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Usefulness of a New Miniaturized Echocardiographic
System in Outpatient Cardiology Consultations as an

Extension of Physical Examination
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Background: The aim of this study was to assess the usefulness of a new miniaturized echocardiographic
system (MS) to perform bedside echocardiography in initial outpatient cardiology consultations, in addition
to physical examination.
Methods: One hundred eighty-nine patients referred for initial cardiology outpatient consultations at two
tertiary hospitals in two countries were studied. Each patient was submitted to physical examination followed
by MS assessment. Scanning time, the number of examinations with abnormal results after physical
examination and the MS, and the information obtained by physical examination alone and followed by the
MS (in terms of its importance in reaching a diagnosis, in the necessity of performing routine echocardiogra-
phy, and in the decision to release the patient from the outpatient clinic) were assessed.
Results: Thescanning timewith theMSwas180686seconds. Its useafterphysicalexamination led todiagnoses
in 141 patients (74.6%) and to an additional 37 patients (19.6%) being released from the outpatient clinic. After
physical examination followed by MS assessment, only 64 patients (33.9%) were sent to the echocardiography
lab. The MS modified the decision of whether to send a patient to the echocardiography lab, with referral
determined by the MS in 27 patients (14.3%) and no referral determined by the MS in 58 patients (30.7%).
Conclusions: The newMScaused a negligible increase in the duration of consultations. It showed additive clin-
ical value over physical examination, increasing the number of diagnoses, reducing the use of unnecessary
routine echocardiography, increasing the number of adequate echocardiographic studies, and determining
a large number of releases from the outpatient clinic. (J Am Soc Echocardiogr 2011;24:117-24.)
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Cardiology is a medical specialty in which clinical evaluation plays
a central role. During physical examination, physicians use their
senses to assess a set of auditory, visual, olfactory, and tactile signals
that, together with medical history information, contribute to the
formulation of preliminary diagnoses that will be confirmed or
invalidated by the complementary diagnostic techniques available.
The technological evolution of these complementary diagnostic
techniques in the cardiovascular area has experienced exponential
increases in recent decades. Among these, echocardiography plays
a central role in daily cardiologic practice. This noninvasive and
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innocuous diagnostic tool provides, at low cost and with high
reproducibility, detailed morphologic and functional information on
the heart and great vessels, with significant impact on diagnosis,
therapeutic orientation, and definition of prognosis.1,2

According to conventional hospital organizational models, echo-
cardiographic studies are in most cases performed in echocardiogra-
phy laboratories. Because standard echocardiographic equipment is
heavy and difficult to maneuver, in the vast majority of cases, the per-
formance of echocardiographic studies directly at bedside is neither
practical nor feasible with the additional risk for damaging expensive
equipment and injuring personnel. Bedside echocardiography
remains limited to a small percentage of cases.3

Typical echocardiography labs in tertiary hospitals are usually busy
and overcrowded areas, where large numbers of echocardiographic
studies are performed daily: in inpatients and outpatients, basic
and advanced procedures, and remarkably, large numbers of unnec-
essary studies.1,2 This enormous movement is often associated with
patient discomfort and physiologic stress for staff members.
One possible way to reduce some of these disadvantages is
to increase the number of bedside echocardiographic studies,
considering echocardiography as an extension of the cardiac
physical examination.4,5 However, this task has been limited over
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time by the size and minimal
portability of echocardiographic
machines. To overcome this
limitation, there has been in
recent decades a considerable
effort aimed at miniaturizing
these devices without losing accuracy, to transform them into real
echocardiographic laptops.6-14 Very recently, real handheld, small,
and lightweight ultrasound machines have been developed
(Figure 1). Because their dimensions are similar to those of conven-
tional stethoscopes—but unlike stethoscopes, they are used to see,
not to hear—they may be considered a kind of ‘‘visual stethoscopes.’’

