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Norsk Tittel: Lommeultralyd — flytting av diagnostikken tilbake til pasientens sengekant

Sammendrag:

Legegjerningen har gjennomgatt filosofiske og teknologiske forandringer i takt med
samfunnet for gvrig. Praksis har endret seg dramatisk i lgpet de siste 150 arene. Blodpraver,
EKG, ultralyd, rentgen, CT, MR og gentesting har medfart en betydelig bedring av var
diagnostiske treffsikkerhet, samtidig som vi diagnostiserer sykdommer pa et tidligere
stadium. Dessverre har den kliniske undersgkelsen veert offer for disse fremskrittene.
Avansert bildediagnostikk foregar na oftere pa et rom langt unna pasienten, av leger som
aldri har mgtt eller kommer til & mgte pasienten.

Til tross for disse teknologiske fremskrittene viser obduksjonsstudier at det fremdeles gjares
store diagnostiske feil hos opptil 30% av pasienter. Dette kan veere et resultat av fallende
ferdigheter i klinisk undersgkelse. Lommeultralyd utfgrt ved pasientens sengekant har
potensiale til & snu denne trenden. Lommeultralyd gjar det usynlige synlig og lar den
behandlende lege, som kjenner pasienten best, se med egne gyne hva som feiler pasienten der
og da.

Arbeidet bestar av 4 delstudier. Studie 1, 2 og 3 ble utfert ved medisinsk avdeling ved
Sykehuset Levanger, der nyinnlagte pasienter ble undersgkt med lommeultralyd av
vakthavende lege. | Studie 1 undersgkte kardiologer, som er erfarne brukere av ultralyd,
pasienter med lommeultralyd. Man fant godt samsvar med referansemetoden, bade for mal pa
hjertets funksjon og anatomiske strukturer. | Studie 2 og 3 ble pasienter undersgkt av leger i
spesialisering med varierende, men begrenset erfaring i ultralyd. Det ble funnet god til
moderat samsvar med vurderingene gjort av erfarne kardiologer og med avansert utstyr. Ved
bruk av lommeultralyd hos nyinnlagte pasienter fant man klinisk nytte hos 1/3 av pasientene
(diagnosen endret, verifisert eller pavist viktig tilleggsdiagnose). | Studie 4 ble 30
medisinstudenter utstyrt med lommeultralyd i forbindelse med kliniske utplassering pa
sykehus. Studentene klarte & fremstille tilfredsstillende bilder hos mer enn 74% og stille
riktig diagnose hos disse i over 93% av tilfellene.

Studiene konkluderer med at lommeultralyd er lett & bruke. Videre gir undersgkelsen raske,
palitelige og ngyaktig svar som er av klinisk nytte for en stor andel av pasientene.
Nytteverdien er imidlertid avhengig av brukerens ekspertise.
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“If I have seen further it is by standing on the shoulders of giants.” Sir Isaac Newton (1643-1727)
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Disease is very old, and nothing about it has changed. It is we who change, and we learn to recognise what
was formally imperceptible. J.M. Charcot (1825-1893)

1. Introduction

1.0 Background

Much of the time-honed skills of physical examination are on the verge of being forgotten
and what is forgotten is easily lost. Despite repeated appeals to revive this failing art, little
has happened. The art of physical examination is endangered, largely due to advances in
diagnostic tests and diagnostic imaging. Furthermore, patients are more often presenting
earlier, with less obvious signs and symptoms of the disease from which they are suffering.
The advent of pocket-size ultrasound used at the bedside, at the patients” point-of-care, has
the potential to save this valuable art from an early demise. An attempt to illustrate this is

included in the coming chapters.

1.1 The physical exam — a brief history

-See, feel and listen! Inspection, palpation and auscultation, these pillars of modern physical
examination stem from the time of the Pharaohs’. Hippocrates and his students continued this
art of bedside examination, which has remained an essential part of medicine for more than

two millennia (1, 2).

However by the 18th century a “dark age” of physical examination was at hand.
Physical examination was largely abandoned by physicians in favour of a more scholarly and
refined approach to illness. Close contact with patients was seen as beneath them, akin with
manual labour, to be performed by the guild of barber-surgeons. Instead of touching their

patients, physicians would listen to their woes, examine their excrement and prescribe life-



style changes or homemade concoctions of dubious effect (3, 4).

The reawakening of physical examination was much inspired by Morgagni's “De
sedibus et causis morborum’ (The Seats and Causes of Diseases) in 1761. It detailed post
mortem studies and is seen by many as the birth of anatomical pathology. With the aid of his
predecessors such as Boerhaave (1668-1738) he linked pathology and autopsy results to

clinical medicine at the bedside and a new era of medicine emerged (1).

The famous diagnosticians of the 18 and 19th century followed. With Auenbrugger’s
rediscovery of percussion and Laennec’s stethoscope slowly paving the way. Despite wide
spread distrust amongst many physicians, the old principles of physical examination were
gradually re-introduced and improved upon based on more scientific and objective
observations and post-mortem findings. This has been by some been named the “Golden era”

of physical examination (2).

Towards the end of the 19" century and early 20" century, the x-ray and
electrocardiogram had emerged and found firm footholds in modern diagnostic medicine.
From the middle of the 20" century, the advantages of biochemical tests and eventually

ultrasound became increasingly apparent.

Over course of the last few decades yet another dark age of physical examination has
apparently evolved. The physical examination skills of doctors have again declined as many
modern physicians have disregarded the art of physical examination in favour of more

modern and fashionable diagnostic techniques(5-10).

A bridge between traditional physical examination and modern diagnostics is needed.
Point-of-care pocket-size ultrasound has the potential to bridge this gap and hopefully inspire

anew “renaissance of physical examination” (2).



1.2. Ultrasound - then and now

Ultrasound in medicine and specifically cardiology began as a cumbersome tool of uncertain
clinical applicability. Inge Edler and Helmuth Hertz pioneered much of the early use in the
1950s, but it was not until the late 60s and 70s that the actual clinical use of ultrasound
became increasingly apparent (11). This was in large part due to the development of B-mode
imaging, (allowing for real time visualization of anatomic structures), pulsed- and continuous
wave Doppler and colour Doppler flow imaging (12-15). Several of the clinical applications
of Doppler ultrasound in assessing and diagnosing valvular heart disease were described by
Liv Hatle, Bjgrn Angelsen and their group of researchers at Norwegian University of Science
and Technology (NTNU) in Trondheim during the late 70°s (16-20). Since then the number
of clinical applications of echocardiography has increased exponentially and is today the
most widely used tool for assessing cardiac function and anatomy (21).

Despite Moore’s law predicting a doubling of the number of transistors in a dense
integrated circuit every two years, the ultrasound machine remained large, heavy and
cumbersome for several years to come (22). Instead of focusing on miniaturization, the
constant advances in the integrated circuits predicted by Moore’s law were used to increase
image quality and functionality of the ultrasound machines, including transitioning to the
phased array probe, colour flow imaging and harmonic imaging. There were however, some
early attempts at creating portable ultrasound devices with only limited success, such as the
Minivisor in 1976 (Figure 1) (23). It took another 20 years before miniaturized products
gained a foothold, eventually transforming these 200 kg colossus to pocket-size devices

weighing less than 0.5 kg.
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Figure 1.

The Minivisor. A portable echo apparatus developed around 1976.

Reproduced from (BOM N) with permission, Copyright © 2004, John Wiley and Sons

However, miniaturization and thereby increased flexibility comes at the cost of functionality.
Miniaturized devices are either pocket-size, hand-held or laptop size, where the latter device

usually contains more functionality and the former more flexibility. Recently the evolution of
the smallest devices has accelerated and there are now several different pocket-size imaging
devices (also known as PSIDs) available on the market. The two most studied are the Vscan®

from GE Vingmed Ultrasound , Horten, Norway and the Acuson P10® from Siemens,

Mountain View, Califorina, USA (24).

11



There are no head-to-head comparison studies of the different pocket-size ultrasound
machines. They compare similarly in many regards, but the Vscan has the advantage of
having a colour Doppler function. They have been shown to supply images of excellent
quality, comparable even to that of high-end systems (25, 26). As the size of the ultrasound
devices decreased so has the price, with most pocket-size ultrasound devices being available

for less than 10000 USD.

Figure 2

Photo: Geir Mogen/NTNU
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1.3 Point of care

The miniaturization of ultrasound devices has helped lead the way to the term “point-of-care
ultrasonography”, i.e. ultrasonography brought to the patient and performed by the provider
in real time (27). This allows for the immediate acquisition of valuable diagnostic and
procedural information that can be correlated to the patient’s signs, symptoms and situation.
The invisible becomes visible (28). Moreover, it is easily repeatable and free from known

adverse effects.

The practical applications of point-of-care ultrasonography are diverse and include;
procedural guidance, focused diagnosis, screening and as a tool for medical education.
Common bedside procedures such as vascular access, thoracocentesis, paracentesis and

pericardiocentesis are easier and safer with ultrasound guidance (29).

The diagnostic aspect of point-of-care ultrasonography is generally more limited than
formal ultrasonography. The exam is focused on certain areas or hypothesis, i.e. goal
directed. Such as looking for specific causes of dyspnoea or chest pain such as pulmonary
oedema, pulmonary embolism, pleural fluid, myocardial ischemia/infarction, cholecystitis
and aortic dissection. Several diagnostic protocols have been developed over the years
including FAST (Focused assessment with Sonography in trauma) and FATE (Focus

Assessed Transthoracic Echo) (30, 31).

Point-of-care ultrasonography may provide the ideal platform for the screening of
certain patients. It is cheap, quick and has a user-friendly interface. Health care providers can
screen for serious diseases at an early, asymptomatic and treatable stage such as AAA and

left ventricular dysfunction (32, 33).

13



Point-of-care ultrasonography can further aid in the teaching of anatomy and
traditional physical examination skills to medical students with their ability to directly

visualize organs and pathology at the bedside in real time (34, 35).

1.4 Training

The miniaturization of ultrasound devices has significantly increased the availability of
diagnostic ultrasound devices and lowered the threshold for its use. It will be used more
often, in different scenarios, testing diverse hypothesis by clinicians of differing expertise in
ultrasonography. The accuracy and reliability of an ultrasound exam depends on the user. It is
not feasible to make every clinician an expert ultrasonographer, but a certain degree of
competency pertaining to the expected tasks should be established. Furthermore, the
implications and limitations of pocket-size ultrasound findings need to be made clear to both

the clinicians performing the examination as well as the patients receiving them.

The American and European associations of echocardiography/cardiovascular
imaging have both published guidelines and recommendations relating to the use of hand-
carried and pocket-size ultrasound devices. Both highlight that these miniaturized ultrasound
devices should not replace high-end systems, but rather function as a supplement to the
clinical examination (36-38). The European Association of cardiovascular imaging (EACVI,
formerly known as the European Association of Echocardiography, EAE) states that expert
echocardiographers do not need any training for the use of pocket-size ultrasound and
conversely that non-experts should undergo a dedicated training program tailored to the
expected clinical use (36, 38). The American society of echocardiography (ASE)
recommends training for physicians without a minimum level 11 training in echocardiography

and propose a curriculum of 3 separate core components, including didactic training, hands-

14



on training and image interpretation (37). Recently the EACVI has launched their own
EACVI Education Program for Pocket Size Ultrasound Devices (39). It is aimed at “all users
of pocket-size ultrasound devices with the exception of cardiologists who are certified for
transthoracic echocardiography according to national legislation”. This education program
includes eight online courses covering basic echocardiography and cardiac anatomy as well
as specific clinical scenarios. It also requires proof of hands on clinical practice with a
pocket-size ultrasound device under supervision of an experienced echocardiographer in a

hospital environment before certification.

1.5 Diagnostic performance
When introducing new diagnostic modalities to clinical practice it is imperative to know its
accuracy and reliability. This is measured in different ways by differing statistical methods,
and included below is a brief overview of the background for the most used statistical
methods in data analyses of the diagnostic performance of pocket-size ultrasonography.

When a diagnostic tool is accurate it tells us precisely when a patient has the disease
and when it does not, also referred to as true positives and true negatives. Unfortunately,
diagnostic tools are seldom perfect in both ways. In clinical medicine there will always be a
certain degree of inaccuracy. The test may report that a disease is present when it is not, i.e. a
false positive result. This may lead to further inappropriate, possibly dangerous and costly
testing and/or incorrect treatment with all the possible side effects and none of the benefits.
Conversely, the test may report that a disease is not present when it in fact is, i.e. a false
negative result. This can lead to missed diagnosis and the withholding of appropriate
diagnostic test and treatment for the disease.

The overall accuracy of a test is the total of correct test results divided by the total

correct and incorrect test results.
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Accuracy = True positives + True negatives /Sum of tests
(True positives + False positives + True negatives + False positives)

Clinically: How many patients with and without disease will be found with the test?

A measure of the degree of true positives/negatives and false positives/negatives is given by a

test’s sensitivity and specificity.

Sensitivity = True positives/ True positives + False negatives = True positives / Diseased

Clinically: The chance of detecting patients with the disease by the test.

Specificity = True negatives /True negatives + False positives = True negatives / Healthy

Clinically: The chance of detecting patients without the disease by the test.

Sensitivity depends on the relationship between true positives and false negatives, thus a test
with a high sensitivity has a high proportion of true positives, and therefore few false
negatives. A test with high specificity has a high proportion of true negatives, and therefore
few false. There is no perfect test with 100% sensitivity and specificity; instead, there is
usually a trade-off between the two. Thus, by increasing the sensitivity of a test we will
decrease it’s specificity and vice versa. The optimal cut-off value between sensitivity and
specificity of a test will depend on whether we want to rule in or rule out a disease.

To better describe the implications of a positive or negative result the positive
predictive values (PPV) and negative predictive values (NPV) are used. The PPV gives us the
proportion of patients with a positive test result who actually have the disease, whilst the
NPV gives us the proportion of patients with a negative test who do not have the disease.

This is of course important in everyday clinical practice, but it is complicated by the fact that

16



both the PPV and NPV depend on the prevalence of the disease in the specific population. A
population with a high prevalence of disease will have a high PPV just because the chance of
disease is so high. Conversely, in a population with a low prevalence of the disease the NPV
will tend to be high. E.g., young athletes have a low incidence of AAA and the PPV of an
abdominal ultrasound for detecting an AAA would be lower in this population, whilst the
NPV would increase and the sensitivity and specificity would remain the same. The opposite
would be expected in a sample of octogenarians with a history of coronary artery disease

where we expect a high incidence of AAA.

PPV = True positives / True positives + false positives = Diseased with positive test / positive
test results

Clinically: The proportion of patients with a positive test result that actually has the disease.

NPV = True negatives / True negatives + false negatives = Healthy with negative test /

negative test results

Clinically: The proportion of patients with a negative test result that actually is healthy.

17



Table 1. Hlustration of the relationship between sensitivity, specificity, positive and
negative predictive values

Disease positive Disease negative
Positive
Test A. True positive B. False positive [|predictive value
positive =A/A+B
Test Negative
negative C. False negative D. True Negative |[predictive value
= D/D +C
Sensitivity Specificity Accuracy =
=A/A+C = D/D+B A+D/A+B+C+D

Once the cut-off levels have been established it is mandatory to know how reliable the
measurements are compared to gold standard. For this purpose correlation statistics may be
used. Correlation is given as r (rho) with a range from -1 to 1. A negative denotation
illustrates a negative correlation, and the strength of the correlation relates to the absolute
number. An r value of 1 denotes a perfect correlation, an r value >0.8 denotes an almost
perfect correlation, an r value of 0.61-0.8 denotes a substantial correlation, whilst an r <0.6
denotes a slight to moderate correlation. There are different ways of calculating the
correlation depending on the data set. For continuous data Pearson’s r is preferred, whilst
Spearman’s R is used for non-parametric and ranked data. Kappa values are also used to

estimate correlation, but only for non-ranked categorical data.
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These statistical tools are used in the analyses to more correctly judge the diagnostic

performance, and thus, the place of the use of pocket-size ultrasound in clinical practice.

2. Aims
2.1 General aims
To study the feasibility, reliability, accuracy and clinical influence of point-of-care pocket-

size ultrasonography in the hands of experts and non-experts.

2.2 Specific aims

e To study the reliability and feasibility of point-of-care pocket-sized echocardiography
at the bedside performed by experts

e To study the reliability and feasibility of point-of-care pocket sized ultrasonography at
the bedside performed by medical residents

o Investigate the potential benefit of adding goal-directed ultrasound examination
performed by on-call medical residents using point-of-care pocket sized
ultrasonography in patients admitted to a medical department

o Investigate whether medical students with minimal training were able to successfully
acquire and interpret ultrasound images using a pocket-size ultrasonography as a

supplement to their clinical practice

3. Material

Location:

Studies 1, 2 and 3 were conducted through the Department of medicine, Levanger Hospital,
Nord-Trgndelag Health trust, Norway. Levanger Hospital is a non-university hospital that

provides healthcare services for a population of approximately 100,000.
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Study 4 was conducted through The Faculty of Medicine at the NTNU and later at 7 regional

hospitals between January-May 2012.

Population:

In Studies 1, 2, and 3 the patients were all emergency admissions and worked up in a
standard manner by the admitting doctor and subsequently the medical team after admission.
In Study 1 three experienced cardiologists included 108 patients between March-September
2010. All newly admitted patients to the medical ward present for the on-call cardiologist’s
evening rounds were included. Studies 2 and 3 were conducted between the 4™ of April and
23" of June 2011. Of a total of 14 medical residents, 6 had been randomized by draw to
participate in the study. Patients admitted on dates with an on-call medical resident
randomized to perform the ultrasound examinations were included in the active arm. Of 446

available patients the residents included 199 of them (Figure 3).

20



Figure 3. Study Population and randomization

Emergency
admissions in study
period n=1076

. Total enrolled in
Declined consent study
h=84 =992
. Not
Rggcligrgl_zzggo randomized to
- PSID n=546
PSID PSID not
performed performed Controls n=546
n=199 n=247

Flow chart illustrating the study population and randomization categories.
PSID; Pocket-size imaging device. Reproduced with permission from the American Institute
of Ultrasound in Medicine.

In studies 1, 2 and 3, there was no exclusion criterion other than death or discharge
before completed study protocol or withdrawal of consent. Patients were specifically not
excluded due to poor image quality, previous illness or any other unspecified attribute that
may result in a suboptimal examination. The basic characteristics of the study populations

from the three studies are presented in Table 2 and 3.
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Table 2. Basic characteristics of the 108 study participants in study 1

Variable Mean + SD (range)’
Age, years 69.1 + 13.7 (20-92)
Women, N (%) 39 (36%)
Height, cm 172 + 9 (146-189)
Body mass index, kg/m? 27 £5 (17-44)
Systolic blood pressure, mm Hg 146 + 32 (58-250)
Diastolic blood pressure, mm Hg 81.5 + 20 (32-161)
Heart rate, bpm 78.7 + 24 (29-145)
Atrial fibrillation, N (%) 22 (20%)
Prior hypertension, N (%) 39 (36%)
Prior diabetes, N (%) 18 (17%)
Prior myocardial infarction, N (%) 33 (31%)
Prior angina, N (%) 27 (25%)
Prior heart failure, N (%) 12 (11%)
Prior peripheral vessel disease, N (%) 13 (12%)
Prior stroke, N (%) 12 (11%)

'Data are presented as mean + SD (range) unless otherwise specified.

22



Table 3. Basic demographics of the participants from Studies 2 and 3

Variable PSID received Randomized to - -
PSID, but not value* Control Group | value#
n= 199 received
n =247 n =546
67 +17,7 (16-
Age 64.8 £ 18.1 (17-98) | 66.5 + 19 (16-98) 0.34 97) 0.14
Women, n (%) | 94 (47%) 112 (45%) 0.69 246 (45%) 0.60
Systolic blood 145 + 30 (65-
pressure 144 + 29 (74-245) | 141 + 27 (68-217) | 0.33 237) 0.66
Diastolic 76 £17 (33-
blood pressure | 75 + 16 (24-120) 74 + 16 (31-120) 0.54 152) 0.37
Body mass 25.6+5.1 (14.2- 26.2+5.6 (14.4-
index (BMI) 26.4 £5.6 (12-45) | 38.1) 0.58 51.6) 0.67
83 + 21 (26-
Pulse 83 + 23 (40-160) 82 + 20 (44-140) 0.80 195) 0.78
37.2+£0.8(35.3- 37.3+£0.9 (35- 37.2+0.9 (35.1-
Temperature 40.3) 40.3) 0.67 40.9) 0.55
Atrial
fibrillation 33 (17%) 29 (13%) 0.31 71 (15%) 0.51
Hypertension | 67 (34%) 64 (26%) 0.07 154 (28%) 0.15
Diabetes
Mellitus 38 (19%) 39 (16%) 0.36 97 (18%) 0.68
Myocardial
infarction 33 (17%) 45 (18%) 0.65 88 (16%) 0.88
Angina
pectoris 18 (9%) 30 (12%) 0.29 56 (10%) 0.63
Heart failure 20 (10%) 30 (12%) 0.49 73 (13%) 0.23
Peripheral
vascular
disease 7 (4%) 9 (4%) 0.94 32 (6%) 0.20
Cerebrovascul
ar accident 35 (18%) 43 (17%) 0.96 81 (15%) 0.36
Malignancy 16 (8%) 38 (15%) 0.02 85 (16%) 0.008

PSID; Pocket-size imaging device. Data are presented as mean + SD (range) unless otherwise
specified. *p-value for difference between PSID examinations received and PSID
randomized, but not received. # p-value for difference between PSID examinations received
and control group. Reproduced from Paper 3 with permission from the American Institute of
Ultrasound in Medicine.
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In Study 4, 30 fifth year (of six) medical students volunteered to participate in the study. At
the end of the study period and clinical placement, 21 medical students had included 211
patients (43% male, 38% female and 18% unrecorded sex). All patients over 18 years of age,
encountered in-hospital or at outpatient clinics during the students’ clinical placement periods
were eligible for inclusion. The only exclusion criterion was lack of consent. 1 student did
not hand in a completed logbook and a further 8 students did not perform any inclusions and
were therefore excluded from the study. Each student included a median of 9 (£ 8, range 1-

27) patients.

