

Measles 1 (2.5%)

ACS 4 (10%)

Hyperventilation 1 (2.5%)

Musculoskeletal chest pain
causing dyspnoea

1 (2.5%)

No abnormality found 2 (5%)

AF atrial fibrillation, COPD chronic obstruc-
tive pulmonary disease, SLE systemic lupus
erythematosus, CCF congestive cardiac
failure, ACS acute coronary syndrome

The secondary outcome measures
such as time to treatment, length of stay
andmortalityweremore straight forward
to collect with electronic tracking and
should be included to ascertain possible
longer term implications of early pocket-
sized echo and cost effectiveness.

The progression to a full randomised
controlled trial with a larger sample size
is a logical next step. Our primary out-
come measure should remain as time to
diagnosis with a null hypothesis that an
early pocket-sized echo in the emergency
department does not lead to a faster di-
agnosis.

With a difference on means of 20min
between the times to diagnosis of the
groups a sample size of 76 would be
needed to show significancewith a power
of 0.8 and 5% error rate.

Currently UK emergency physicians
are trained in echocardiography in terms

of “Echo in Life support” as part of
their level 1 ultrasound training. The
requirements for this are quite basic;
subsequently there is a great variation
amongst individual physician’s skill levels
in echo image acquisition and interpre-
tation. This is multifactorial: A lack
of training opportunities, a lack of ex-
perienced operators to supervise, time
constraints in the emergency setting and
impractical equipment. Our colleagues
in intensive care manage a similar subset
of patients and are using point-of-care
echocardiography to a much greater ex-
tent with many physicians striving for
BSE accreditation. We have previously
demonstrated that an intuitive approach
following a brief tutorial on pocket-
size echocardiography can improve the
diagnostic accuracy over and above his-
tory taking and physical examination
in the hands of medical students and
junior doctors with no previous ex-
posure to echocardiography [16]. As
more evidence is obtained to show the
feasibility and benefit of FOCUS echo
in the emergency department this is
likely to change and the pocket-sized
devices could potentially play a large
role in converting those who find our
larger machines impractical and their
set up time consuming. A project such
as the one we suggest would be another
step towards demonstrating some of its
applications and benefits and as a result
training opportunities and echo expe-
rienced physicians may become more
prevalent.

Conclusions

In this feasibility study we showed that
the use of a Vscan in the emergency de-
partment was a practical, portable device
that provided rapid diagnostic informa-
tion as an extension of clinical exami-
nation. This has the potential to reduce
time to diagnosis in this time pressured
environment.
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Fachnachrichten

Neuer Mechanismus zur
Behandlung von
Bluthochdruck entdeckt

Eine Forschergruppe des Zentrums für Kar-

diologie und des Centrums für Thrombose
und Hämostase (CTH) an der Universitäts-

medizin Mainz entdeckte jetzt eine bisher

unbekannte Interaktion von Faktoren der
Blutgerinnung und der Entzündungsreak-

tion. Im Rahmen der Studie verabreichte
die Forschergruppe im Tiermodell das

blutdrucksteigernde Hormon Angioten-

sin II. Es zeigte sich, dass Angiotensin II
in der Gefäßwand eine Entzündungsre-

aktion auslöst, die durch Komponenten

des Blutgerinnungssystemsmaßgeblich
verstärkt wird. Die Wissenschaftler fanden

heraus, dass der Blutgerinnungsfaktor XI
für den Anstieg dieser Entzündungsreakti-

on verantwortlich ist. Eigentliche Aufgabe

des Blutgerinnungsfaktors XI ist es, die
Aktivierung der Gerinnung auf der Ober-

fläche der Blutplättchen anzutreiben. Er

wird dabei von Oberflächenrezeptoren der
Blutplättchen unterstützt. Hemmtman XI,

dann lässt sich der Bluthochdruck deutlich
senken, und es treten weniger Entzün-

dungsreaktionen auf. Die Hemmungdieses

Gerinnungsfaktors, der bekanntermaßen
nur eine untergeordnete Rolle bei der nor-

malen Blutstillung spielt, konnte sogar

eine Nierenschädigung deutlich reduzie-
ren. Die anschließende Untersuchung von

Patientenproben zeigte ebenfalls deutliche
Hinweise für eine verstärkte Gerinnungsak-

tivierung auf den Blutplättchen in Patien-

tenmit erhöhtem Blutdruck. Auch hier war
der Blutgerinnungsfaktor XI die treibende

Kraft, wie die Wissenschaftler nachweisen

konnten. Diese Erkenntnisse legen nah,
dass eine medikamentöse Hemmung des

Blutgerinnungsfaktor XI Bluthochdruck-
patienten helfen könnte. Die Ergebnisse

wurden in der Fachzeitschrift ,Science

Translational Medicine‘ veröffentlicht.

Literatur: Kossmann et al. (2017) Platelet-

localized FXI promotes a vascular coa-
gulation-inflammatory circuit in arterial

hypertension, Sci. Transl. Med. 9, Issue 375,
DOI: 10.1126/scitranslmed.aah4923

Quelle: Universitätsmedizin der
Johannes Gutenberg-Universität Mainz,

www.unimedizin-mainz.de/
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