4. Methods

4.1 Study design

Study 1, 2 and 3: In Study 1 point-of-care pocket-size ultrasound examination was
performed by cardiologists experienced in echocardiography. In Study 2 medical residents
with limited ultrasound experience performed point-of-care pocket-size ultrasound
examinations. Study 3 was a prospective observational study on the same population, but this
time examining the diagnostic influence of routinely adding a focused point-of-care pocket-
size ultrasound examination performed by medical residents to standard care which included
routine history taking, physical examination and relevant laboratory and imaging tests. In
Study 1, newly admitted patients were examined by one of three cardiologists performing
their regular evening ward rounds. In Studies 2 and 3, patients were examined by one of 6
participating medical residents. All pocket-size ultrasound findings were recorded and any
suspected pathology was referred for subsequent formal reference imaging. Additionally a
selected amount of reportedly normal findings were referred for reference imaging as

controls.

24



Study 4: The thirty medical students that volunteered to participate were each given a
personal pocket-size ultrasound to use as a supplement to their physical examination during
their allocated hospital terms. The students performed patient inclusion and selection. They
were required to hand-in a logbook along with their pocket-size ultrasound devices at the end
of their hospital placements where they described basic patient characteristics and their own

pocket-size ultrasound findings.

4.2 Training and education

Study1: No additional formal training or education was performed as the three participating
doctors were all board certified cardiologists with an EAVCI advanced competence level in
echocardiography and were familiar with the pocket-size ultrasound device.

Study 2 and 3: The medical residents received four hours of formal didactic lectures from a
cardiologist and radiologist on the physics, pitfalls and limitation of ultrasound, as well as a
theoretical map on how to perform the examinations. Normal and pathological findings were
demonstrated. The focus was on scanning techniques, image acquisition and interpretation of
the ultrasound images. They all had access to an in-house imaging library with illustrations of
both anatomy and pathology including how to obtain similar views and images, as well as
how to interpret them for clinical decision-making. Subsequently, they were encouraged to
perform as many examinations as possible or at least 100 abdominal and cardiac
examinations with a high-end, mobile or pocket-size ultrasound device prior to study start.
During this time focus was on hands-on training. The residents were allocated personal
supervisors experienced in ultrasonography/echocardiography and given access to the
ultrasonography and echocardiography laboratory. The actual numbers performed prior to

study start, including those performed before randomization, were median (interquartile
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range) 95 (80-225) examinations and median (interquartile range) 32.5 (20-85) examinations

were supervised hands-on by a relevant specialist or advanced trainee.

Study 4: The medical students received 3 evenings (9 hours) of combined theoretical and
practical training in the use and interpretation of ultrasound images. The theoretical training
was given as short didactical lectures by relevant specialists (cardiologists and radiologists)
and focused on basic ultrasound physiology, anatomy and examples of normal and
pathological ultrasound images. The students were specifically trained to assess for pathology
relevant in the immediate emergency care of patients. Practical, hands-on training was given
by relevant specialists and advanced trainees, with students using their personal pocket-size
ultrasound. Students were encouraged to perform at least 75 examinations prior to study

start.

4.3 Pocket-size imaging device, the examinations and indications for reference imaging
The ultrasound examination in all four studies was performed bedside with a pocket-size
imaging device; Vscan (version 1.1 and 1.2) (GE Vingmed Ultrasound, Horten, Norway).
The device measures 135 x 73 x 28 mm and weighs 390 g, including the phased-arrayed
probe. Two-dimensional grey scale and live colour Doppler imaging were obtained. The
image sector for echocardiographic imaging is 75°. The bandwidth ranges from 1.7 to 3.8
MHz and is automatically adjusted. Storage and looping of a cardiac cycle are possible
without ECG signal and looping of other structures is predefined and limited to 2 seconds.
The device has separate modes optimized for cardiac and abdominal examinations. Patient
identification was performed using voice recording and/or the automatically assigned

examination number. All images and recordings were saved on the device’s micro-SD card
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and later transferred to a computer by commercial software (Gateway; GE Vingmed

Ultrasound).

Studyl, 2 and 3: A standardized examination protocol was used. The bedside (point-of-care)
cardiovascular ultrasound examination was performed with patients in the left-lateral
decubitus position, supine position or both. All measurements of dimensions were done on
the pocket-size ultrasound device. Assessment of left ventricle (LV) global and regional
function, right ventricle (RV) size and function, valvular anatomy and function, and the
pericardium were done from parasternal long- and short-axis and apical four-chamber, two-
chamber and long-axis views using grey scale and colour flow modes. LV and RV functions
were classified by visual assessment as: normal/near normal, moderate dysfunction or severe
dysfunction. Valvular pathology and dysfunction was classified semi-quantitatively as mild,
moderate or severe. Pericardial effusion was classified as present or not. The size of the left
atrium (LA) was measured online on grey-scale parasternal long-axis images and converted
to semi-quantitative measures. An attempt was made to do the measurement of the LA at
end-systole. The abdominal aorta (AA) and inferior vena cava (IVC) were assessed from the
subcostal position. The AA was assessed distally to the bifurcation and classified as: no
abdominal aortic aneurysm (AAA) present or AAA present, depending on whether the
diameter exceeded 35 mm or not in Study 1 and 3 and 30 mm in Study 2. IVVC diameter was
measured end-expiratory within 2 cm from the right atrium orifice. With patients in a supine
or upright position, the pleura was assessed from left and right thoracic dorsolateral views,
and the amount of pleural effusion was classified as: no pleural effusion, small-to-moderate

amounts of pleural effusion or significant pleural effusion (40).
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The liver, gallbladder and kidneys were assessed from a supine position. The liver and
gallbladder were classified as normal or abnormal. The kidneys were classified as normal,
evidence of hydronephrosis or other pathology.

All patients with reported pathological findings were referred for standard reference
imaging. Additionally, all patients admitted to the cardiology department in Study 1
underwent subsequent echocardiography regardless of the findings by pocket-size ultrasound.
In Studies 2 and 3, the study committee daily selected 1-2 patients at random, with reportedly
normal pocket-size ultrasound findings, to undergo reference echocardiography and/or
abdominal ultrasound examinations to assess the degree of false negative findings. In order
not to impede hospital workflow, radiologists responsible for reference imaging of patients
with positive and negative findings were not blinded to the results of the pocket-size
ultrasound examination. However, the cardiologists performing the high-end reference
imaging procedures in studies 1, 2 and 3 were blinded to the results of the pocket-size
ultrasound examination, but not to the data from the medical history or physical examination.
For the analyses of the patients who underwent both echocardiographic and radiographic
examinations, the radiologists’ classifications of pleural effusion (CT or ultrasound) and the

size of the abdominal aorta were preferred in cases with dual measurements.

Study 4. All patients were examined during the students allocated hospital terms. A
standardized examination protocol was used. The bedside (point-of-care) ultrasound
examination was performed with patients in the left-lateral decubitus, supine position or both.
The left ventricular (LV) was assessed from the apical four-chamber view. They were
instructed to assess for reduced LV function defined as mitral annular excursion (MAE) <10
mm (41-43), pericardial effusion, pleural effusion, lung comets, inferior vena cava (1VVC)
diameter and variation, hydronephrosis, bladder distension, gallstones, signs of cholecystitis,

diameter of abdominal aorta (AA) and abdominal free-fluid. Pericardial effusions, IVC and
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AA were examined from the subcostal position. Pleural effusions and lung comets were assed

from the supine and/or upright position. No data for reference imaging was collected.

4.4 Data analysis

Pocket-size ultrasound recordings were transferred to a standard laptop or stationary PC
using the Vscan Gateway software (GE Healthcare, Horten, Norway). The reference
echocardiography recordings were transferred to the hospital database and analysed using

EchoPAC PC, version BT 09 (GE Vingmed, Horten, Norway).

Study 1 and 2: The feasibility and reliability of point-of-care pocket-size ultrasound
examination performed by cardiologists and medical residents was compared to high-end
imaging performed by cardiologists and radiologists. The statistical analyses are more

extensively described below.

Study 3: The diagnostic influence of point-of-care pocket-size ultrasound examination was
assessed. Diagnostic corrections were made after examination with a pocket-size ultrasound
at the patient’s bedside. All patients’ diagnostics were judged in an end-point committee of
relevant specialists. The committee members were blinded to the decisions of the other
members. The diagnostic usefulness of pocket-size ultrasound examination was judged on an
individual basis, using medical journals and considering all relevant diagnostic tests
performed prior to examination with pocket-size ultrasound examination. The influence of
pocket-size ultrasound examination was divided into the following categories: 1) The
principal diagnosis was changed, 2) the principal diagnosis was confirmed, 3) an additional
diagnosis important for in hospital treatment or follow-up was added, 4) an additional

diagnosis which did not influence treatment or follow-up was made or 5) no change,
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verification or additional diagnosis was made. In case of disagreement (33 out of 199) the

majority of the committee had the preference.

Study 4: The feasibility and accuracy of point-of-care pocket-size ultrasound examination
performed by medical students was assessed. The students were required to hand-in a log of
selected examinations including their own set diagnosis based upon pocket-size ultrasound
examination. The specialists, 1 radiologists and 2 cardiologists, were asked to categorize the
image acquisition of relevant organ as acceptable or unacceptable for clinical interpretation
and then determine whether the set diagnosis of the acceptable images were correct or

incorrect.

4.5 Statistics
All the statistical analyses were performed using SPSS for Windows/Mac (version 18.0 and
20.0, SPSS Inc, Chicago and IBM Corp. Armonk, NY) and R (version 2.13.1, R

Development Core Team, Vienna).

Study 1, 2 and 3: The basic demographics are presented as mean + standard deviation (SD)
and range. Data not following a normal distribution were presented as median and
(interquartile) range. The Mann—Whitney U test of independent samples was used for
comparison of continuous variables between groups. Proportions between groups were
analysed by chi-square statistics or Fisher’s exact test. The Spearman’s rho (r) was used for
ranked non-parametric data when comparing pocket-size and the high-end echocardiographic
or radiographic examinations. For comparison of continuous variables Pearson’s rho (r) was
used. Similarly, non-ranked, non-parametric data was analyzed by kappa statistics. Data are

presented as r (95% confidence interval (Cl)) with the 95% CI computed using
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bootstrapping.

In Study 3, logistic regression analyses were used to assess predictors of influence of
the pocket-size ultrasound examinations. Change of the primary diagnosis or any diagnostic
usefulness (change or verification of the primary diagnosis, or an important additional
diagnosis) was used, as dependent variable, and age and cardiovascular risk factors were

included as independent variables.

Study 4: Data not following a normal distribution were presented as median and
(interquartile) range. For sufficiently large samples, logistic mixed model with random
intercepts for students was used to examine estimate proportions. Clopper-Pearson estimates
were used for small sample analyses. Sensitivity and specificity, negative and positive

predictive value calculations were performed using relevant specialists as “gold standard”.

4.6 Ethics

Written informed consent was obtained from all patients and all studies were conducted
according to the Declaration of Helsinki. The Regional Committee for Medical and Health
Research Ethics (REC) approved studies 1, 2 and 3. REC had no objections to Study 4 as this

was deemed an integrated part of the medical curriculum and not subject to REC”s approval.

5. Summary of results

Study 1 and 2: In Study 1, the cardiologists used a median time of 4.2 minutes (range 2.3-
13.0) for a pocket-size ultrasound examination of the cardiovascular system. Whilst the
medical residents in Study 2 used a total of 10.6+4.4 minutes (range 3.2-32) for a complete
exam above and below the diaphragm, specifically 5.7+2.7 minutes (range 1.6-18.3) and

4.7£2.7 minutes (range 1.2-12.9) for cardiovascular and abdominal exams, respectively. In
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Study 1 the cardiologists showed high feasibility (> 98%) for cardiac structures such as the
LV, RV, LA heart valves and pericardial space. Whilst feasibility for the greater vessels (AA
and IVC) was lower at 71% and 79% respectively. Feasibility for assessing the pleural space
was also high (94%). The medical residents in Study 2 showed a lower feasibility for some
cardiac structures, such as the RV, LA and heart valves (86%, 87% and 76% respectively),
but similar feasibility for the LV and pericardial space (> 97%). Assessment of the pleural
space (95%) and IVC (77%) was also similar, but the residents showed reduced feasibility for
assessing the AA (50%). The feasibility for assessing cardiovascular structures in studies 1

and 2 is presented in Figure 4.

Figure 4. Feasibility of cardiovascular structures in Studies 1 and 2.
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Feasibility (%) of different cardiovascular structures by pocket-size echocardiography when
the examination was performed by experts and residents. *All 4 valves by the experts, and all
except the pulmonic valve in the resident study. Reproduced with permission from Ole
Christian Mjglstad, NTNU.
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The reliability, i.e. correlation, between the pocket-size ultrasound and high-end
imaging was substantial to almost perfect for most indices in both Study 1 and Study 2 and is
shown in Table 4. Specifically in Study 1 the cardiologists showed almost perfect correlation
for global and regional LV function, RV size, pericardial and pleural effusions and AA (r =
0.95, 0.92, 0.85, 0.94, 0.89, 1.0, respectively). Almost perfect correlation was also found for
aortic, mitral and tricuspid regurgitation (r > 0.81) and substantial correlation for aortic
stenosis (r = 0.62). The degree of LA dilatation and I1\VC size and variability showed
substantial correlation of r = 0.65 and 0.68). Study 2 showed lower, but still acceptable
correlation when comparing measurements performed by the residents with reference
imaging. The measurements performed by the medical residents showed almost perfect
correlation for global LV function, pericardial and pleural space (r > 0.83). Substantial
correlation was also seen for aortic calcification/stenosis and regurgitation (r = 0.67 and
0.68), whilst mitral and tricuspid regurgitation was moderate to substantial (0.53-0.61). The
correlation for LA dilatation was similar to Study 1 (r = 0.61). Whilst assessment of the AA
for detecting abdominal aortic aneurysms (AAA) was less robust than in Study 1, it still
showed a substantial correlation with reference imaging by experts (r = 0.70). The sensitivity,
specificity, positive and negative predictive values from studies 1 and 2 are presented

together in Table 5.
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Table 4 Correlations of semi-quantitative quantification of cardiovascular structure and

function indices and abdominal pathology of pocket-size ultrasound and reference
method when used by experts and non-experts.

N N r 95% CI
total pathology
Expert/non- | Expert/non- | Expert/non- | Expert/non-
expert expert expert expert
Global LV function 108/129 35/26 0.95/0.83 0.90-0.99
/0.71-0.93
Regional LV dysfunction 108/129 35/22 0.92/0.60 | 0.83-0.98/
0.39-0.78
Global RV function 106/115 10/10 0.85/0.44 0.65-1.0/
0.10-0.72
LA size 107/117 69/68 0.65/0.61 | 0.52-0.76/
0.48-0.72
Aortic calcification and 106/119 24/37 0.62/0.67 | 0.42-0.79/
stenosis 0.52-0.80
Aortic regurgitation 106/117 31/27 0.92/0.68 | 0.83-0.98/
0.52-0.82
Mitral regurgitation 107/123 54/54 0.89/0.53 | 0.82-0.95/
0.37-0.68
Tricuspid regurgitation 108/107 34/49 0.81/0.61 | 0.69-0.91/
0.45-0.74
Pericardial effusion 108/131 9/4 0.94/0.86 0.78-1.0/
0.57-1.00
Pleural effusion 85/151 14/20 0.89/0.83 0.74-1.0/
0.67-0.94
Abdominal aorta 67/52 712 1.0/0.70 1.0/
0.49-1.00
Inferior vena cava* 76/94 0.68/0.45 0.53-0.80/
0.24-0.62
Kidneys 170 27 0.64 0.39-0.85
Liver and gallbladder 166 30 0.54 0.36-0.75

Unless otherwise specified data is presented as Spearman’s rank correlation coefficient (r)

with 95% confidence interval achieved by bootstrapping. *Continuous variable, analyzed by
Pearson’s correlation.  Kappa statistic: hon-ranked non-parametric data analyzed by kappa
statistics. N total; total number with both PSID and reference examinations in the analyses, N
pathology; total number with the described pathology.
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Table 5. Sensitivity, specificity, positive and negative predictive value of POCKET to
detect pathology compared to reference method.

To detect Operator Npathology Sensitivity | Specificity | PPV NPV
(Ntotal)
At least
moderate LV Cardiologists | 35 (108) 97 % 99 % 97% | 99%
dysfunction i
ngggﬁtls 30(129) | 92% 94 % 80% | 98%
Any LV
regional Cardiologists | 35 (108) 97 % 99 % 2% | 96%
dysfunction
Q;‘Sﬁui\c/tion Cardiologists | 10 (106) | 90 % 99 % 82% | 98%
:‘ggfg‘e:f]‘t's 10 (115) 40 % 97 % 57% | 94%
OAf”tyhg'lgiat'O” Cardiologists | 69 (107) |  81% 68 % 85% | 73%
atrium 'r\ggfg‘e:fl‘:s 68 (117) 62 % 94 % 93% | 64%
Any abdominal
aortic Cardiologists 7 (67) 100 % 100 % 100% | 100 %
aneurysms
Any pleural
effusion* Cardiologists | 14 (85) 93 % 98 % 87% | 97%
Any pericardial
effusion Cardiologists | 9 (108) 89 % 99 % 100% | 100 %
%fg‘fgte Cardiologists | 8(106) | 63% 100 % 100% | 97 %
aortic stenosls 'r\ggfgg;‘t's 37(119) | 76% 88 % 74% | 89%
At least . .
moderate Cardiologists | 6 (106) 83 % 99 % 83% | 99%
aortic -
regurgitation 'r\g;‘gg;‘t's 27 (17) | 82% 89 % 69% | 94%
ﬁqg?g‘f;te Cardiologists | 14 (107) 93 % 99 % 93% | 99%
mitral Medical 48(123) | 1% 81 % 71% | 81%
regurgitation residents
At least . .
moderate Cardiologists | 8 (108) 88 % 98 % 78% | 98%
tricuspid i
regurgitation 'r\g;‘g:ﬁt's 49 (107) 65 % 90 % 85% | 75%

Abbreviations: Ny, total number in the analyses; Npatology, total number with the described
pathology. ‘Reference method was radiologic examinations and high-end echocardiography.
In case of doubt, radiologic examination was used.
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Study 3: The medical residents each performed a median of 27 (19-46) pocket-size
ultrasound examinations. In 69 (35%) patients, pocket-size ultrasound examination was
found to be of diagnostic influence as it changed, verified or added an additional important
diagnosis (Table 6 and Figure 5). Pocket-size ultrasound examination resulted in a major
change of the primary diagnosis in 13 (6.5%) patients. The diagnosis was verified in 21
(10.5%) patients and in 48 (24%) patients an additional important diagnosis was made. An
additional non-clinically important diagnosis (defined as a new diagnosis not influencing
treatment or generating further follow-up) was made in a further 25 (13%) patients.

In several patients the diagnostic yield was seen in more than one category i.e. in
nearly 1/2 of the patients where the diagnosis was verified, an additional clinically important
diagnosis was made. Similarly in 1/3 of patients whom had their diagnosis changed, an
additional clinically important diagnosis was made. Out of six residents, four changed the
primary diagnosis at least once (median 1.5 (range 0-7)) after pocket-size ultrasound
examination and all residents showed diagnostic influence with the use of pocket-size
ultrasound (median 10 (range 6-27)).

Age and the presence of increased cardiovascular risk differed significantly between
those with change of the primary diagnosis and as those with any diagnostic influence of
pocket-size ultrasound compared to those without (Figure 4). Mean age was 10 years higher
in the group where pocket-size ultrasound examination changed or influenced the diagnosis
(p £0.02) compared to those without change or influence to their diagnosis. Increasing age
and presence of cardiovascular risk predicted the influence of pocket-size ultrasound
examinations with 39% and 82% higher risk of changing the diagnosis per 10 year of age and
presence of cardiovascular risk factors, respectively. However when age was adjusted for
cardiovascular risk and the presence of cardiovascular risk factors was adjusted for age, only

age remained as a significant predictor of diagnostic influence.
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Figure 5. Diagnostic influence of pocket-size ultrasound medical residents
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Diagnostic usefulness of routinely adding a cardiovascular and abdominal examination with
pocket-size ultrasound in all patients and specifically in those over and under 60 years of age.
Reproduced from Paper 3 with permission from the American Institute of Ultrasound in
Medicine.

37



Table 6 Diagnostic influence of goal-directed point-of-care cardiovascular and
abdominal examination with pocket-size ultrasound performed by cardiologists and
medical residents.

Cardiologist Medical Residents
% (Number) % (Number)
Change of 18.4% (36) 6.5% (13)
primary diagnosis
Verification of 19.4% (38) 10.5% (21)
primary diagnosis
Important 9.2% (18) 24% (48)
additional
diagnosis *
Non-important N.A. 12.5% (25)
additional
diagnosis**
No diagnostic use | 53.1 % (104) 54% (108)

N.A.; not applicable

* Important additional diagnosis; a diagnosis influencing treatment or follow-up. E.g.; heart
failure, hypertrophic obstructive cardiomyopathy, regional wall motion abnormalities,
significant valvular pathology, dilated ascending aorta, ascites, pericardial and pleural
effusions, urinary retention, hypovolemia and fluid overload

**Non-important additional diagnosis; a diagnosis not influencing treatment or follow-up,
E.g.; insignificant valvular pathology, gallstones and simple renal cysts.

Study 4: Acceptable organ presentation (Figure 6) was estimated to 74% (95% CI 63-83) for
cardiovascular (heart, lungs and IVVC) and 88% (95% CI: 81-94) for radiological (AA, renal
system, gallbladder and abdominal free fluid) structures. Specifically, students performed
best when acquiring images of the lungs and renal system (>93% (95% CI: 84-98). The
students found it most difficult to acquire acceptable images of the heart (71% (95% CI: 59-
82)) and abdominal free fluid (73% (95% CI: 41-92)). The other categories (AA, IVC and
gallbladder) had acceptable presentation in >80% (95% CI: 65-99) of the cases. Diagnostic

accuracy (Figure 7) was estimated at 93% (95% ClI: 89-96) for cardiovascular structures and
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93% (95% CI: 87-97) for radiological structures. On the whole, diagnostic accuracy was
excellent with measures for AA 99% (95% CI: 93-100) and free abdominal fluid 100% (95%
Cl: 77-100). The accuracy was lowest for classification of pathology in the gallbladder, 88%
(95% CI: 74-95). The remaining categories showed diagnostic accuracy of >93% (95% ClI:
83-99). The estimated values for sensitivity, specificity, negative and positive predictive

values of PSID are presented in Table 8.
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Figure 6. Acceptable Organ Presentation Students

Cardiovascular all; heart, IVC and Lungs, IVC; Inferior vena cava, Radiological all; includes
AA, Renal system, Gallbladder and Abdominal free fluid. AA; Abdominal aorta. Reproduced
from paper 4 with permission from BioMed Central Ltd.

Figure 7. Correct Diagnosis Students
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Cardiovascular all; heart, IVC and Lungs, IVC; Inferior vena cava, Radiological all; includes
AA, Renal system, Gallbladder and Abdominal free fluid. AA; Abdominal aorta. Reproduced
from paper 4 with permission from BioMed Central Ltd.
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Table 8 medical students.

Sensitivity, specificity, positive and negative predictive values.

Pathology to N Sensitivity % Specificity % PPV % NPV %
detect Pathology | (95% CI) (95% CI) (95% CI) | (95% CI)
(N total)
All 156 (468) | 95.5 (90.9-97.9) 92.4(83.7-96.9) | 87.0(75.3- | 97.6 (95.0-
cardiovascular 93.4) 98.8)
Cardiac only 115 (338) 98.3 (93.9-100)* 90.8 (78.8-96.7) 84.5 (62.6- | 99.0 (96.4-
95.6) 99.9) *
IVC 20 (71) 84.5 (57.2-96.3) 100 (93.0-100) * | 100 (80.5- | 94.8 (82.9-
100)* 98.7)
Lungs 21 (59) 90.5 (68.8-97.6) 94.7 (82.2-99.4)* | 90.5 (69.6- | 94.7(82.2-
98.6) * 99.2)*
All abdominal | 104 (453) 92.6 (83-97.1) 92.2 (82.9-96.9) 80.1 (63.3- | 97.5(92.6-
91.0) 99.2)
AA 12 (74) 91.7 (61.5-98.6)* | 100 (94.2-100)* | 100 (71.3- | 98.4 (91.5-
100)* 99.6)*
Renal System | 48 (282) | 89.9 (77.2-95.9) 933(82.5-98.0) | 73.1(48.4- | 97.5(85.7-
89.6) 99.7)
Gallbladder 35 (84) 94.3(80.8-99.1)* | 85.6 (71.5-93.4) | 82.4(63.7- | 95.5 (84.5-
93.1) 99.3*
Abdominal 9 (14) 100 (66.2-100)* 100 (48.0-100)* 100 (66.2- | 100 (48.0-
free fluid 100)* 100)*

N; number, CI; confidence interval, PPV positive predictive value, NPV; negative predictive
value, IVC; inferior vena cava, AA; abdominal Aorta. * Clopper-Pearson Cl. Reproduced
from paper 4 with permission from BioMed Central Ltd.

6. Discussion
6.1 Clinical examination
The accuracy of the physical examination when performed by experts can be remarkable (44-
46). Certainly in the past when clinicians dealt with patients whom presented with advanced
and untreated pathological processes and had little or no imaging tests available, the value of
the history and physical examination was unmatched. However, physical examination has its
limitations. There are several conditions such as, LV dysfunction, pericardial effusion, AAA
and aortic insufficiency, for which traditional physical examination will always remain under
par compared with echocardiography and ultrasonography (47-51).

As our pathophysiological knowledge has increased so has our diagnostic arsenal. We

are able to diagnose illness earlier. This has been further fuelled by the increasing amounts of
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available treatments for the condition. The advances in modern medicine have increased the
complexity of the playing field and led to an increased utilization of expensive and time
consuming diagnostics at the cost of simple and time honed skills in physical examination
(52, 53).

In today’s medicine we are able to identify the exact genetic structure of cancer cells
with the aid of advanced and expensive tests resulting in the optimal treatment and survival
of the patient (54). Nevertheless, we are less accurate than previous generations in the art of
physical examination and in particular the accuracy of the cardiac exam has suffered (6-8).
The consequences of this cannot simply be ignored. For example, accurate clinical evaluation
of the jugular venous pressure at the patients’ bedside has valuable diagnostic and prognostic
implication (55, 56). Unfortunately the ability to do so is often poor, especially for physicians
in training (57, 58).

The decline of these relatively simple skills from modern medicine may have fatal
consequences (59, 60). In fact, autopsy studies continue to show diagnostic errors in up to
30% of patients, despite the apparent availability of modern medical diagnostics.(61-63).
This rate has remained largely unchanged, except for in patients suffering from
cardiovascular disease. In this patient group the decline in diagnostic errors has paralleled the
increased use of the echocardiographic examinations (64).

Modern diagnostics may not be available in every setting for several reasons,
including overuse, cost, logistics and technical reasons. In these settings we must again rely
on our clinical expertise. Furthermore, it is our skill in history taking and physical
examination that will ultimately guide us to the next step of investigation or treatment. Thus,
there is a strong rational for combining traditional clinical examination with point-of-care

ultrasonography to augment the feasibility, reliability and accuracy of physical examination.
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6.2 Training and education

“Medicine is learned by the bedside and not in the classroom...”” -Sir William Osler.

Traditionally, highly trained individuals with a high degree of clinical expertise have
performed ultrasonography and echocardiography in dedicated, dark rooms using large and
cumbersome high-end scanners with a complex range of diagnostic functions. The mastering
of this art takes a significant amount of time and resources.

Recent technological advances have resulted in pocket-size ultrasound. Although
portable and convenient, they lack some of the diagnostic utilities of the high-end scanners.
With bedside examination the need for dedicated rooms and patient transport is removed, but
the decreased functionality of pocket-size ultrasound also negatively influences the scope of
the clinical questions that can be answered. Thus, the degree of training and expertise
required to successfully use pocket-size ultrasound at the patients point-of-care will differ
from that required to perform formal echocardiography, additionally, it will differ with the
clinical setting and which questions the examiner will try to answer.

In line with the recommendations from the EACVI the cardiologists participating in
study 1 received no further training. Whilst the medical residents and students using pocket-
size ultrasound in Studies 2, 3 and 4 each received education and training in its use, tailored
to specific objectives (36, 38). The training was mixture of didactic education and hands-on
training with simultaneous image interpretation. The medical residents had a much more
comprehensive training program reflecting the fact that they were expected to perform more
complicated assessments than the medical students. All the studies were carried out prior to
the release of the EACVI Education Programme for Pocket-Size Ultrasound Devices (39).

Point-of-care ultrasonography is already being used by different specialties, from

nurses and GPs to intensivists, in metropolitan hospital settings, 3" world, rural and remote
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medicine and war zones (65-69). The spectrum of diseases and clinical scenarios differ
between different specialties and locations and some associations have even begun to publish
their own guidelines for its use (70). Non-experts must be taught, not only to obtain the
relevant information by pocket-size ultrasound, but also how to use the collected data. For the
benefit of the patients, good training and education is mandatory and essential to fully

implement this technology in a safe and reliable manner.

6.3 Feasibility, reliability and accuracy

Studies 1 and 2 were studies on feasibility and reliability performed in a comparable manner
with semi-quantitative assessments by experts and medical residents respectively. Pocket-size
ultrasound examinations were performed at the bedside, under suboptimal conditions, on
emergency admissions without any exclusion criteria. We found high feasibility and strong
correlations for cardiac structures and function when performed by experts and somewhat
lower feasibility and correlation when performed by medical residents. As 2D ejection
fraction (EF) measurements show poor results for inter- and intra-user variability, LV
function was assessed by semi-quantitative visual assessment or “eyeballing” method (71-
74). This semi-quantitative approach showed an almost perfect correlation with the reference
method in the hands of experts and non-experts, and in our opinion reflects the manner in
which pocket-size ultrasound will be most useful in the assessment of LV function. Most of
the other studies on the feasibility and reliability of pocket-size ultrasound have been
performed under optimal conditions in the echocardiography lab. Prinz and Voigt published
the first study assessing the feasibility and accuracy of the Vscan® in 2010. It was performed
on 349 consecutive routine patients referred for formal echocardiography. All examinations
were performed by experienced echocardiographers in the echocardiography lab directly

prior to or after the high-end examination, which was performed by a separate examiner and
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both were blinded to the results of the other. They showed both excellent feasibility and
reliability for the assessment of LV ejection fraction, LA size, detection of valvular disease
and pericardial effusions (r <0.91, p <0.01).

A second study by Prinz et al with 320 patients showed moderate to almost perfect
correlations between pocket-size ultrasound and formal echocardiography for the assessment
of cardiac and valvular function, as well as chamber size, when recorded by cardiac
sonographers and interpreted by experienced echocardiographers (75). Lafitte et al later
published work on 100 patients referred for echocardiography comparing Vscan® and high-
end machines in a semi-quantitative manner in the hands of experts; i.e. LV function was
classified as normal, moderate or severe dysfunction. They also showed good to excellent
concordance for most indices including image quality (76). One of the first studies looking at
the use of Vscan® in the hands of experts and non-experts in a clinical scenario was the
Naples Ultrasound Stethoscope in Cardiology (NaUSiCa) study published by Galderisi et al
(77). This was another relatively large study with 304 outpatients referred from the
department of endocrinology and oncology to a cardiac clinic. Patients were assessed by
experts (102 patients) and non-experts (202 patients) by physical examination, pocket-size
ultrasound and then formal high-end echocardiography specifically assessing for; LV ejection
fraction, wall thickness, RV dilation, certain valvular diseases, pericardial and pleural
effusions, and IVVC size and respiratory variation. Exclusion criteria included poor image
quality, clinically overt heart failure, history of coronary heart disease, or primary
cardiomyopathies. They found good to very good agreement for most indices, with better
results for the expert echocardiographers.

In studies 1 and 2 we found poorest feasibility for the abdominal great vessels with
only 77% feasibility, but perfect correlation (r = 1.0) when performed by experts and 50%

feasibility and slight to moderate correlation (r = 0.5) when performed by medical residents.
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The feasibility is somewhat lower than that seen in Dijos et al in a study specifically
assessing the abdominal aorta with a \/scan® in the hands of experts (78). They found similar
correlation (r = 0.98) to Study 1, but a higher feasibility (97.5%). This may be explained by
several factors. Firstly, the sole purpose of the pocket-size exam was to study the AA.
Patients were a mix of inpatients and elective outpatients. Although most exams were
performed at the bedside, it is not clear as to what clinical state the patients were in i.e.
fasting/non-fasting, nor whether or not they were acute emergency admissions. The patients
in Study 1 and 2 were all non-fasting emergency admissions, often in acute or semi acute
distress. Furthermore, the reported time for screening for AAA with the Vscan® was 4
minutes. In studies 1 and 2 the total median time for a complete cardiovascular exam,
including an assessment of the AA was 4.2 and 5.7 min, respectively. Thus, it is clear that
significantly more time and effort was put into the evaluation of the AA by Dijos et al, which
may in part explain the higher feasibility.

IVC measurements showed only moderate correlation, which is most likely due to the
time delay between pocket-size and high-end ultrasound examination. The dimension of the
IVC is an indirect measurement of right atrial filling pressure and the median delay between
the pocket-size and high-end examinations of 17-20 hours probably biased the results,
relating to any given treatment, physiologic and pathological conditions (79, 80). This is
further confirmed by a recent study by Dalen et al showing excellent agreement between
Vscan® in the hands of nurses and reference imaging for assessing the IVC. In this study the
time delay between the examinations was minimal (65).

The estimation of LA size showed substantial correlation in studies 1 and 2 with r =
0.61 and 0.65 respectively. The correlation is somewhat lower than in comparative studies
already outlined above (75, 76) and may relate to the lack of ECG timing and M-mode

combined with real life bedside examination conditions.
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The absence of spectral Doppler makes the assessment of valvular pathology
according to recommended guidelines problematic (81-83). Instead the quantification of
pathology was assessed based on colour Doppler, grey scale images of leaflet thickening,
calcification and mobility, as well as, the influence on the adjacent chambers. Despite this the
previously mentioned studies tend to show good correlation in the hands of experts, but with
a tendency to overestimate regurgitant lesions and underestimate stenotic lesions (25).

There are several other pocket-size imaging devices on the market (24), but the two
most studied are the Vscan® from GE Healthcare and the Acuson P10® from Siemens. There
are no head-to-head comparison studies of the different pocket-size ultrasound machines.
They compare similarly in many regards, but the Vscan® has the advantage of having a
colour Doppler function. The previously discussed studies have all been using the Vscan®.
However, there are several studies showing high feasibility and correlation between the
Acuson P10® and a high-end scanner in the hands of experts under optimal conditions to
assess cardiac chambers and function (26, 84). Two smaller studies by Culp et al using the
Acuson P10® for estimation of LV ejection fraction shows moderate to substantial correlation
and substantial to almost perfect correlation in the hands of novice and experienced
echocardiographers, respectively, when performed on both intubated and awake patients (85,

86).

Up until very recently studies on the feasibility and accuracy of pocket-size
ultrasound in the hands of medical students have been lacking. Cawthorn et al included 12
first year and 45 third year medical students in a study. They looked at different educational
programs and compared them to the results obtained by each student whilst performing a
focused cardiac ultrasound examination with a Vscan®. The 3 year medical students

performed well regardless of the educational program used, being able to acquire acceptable
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images on a healthy male volunteer and interpret a set of images provided by the study
coordinators correctly >67% of the time. The first year students were less successful with
only modest results (87).

As expected, the acquiring of acceptable cardiac recordings was the most challenging
for the medical students in Study 4. In expectancy of this we attempted to minimize the
impact of poor image quality and inexperience by teaching the students to measure MAE
from an apical four-chamber view as a surrogate for LV function (41-43, 88). This may have

contributed to the high accuracy in interpreting images from heart seen in Study 4.

6.4 Clinical benefit of point-of-care pocket-size examination
As outlined above, pocket-size ultrasound provides users with good quality images allowing
them to make an accurate diagnosis, but the clinical benefit of this has yet to be elaborated.
In Study 3 medical residents examined 199 emergency admissions to the medical
department and found a clinical diagnostic influence of adding a pocket-size ultrasound
examination to standard care in >1/3 of patients. Two other studies by our research group
were performed in similar scenarios, but this time the Vscan® was used in the hands of
experts looking at newly admitted general medicine and cardiology patients. They showed a
diagnostic influence (i.e. changed, verified or added an additional important diagnosis) in
approximately 50% of patients (89, 90). The difference in diagnostic influence is most likely
related to the experience of the operators, and supports the hypothesis that the gain of adding
the pocket-size ultrasound screening is largest among the most experienced users (24). In
studies 1 and 2 we found high sensitivity and specificity for most indices, with more
impressive results seen when the pocket-size ultrasound examinations were performed by
experts. In the previously described NaUSiCa study, Galderisi et al showed a high level of

accuracy with overall sensitivity and specificity being 91% and 76%. Not surprisingly the
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addition of pocket-size ultrasound examination to the physical examination resulted in an
increased diagnostic accuracy for the above mentioned cardiac abnormalities from 38% to
70%. Many of these abnormalities such as LV hypertrophy and systolic dysfunction may be
difficult to detect reliably without imaging tests (77).

A more recent study by Panoulas et al, which included five final year medical students
and three junior doctors, found promising results by adding a pocket-size ultrasound
examination to standard history, physical examination and ECG in 122 cardiology patients.
Specifically, the addition of an ultrasound examination (Vscan®) after history taking, physical
examination and ECG increased the diagnostic accuracy from 49% to 75%. It also increased
the sensitivity and specificity of detecting LV systolic dysfunction from 25% and 85% to

74% and 94% respectively (91).

The cost effectiveness of implementing pocket-size ultrasound examination into clinical
practice has been reported in two separate studies. In a study by Cardim et al pocket-size
ultrasound examination was used as an adjunct to the physical examination by cardiologists.
They showed a 60% reduction in unnecessary echocardiography referrals and an increase in
adequate referrals by nearly 30%; in total they found that referrals for echocardiography
dropped form 50.3% to 33.9%. In addition they were able to discharge nearly 20% of the
patients from further follow-up (92). Kitada et al have recently published data from a cost-
effective analysis were they show expected cost reductions of 10-40%, depending on the
strategy used, across hospitals in the USA, Asia and Europe by implementing the routine use
of pocket-size ultrasound in clinical practice to select those whom would benefit the most
from formal high-end echocardiography(84).

The high sensitivity, specificity, positive and negative predictive values of pocket-size

ultrasonography with respect to detect at least moderate pathology shows that it may serve as
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an efficient and cost-effective tool for triage of the patient in need of further advanced
imaging (92). However, although point-of-care pocket-size ultrasonography can quickly
provide a limited semi-quantitative assessment, it is not as accurate or reliable as the gold
standard techniques. Thus, pocket-sized ultrasonography should be used as an adjunct to the
physical examination, as a tool for quick screening and to identify patients in need of
advanced imaging modalities. In settings where referral to formal imaging modalities is

actually warranted, pocket-size imaging is no substitute.

7. Limitations

Studies 1, 2 and 3 were all single centre studies with a limited number of participating
doctors and patients. Whilst Study 4 was conducted at several different locations, there were
a limited number of medical students and patients.

In all Studies, pocket-size ultrasound examination was performed at the bedside,
under sub-optimal conditions. Thereby, the pocket-size ultrasound and the formal, high-end
examinations were performed under different conditions, which may have influenced both
the feasibility and reliability. However, the aim of these studies was to assess the feasibility,
reliability and diagnostic influence of pocket-size ultrasound examination at the bedside in
real life scenarios. The radiologists performing the control exams in Study 2 were
unfortunately not blinded to the results of the pocket-size ultrasound examination due to in-
hospital logistics. This may have biased some of the results.

Out of the 446 patients eligible to receive pocket-size ultrasound examinations in
Studies 2 and 3, only 199 were actually examined. This somewhat low proportion is chiefly
explained by busy working hours, in-hospital logistics and the residents being instructed to
prioritize standard diagnostics. Although patients allocated to undergo pocket-size ultrasound

examinations were not necessarily examined consecutively, selection bias has seemingly

50



been minimal with the exception of patients with known malignancy who were significantly
overrepresented in the control groups. Such patients are more likely to be admitted for
palliation purposes, which may explain the finding.

Studies 2 and 3 were a single centre study with a limited number of participating
residents and patients. Due to internal logistics half of the 12 residents were randomized by
draw to perform the pocket-size ultrasound examinations, instead of the more optimal
randomisation of patients. Analyses in Study 3 were performed as treated and not as intent-
to-treat.

Selection bias was also a concern in Study 4. The medical students selected their own
patients and were also able to select which ultrasound images/loops were eligible for review.
This may have led to some overestimation of the feasibility and accuracy results, but the
degree of selection bias is in line with similar studies involving unselected medical residents
and nurses (93, 94). Of the 30 students included nine were excluded; one student did not
hand-in a logbook, although he performed more than 200 examinations, and a further eight
did not perform any examinations with their pocket-size ultrasound device. There are
probably several reasons for the students not performing examinations. Firstly, the use of
pocket-size ultrasound in their clinical placement was not a part of their curriculum. Secondly
as this was a trial the students were instructed not to let it come in the way of their other
academic responsibilities. Finally, patient inclusion into the study was performed by the
medical students themselves, which may have created a further barrier for its use. Finally, all
ultrasonography is operator dependant, whereby enthusiastic students will likely acquire
more images with better quality. Thus, reflecting a more realistic picture of its clinical use,
with those skilled in ultrasonography also being the ones using it the most and with most

gain.
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8. Pocket-size ultrasound in the future

The addition and incorporation of routine point-of-care pocket-size ultrasound as an adjunct
to the standard physical examination will likely continue to spread throughout modern
medicine in the years to come. It has been shown to safely and rapidly increase the accuracy
of physical examination.

The use of pocket-size ultrasound will probably not, nor should it for the time being,
replace standard high-end diagnostics, due to its lack of certain key functions such as spectral
Doppler, linear probes and limited user interface. However, we can expect the areas of use to
expand, as suppliers improve the software and hardware of these devices.

We may expect further miniaturization and increased functionality of hardware from
several vendors such as interchangeable or combined probes to assist in vascular and
intraarticular access, diagnosis of pneumothorax, deep vein thrombosis and arthritis. The
recently launched “Vscan with dual probe” is equipped with a probe combining the qualities
of the linear and cardiac sector probes.

Today specific software is used for external data storage. Better software is needed to
simplify data transfer and storage and to incorporate findings more easily into hospital picture
archiving and communication systems (PACS) and records in a similar manner to ECGs and
chest x-rays. This will lower the threshold for using the pocket-size ultrasound even further.
It will also facilitate in the future diagnosis of patients in situations where an old ultrasound
recording is easily accessible to the next clinician encountering the patient. Additionally the
ability to safely transfer an image loop to an external expert for review and guidance at the
patients’ point-of-care may prove valuable as the use of pocket-size ultrasound expands.

Another avenue for future progress lies in the fields of automation of measurements,

such as automatic MAE and EF measurements (95). This will aid inexperienced operators, as
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well as help standardize measurements such as the 2D EF, which is prone to a significant
amount of inter- and intra-observer variability, even in experienced hands (71-73).

The dispersion of point-of-care pocket size ultrasound to different specialties with
users of various levels of experience has begun. The next logical step, which is already
transpiring, is the incorporation of pocket-size ultrasound into the curriculum of medical
schools on the same line as stethoscopy (9696). In the not so distant future we can probably
expect the use of point-of-care ultrasound to be as common and synonymous with certain

parts of the medical profession as the stethoscope.

9. Conclusions

Pocket-size ultrasound can be implemented safely, at the bedside, as an adjunct to physical
examination in the routine clinical practice of both experienced and in-experienced operators.
Bringing the diagnosis back to the bedside has the ability to effectively improve patient care
and diagnostics at a low cost.

Experts and medical residents were able to use pocket-size ultrasound to produce
high-quality semi-quantitative assessment of cardiac structures and function, abdominal great
vessels and the pleural space at the bedside in real-life clinical practice in approximately 4
and 6 minutes, respectively. Furthermore, medical residents with limited training in
ultrasonography were able to quickly change or verify the primary diagnosis and/or reveal an
additional diagnosis important for treatment or follow-up in one of three (35%) patients by
adding point-of-care pocket-size ultrasound examinations to standard care.

Medical students with minimal training were able to use pocket-size ultrasound as a
supplement to their standard physical examination and successfully acquire acceptable

relevant organ images for presentation and correctly interpret these with great accuracy.
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In summary, pocket-size ultrasound examination performed by experts, medical
residents and even medical students is feasible, reliable and accurate. As ultrasound
examinations are user dependant, better results are seen when performed by the more
experienced and dedicated users. To maximize the potential benefit of pocket-size
ultrasonography, education should start at an early stage in the physicians’ career and be

viewed as a skill of equal value to that of traditional stethoscopy.

“The trouble with doctors is not that they don't know enough, but that they don't see enough.”

—Sir Dominic J. Corrigan (1802-1880)
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To study the reliability and feasibility of point-of-care pocket-sized echocardiography (POCKET) at the bedside in
patients admitted to a medical department at a non-university hospital.

Methods and One hundred and eight patients were randomized to bedside POCKET examination shortly after admission and later

results high-end echocardiography (HIGH) in the echo-lab. The POCKET examinations were done by cardiologists on their
ward rounds. Assessments of global and regional left ventricular (LV) function, right ventricular (RV) function, valvular
function, left atrial (LA) size, the pericardium and pleura were done with respect to effusion and measurements of
inferior vena cava (IVC) and abdominal aorta (AA) were performed. Correlations between POCKET and HIGH/
appropriate radiological technique for LV function, AA size and presence of pericardial effusion were almost
perfect, with r > 0.92. Strong correlation (r > 0.81) was shown for RV and valvular function, except for grading of
aortic stenosis (r= 0.62). The correlations were substantial for IVC and LA dimensions. Median time used for
bedside screening with POCKET was 4.2 min (range: 2.3—13.0). There was excellent feasibility for cardiac structures
and pleura, which was assessed to satisfaction in >94% of patients. Lower feasibility (71-79%) was seen for the
abdominal great vessels.

Conclusion Point-of-care semi-quantitative evaluation of cardiac anatomy and function showed high feasibility and correlation
with the reference method for most indices. Pocket-sized echocardiographic examinations of ~4 min length, per-
formed at the bedside by experts, offers reliable assessment of cardiac structures, the pleural space and the large
abdominal vessels.

Clinical trial registration: http:/www.clinicaltrials.gov; unique ID: NCT01081210.

Keywords Echocardiography e Pocket-size e Hand-held e Screening e Point-of-care ultrasound e Bedside

Introduction

With limited resources and an increasing need for speed in the
health-care system, the advent of cheaper and more user friendly
miniaturized ultrasound scanners is appealing. Pocket-sized scan-
ners can now easily be brought to the patient, so-called
point-of-care ultrasonography." The recently published rec-
ommendations for the use of pocket-sized echocardiography

(POCKET) by the European Association of Echocardiography
states that POCKET may serve as a tool for fast initial screening
and as complement to the physical examination.” Further,
POCKET may be used for the triage of the patient in need of a
complete echocardiographic examination and has the potential
to rearrange inpatient workflow and diagnostics.”™>

Recent studies have shown good correlation between POCKET
and high-end echocardiography (HIGH) in both outpatient cardiac
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clinics and echo-labs,** =8

which offer optimal conditions for echo-
cardiography. Even though the pocket-sized ultrasound devices are
designed for point-of-care ultrasonography, it is not known
whether bedside examinations with inferior conditions for echo-
cardiography are feasible and reliable. Thus, we aimed to study
the feasibility and reliability of POCKET as a bedside cardiovascular
screening tool and adjunct to the physical examination in routine

clinical ward rounds in patients admitted to a medical department.

Methods

Study population

One hundred and ninety-six patients admitted to the medical depart-
ment at Levanger Hospital, Norway between March and September
2010 were scanned with POCKET (Vscan; GE Vingmed, Horten,
Norway) by one of the three experienced cardiologists on their
regular on-call ward rounds. Selection was random, based solely on
admission dates.

The specialist on call for general medicine at this hospital is either 1
of 3 cardiologists experienced in echocardiography or one of the 10
other specialists in internal medicine. Patients were only available for
inclusion if one of the three cardiologists were on call the day the
patients were admitted to hospital.

Patients admitted to the departments’ cardiac unit (119 patients)
were automatically referred to a subsequent HIGH examination. In
addition, all patients from the non-cardiac units with standard indi-
cations for echocardiography were also referred and included in the
analyses. Exclusion criteria included death or discharge before com-
pleted study protocol or withdrawal of consent. Patients were specifi-
cally not excluded due to poor image quality, previous illness or any
other unspecified attribute. In total, 90 patients from the cardiac unit
and 18 patients from the non-cardiac units underwent both
POCKET and HIGH and these 108 patients are included in the
analyses.

Written informed consent was obtained. The study was approved
by the Regional Committee for Medical and Health Research Ethics
and conducted according to the Declaration of Helsinki.

Pocket-sized echocardiographic screening
The ultrasound screening was performed at the bedside with a pocket-
sized ultrasound device, Vscan (GE Vingmed Ultrasound, Horten,
Norway). The device weighs 390 g, including the phased-arrayed
probe, which measures 135 x 73 x 28 mm. The device offers two-
dimensional grey scale and live colour Doppler imaging. The image
sector for echocardiographic imaging is 75°. The bandwidth ranges
from 1.7 to 3.8 MHz and is automatically adjusted. An algorithm
enables automatic storage and looping of a cardiac cycle without
ECG signal.” The length of recordings of other structures is predefined
and limited to 2s. Patient identification was performed by voice
recording and the automatically assigned examination number. All
images and recordings were saved on the device’s micro-SD card
and later transferred to a computer by commercial software
(Gateway; GE Vingmed Ultrasound).

A standardized screening protocol was used. The cardiovascular
screening by POCKET was performed at the bedside with patients
in a left-lateral decubitus and supine position. Assessment of left ven-
tricular (LV) global and regional function, right ventricular (RV) size and
function, valvular anatomy and function, and the pericardium were
done from parasternal long- and short-axis and apical four-chamber,
two-chamber and long-axis views. Global LV and RV functions were

classified online by visual assessment as: normal/near normal, moder-
ate dysfunctional or severe dysfunctional, while regional LV function
was classified as regional dysfunction present or not. Valvular pathol-
ogy and dysfunction were classified as mild, moderate or severe by
visual assessment from grey-scale and colour Doppler imaging. The
area and intensity of the regurgitation jets assessed by colour
Doppler were the most important for grading valvular regurgitations,
while the grading of aortic stenosis was based on the degree of calci-
fication and the movement of the cusps. Pericardial effusion was classi-
fied as present or not. The size of the left atrium was measured online
on grey-scale parasternal long-axis images. An attempt was made in
order to do the measurement at end systole. From the subxiphoid
position, the abdominal aorta (AA) and inferior vena cava were
assessed by grey-scale imaging. The AA was assessed distally to the
bifurcation and classified as: no abdominal aortic aneurysm present
or abdominal aortic aneurysm present, depending on whether the
diameter exceeded 35 mm or not. In case of doubt by visual assess-
ment, measurement was done by the device’s calliper mode. The
inferior vena cava diameter was measured end-expiratory within
2 cm from the right atrium orifice. All measurements of size were
done on the POCKET. With patients in a supine position, the pleura
was assessed by grey-scale imaging from left and right lateral views,
and the amount of pleural effusion was classified as: no pleural effusion,
small-to-moderate amounts of pleural effusion or significant pleural
effusion.® All recordings were saved on the POCKET and the time
used for the screening was calculated as the time from start to end
of the examination.

Validation of point-of-care pocket-sized
echocardiography

HIGH was performed in the hospital’s echo-lab, under optimal con-
ditions, with a Vivid 7 scanner (GE Vingmed Ultrasound, Horten,
Norway) using a 2.0-MHz phased-array transducer (M3S) with band-
width 1.5-3.6 MHz. The scanner weighs 190 kg. Second harmonic
imaging was used and the sector angle set to 90° as default, but was
adjusted when appropriate. Storage and looping of cardiac cycles
were ECG triggered. HIGH examinations were performed indepen-
dently by one of four experienced cardiologists blinded to the
results of POCKET with a median time delay of 17.3 h. The same car-
diovascular structures as described above were measured and classi-
fied according to the guidelines of the European Association of
Echocardiography (EAE)."'~'° Ejection fraction was measured by
Simpson’s rule from apical four-chamber and two-chamber views.
Dimensions were measured by M-mode from parasternal recordings.'*
Valvular pathology was graded according to the recommendations
from the EAE.""~"* Additionally, imaging techniques such as computer
tomography, magnetic resonance imaging or ultrasound were ordered
according to standard care and performed at the Department of Radi-
ology. For the analyses in the patients who underwent both echocar-
diographic and radiologic examinations, the radiologists’ grading of
pleural effusion and size of the AA was preferred compared with
the echocardiography.

In a randomized subset of 20 study participants, the high-end echo-
cardiographic recordings were reanalysed by a second cardiologist
blinded to the original measurements in order to test inter-analyser
variability.

Statistics

The basic characteristics are presented as mean =+ standard deviation
(SD) and range. The Spearman’s rho (r) was used for comparison of
the grading of pathology between the POCKET and the HIGH or
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radiologic examinations. Data are presented as r [95% confidence
interval (Cl)] with Cl computed using bootstrapping. For comparison
of continuous variables between the POCKET and the HIGH examin-
ations, Pearson’s rho (r) was used. The reliability of HIGH is expressed
by the coefficient of variation and was calculated as the within subjects
SD of the two sets of observations, divided by the mean of the obser-
vations. A two-tailed P < 0.05 was considered significant. All statistical
analyses were performed using SPSS for Windows (version 18.0, SPSS
Inc., Chicago, IL, USA).

Results
Study population

Basic characteristics of the study population are shown in Table 1.
Age was mean + SD (range) 69.1 + 13.7 (20—92) years and 36%
were female. Mean BMI was 27 + 5 (17—44) kg/m* and LV ejection
fraction was 60 + 15 (19-86)%, respectively.

Pocket-sized echocardiography

Median time used for POCKET was 4.2 min (range: 2.3-13.0).
Image quality and interpretation were generally good (Table 2).
Specifically a high feasibility (>98%) for cardiac structures was
seen, whilst it was somewhat lower for non-cardiac structures
such as the intra-abdominal vessels (>71%).

The correlations of semi-quantitative assessment of cardiovascu-
lar structures and function indices between POCKET and HIGH are
shown in Tables 3 and 4. LV regional and global function and RV size
and function showed almost perfect correlation with r (95% Cl): 0.92
(0.83-0.99), 0.95 (0.90-0.99) and 0.85 (0.65—1.0), respectively.
Classification of valvular function indices between POCKET and
HIGH correlated well for aortic, mitral and tricuspid regurgitations
(r > 0.81). Grading of aortic valve calcification or stenosis showed
substantial correlation with r (95% Cl): 0.62 (0.42—-0.79). Table 4

Table | Basic characteristics of the 108 study
participants

Variable Mean + SD (range)’
Age, years 69.1 +13.7 (20 92)
Women, n (%) 9 (36%)
Height (cm) 17249 (146 189)
Body mass index (kg/m?) 27 +£5 (17-44)
Systolic blood pressure (mm Hg) 146 + 32 (58-250)
Diastolic blood pressure (mm Hg) 81.5 + 20 (32-161)
Heart rate (bpm) 78.7 + 24 (29-145)
Atrial fibrillation, n (%) 22 (20%)
Prior hypertension, n (%) 39 (36%)
Prior diabetes, n (%) 8 (17%)
Prior myocardial infarction, n (%) 33 (31%)
Prior angina, n (%) 27 (25%)
Prior heart failure, n (%) 2 (11%)
Prior peripheral vessel disease, n (%) 3 (12%)
Prior stroke, n (%) 2 (11%)

“Data are presented as mean =+ SD (range) unless otherwise specified.

Table 2 Feasibility of point-of-care pocket-sized
echocardiography

Structure Assessed to satisfaction, n (%)
Left ventricle 108 (100)

Right ventricle 106 (98)

Pericardial space 108 (100)

Left atrium 105 (97)

Heart valves’ >106 (98)

Pleural space 102 (94)

AA 77 (71)

Inferior vena cava 85 (79)

#Aortic, mitral, tricuspid and the pulmonary valves.

Table 3 Correlations of semi-quantitative
echocardiographic indices between pocket-sized
echocardiography and reference method

Grading of: Neocal  NMpathology T (95% CI)
Global LV function 108 35 0.95 (0.90-0.99)
Apparent LV regional 108 35 0.92 (0.83-0.98)
dysfunction
RV function 106 10 0.85 (0.65-1.0)
Size of the left atrium’ 107 69 0.65 (0.51-0.76)
AA’ 67 7 1.0 (1.0)
Pleural effusion’ 85 14 0.89 (0.74-1.0)
Inferior vena cava’ 76 — 0.68 (0.53—-0.80)
Pericardial effusion 108 9 0.94 (0.78-1.0)
Aortic calcification and 106 24 0.62 (0.42-0.79)
stenosis
Aortic regurgitation 106 31 0.92 (0.83-0.98)
Mitral regurgitation 107 54 0.89 (0.82-0.95)
Tricuspid regurgitation 108 34 0.81 (0.69-0.91)

Niotat, total number in the analyses; Npathology, total number with the described
pathology. “Reference method was radiologic examinations and high-end
echocardiography. In case of doubt, radiologic examination was used.
PPearsons’ correlation, all other analysed by Spearman’s rank correlation.

and Figure 1 illustrate the agreement of POCKET with HIGH regard-
ing the assessments of valvular function. Severe pulmonary regurgi-
tation and mitral stenosis was only present in one patient each and no
pulmonary stenosis was detected (data not tabulated).

Visual estimation of the size of the AA had perfect correlation
(1.0) with respect to detecting aneurysms >35 mm. Seven (10%)
patients had abdominal aortic aneurysms. The degree of LA dilata-
tion and end-expiratory IVC diameter showed a less robust
correlation, both r=0.65 (IVC, r* = 0.42). Pericardial effusion
was detected in nine (8%) patients and in one patient with insignif-
icant pericardial effusion this was missed by POCKET. Detection of
pleural effusions had an overall correlation of r = 0.82 (0.79-1.0).
In total 14 patients had pleural effusion detected by HIGH. No
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Table 4 Agreement between point-of-care
pocket-sized echocardiography and reference
echocardiography of different cardiac indices

Indices All examinations, Examinations in
(n = total/ POCKET —-2/—-1/ diseased, POCKET
pathology) 0/+1/+2 grades —2/—1/0/+1/+2
misclassification grades
misclassification
Global LV —/4/98/5/— —/4127/4/—
function
(n=107/35)
Regional LV —/1/103/2/— —/1/34/—/—
function®
(n = 106/35)
Global RV —/1/104/2/— —/1/9——
function
(n=107/10)
LA size —/20/73/12/1 —/20/46/3/—
(n = 106/69)
Aortic stenosis  1/10/89/6/— 1/10/13/—/—
(n=106/24)
Aortic —/4/100/2/— —/4126/1/—
regurgitation
(n=106/31)
Mitral —/3/9717/— —/3/50/1/—
regurgitation
(n=107/54)
Tricuspid —/10/94/3/1 —/10/22/1/1
regurgitation
(n = 108/34)

LV, left ventricle; RV, right ventricle; LA, left atrium.

POCKET —2/—1/0/+1/+2 refer to underestimation (—) and overestimation (+)
by POCKET of the described indices compared with reference echocardiography.
LV regional dysfunction was classified as present or not, i.e. only two categories.

significant amount of pleural effusion was missed. Table 5 shows
the high sensitivity, specificity, positive, and negative predictive
values of POCKET with respect to detecting at least moderate
pathology of the cardiovascular indices.

The coefficients of variation for all presented echocardiographic
indices were <6.0%, indicating low interanalyser variability of the
reference method. Mean + SD (range) time used for reference
echocardiography, excluding post-processing beyond calculation
of ejection fraction was 17.2 + 3.8 (12—32) min.

Discussion

This study of 108 patients admitted to a medical department shows
that bedside, limited, semi-quantitative point-of-care ultrasound
examination with a pocket-sized device can offer high-quality
assessment of cardiac structures, cardiac function indices, abdomi-
nal great vessels and the pleural space. The pocket-sized ultra-
sound examinations were highly feasible and the agreement with
reference methods was excellent for most indices.

The presented findings are in line with recent publications from
echo lab’s and outpatient clinics with respect to feasibility and
reliability.**~® However, direct comparisons between studies are
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Figure | Agreement of grading valvular function with pocket-
sized echocardiography compared with reference. All indices of
valvular function graded as normal, or mild, moderate, and
severe pathology. The number of patients with any; aortic valve
calcification/stenosis, aortic regurgitation, mitral regurgitation,
or tricuspid regurgitation by high-end echocardiography was 24,
31, 54, and 34, respectively. POCKET —2, —1, +1 and +2
refer to grades of underestimation (—) and overestimation (+)
of the described pathology compared with reference echocardio-
graphy. Abbreviations: regurg, regurgitation.

difficult due to different populations and exclusion criteria. We
excluded only patients who did not consent to participate or
remain long enough in-hospital to have a reference echocardiogra-
phy for comparison.

Furthermore, our study was conducted at the bedside by cardi-
ologists, in sub-optimal examination conditions, on call during busy
working hours, in a department where most admissions are on an
emergency basis.

As shown by Supplementary material online, Figures ST and S2
there was a modest underestimation of valvular pathology by
POCKET compared with HIGH. This was most pronounced for
classification of aortic stenosis. Visual detection of aortic stenosis
by POCKET was inferior to high-end reference. This may be
explained by the lack of spectral Doppler and the lower resolution
(240 x 320 pixels) on the Vscan with inferior visualization of the
valvular cusps. However, there was no misclassification of valvular
dysfunction in those with severe aortic stenosis. Colour-coded
images are limited by a low frame rate, but this is compensated
for by the vendor by a high sensitivity. Very small or insignificant
leakages may be bloomed and this may account for some of the
overestimated pathology presented in Supplementary material
online, Figures ST and S2. There were no misclassifications of
severe aortic, mitral and tricuspid regurgitations. Thus, it does
not seem to be any limitation for the clinical use of the colour
mode.

The size of the left atrium and the inferior vena cava showed
only substantial agreement between POCKET and HIGH. This
may primarily be related to timing of the measurements in the
cardiac or respiratory cycles and the time delay of median 17 h
between POCKET and HIGH. As the POCKET device is not
able to show the cyclicity of the cardiac or respiratory phases,
timing of measurements is done by visual assessment only. As
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Table 5 Sensitivity, specificity, positive, and negative predictive value of point-of-care pocket-sized echocardiography

to detect pathology compared with reference method

To detect: Npathology (Neotat)

At least moderate LV dysfunction 35 (108)
Any LV regional dysfunction 35 (108)
Any RV dysfunction 10 (106)
Any dilatation of the left atrium 69 (107)
Any abdominal aortic aneurysms 7 (67)

Any pleural effusion’ 14 (85)

Any pericardial effusion 9 (108)
At least moderate aortic stenosis 8 (106)
At least moderate aortic regurgitation 6 (106)
At least moderate mitral regurgitation 14 (107)
At least moderate tricuspid regurgitation 8 (108)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
97 99 97 99
97 99 92 9%
90 99 82 98
81 68 85 73

100 100 100 100
93 98 87 97
89 99 100 100
63 100 100 97
83 99 83 99
93 99 93 99
88 98 78 98

Abbreviations and explanations as in Table 3.

the dimension of the inferior vena cava is an indirect measure of
right atrial filling pressure, the delay from POCKET to HIGH
may bias the analyses of reliability, related both to physiologic con-
ditions and any given treatment.'® The lack of M-mode and ECG
timing on the POCKET device may lead to inaccurate
measurements.

The clinical implication of our study is that pocket-sized device
can safely be implemented as a bedside screening device during
ward rounds when operated by experienced users. Further work
should address whether point-of-care POCKET influences work-
flow in hospitals and if our findings are reproducible by
less-experienced users.

Limitations
The applicability of this study may be limited in that all POCKET
examinations were performed by experienced cardiologists with
a special interest in echocardiography. How feasible and reliable
the use of POCKET by non-experts is in similar situations
remains uncertain.

The POCKET examinations were performed under non-optimal
conditions at the bedside. Thus, the POCKET and the HIGH exam-
inations were performed under different conditions and this may
influence both feasibility and reliability. However, the aim of this
study was to assess the feasibility and reliability of POCKET used
as a bedside screening device and therefore this was necessary.

The time delay (median 17.3 h) between POCKET and HIGH
examinations may bias the analyses of reliability, related both to
physiologic conditions, disease progression or regression and any
given treatment.

Lack of spectral Doppler capability makes assessment of valvular
pathology according to recommended guidelines difficult.”’ "
Instead the quantification of pathology was assessed based on
colour Doppler, grey-scale images of leaflet thickening, calcification
and mobility.

However, the high sensitivity, specificity, and positive and nega-
tive predictive values of POCKET with respect to detecting at least

moderate pathology shows that POCKET may serve as an efficient
tool for triage of the patient in need of a complete echocardio-
graphic examination. Although POCKET quickly performs a
limited semi-quantitative assessment well, it is not as accurate or
reliable as the gold standard techniques. Pocket-sized echocardio-
graphy is as an adjunct to physical examination and a general
screening tool. In settings where referral to formal imaging tech-
niques is warranted POCKET is no substitute.

Conclusion

Focused point-of-care ultrasound examinations of 4 min duration
with a pocket-sized device can offer high-quality semi-quantitative
assessment of cardiac structures and function, as well as abdominal
great vessels and the pleural space. The pocket-sized device can
safely be implemented as a bedside screening device in the
routine clinical practice of experienced operators.

Supplementary data

Supplementary data are available at European Journal
Echocardiography online.
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Methods
and results

To study the feasibility and reliability of pocket-size hand-held echocardiography (PHHE) by medical residents with
limited experience in ultrasound.

A total of 199 patients admitted to a non-university medical department were examined with PHHE. Six out of 14
medical residents were randomized to use a focused protocol and examine the heart, pericardium, pleural space, and
abdominal large vessels. Diagnostic corrections were made and findings were confirmed by standard diagnostics. The
median time consumption for the examination was 5.7 min. Each resident performed a median of 27 examinations.
The left ventricle was assessed to satisfaction in 97% and the pericardium in all patients. The aortic and atrioventricu-
lar valves were assessed in at least 76% and the abdominal aorta in 50%, respectively. Global left-ventricular function,
pleural, and pericardial effusion showed very strong correlation with reference method (Spearman’s r > 0.8). Quan-
tification of aortic stenosis and regurgitation showed strong correlation with r = 0.7. Regurgitations in the atrioven-
tricular valves showed moderate correlations, r = 0.5 and r = 0.6 for mitral and tricuspid regurgitation, respectively,
similar to dilatation of the left atrium (r = 0.6) and detection of regional dysfunction (r = 0.6). Quantification of the
abdominal aorta (aneurysmatic or not) showed strong correlation, r = 0.7, while the inferior vena cava diameter cor-
related moderately, r = 0.5.

Conclusion By adding a PHHE examination to standard care, medical residents were able to obtain reliable information of im-
portant cardiovascular structures in patients admitted to a medical department. Thus, focused examinations with
PHHE performed by residents after a training period have the potential to improve in-hospital diagnostic procedures.

Keywords Echocardiography e Pocket-size ® Hand-held e Point-of-care ultrasound e Bedside e Non-expert

Introduction This makes them an excellent clinical tool, available for any

An early and correct diagnosis is a crucial step in the treatment of
patients. A delayed or wrong diagnosis may delay the treatment,
complicate inpatient workflow, and may in worst case scenario
have a lethal outcome.”

During the recent two decades, the development of new digital
technology and miniaturization of ultrasound scanners have moved
these scanners from the echo-labs into the white coat pocket.>?

physician in different clinical settings as a point-of-care
ultrasonography.”

These newly developed scanners have been studied in several
clinical settings. In the hands of experienced users, pocket-size
hand-held echocardiographic (PHHE) devices offer high-quality
semi-quantitative assessment of cardiac structures, abdominal
great vessels, and the pleural space at the physicians’ point-of-care
with a demonstrable clinical benefit.> "'
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Medical history-taking and physical examination of most patients
are performed by the residents in the emergency departments or
bed wards. Few of these are skilled in ultrasonography and given
the cost and the availability of the PHHE devices, non-expert
users will frequently have such technology available for diagnostic
use. Thus, we aimed to study the feasibility and reliability of PHHE
in the hands of medical residents after a targeted training period in
cardiovascular ultrasound.

Methods
Study population

This prospective observational study included 199 patients admitted to
the medical department at Levanger Hospital, Norway. The patients
were included in the period 4 April to 23 June 2011. The examination
was performed by six medical residents taking part in the study. At
study start, 12 medical residents were employed at the department,
and half of them were randomized to participate in the study.
During the study, another two residents joined the department, but
they did not participate in the study. The residents have in-house
call 24 x 7. Thus, the six participating residents covered ~42% of the
total period of inclusion. All emergency admissions during the time
these six residents were on call were included in the study. There
were no other criteria of inclusion. Only patients who did not
consent to participate or did not stay long enough in the department
to enable the necessary diagnostic procedures for the study were
excluded. Due to logistic reasons, inclusion of patients was restricted
to 199 of 446 available patients as standard diagnostic procedures and
treatment had first priority.

The patients were admitted to the emergency room in a standard
way. After having been triaged according to their symptoms, they
were examined by the resident. Based on the medical history, physical
examination, and supplemental tests, a preliminary diagnosis was made.
Thus, usual care diagnostics were done prior to the examination with
PHHE. All patients had standard follow-up according to their symp-
toms and findings. Patients, in whom pathology was suggested either
by PHHE or by the standard clinical care, were referred for relevant
gold-standard diagnostic follow-up. To improve the reliability of the
sensitivity and specificity of the data, approximately 10 negatively
described PHHE examinations per resident were randomly selected
by the study committee and referred for reference imaging procedures
as well. The study was approved by the Regional Committee for
Medical Research Ethics, and conducted according to the second
Helsinki Declaration. All the patients gave their informed consent to
participate in the study.

Education of residents

The residents underwent a brief training program covering both the
examination with PHHE and interpretation of the recordings. The
program consisted of 4h of lectures dealing with the theoretical
basics and pitfalls of cardiovascular ultrasonography. Normal and
pathological findings were demonstrated, and they were all provided
with access to a virtual ultrasound-imaging library. All participating resi-
dents had a personal supervisor. Subsequently, the residents under-
went 3 months of practical training, initially together with the
supervisors in the echo-lab and in the radiology department, then
using PHHE in the medical department with close connection to
experienced ultrasonographers, having the opportunity to discuss
their findings. They were encouraged to perform at least 100 examina-
tions during the tutorial period. The actual numbers performed were
median (interquartile range) 95 (80—225) examinations.

Pocket-size echocardiographic examination
The residents performed the PHHE examinations usinga Vscan (version
1.2; GE Vingmed Ultrasound, Horten, Norway). This device offers
B-mode and colour flow (CF) imaging. The total weight is 390 gincluding
the phased array probe with bandwidth of 1.7—-3.8 MHz. It provides two
dimensional (2D) imaging and real time colour-Doppler within a sector
that has fixed size, but is movable throughout the 2D sector. An algo-
rithm enables automatic storage and loop recording of a cardiac cycle
without ECG signal.’® Patient identification was performed by voice
recording and the automatically assigned examination number. All
images and recordings were saved on the device’s micro-SD card and
later transferred to a computer by commercial software (Gateway; GE
Vingmed Ultrasound).

The pocket-size echocardiographic examinations were performed
bedside, and when possible with the patients in the left-lateral decubi-
tus position. The examinations included parasternal long- and short-
axis views and apical four-chambers, two-chambers, and long-axis
views. All views contained 2D and CF recordings. The patients were
turned to supine position when examining the abdominal great
vessels. The pleural space was recorded from supine or upright pos-
ition. A standard examination protocol was used. Assessment of left-
and right-ventricular function were done semi-quantitatively from the
parasternal and apical positions, classified as normal/near normal, mod-
erate, or severe dysfunction. The quantification was based on the sys-
tolic excursion of the atrioventricular plane for both ventricles. In
addition, eye-balling of the left-ventricular ejection fraction as >45,
30—45, or <30% corresponded to normal/near normal, moderate,
or severe dysfunction, respectively. With respect to the assessment
of right-ventricular function, dilatation of the ventricle and/or diastolic
shift to the left of the intraventricular septum was also included in
the judgement. Severe regional dysfunction was classified as present
or not. Valvular pathology and dysfunction was classified semi-
quantitatively as mild, moderate, or severe. Quantification of stenosis
was based on the amount of calcification and the movement of the
cusps/leaflets. Quantification of the regurgitations was based on the
CF jet and size and function of the adjacent chambers. The size of
the left atrium (LA) was measured online from the parasternal position
and quantified as normal (<40 mm), moderately dilated (40—50 mm),
or severely dilated (>50 mm). Pericardial effusion was if present clas-
sified as significant or not based on visual judgement of the influence of
the adjacent chambers. The inferior vena cava diameter was assessed
from the subcostal position at the end expiration within 2 cm from
the right atrial orifice. The size of the abdominal aorta was determined
by the largest measured diameter. It was classified as aneurysmatic if
the diameter exceeded 30 mm. Both pleural cavities were examined.
If pleural effusion was present, this was graded as small or large
amount. A large amount of pleural effusion was registered if the diam-
eter between the thoracic wall and the lung exceeded 5 and 4.5 cm in
the left or the right pleural cavity, respectively. The examinations of the
different structures were judged by the residents as feasible if they
were able to quantify the specific cardiac structures or function
indices based on their recordings.

Validation of point-of-care pocket-size
echocardiography

Standard echocardiography was performed in the hospital’s echo-lab,
under optimal conditions. The system used was a Vivid 7 scanner (GE
Vingmed Ultrasound, Horten, Norway) using a 2.0 MHz phased-array
transducer (M3S) with bandwidth 1.5-3.6 MHz. Second harmonic
imaging was used. The recording of a cardiac cycle was ECG triggered.
The standard examinations were performed independently by one
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of four experienced cardiologists blinded to the results of PHHE with a
median (range) time delay of 21.1 (0.4-166) h. A complete echocardio-
graphic examination was performed. Dimensions were measured froma
parasternal view. Ejection fraction was measured by Simpson’s rule from
apical four- and two-chamber views." Valvular pathology was graded
according to the recommendations from the European Association of
Cardiovascular Imaging (EACVI) [former European Association of Echo-
cardiography (EAE)]."~"® For the analyses of the patients who under-
went both echocardiographic and radiographic examinations, the
radiologists’ classifications of pleural effusion [computer tomography
(CT) or ultrasound] and the size of the abdominal aorta were preferred.

Statistical analysis

As the different echocardiographic and anthropometric measures
partly were skewed compared with normal distribution, the basic char-
acteristics are presented as mean + standard deviation (SD) and
(interquartile) range. Spearman’s rho (r) was used for comparison of
the ranking of pathology between the PHHE and the high-end echocar-
diographic examinations. Data are presented as r [95% confidence
interval (Cl)] with the 95% Cl computed using bootstrapping. For com-
parison of continuous variables, Pearson’s rho (r) and Bland—Altman
statistics were used. Statistical analyses were performed using SPSS
for Windows version 20.0 (SPSS, Inc., Chicago, IL, USA).

Results

Study population

Table 1 shows the baseline data of the 199 patients included in the
study (107 men and 92 women). Mean + SD (range) age was
65.6 + 18.2 (17.1-98.5) years. The distribution of age was posi-
tively skewed compared with a normal distribution. The mean

Table | Basic characteristics of the 199 study
participants

Mean + SD (range)®
Age, years 65.6 + 18.2 (17.1-98.5)
Male, n (%) 107 (53.8)
Height, cm 1709 + 9.7 (150-196)

Body mass index, kg/m?* 264 + 5.6 (12—45)
143.9 + 28.6 (74-245)
75.0 + 15.6 (24-120)

82.8 + 22.6 (40-160)

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, bpm

Atrial fibrillation, n (%) 33 (16.6)
Known hypertension, n (%) 67 (33.7)
Known diabetes, n (%) 36 (18.1)
Known myocardial infarction, n (%) 32 (16.1)
Known angina, n (%) 17 (8.5)
Known heart failure, n (%) 20 (10.1)
Known peripheral vessel disease, n (%) 7 (3.5)
Known stroke, n (%) 35 (17.6)
Known cardiovascular disease, n (%) 71 (35.7)
Known cancer, n (%) 16 (8.0)

?Data are presented as mean =+ SD (range) unless otherwise specified.

height was 170.9 4+ 9.7 cm and the body mass index was 26.4 +
5.6 kg/m”. At admission, atrial fibrillation was present in 33
(17%) patients, hypertension was present in 67 (34%) patients,
36 (18%) had known diabetes mellitus, and 20 (10%) had estab-
lished heart failure. In total, cardiovascular disease defined as
either angina pectoris, prior myocardial infarction, prior stroke,
or established peripheral arterial disease was present in 71 (36%)
of the patients. There were no significant differences in the basic
characteristics of the 199 participants included in the study and
the 247 participants not included in the study, but who were ad-
mitted to the hospital the days when the six residents performing
PHHE examinations were on duty.

Pocket-size hand-held echocardiography
The time consumption of the examination, including large vessels,
was median (range) 5.7 (1.6—19.9) min. Each resident performed a
median (interquartile range) of 27 (19—46) examinations. Table 2
shows the feasibility of PHHE. The left-ventricular (LV) function
was assessed to satisfaction in nearly all of the patients (97%)
and the pericardial space in all patients. The aortic and atrioven-
tricular valves were assessed in at least 76% and the pulmonary
valve in <50% of the patients. The vena cava inferior was assessed
to satisfaction in 77% and the abdominal aorta in 50% of the popu-
lation. This is also illustrated in Figure 1.

A total of 133 and 74 patients underwent high-end echocardiog-
raphy and radiographic (CT or ultrasound) reference imaging, re-
spectively. In total, 186 (93%) patients underwent reference
imaging (Figure 2). For the different indices of cardiac structure
or function, the available numbers of validated examinations are
shown in Tables 3 and 4. Table 3 shows the correlations of semi-
quantitative assessment of cardiovascular structures and function
indices between PHHE and standard echocardiography. The classi-
fication of global left-ventricular function, pleural, and pericardial
effusion showed very strong correlation with standard diagnostic
procedures (Spearman’s r > 0.83, with variations between resi-
dents 0.70-0.93, 0.54—1.0, and 0.81—1.0, respectively). Regional
left-ventricular function showed moderate correlation, r = 0.60
(variation between residents 0.53—-0.61). The classification of

Table 2 Feasibility of point-of-care pocket-size
echocardiography

Anatomic structure Assessed to satisfaction (%)

Left ventricle 194 (97)
Right ventricle 172 (86)
Pericardium 199 (100)
Left atrium 173 (87)
Mitral valve 177 (89)
Aortic valve 171 (86)
Pulmonary valve 97 (49)
Tricuspid valve 152 (76)
Abdominal aorta 99 (50)
Vena cava inferior 154 (77)
Pleura 190 (95)




1198

O.C. Mjglstad et al.

Figure | Feasibility of point-of-care pocket-size echocardiography. Feasibility (%) of the different cardiovascular structures when pocket-size
echocardiography was performed by residents. The examinations of the different structures were judged by the residents as feasible if they
were able to quantify the specific cardiac structures or function indices based on the recordings.

Echo only

D Echo and radiology

. Radiology only

. Validation performed

. No validation

Figure 2 Validation of PHHE. lllustration of the number of
patients that were validated with reference imaging (left) and by
what kind of reference imaging (right). Echo, echocardiography.

aortic valve calcification/stenosis and regurgitation showed strong
correlation with r = 0.67 (variation between residents 0.29-0.93)
and r = 0.68 (variation between residents 0.33—1.0), respectively.
Regurgitation of the atrioventricular valves showed moderate-
to-strong correlations, r=0.53 (variation between residents
0.34-0.80) for mitral and r = 0.61 (variation between residents
0.21-0.78) for tricuspid regurgitation, so did the degree of dilatation
of the LA (r = 0.61) (variation between residents 0.23—0.76). No
serious findings were missed. PHHE correlated strongly with stand-
ard diagnostics with respect to detect abdominal aortic aneurysms,
r=0.70. No aneurysms were missed, but there was one false posi-
tive diagnosis where the measurement of the aorta was 32 mm by
PHHE and 28 mm by the abdominal CT. Figure 3 illustrates the

Table 3 Correlations of semi-quantitative
classification of echocardiographic indices of
pocket-size echocardiography and reference method

n n R 95% ClI
total pathology
Global systolic function, 129 26 083 0.71-093
left ventricle
Apparent regional 129 22 0.60 0.39-0.78
dysfunction, left
ventricle
Global systolic function, 115 10 044 0.10-0.72
right ventricle
Size of left atrium 117 68 0.61 048-0.72
Aortic calcification and 119 37 0.67 0.52-0.80
stenosis
Aortic regurgitation 117 27 0.68 0.52-0.82
Mitral regurgitation 123 54 053 0.37-0.68
Tricuspid regurgitation 107 49 0.61 045-0.74
Pericardial effusion 131 4 086 0.57-1.00
Pleural effusion 151 20 0.83 0.67-0.94
Abdominal aorta 52 2 0.70 0.49-1.00
Inferior vena cava® 94 045 0.24-0.62

Data presented as correlation coefficient (r) with 95% confidence interval
achieved by bootstrapping.

n total, the total number who underwent both PHHE and reference imaging; n
pathology, total number with the described pathology.

“Continuous variable, analysed by Pearson’s correlation, all others analysed by
Spearman’s rank correlation.

reproducibility data of the abdominal aortic diameter. The
maximal diameter of the inferior vena cava correlated only moder-
ately with high-end echocardiography, Pearson’s r = 0.45. Figure 4
illustrates the total number of misclassifications of global and regional
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Table 4 Sensitivity, specificity, positive, and negative predictive value of point-of-care pocket-size echocardiography to
detect at least moderate pathology compared with reference method

n total n pathology
LV dysfunction 129 30
RV dysfunction 115 10
LA enlargement 117 68
Aortic regurgitation 117 27
Aortic stenosis/calcification 119 37
Mitral regurgitation 123 48
Tricuspid regurgitation 107 49

Sensitivity Specificity PPV NPV
92 94 80 98
40 97 57 94
62 94 93 64
82 89 69 94
76 88 74 89
71 81 71 81
65 90 84 75

n total, the total number who underwent both PHHE and reference imaging; n pathology, total number with the described pathology; LV, left ventricle; RV, right ventricle; LA, left

atrium; PPV, positive predictive value; NPV, negative predictive value.
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Figure 3 Bland—Altman plot for the assessment of the abdom-
inal aortic diameter using PHHE and reference imaging. Reprodu-
cibility for the assessment of the diameter of the abdominal aorta.
Bland-Altman plot of difference between PHHE and reference
imaging by the mean of the measurements.

ventricular and valvular pathology by PHHE compared with the ref-
erence. For the quantification of LV global function, LA size, and
aortic stenosis, respectively, 7, 2, and 5% of the misclassifications
were two degrees; all other misclassifications were only one
degree. Figure 5 shows clinical examples of PHHE compared with
reference method, and a clinical example is given in Supplementary
material online, Videos S1 and S2.

Table 4 shows the sensitivity, specificity, positive, and negative
predictive values of PHHE to detect at least moderate pathology.
There was high specificity and negative predictive values of detecting
left- and right-ventricular dysfunction and aortic-valve pathology. On
the contrary, the lower sensitivity and positive predictive values for
the assessment of right-ventricular function and left-atrial size are
mainly caused by some underestimation of pathology.

Discussion

Our study demonstrates that medical residents in <6 min can
perform a bedside ultrasound examination of the heart, pleural

space, and the abdominal great vessels after a 3 months training
period and get reliable and clinically important diagnostic informa-
tion beyond the standard physical examination.

The patients were included solely during the time when the
participating residents were on call and represent otherwise an
unselected population in our department. The population charac-
teristics are also in line with patient characteristics from previous
studies in similar settings.'®""""®

PHHE has in several studies showed a high feasibility and accur-
acy when performed by experts.®~” Galderisi et al.® showed slight-
ly lower sensitivity and specificity when trainees performed PHHE
compared with experts. Panoulas et al.'® showed improved diag-
nostic accuracy when medical students and junior doctors added
a PHHE examination to history, physical examination, and ECG
findings. Our results are in line with their findings when PHHE is
performed by non-experts. The feasibility is overall very good,
75-100% for all structures except the pulmonic valve and the ab-
dominal aorta which were assessed to satisfaction in approximately
one-half of the patients. Inexperienced users may be less able to
provide optimal image quality and need better image quality to
be able to interpret the recordings compared with expert users,
but we have no data to support this hypothesis. The abdominal
aorta was assessed in a relatively small number of patients com-
pared with expert studies.”””® This may partly be explained by
the fact that the residents did not register the aorta as assessed
unless the entire length of the aorta was satisfactorily assessed.
Secondly, patients were non-fasting, thereby reducing abdominal
image quality, and BMI was ~2 kg/m? higher in whom the abdom-
inal aorta was not assessed (P < 0.001). Nonetheless, there may
have been too little focus on examining the great vessels during
the training period.

The assessment of the global left-ventricular function and the
pericardial and pleural space compared excellently with standard
diagnostics. These are crucial issues in the cardiovascular ultra-
sound examination.”’ The classification/assessment of valvular
function showed moderate-to-strong correlation and we found
high specificity and high negative predictive values for detecting
at least moderate valvular pathology. Importantly, no serious find-
ings were missed, neither according to aortic valve pathology or
regurgitation of the atrioventricular valves. However, there was
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Figure 4 Classification of ventricular and valvular pathology by PHHE compared with reference echocardiography. The agreement of PHHE
and reference echocardiography in the quantification of ventricular and valvular pathology is illustrated. Over- and underestimation is the total
numbers of misclassifications. In total, only 2% were misclassified by two degrees, the rest by one degree. LV, left ventricle; N, numbers; regurg,
regurgitation.

Figure 5 Cases illustrating the comparison of PHHE with reference method. (A) shows images from the pocket-size device, while (B) shows
images from the high-end Vivid 7 scanner (GE Vingmed Ultrasound). 1 (A and B): 54-year-old man with principal diagnosis of liver cirrhosis
changed to dilated cardiomyopathy after PHHE. 2 (A and B): 70-year-old man with known heart failure concluded to be decompensated
after finding the shown significant amount of pleural effusion, dilated vena cava inferior, and reduced LV function. 3 (A and B): 75-year-old
man referred with stroke where PHHE revealed an unknown moderate aortic regurgitation (without importance for the acute treatment).
4 (A and B): 88-year-old woman admitted with heart failure. PHHE revealed dilated ventricles, the shown large tricuspid regurgitation,
pleural effusion, and ascites due to hypervolaemia.
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some under- and overestimation of both ventricular dysfunction
and valvular pathology. This may be explained by less experienced
users, a very sensitive colour mode, and the lack of spectral
Doppler in the PHHE devices. We find the presented degree of
misclassification of aortic stenosis, in line with the presented, but
less pronounced overestimation of aortic stenosis related to the
lack of spectral Doppler in recent studies.”” No moderate or
severe aortic stenosis was missed. Atrioventricular valves regurgi-
tations were missed more often compared with aortic regurgita-
tions and this may be related to the higher number of
atrioventricular regurgitations in the presented population. Due
to moderate feasibility, the correlation of the aortic diameter
was tested in only 52 patients and in these patients there was a
strong agreement, and in the one misclassified, the difference
was 4 mm. No aneurysms were missed by PHHE. The moderate
agreement between PHHE and standard diagnostics in the assess-
ment of the inferior vena cava may be explained by the period of
time between PHHE and the standard echocardiography of median
21 h. Physiological variations and treatment effects may have influ-
enced the results.”? In addition, measurements of the size of
the LA and vena cava inferior may be influenced by the fact that
the pocket-size device lacks ECG-cables and there are limited
opportunities to ensure the correct timing in the cardiac or
respiratory cycles.

Taking a thorough medical history and performing a physical
examination will remain the cornerstones in the diagnostic proced-
ure, but there is a need for improvement in diagnostic accuracy to
decrease medical errors."*® PHHE is an excellent tool to provide
further diagnostic information. As stated by the EACVI (former
EAE) the users level of competence is very important in these
devices.”* Experienced ultrasonographers can start using PHHE
without limitations. In less-experienced users, targeted education
and a training period are necessary and PHHE should be used
only for targeted examinations depending on the skills of the user.

Even in the hands of relatively inexperienced residents, PHHE
provides feasible and reliable information at the point-of-care
and improves the diagnostic precision without significant time
delay. However, it is important to state that PHHE cannot
replace the standard echocardiographic examination performed
by experts in the echo lab. It should remain a bedside imaging
tool which allows for quick and important information without
losing valuable time.

Limitations

In the study period, 1076 emergency admissions to the medical de-
partment were recorded and 84 of these patients declined
consent. Out of the 446 patients randomized to receive PHHE
examination, only 199 actually received it. This is mainly explained
by busy working hours, hospital logistics, and the residents being
informed to have a priority on standard diagnostics and treatment
of patients.

The study was a single-centre study with a limited number of par-
ticipating residents and patients. Consecutive patients were included
and critical diagnosis such as aortic dissection and cardiac tamponade
were not registered during the inclusion period. It is important to em-
phasize that in such cases, PHHE may offer a fast track to the correct

diagnosis,® but negative findings must not rule out further diagnostic
tests if the clinician still suspects specific conditions.

Conclusion

By adding a point-of-care PHHE examination lasting <6 min,
medical residents were able to obtain reliable information of im-
portant cardiac structures and great vessels in patients admitted
to a medical department. Thus, a focused examination with
PHHE performed by residents, after a targeted training period
have the potential to improve in-hospital diagnostics and care.

Supplementary material

Supplementary material is available at European Heart Journal —
Cardiovascular Imaging online.

Acknowledgements

We thank all the participating doctors, nurses, and secretarial staff at
Levanger hospital for their invaluable assistance with the inclusion
and data collection for this study. OCM, GNA, HD, and BOH hold
positions at Ml Lab, a Centre of Research-based Innovation that is
funded by the Research Council of Norway and industry. One of
the industry partners is GE Vingmed Ultrasound. The Centre has a
total budget of 124 million NOK for the 8 years period from 2007
to 2014, and the contribution from GE Vingmed Ultrasound to
this budget is 7 million NOK (6%).

Conflict of interest: none declared.

Funding
This study is funded by the Nord-Trgndelag Health Trust, Norway and
the Norwegian University of Science and Technology, Norway.

References

1. Burton JL, Underwood J. Clinical, educational, and epidemiological value of

autopsy. Lancet 2007;369:1471-80.

Roelandt JR. Ultrasound stethoscopy: a renaissance of the physical examination?

Heart 2003;89:971-3.

. Roelandt JR. Ultrasound stethoscopy. Eur | Intern Med 2004;15:337-47.

Moore CL, Copel JA. Point-of-care ultrasonography. N Engl | Med 2011;364:

749-57.

. Dalen H, Haugen BO, Graven T. Feasibility and clinical implementation of hand-

held echocardiography. Expert Rev Cardiovasc Ther 2013;11:49—-54.

Prinz C, Voigt JU. Diagnostic accuracy of a hand-held ultrasound scanner in

routine patients referred for echocardiography. | Am Soc Echocardiogr 2011;24:

111-6.

Andersen GN, Haugen BO, Graven T, Salvesen O, Mjolstad OC, Dalen H. Feasi-

bility and reliability of point-of-care pocket-sized echocardiography. Eur | Echocar-

diogr 2011;12:665-70.

. Galderisi M, Santoro A, Versiero M, Lomoriello VS, Esposito R, Raia R et al.
Improved cardiovascular diagnostic accuracy by pocket size imaging device
in non-cardiologic outpatients: the NaUSiCa (Naples Ultrasound Stethoscope
in Cardiology) study. Cardiovasc Ultrasound 2010;8:51.

. Prinz C, Dohrmann |, van Buuren F, Bitter T, Bogunovic N, Horstkotte D et al.
Diagnostic performance of handheld echocardiography for the assessment of
basic cardiac morphology and function: a validation study in routine cardiac
patients. Echocardiography 2012;29:887-94.

. Mjolstad OC, Dalen H, Graven T, Kleinau JO, Salvesen O, Haugen BO. Routinely
adding ultrasound examinations by pocket-sized ultrasound devices improves
inpatient diagnostics in a medical department. Eur | Intern Med 2012;23:185-91.

. Skjetne K, Graven T, Haugen BO, Salvesen O, Kleinau JO, Dalen H. Diagnostic
influence of cardiovascular screening by pocket-size ultrasound in a cardiac
unit. Eur | Echocardiogr 2011;42:737-43.

N

s w

o]

o

~

™

N

o

ju



1202 O.C. Mjelstad et al.

12. Aase SA, Snare SR, Dalen H, Stoylen A, Orderud F, Torp H. Echocardiography - 18. Vourvouri EC, Koroleva LY, Ten Cate FJ, Poldermans D, Schinkel AF, van
without electrocardiogram. Eur | Echocardiogr 2011;42:3-10. : Domburg RT et al. Clinical utility and cost effectiveness of a personal ultrasound

13. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA et al.  : imager for cardiac evaluation during consultation rounds in patients with sus-

Recommendations for chamber quantification: a report from the American pected cardiac disease. Heart 2003;89:727-30.
Society of Echocardiography’s Guidelines and Standards Committee and the 19. Panoulas VF, Daigeler AL, Malaweera AS, Lota AS, Baskaran D, Rahman S et al.
Chamber Quantification Writing Group, developed in conjunction with the Euro-  : Pocket-size hand-held cardiac ultrasound as an adjunct to clinical examination
pean Association of Echocardiography, a branch of the European Society of Car- in the hands of medical students and junior doctors. Eur Heart | Cardiovasc
diology. | Am Soc Echocardiogr 2005;18:1440—63. . Imaging 2013;14:323-30.

14. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP et al. - 20. Dijos M, Pucheux Y, Lafitte M, Reant P, Prevot A, Mignot A et al. Fast track echo
Echocardiographic assessment of valve stenosis: EAE/ASE recommendations for of abdominal aortic aneurysm using a real pocket-ultrasound device at bedside.
clinical practice. | Am Soc Echocardiogr 2009;22:1-23; quiz 101-2. : Echocardiography 2012;29:285-90.

15. Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, Tribouilloy C et al. . 21. Martin LD, Mathews S, Ziegelstein RC, Martire C, Howell EE, Hellmann DB et al.
European Association of Echocardiography recommendations for the assessment - Prevalence of asymptomatic left ventricular systolic dysfunction in at-risk medical
of valvular regurgitation. Part 2: mitral and tricuspid regurgitation (native valve inpatients. Am | Med 2013;126:68-73.
disease). Eur | Echocardiogr 2010;11:307-32. © 22. Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right atrial pressure

16. Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Agricola Eetal. from the inspiratory collapse of the inferior vena cava. Am J Cardiol 1990,66:493—6.
European Association of Echocardiography recommendations for the assessment . 23. Combes A, Mokhtari M, Couvelard A, Trouillet JL, Baudot J, Henin D et al. Clinical
of valvular regurgitation. Part 1: aortic and pulmonary regurgitation (native valve - and autopsy diagnoses in the intensive care unit: a prospective study. Arch Intern
disease). Eur | Echocardiogr 2010;11:223—-44. Med 2004;164:389-92.

17. de Groot-de Laat LE, ten Cate FJ, Vourvouri EC, van Domburg RT, Roelandt JR. : 24. Sicari R, Galderisi M, Voigt JU, Habib G, Zamorano JL, Lancellotti P et al.
Impact of hand-carried cardiac ultrasound on diagnosis and management during The use of pocket-size imaging devices: a position statement of the European As-
cardiac consultation rounds. Eur | Echocardiogr 2005;6:196—201. . sociation of Echocardiography. Eur | Echocardiogr 2011;12:85-7.

doi:10.1093/ehjci/jet114
IMAGE FOCUS Online publish-ahead-of-print 3 July 2013

I can hear it, but where is it coming from? A case of iatrogenic
arteriovenous fistula after pacemaker lead extraction

Kevin C. Ong, Samuel ). Asirvatham, Charanjit S. Rihal, Donald ). Hagler, and Sorin V. Pislaru*

Division of Cardiovascular Diseases, Department of Medicine, Mayo Clinic, 200 1st Street SW, Rochester, MN 55905, USA
* Corresponding author. Tel: +1 5072842511; Fax: +1 5072667929, Email: pislaru.sorin@mayo.edu

A 54-year-old woman was referred to our institu- ;e B @ ¢
tion for the assessment of a loud continuous o ! !’(
murmur detected 3 years after pacemaker lead ex-
traction. She previously had a dual-chamber pace-
maker implanted for symptomatic sinus node
dysfunction. Owing to recurrent and severe symp-
tomatic phrenic nerve pacing, she underwent laser
lead extraction. The procedure was complicated by
a tear at junction of the superior vena cava (SVC)
and right atrium requiring surgical repair. All endo- & Aortic archy
cardial pacing leads were removed and an epicar- :
dial right atrial pacing lead was implanted.

The source of continuous murmur could not be
identified on initial transthoracic echocardiography
(TTE). Auscultation revealed that the continuous murmur was loudest in the left upper chest. Additional TTE in the suprasternal area
revealed continuous high flow in the left brachiocephalic vein (LBCV; Panel A, Supplementary data online, Video S7) and the left internal
mammary artery (LIMA; Panel B) due to a communication between these vessels (Supplementary data online, Video S2 and Image ST1).
Venogram of the LBCV showed marked dilation with contrast reflux in the left internal jugular vein (Panel C, Supplementary data
online, Video $3); oxygen saturation step up to 90% in the SVC was consistent with the arteriovenous shunt. Aortic angiography con-
firmed a connection between the LIMA and LBCV (Panel D, Supplementary data online, Video S4). The fistula was closed with an
Amplatz® vascular plug to the proximal LIMA and Tornado® embolization coils to the distal LIMA (Panel E, Supplementary data
online, Video S5). There was no residual shunt flow in LBCV (Panel F, Supplementary data online, Video S6).

LBCVL,

Arteriovenous fistula between the LIMA and LBCV is a rare complication of laser lead extraction. In this case, auscultation-guided
TTE played a key role in establishing the extracardiac origin of the murmur.

Supplementary data are available at European Heart Journal — Cardiovascular Imaging online.

Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2013. For permissions please email: journals.permissions@oup.com
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Objectives—We aimed to investigate the potential benefit of adding goal-directed ultrasound
examinations performed by on-call medical residents using a pocket-size imaging device
in patients admitted to a medical department.

Methods—A total of 992 emergency admissions to the medical department at a nonuni-
versity hospital in Norway were included. Patients admitted on dates with an on-call
medical resident randomized to use a pocket-size imaging device were eligible for
pocket-size cardiac and abdominal ultrasound examinations or standard care. The cardiac
examination included estimation of right and left ventricular sizes and global systolic
function and regional left ventricular systolic function, evaluation for pleural and peri-
cardial effusion, and valvular disease. The abdominal examination looked for signs of
gross abnormalities of the liver, gallbladder, abdominal aorta, inferior vena cava, and
urinary system. Six of 12 medical residents with limited ultrasound experience were ran-
domized to perform the examinations. Diagnostic corrections were made, and findings
were confirmed by reference standard diagnostics.

Results—A total of 199 patients were examined. Median times used were 5.7 minutes
for the cardiac examination and 4.7 minutes for the abdominal examination. In 13
patients (6.5%), the examination resulted in a major change in the primary diagnosis.
In 21 patients (10.5%), the diagnosis was verified, and in 48 (24.0%), an additional
important diagnosis was made.

Conclusions—By implementing pocket-size ultrasound examinations that took less than
11 minutes to the usual care, we corrected, verified, or added important diagnoses in
more than 1 of 3 emergency medical admissions. Point-of-care examinations with a pocket-
size imaging device increased medical residents’ diagnostic accuracy and capability.

Key Words—diagnosis; echocardiography; general medicine; health economics; point-
of-care ultrasound

ith the aid of Laennec and his stethoscope, the European

W diagnosticians of the 19th century paved the way for the art

and science of clinical and bedside diagnosis. The devel-

opment of newer and more advanced diagnostic procedures and

techniques has increased diagnostic accuracy and in many cases

removed the diagnosis from the bedside and clinician (ie, the

patient’s point of care) to the radiologic, echocardiographic, and

biochemicallaboratories. As a consequence, a decline in the clinical
skills of present and future physicians has emerged.!
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Despite the advances in expensive high-tech diagnos-
tic and therapeutic agents, major diagnostic errors con-
tinue to be found in up to 30% of patients at autopsy.**
Thus, there is an obvious need for an efficient increase in
clinical diagnostic accuracy. Point-of-care ultrasound,
defined as ultrasound brought to the patient and used by
the provider in real time” with a pocket-size imaging device,
has been shown to rapidly and cost-effectively improve
diagnostic accuracy in the hands of experts.®-16

In clinical practice, nonexperts are often the first to see
patients, and the usefulness of point-of-care pocket-size
ultrasound examinations performed by less-experienced
users remains uncertain. Thus, we aimed to study the diag-
nostic influence of routinely adding a focused cardiac and
abdominal examination with a pocket-size imaging device,
performed by medical residents, on emergency admissions
to a medical department and assess for an increased diag-
nostic influence in patients at higher cardiovascular risk.

Materials and Methods

Medical Residents

To ensure optimal training, half of the medical residents at
Levanger Hospital (6 of 12 residents) were randomly
selected by a draw for inclusion in the study 3 months
before the study began. They had varying, although limited,

degrees of ultrasound experience.

Study Population
All patients admitted to the Department of Medicine at the
nonuniversity Levanger Hospital were included from
April 4 to June 23,2011, with a pause in study inclusions
during Easter holidays. A flowchart illustrating the numbers
available for randomization and pocket-size ultrasound
examinations in the study is shown in Figure 1. The only
exclusion criterion was an inability or unwillingness to
provide informed consent. Specifically, no patients were
excluded because of poor image quality or the level of
cardiovascular risk. Patients randomized to pocket-size
imaging with an urgent need of advanced imaging proce-
dures or specific treatment were included if the pocket-size
ultrasound examination did not cause a delay in the planned
investigation or procedure. The Department of Medicine
includes separate wards for cardiology, nephrology, gas-
troenterology, hematology and infectious diseases, pul-
monary diseases, and geriatric and cerebrovascular diseases.
Patients were eligible to receive pocket-size ultra-
sound examinations on the basis of the time and date of
admission. Patients were not informed of whether they
would receive a pocket-size ultrasound examination on

628

study inclusion. Patients admitted on dates with an on-call
medical resident randomized to use a pocket-size imaging
device were eligible for pocket-size ultrasound examinations.
Those admitted on all other dates were seen by residents
randomized to not use a pocket-size imaging device and
thus were included in the control group. Patients eligible
for pocket-size ultrasound examinations who did not
receive them were also allocated to the control group.
Patients were admitted from the hospital emergency
department, where they were triaged according to signs
and symptoms. They were examined by a medical intern or
resident and were provided a provisional diagnosis based on
standard history taking, physical examinations, laboratory
tests, and goal-directed imaging (not including ultrasound).

After the initial admission workup, the on-call med-
ical resident regularly reviewed the patients. The pocket-
size ultrasound examinations were performed at this time
in addition to the standard care provided by the medical
resident. The residents were instructed to perform as many
pocket-size ultrasound examinations as possible on emer-
gency admissions while on duty.

Written informed consent was obtained from all
patients in the case and control groups. The study
was registered at ClinicalTrials.gov (NCT01331187),
approved by the Regional Committee for Medical and
Health Research Ethics, and conducted according to the
Declaration of Helsinki.

Training and Education of Medical Residents

The medical residents received 4 hours of formal didactic
lectures from a cardiologist and radiologist on the physics,
pitfalls, and limitations of ultrasound, as well as a theoretical
map on how to perform the examinations. Normal and

Figure 1. Study population and randomization. PSID indicates pocket-
size imaging device.

Emergency
admissions in study
period n=1076

Total enrolled in
study

n=992

Declined consent
n -84

Mot

Randomized 1o .
randomized to

PSID n=446 PSID n-546

PSID PSID not
performed performed Controls n=546
n=199 n=247
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pathologic findings were demonstrated. The focus was on
scanning techniques, image acquisition, and interpretation.
They all had access to an in-house imaging library with
illustrations of both anatomy and abnormalities, including
how to obtain similar views and images, as well as how to
interpret them for clinical decision making. Each partici-
pating resident was allocated a personal supervisor; all
supervisors were specialists in internal medicine and
cardiology and experienced in abdominal and cardiac
ultrasound. The pocket-size ultrasound study was consid-
ered feasible if the resident was able to obtain the specific
image (organ, structure, or abnormality) and provide an
interpretation. Subsequently, the residents were encour-
aged to perform as many examinations as possible or at
least 100 abdominal and cardiac examinations with a high-
end mobile or pocket-size ultrasound device before the
study start. The median actual number performed before
the study start was 95 (interquartile range, 80-225) exam-
inations; a median of 32.5 (interquartile range, 20-85)
examinations had hands-on supervision by a relevant spe-
cialist or advanced trainee.

Pocket-size Ultrasound Examination
The ultrasound examination was performed bedside
with a pocket-size imaging device (Vscan; GE Vingmed
Ultrasound, Horten, Norway). The device measures 135 x
73 x 28 mm and weighs 390 g, including a phased array
probe. Two-dimensional grayscale and live color Doppler
imaging can be performed. The image sector for echocar-
diographic imaging is 75°. The bandwidth ranges from 1.7
to 3.8 MHz and is automatically adjusted. Storage and
looping of a cardiac cycle are possible without an electro-
cardiographic signal, and looping of other structures is pre-
defined and limited to 2 seconds. The device has separate
modes optimized for cardiac and abdominal examinations.
Patient identification was performed by using voice record-
ing and an automatically assigned examination number.
All images and recordings were saved on the device’s
micro-SD card and later transferred to a computer by com-
mercial software (Gateway; GE Vingmed Ultrasound).
A standardized examination protocol was used.
The bedside (point-of-care) cardiovascular ultrasound
examination was performed with patients in the left-lateral
decubitus position, supine position, or both. The time used
for the examination was calculated as the time from the
start to the end of the examination. Assessments of
left ventricular (LV) global and regional function, right
ventricular (RV) size and function, valvular anatomy and
function, and the pericardium were done from parasternal
long- and short-axis and apical 4-chamber, 2-chamber,

JUltrasound Med 2015; 34:627-636

and long-axis views. Global LV and RV functions were clas-
sified by visual assessment as normal/near normal, mod-
erate dysfunction, or severe dysfunction. Quantification of
LV function corresponded to an ejection fraction of greater
than 45%, 30% to 45%, or less than 30%, respectively.
In addition, systolic atrioventricular plane excursion was
used for quantification of both LV and RV functions.
The sizes of the ventricles influenced the judgment, and
for RV function quantification, the diastolic shift of the
intraventricular septum to the left was included. Regional
LV dysfunction was classified as present or not.

Valvular disease and dysfunction were classified semi-
quantitatively as mild, moderate, or severe. Quantification
of stenosis was based on the amount of calcification and
the movement of the cusps/leaflets. Quantification of
regurgitation was based on the color flow jet and the sizes
and functions of the adjacent chambers. Pericardial effu-
sion was classified as present or not. The size of the left
atrium was measured online on grayscale parasternal long-
axis images and converted to semiquantitative measures.
An attempt was made to do a measurement of the left atrium
at end systole. The abdominal aorta and inferior vena cava
were assessed from the subcostal position. The abdominal
aorta was assessed distally to the bifurcation and classified
as the presence or absence of an abdominal aortic aneurysm,
depending on whether the diameter exceeded 35 mm.
The end-expiratory inferior vena cava diameter was meas-
ured within 2 cm from the right atrial orifice. All dimen-
sion measurements were done on the pocket-size imaging
device. With patients in a supine or upright position, the
pleura was assessed from left and right thoracic dorsolateral
views, and the amount of pleural effusion was classified as
none, small to moderate, or substantial.!”

Theliver, gallbladder, and kidneys were assessed from
asupine position. The liver and gallbladder were classified
as normal or abnormal, where sonographic evidence of
cholecystitis, cholecystolithiasis, or intrahepatic tumors are
examples of abnormal findings. The kidneys were classified
as normal, evidence of hydronephrosis, or other disease.

Diagnostic corrections to initial evaluations were made
after the pocket-size ultrasound examination. To verify find-
ings, all patients with diagnostic changes and reported
pathologic findings were referred for standard diagnostic
procedures (ie, a complete echocardiographic examina-
tion, an abdominal ultrasound examination, computed
tomography, or magnetic resonance imaging) according
to the medical condition suspected. In addition, the study
committee daily selected 1 or 2 patients at random, with
reportedly normal pocket-size imaging findings, to undergo
reference echocardiographic or abdominal ultrasound
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examinations, or both to assess the degree of false-negative
findings. All residents performing pocket-size ultrasound
examinations had access to clinical information, including
the preliminary diagnosis and any imaging findings.
To avoid impeding hospital work flow, radiologists respon-
sible for reference imaging of patients with positive and
negative findings were not blinded to the results of the
pocket-size ultrasound examinations. However, the cardi-
ologists performing the high-end reference imaging pro-
cedures were blinded to the results of the pocket-size
ultrasound examinations but not to the data from the med-
ical history or physical examination. For analyses of the
patients who underwent both echocardiographic and radi-
ographic examinations, the radiologists’ classifications of
pleural effusion (computed tomography or ultrasound
imaging) and the size of the abdominal aorta were used in
cases with dual measurements.

Clinical Influence of Routine Pocket-size Ultrasound
All patients” diagnostics were judged by an end-point
committee consisting of 2 in-house and 1 external (St Olav
Trondheim University Hospital) clinician, all of whom
were specialists in internal medicine and cardiology expe-
rienced in echocardiography and abdominal ultrasound.
The committee members were blinded to the decisions
of the other members, and each individually reviewed all of
the cases. The diagnostic usefulness of the pocket-size
imaging device was judged on an individual basis, using
medical journals and considering all relevant diagnostic
tests performed before examination with the pocket-size
device. False-positive and -negative diagnoses did not count
as diagnostically useful. The influence of pocket-size ultra-
sound was divided into the following categories: (1) the
principal diagnosis was changed; (2) the principal diagnosis
was confirmed; (3) an additional diagnosis that was impor-
tant for in-hospital treatment or follow-up was added; (4)
an additional diagnosis that did not influence treatment or
follow-up; and (S) no change, verification, or additional
diagnosis was made. In cases of disagreement (33 0f 199),
the majority of the committee had the preference. Specif-
ically, findings from pocket-size ultrasound examinations
that were already available in previous imaging reports
were not considered of any diagnostic influence.

Statistics

The basic demographics are presented as mean * standard
deviation and range. Data not following a normal distri-
bution are presented as median and interquartile range.
The Mann-Whitney U test or Student’s ¢ test of inde-
pendent samples was used for comparison of continuous
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variables between groups. Proportions between groups
were analyzed by 2 statistics or the Fisher exact test.
The Spearman correlation (r) was used for comparison of
the quantification of pathologic findings between the
pocket-size ultrasound and high-end echocardiographic or
radiographic examinations. For comparison of normally
distributed continuous variables, the Pearson correlation
() was used. Data are presented as » values and 95% con-
fidence intervals, with the 95% confidence intervals com-
puted by bootstrapping.

To assess predictors of the influence of the pocket-size
ultrasound examinations, logistic regression analyses were
used. A change of the primary diagnosis or any diagnostic
usefulness (change or verification of the primary diagnosis
or an important additional diagnosis) was used as a
dependent variable, and age and cardiovascular risk factors
were included as independent variables. Increased risk was
classified as present if the patients had any known cardiovas-
cular disease, hypertension, or diabetes. The power estimate
was greater than 80% for detecting a difference in a change
of the primary diagnosis in 6% of a population sample of
200 at the 5% significance level (SPSS SamplePower; IBM
Corporation, Armonk, NY). All statistical analyses were
performed with SPSS version 20.0 software for Windows
(IBM Corporation). P < .05 was considered significant.

Results

Population

Of 1076 emergency admissions to the Department of
Medicine at Levanger Hospital, 84 were not willing or
unable to give their consent. A total of 992 patients were
included in the study; their basic demographics are shown
in Table 1. Of these, 446 patients were eligible for pocket-
size ultrasound examinations, as they were admitted on
dates with an on-call medical resident randomized to use
the pocket-size imaging device. A total of 199 patients were
actually examined with the pocket-size imaging device by
1 of 6 on-call medical residents during the study period
(Figure 1). The medical residents each performed a
median of 28 (interquartile range, 24-46) pocket-size
ultrasound examinations. The median time used for a
complete pocket-size ultrasound examination was 10.6
minutes (interquartile range, 8.6-13.8 minutes), including
5.7 minutes for the cardiac examination and 4.7 minutes
for the abdominal examination.

The mean age of the 199 patients (107 male and 92
female) who were examined with the pocket-size imaging
device was 65.6  18.0 years (range, 17-98 years), and the
age distribution was positively skewed compared to a nor-
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mal distribution. In this group, atrial fibrillation was pres-
ent in 33 patients (17%) at admission; hypertension was
present in 67 (34%); and 38 (19%) had known diabetes
mellitus. Cardiovascular disease, which was defined as at
least 1 of the following diagnoses: myocardial infarction,
angina pectoris, heart failure, cerebrovascular disease, or
peripheral vascular disease, was present in 91 patients
(46%). Malignant disease was previously diagnosed in 16
patients (8%). Apart from the prevalence of known malig-
nant disease, there were no significant differences between
the study groups (Table 1).

Feasibility and Reliability

The ability to acquire and interpret the recordings showed
high feasibility (>83%) for most cardiac and abdominal
structures but only 50% feasibility for the abdominal aorta.
The correlations for semiquantitative assessment of car-
diovascular and abdominal structures and function indices
between pocket-size ultrasound and the reference meth-
ods were generally good, with strong to moderate correla-
tions (Table 2). Further data on cardiovascular feasibility
and reliability pertaining to the study population have
recently been published.!

Diagnostic Influence of Pocket-size Ultrasound

In 69 patients (35%), pocket-size ultrasound was found to
be of diagnostic influence as it changed, verified, or added
an additional important diagnosis (Table 3 and Figure 2).

Table 1. Basic Demographics of the Study Participants

Pocket-size ultrasound examinations resulted in a major
change of the primary diagnosis in 13 patients (6.5%).
The diagnosis was verified in 21 patients (10.5%), and in
48 (24%), an additional important diagnosis was made.
Anadditional clinically unimportant diagnosis (defined as
a new diagnosis not influencing treatment or generating
further follow-up) was made in a further 25 patients (13%).

In several patients, the diagnostic yield was seen in
more than 1 category (ie, 82 findings of diagnostic useful-
ness in 69 patients). Specifically, in nearly half of the
patients for whom the diagnosis was verified by pocket-
size ultrasound, an additional clinically important diagno-
sis was made. Similarly in one-third of patients who had
their diagnosis changed by pocket-size ultrasound, an addi-
tional clinically important diagnosis was made. Four of 6
residents changed the primary diagnosis at least once
(median, 1.5; interquartile range, 0-7; P = .002) after
pocket-size ultrasound examinations, and all residents
showed any diagnostic influence of pocket-size ultrasound
(median 10; interquartile range, 6-27). The baseline char-
acteristics, preliminary diagnoses, and pocket-size imaging
findings for the patients in whom the primary diagnoses
were changed are presented in Table 4. Specifically, heart
failure, serious valvular disease, cholecystitis, malignancy,
and hypovolemia were all examples of changed diagnoses.
Examples of diagnoses that were verified by pocket-size
ultrasound include heart failure, myocardial infarction, liver
failure, malignancy and hypovolemia. Heart failure, hyper-

Randomized to PSID

PSID Received but Not Received Control Group
Parameter (n=199) (n=247) P2 (n=546) Pb
Age,y 64.8 +18.1(17-98) 66.5 +19 (16-98) 34 670 +177 (16-97) 14
Women, n (%) 94 (47) 112 (45) .69 246 (45) .60
Systolic blood pressure, mm Hg 144 + 29 (74-245) 141+ 27 (68-217) .33 145 + 30 (65-237) .66
Diastolic blood pressure, mm Hg 75 £16 (24-120) 74 £ 16 (31-120) .54 76 £17 (33-152) .37
Body mass index, kg/m? 26.4+£5.6 (12-45) 25.6+5.1(14.2-381) .58 26.2+5.6 (14.4-51.6) .67
Pulse, beats/min 83 +23 (40-160) 82 +20 (44-140) .80 83 +21(26-195) 78
Temperature, °C 372+0.8(35.3-40.3) 373+0.9 (35.0-40.3) .67 372+0.9@351-40.9) .55
Atrial fibrillation, n (%) 33(17) 29 (13) 31 71(15) 51
Hypertension, n (%) 67 (34) 64 (26) .07 154 (28) 15
Diabetes mellitus, n (%) 38(19) 39 (16) .36 97 (18) .68
Myocardial infarction, n (%) 33(17) 45 (18) .65 88 (16) .88
Angina pectoris, n (%) 18 (9) 30(12) .29 56 (10) .63
Heart failure, n (%) 20(10) 30(12) 49 73(13) 23
Peripheral vascular disease, n (%) 7(4) 9(4) 94 32(6) .20
Cerebrovascular accident, n (%) 35(18) 43 (17) 96 81(15) .36
Malignancy, n (%) 16 (8) 38(15) .02 85 (16) 008
Data are presented as mean + SD (range) unless otherwise specified. PSID indicates pocket-size imaging device.
Differences between pocket-size imaging examinations received and pocket-size imaging examinations randomized but not received.
bDifferences between pocket-size imaging examinations received and the control group.
JUltrasound Med 2015; 34:627-636 631
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trophic obstructive cardiomyopathy, regional wall motion
abnormalities, major valvular disease, a dilated ascending
aorta, ascites, pericardial and pleural effusions, urinary
retention, hypovolemia, and fluid overload are examples
of additional important diagnoses. Examples of clinically
unimportant additional diagnoses include minor valvular
disease, gallstones, and simple renal cysts.

Age and the presence of increased cardiovascular risk
differed significantly between those with change of the
primary diagnoses and those with any diagnostic influ-
ence of pocket-size ultrasound compared to those without
(Figure 2). The mean age was 10 years older in the group

in which pocket-size ultrasound examinations changed or
influenced the diagnosis (P < .02) compared to those with-
out a change or influence to their diagnoses, with mean
ages of 76 + 12 years (range, 54-98 years) and 72 + 16
years (range, 24-98 years) compared to 65 + 18 years
(range, 17-95 years) and 62 + 19 years (range, 17-95
years). Age and the presence of cardiovascular risk pre-
dicted the influence of pocket-size ultrasound examina-
tions, with 39% and 82% higher risk of changing the
diagnosis per 10 years of age and the presence of cardio-
vascular risk factors, respectively (Table S).

Table 2. Correlations for Semiquantitative Cardiovascular Structure and Function Indices and Abdominal Structures Between Pocket-size

Ultrasound and Reference Methods

Parameter Total, n Pathologic, n r 95% ClI
LV global systolic function 129 26 0.83 0.71-0.93
Regional LV dysfunction 129 22 0.60 0.39-0.78
RV global systolic function 115 10 0.44 0.10-0.72
Left atrial size 117 68 0.61 0.48-0.72
Aortic calcification and stenosis 119 37 0.67 0.52-0.80
Aortic regurgitation 117 27 0.68 0.52-0.82
Mitral requrgitation 123 54 0.53 0.37-0.68
Tricuspid regurgitation 107 49 0.61 0.45-0.74
Pericardial effusion 131 4 0.86 0.57-1.00
Pleural effusion 151 20 0.83 0.67-0.94
Abdominal aorta 52 2 0.70 0.49-1.00
Inferior vena cava?® 94 0 0.45 0.24-0.62
Kidneys 170 27 0.64 0.39-0.85
Liver and gallbladder 166 30 0.54 0.36-0.75

Clindicates confidence interval.

aContinuous variable, analyzed by Pearson correlation; all others analyzed by Spearman rank correlation.

Table 3. Diagnostic Influence of Goal-Directed Point-of-Care
Cardiovascular and Abdominal Examinations With the Pocket-size
Imaging Device

Parameter % (n) 95% Cl, %
Change of primary diagnosis 6.5 (13) 3-10
Verification of primary diagnosis 10.5(21) 6-15
Important additional diagnosis® 24.0 (48) 18-30
Unimportant additional diagnosis® 12.5(25) 8-17
No diagnostic use 54.0 (108) 47-61

Clindicates confidence interval.

2Diagnosis influencing treatment or follow-up: eg, heart failure, hyper-
trophic obstructive cardiomyopathy, regional wall motion abnor-
malities, major valvular disease, dilated ascending aorta, ascites,
pericardial and pleural effusions, urinary retention, hypovolemia, and
fluid overload.

bDiagnosis not influencing treatment or follow-up: eg, minor valvular
disease, gallstones, and simple renal cysts.
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Figure 2. Diagnostic usefulness of routinely adding cardiovascular and
abdominal examinations with a pocket-size imaging device in all patients
and specifically in those older and younger than 60 years.

100%
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® Additional non-vital
diagnosis
Additional vital diagnosis
® Diagnosis confirmed

® Diagnosis changed
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(n=199)
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(n=134)

<60 years
(n=65)

J Ultrasound Med 2015; 34:627-636



Andersen et al—Diagnostic Influence of Pocket-size Ultrasound Examinations Performed by Residents

Discussion

By routinely adding a goal-directed pocket-size ultrasound
examination of approximately 11 minutes to the standard
physical examination, medical residents changed, verified,
or added a new clinically important diagnosis in more than
one-third of patients (35%). The primary diagnosis alone
was changed in 6.5% of patients.

The population was randomly selected on the basis of
preset days when participating medical residents were on
call. The study was conducted at the bedside by busy med-
ical residents under suboptimal conditions on emergency
admissions to the medical department. The distribution
was positively skewed, and the baseline demographics were
similar to those of recent studies, implying that the popu-
lation reflects the usual patient population of a general
medical department.!"1>1° We suggest that the data were
less influenced by selection biases, as only the prevalence of
known malignancy differed significantly between the groups.

Many of the diagnostic corrections presented in Table 4
immediately influenced further treatment of the patients.
Several of the cases would probably have been clarified
during the hospital stay or at outpatient follow-up, but a
correct diagnosis should ideally be made as early as possible.
Thus, we hypothesize that a quick pocket-size ultrasound
examination can increase the quality of care while saving
time and possibly reducing costs.

Recent studies on experts using pocket-size imaging
devices found them to be of clinical influence in 47% to 55%
of patients, with a change of the primary diagnosis seen in up
to 18% of patients.! 12 The difference may be explained by
small patient samples and the experience of the operators,
in both clinical decision making and echocardiography.
All of the medical residents were able to uncover findings
of diagnostic use, and most (4 of 6) were able to change
the initial diagnosis on the basis of their pocket-size ultra-
sound examinations. Ultrasound examinations are operator
dependent, with proficiency increasing with increasing use.2’

Table 4. Basic Characteristics, Pocket-size Imaging Findings, and Diagnoses in Patients With a Change of Primary Diagnosis

Baseline Information Preliminary Diagnosis

Imaging Findings

New Diagnosis

Male, 66y Exertional dyspnea Anterolateral hypokinesis Previous MI
Male, 75y, HTN, MI, COPD exacerbation Reduced LV systolic function, dilated IVC with Congestive heart failure
AP, PVD, polio little respiratory variation
Female, 77y Dizziness, presyncope Preserved LV function, small IVC with Dehydration
inspiratory collapse
Male, 54y, DM2, AF Ascites, liver cirrhosis DCM (dilated LV with reduced systolic function), ascites  DCM
Male, 98y, DM2, MI, AP GIH, anemia Mass in right hypochondrium Malignancy?

Male, 83y, HTN,DM2,CVA  ACS

LVH with stiff LV, maintained radial systolic function,
large TR, biatrial enlargement, dilated IVC with

Diastolic congestive
heart failure

no respiratory variation

Female, 85y, AS ACS

Female, 80y, HTN, acute Ml Pleuritic chest pain,

infection

Thickened gallbladder wall with stone

Reduced systolic function, dilated IVC with
reduced respiratory variation, small amount

Cholecystits,
cholecystolithiasis
Congestive heart failure

of left-sided pleural effusion

Female, 83y, HTN Infection

Female, 60y, HTN,
CVA, bipolar

Male, 82y, HTN, cancer

CVA, presyncope

Dyspnea, rapid AF

HOCM, small IVC with large respiratory variation,
liver metastasis
LVH, small IVC with large respiratory variation

Reduced systolic function with apical ballooning

Liver metastasis, HOCM,
dehydration
Dehydration, LVH

Takotsubo cardiomyopathy

pattern and basal hypercontractility

Male, 66y, AP, CVA Hepatitis

Male, 83y, HTN, DM2, COPD exacerbation

COPD

Unknown pathologic structural process in liver

Reduced systolic function, moderate-severe AS,
substantial amount of right-sided pleural effusion

Thickened gallbladder,
gallstone
Heart failure, AS

ACS indicates acute coronary syndrome; AF, atrial fibrillation; AP, angina pectoris; AS, aortic stenosis; COPD, chronic obstructive pulmonary
disease; CVA, cerebrovascular accident; DCM, dilated cardiomyopathy; DM2, diabetes mellitus type 2; GIH, gastrointestinal hemorrhage; HOCM,
hypertrophic obstructive cardiomyopathy; HTN, hypertension; IVC, inferior vena cava; LVH, left ventricular hypertrophy; MI, myocardial infarction;

PVD, peripheral vascular disease; and TR, tricuspid regurgitation.

JUltrasound Med 2015; 34:627-636
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Similarly, the feasibility and correlation of pocket-size
ultrasound versus reference methods were somewhat
lower in the hands of nonexperts compared to experts,
especially with regard to assessing abdominal structures.5!!
This finding may reflect a population that is nonfasting and
often in some form of acute distress, which renders the
examination more difficult, especially in the hands of
less-experienced operators. The reference method exami-
nations, on the other hand, were done in a more timely
fashion, under optimal conditions, and in the case of
abdominal ultrasound, on fasting individuals. Despite these
obstacles, abdominal examinations provided valuable
clinical information.

Inline with recent studies, age and cardiovascular risk
were predictors of diagnostic use, probably reflecting
an increased prevalence of disease in these groups.' 1
The fact that many patients (30%-50%) with a change or
verification of the diagnosis had an additional important
diagnosis revealed by pocket-size ultrasound supports this
hypothesis. Nevertheless, cardiovascular risk did not signif-
icantly predict diagnostic influence when corrected for age.
Although twice as many patients older than 60 years had
some diagnostic influence from pocket-size ultrasound, it
still had significant diagnostic influence in one-fifth of
patients younger than 60 years. Thus, we see the beneficial
diagnostic influence of short routine goal-directed pocket-
size ultrasound examinations in all age groups.

Physical examination is a cornerstone of clinical med-
icine and can in some cases be impressively accurate when
performed by experienced clinicians,*'?2 but for other spe-
cific conditions, such as diagnosis of pericardial effusion,
an abdominal aortic aneurysm, and aortic insufficiency, it
falls short of echocardiography and ultrasound imaging 22
Unfortunately, these finely honed clinical skills are dimin-
ishing among our colleagues as the face of modern med-
ical practice is changing, resulting in an ever-increasing gap

Table 5. Predictors of the Diagnostic Influence of Bedside Pocket-size
Ultrasound

Predictor of Any Use? OR 95% ClI P
Age per 10 years® 1.39 (1.03-1.88) .001
Any increased cardiovascular risk® 182 (099-33) .05
Age per 10 years®© 137 (111-1.67) .004
Any increased cardiovascular risk? 120 (0.62-2.32) .60

Clindicates confidence interval; and OR, odds ratio.

2Any use defined as a change or verification of the primary diagnosis
or an additional important diagnosis.

PNot adjusted for age or cardiovascular risk.

¢Adjusted for cardiovascular risk.

dAdjusted for age.
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in the clinical skills between experienced and inexperi-
enced clinicians.!">*” The use of portable ultrasound
devices as an adjunct to physical examination has been
shown to bridge this gap in accuracy.!#*3?? In this study,
pocket-size ultrasound as an adjunct to physical exam-
ination influenced the diagnostics in 35% of patients.
In addition, point-of-care ultrasound may be an effective
learning tool for students and physicians in training.3%-3°

It is important to emphasize that pocket-size ultra-
sound should replace neither standard echocardiography
or ultrasound imaging nor the standard physical exami-
nation. Rather it should be seen as a valuable adjunct to
both, rapidly improving diagnostic precision and aiding
in the selection of the patients most likely to benefit
from formal echocardiography or other imaging modal-
ities.311-14163637 sers of pocket-size imaging devices
should undergo a dedicated training program, as the diag-
nostic influence of ultrasound examinations is related to
the skill of the user.®

Limitations

Of'the 446 patients randomized to pocket-size ultrasound
examinations, only 199 were actually examined. This result
can mainly be explained by busy working hours, in-hospital
logistics, and resident instruction to prioritize standard
diagnostics. Although patients allocated to undergo pocket-
size ultrasound examinations were not necessarily exam-
ined consecutively, the selection bias was seemingly
minimal, with the exception of patients with known malig-
nancy, who were substantially overrepresented in the con-
trol groups. Such patients are more likely to be admitted
for palliation, which may explain this finding.

The study was a single-center study with a limited
number of participating residents and patients. Due to
internal logistics, half of the 12 residents were randomized
by draw to perform the pocket-size ultrasound examina-
tions, instead of the more optimal randomization of
patients. Analyses were performed as treated and not as
intent to treat. Critical diagnoses such as aortic dissection
and cardiac tamponade were not registered among the par-
ticipants. How the results can be generalized to the use of
an even simpler pocket-size imaging device is unknown.

Conclusions

By adding point-of-care pocket-size ultrasound examina-
tions of approximately 11 minutes to the usual care, med-
ical residents with limited ultrasound training were able to
quickly change or verify the primary diagnosis in more than
1 of 6 patients (17%) and reveal an additional diagnosis
that was important for treatment or follow-up in 1 of 4

J Ultrasound Med 2015; 34:627-636
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patients (24%). In total, bedside examinations with
the pocket-size imaging device importantly influenced the
diagnosisin 1 of 3 patients (35%). Thus, even in the hands
of nonexperts, routine use of a pocket-size imaging device
as an adjunct to physical examination has the ability to
improve in-hospital diagnostics and work flow.
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Abstract

Background: Point-of-care ultrasound performed by clinicians is a useful supplement in the treatment and
assessment of patients. We aimed to investigate whether medical students with minimal training were able to
successfully acquire and interpret ultrasound images using a pocket-size imaging device (PSID) as a supplement to
their clinical practice.

Methods: Thirty 5th year (of six) medical students volunteered to participate. They were each given a personal PSID
device to use as a supplement to their physical examination during their allocated hospital terms. Prior to clinical
placement the students were given three evenings of hands-on training with PSID by a board certified radiologist/
cardiologist, including three short lectures (<20 min). The students were shown basic ultrasound techniques and
taught to assess for basic, clinically relevant pathology. They were specifically instructed to assess for the presence
or absence of reduced left ventricular function (assessed as mitral annular excursion < 10 mm), pericardial effusion,
pleural effusion, lung comets, hydronephrosis, bladder distension, gallstones, abdominal free-fluid, cholecystitis, and
estimate the diameter of abdominal aorta and inferior vena cava.

Results: A total of 211 patients were examined creating 1151 ultrasound recordings. Acceptable organ presentation
was 73.8% (95% Cl 63.1-82.6) for cardiovascular and 88.4% (95% Cl: 80.6-93.6) for radiological structures. Diagnostic
accuracy was 93.5% (95% Cl: 89.0-96.2) and 93.2% (95% Cl: 87.4-96.5) respectively.

Conclusion: Medical students with minimal training were able to use PSID as a supplement to standard physical
examination and successfully acquire acceptable relevant organ recordings for presentation and correctly interpret
these with great accuracy.

Keywords: Echocardiography, Point-of-care ultrasound, Bedside, Medical student, Hand-held

Background

We are increasingly reliant upon expensive and time-
consuming biochemical and radiologic diagnostics to aid
us in our evaluation of patients. Unfortunately this still
results in major diagnostic errors in up to 30% of patients
at autopsy [1-3]. Furthermore the increasing age and
chronicity of the western population highlights the need
for improved out of hospital diagnosis and treatment.
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Point-of-care ultrasonography allows for the near instant-
aneous acquisition of real-time dynamic images, which can
be correlated directly to the patient’s signs and symptoms
[4,5]. It has been shown to increase diagnostic accuracy,
rapidly and cost effectively in the hands of experts and
non-experts [6-13]. Furthermore, portable ultrasonography
is a valuable teaching tool in medical anatomy and physi-
ology as well as physical examination [14-18]. Despite this
most medical students are not routinely educated in the
clinical use of point-of-care ultrasonography, as they are in
more widely accepted and traditional techniques, such as
the stethoscope. This may in part be due to the lack of
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evidence regarding the bedside use of pocket-size ultra-
sound by medical students.

We aimed to investigate whether medical students with
minimal training were able to successfully acquire and
interpret ultrasound images using a pocket-size imaging
device (PSID) as a supplement to their clinical practice.

Methods

Medical students

The fifth year (of six) medical students eligible to partici-
pate in the study based on planned hospital rotations
received verbal and written information from the authors
regarding the study. Participation in the study was not
part of the students’ curriculum and all participating
students were volunteers. The first 30 students whom
volunteered were included in the study. There were no
further inclusion or exclusion criteria. The number of
participating students was limited to the number of
available PSID. The medical students had similar limited
experience in ultrasound.

Study population

All patients over 18 years of age, encountered in-hospital
and at outpatient clinics during the students’ clinical
placement periods were eligible for inclusion. The patients
were included from a total of seven regional hospitals
between January-May 2012. There were no exclusion
criteria, and all participating patients provided informed
consent.

Training and education of medical students
The medical students received three evenings (nine hours)
of combined theoretical and practical training in the use
and interpretation of ultrasound images. The theoretical
training was given as short didactical lectures by relevant
specialists (cardiologists and radiologists) and focused on
basic ultrasound physiology, anatomy and examples of
normal and pathological ultrasound images. Students were
specifically trained to assess for pathology relevant in
the immediate emergency care of patients. They were
instructed to assess for reduced left ventricular (LV)
function defined as mitral annular excursion (MAE)
<10 mm [19-21], pericardial effusion, pleural effusion,
lung comets, inferior vena cava (IVC) diameter and
variation, hydronephrosis, bladder distension, gallstones,
signs of cholecystitis, diameter of abdominal aorta (AA)
and abdominal free-fluid. Practical hands-on training
was given by relevant specialists and senior registrars,
with students using their personal PSID. Students were
encouraged to perform at least 75 examinations prior
to placement.

Written informed consent was obtained from all
patients. The Regional Committee for Medical and
Health Research Ethics had no objections to the
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study’s conduction, which was conducted according to
the Declaration of Helsinki.

Pocket-size ultrasound examination

The ultrasound examination was performed bedside with a
PSID, Vscan (GE Vingmed Ultrasound, Horten, Norway).
The device measures 135 x 73 x 28 mm and weighs 390 g,
including the phased-arrayed probe. Two-dimensional grey
scale and live colour Doppler imaging are offered. The
image sector for echocardiographic imaging is 75°. The
bandwidth ranges from 1.7 to 3.8 MHz and is automatically
adjusted. Storage and looping of a cardiac cycle are possible
without ECG signal and looping of other structures is pre-
defined and limited to 2 seconds. The device has separate
modes optimized for cardiac and abdominal examinations.
All images and recordings were saved on the device’s
micro-SD card and later transferred to a computer by
commercial software (Gateway; GE Vingmed Ultrasound).

The bedside (point-of-care) cardiovascular ultrasound
examination was performed with patients in the left-
lateral decubitus and/or supine position. Assessment of
LV global function was done from the apical four-
chamber view using MAE, where MAE <10 mm was
classified as decreased LV function. Pericardial effusions
were classified as present or not. The AA and IVC were
assessed from the subcostal position. The AA diameter
was assessed proximally to the bifurcation and if exceed-
ing 35 mm classified as an abdominal aortic aneurysm
(AAA). IVC diameter was measured end-expiratory within
two c¢m from the right atrium orifice. All measurements of
dimensions were done on the PSID. With patients in a
supine or upright position, the pleura was assessed from
left and right thoracic dorsolateral views, and assessed for
the presence of pleural effusions and comet tails.

Other abdominal structures and spaces were assessed
from a supine position looking specifically for hydrone-
phrosis, bladder distension, gallstones, and signs of chole-
cystitis, and abdominal free-fluid.

Accuracy

The students were required to hand-in a log of selected
examinations including their own set diagnosis based upon
PSID examination. The specialists, one board certified
radiologist and 2 board certified cardiologists with special
interest in ultrasonography and echocardiography, were
asked to categorize the image acquisition of relevant organ
as acceptable or unacceptable for clinical interpretation
and then determine whether the set diagnosis of the
acceptable images were correct or incorrect. The specialists
were not blinded to the set diagnosis.

Statistics
Data not following a normal distribution were presented
as median and (interquartile) range. For sufficiently large
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samples logistic mixed model with random intercepts
for students was used to examine estimate proportions.
Clopper-Pearson estimates were used for small sample
analyses. Sensitivity and specificity, negative and positive
predictive value calculations were performed using rele-
vant specialists as “gold standard”.

All the statistical analyses were performed using SPSS
for Windows/Mac (version 20.0, SPSS, Inc.) or R version
2.13.1.

Results

Thirty 5th year (of six) medical students volunteered to
participate in the study. At the end of the study period
and their clinical placement, 21 (70%) medical students
had performed exams using PSID and recorded their
results. A total of 211 patients were examined (43% male,
38% female and 18% unrecorded sex), creating 1151
ultrasound recordings. Each student examined a median
of 9 (£8, range 1-27) patients, producing a median of 49
(+49, range 5-169) ultrasound recordings. Acceptable
organ presentation (Figure 1) was estimated to 73.8%
(95% CI 63.1-82.6) for cardiovascular (heart, lungs and
IVC) and 88.4% (95% CI: 80.6-93.6) for radiological
(AA, renal system, gallbladder and abdominal free fluid)
structures. Specifically, students performed best when
acquiring images of the lungs and renal system (>93%
(95% CI: 84.3-98.2) and found it most difficult to acquire
acceptable images of the heart (71.2% (95% CI: 58.7-81.5))
and free fluid (73.2% (95% CIL: 41.4-92.7)). The other
categories (AA, IVC and gallbladder) had acceptable
presentation in >80% (95% CI: 65.2-92.9) of cases. Diag-
nostic accuracy (Figure 2) was estimated at 93.5% (95%
CL: 89.0-96.2) for cardiovascular structures and 93.2%
(95% CI: 87.4-96.5) for radiological structures. The specific
diagnostic accuracy was on a whole excellent. Diagnostic
accuracy was close to 100% for AA (98.6% (95% CI: 92.7-
100)) and free abdominal fluid (100% (95% CI: 76.8-100))
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and lowest for gallbladder at 87.6% (95% CI: 73.7-95.1).
The remaining categories showed diagnostic accuracy
>93% (95% CI: 83.3-99).

The estimated values for sensitivity, specificity, negative
and positive predictive values of PSID are presented in
Table 1.

Discussion

Medical students, with a limited amount of training,
successfully incorporated the use of point-of-care ultra-
sonography in their clinical placements. They were able
to correctly acquire bedside ultrasound images of car-
diovascular and radiological structures in 74 and 88%
of their patients and correctly interpret these images in
93% of cases.

An attempt to simulate real life scenarios was done
when determining the feasibility and accuracy. In our
experience, when non-experts use pocket-size ultrasound
at the patients point-of-care they may have the need to
clarify or present their ultrasound findings to a specialist
for review or guidance. The specialists were in this setting
used as the gold standard with regards to statistical ana-
lysis and were not blinded to the set diagnosis. Optimally
this would have been done by higher order, formal
imaging, but that was beyond the scope of this study
in terms of logistics and economy.

Other studies have shown that medical students are
able to quickly acquire ultrasound recordings of good
quality on normal test subjects, in optimal conditions
with a standard ultrasound machine and PSID after a
brief period of training [22,23]. For the assessment of
diagnostic accuracy in our study, only acceptable organ
images were used. This may have diluted the true diag-
nostic accuracy to some extent. However the lack of a
formal gold standard/reference made the basis for this,
as assessing accuracy in non-acceptable images is useless
when no reference is available.

system, Gallbladder and Abdominal free fluid. AA; Abdominal aorta.

Figure 1 Acceptable organ presentation. Cardiovascular all; heart, IVC and Lungs, IVC; Inferior vena cava, Radiological all; includes AA, Renal
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and Abdominal free fluid. AA; Abdominal ao.

Figure 2 Correct diagnosis. Cardiovascular all; heart, IVC and Lungs, IVC; Inferior vena cava, Radiological all; includes AA, Renal system, Gallbladder

A recent, though smaller study with five final year
medical students has shown encouraging results using
pocket-size cardiac ultrasonography as an adjunct to
standard physical examination in cardiology patients [9].
We have broadened the field, looking at several different
organ systems and included diverse groups of hospital
and emergency room patients.

The European Association of Echocardiography pub-
lished a position statement in 2010 regarding with the
use of PSID [24]. It supports the use of PSID as a teaching
tool in medical schools, as a tool for a fast initial screening
in the emergency setting, and as a complement to the
standard physical examination.

Previous studies have shown increased accuracy, efficacy
and diagnostic impact of pocket-size point-of-care ultra-
sonography in the hands of experts versus non-experts
[6-8,11,13,25]. Thus the benefits of bedside PSID exams
increase with increasing proficiency in its use and profi-
ciency has been shown to increase with increasing use
[23]. Additionally, ultrasonography has been shown to
increase the skills of medical students in core subjects
such as anatomy, physiology, and physical examination

[9,14-18]. Therefore standardized training with an appro-
priate education program in the routine use PSID as an
adjunct to standard physical examination should start as
early as possible in a physician’s career.

Limitations

The main limitation of this study is the inability to
exclude for selection bias. With the use of their log-
books, students were able to select which ultrasound
loops were eligible for review. This selection and spectrum
bias may have lead to some overestimation of the results
for feasibility and accuracy, however the degree of
selection bias is in line with similar studies involving
unselected residents and nurses [26,27]. Furthermore
one student did not hand in a completed logbook and a
further eight students did not perform any examinations
with PSID and were therefore excluded from the study.
The number of students not performing any examinations
was probably influenced by several factors. Firstly the use
of PSID in their clinical placement was not a mandatory
exercise for the medical students. Secondly, as this was a
trial of the use of PSID the students received specific

Table 1 Sensitivity, specificity, positive and negative predictive values

Pathology to detect N Pathology (N total)

Sensitivity % (95% Cl)

Specificity % (95% Cl) PPV % (95% ClI) NPV % (95% ClI)

All cardiovascular 156 (468) 95.5 (90.9-97.9)
Cardiac only 5(338) 983 (93.9-100) *
IvVC 20 (71) 845 (57.2-96.3)
Lungs 21 (59) 90.5 (68.8-97.6)
All abdominal 104 (453) 926 (83-97.1)
AA 12 (74) 91.7 (61.5-98.6)*
Renal system 48 (282) 89.9 (77.2-95.9)
Gallbladder 35 (84) 94.3 (80.8-99.1)*
Abdominal free fluid 9(14) 100 (66.2-100)*

92.4 (83.7-96.9) 870 (753-934) 976 (95.0-98.8)
90.8 (78.8-96.7) 84.5 (62.6-95.6) 99.0 (96.4-99.9) *
100 (93.0-100) * 100 (80.5-100)* 94.8 (82.9-98.7)
94.7 (82.2-99.4)* 90.5 (69.6-98.6) * 94.7 (82.2-99.2)*
92.2 (82.9-96.9) 80.1 (63.3-91.0) 975 (92.6-99.2)
100 (94.2-100)* 100 (71.3-100)* 984 (91.5-99.6)*
93.3 (82.5-98.0) 73.1 (484-89.6) 97.5 (85.7-99.7)
856 (71.5-934) 824 (63.7-93.1) 95.5 (84.5-99.3*

100 (48.0-100)* 100 (66.2-100)* 100 (48.0-100)*

N; number, CI; confidence interval, PPV positive predictive value, NPV; negative predictive value, IVC; inferior vena cava, AA; abdominal Aorta. * Clopper-Pearson Cl.
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instructions not to let the trial come in the way of their
other academic responsibilities. Thirdly, the inclusion
of patients was performed by the medical students
themselves, which may have created a further barrier for
its use. Lastly the use of ultrasound imaging is operator
dependant, enthusiastic students will likely acquire more
and better images reflecting a more realistic picture of it’s
clinical use, i.e. those skilled in ultrasound will also be the
ones using it the most.

Conclusion

Medical students with minimal training were able to use
PSID as a supplement to standard physical examination
and successfully acquire acceptable relevant organ images
for presentation and correctly interpret these with great
accuracy. Incorporating training of point-of-care ultrasound
in medical student education may be one step further
towards a more widespread use of ultrasound and a faster
and more accurate diagnosis for patients.
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