The use of this new tool at the bedside for initial cardiology consul-
tations in outpatients as an extension of the physical examinationmay
have clear benefits for all participants in the process: patients,
physicians, echocardiography labs, departments, and hospitals.
Moreover, these benefits may be even higher in our ‘‘digital age,
when the time-honored skills in physical examination of cardiac
patients are decreasing, with physical exams frequently imperfect,
even among trained cardiologists.15 However, at present, no study
has been published evaluating the clinical usefulness of this new, truly
handheld ultrasound machine in this organizational model.

The aim of this study was to assess the usefulness of a new
miniaturized echocardiographic system (MS) to perform echocardio-
graphic studies at bedside in initial cardiology consultations in
outpatients in addition to conventional cardiac auscultation.
Figure 1 The MS used in the study, with dimensions compared
with a mobile phone and to a conventional stethoscope.
METHODS

This study took place at two tertiary hospitals in two different coun-
tries (University Hospital San Carlos, Madrid, Spain, and Hospital da
Luz, Lisbon, Portugal). The MS used was the V-Scan (GE Vingmed
Ultrasound AS, Horten, Norway). This ultrasound device consists of
a display unit (135 � 73 � 28 mm) connected to a broad-
bandwidth phased-array probe (1.7–3.8 MHz; 120 � 33 � 26
mm). Its total weight (unit and probe) is 390 g. The total possible scan-
ning time is 1 hour with a fully charged battery. This platform provides
two-dimensional (a two-dimensional field of view for black and white
imaging up to 75� with a maximum depth of 25 cm) and color
Doppler echocardiographic images (color flow sector, 30�) on
a 3.5-inch screen (resolution, 240 � 320 pixels). There are a limited
number of controls, including those for adjusting imaging depth and
gain. Images can be frozen and scrolled for review. An electronic
caliper and touchpad allow distance and area measurements to be
performed. Data are stored on micro-SD or micro-SDHC cards
upgradeable to 32 GB, in generic formats (Joint Photographic
Experts Group for still frames and Moving Picture Experts Group
for loops). Data may be stored in examination folders, and all data
can be recalled using a gallery function and downloaded into any
conventional computer in both formats.

Six cardiologists (three from each center) participated in the study.
All had 1 week to become familiar with the system and its commands
and menus, to optimize the time required for scanning, having
performed 10 to 15 examinations before study initiation. Training
recommendations were oriented to fulfill a specifically designed re-
port form. All cardiologists were experienced in the performance
and interpretation of echocardiographic images (level III competence
in general adult transthoracic echocardiography of the European
Association of Echocardiography16). Taking into account operator
expertise and the simplicity of the MS controls, the learning curve
was minimal.

From March 1 to April 1, 2010, 189 consecutive patients
(University Hospital San Carlos, n = 124; Hospital da Luz, n = 65)
referred for initial cardiology consultations were enrolled. During
the consultation, each patient was submitted to a conventional phys-
ical examination (the exam protocol and use of maneuvers were
performed according to each physician’s usual practice), and findings
were recorded. Immediately afterward, cardiac scanning with the
new MS was performed in the same consultation room. No preset
ultrasound exam protocol was followed. After completion of the
echocardiographic study, the physician recorded the imaging findings
in a specifically designed report form. For diagnostic, teaching, and
liability reasons, data were stored in examination folders and blindly
supervised by a different cardiologist participant in the study.

The demographic characteristics of the population and the time
needed to scan each patient were recorded, as well as the number
of examinations with abnormal results after physical examination
alone and after physical examination followed by the use of the
MS. We also recorded the information obtained by physical examina-
tion alone and by physical examination followed by the MS in terms
of (1) its importance (essential or nonessential) in reaching a diagnosis
(primary or secondary), according to the physician’s opinion; (2) the
necessity of requesting or not a conventional echocardiographic study
in the echocardiography lab; and (3) the decision to release the
patient from the outpatient clinic after the first consultation, informing
the patient that there was no need to return because no additional
diagnostic tests were necessary. However, for liability reasons, to



Table 1 MS assessment: abnormal findings

Abnormal finding n

Mitral regurgitation (more than mild) 31
Left atrial dilatation 30

LV hypertrophy 25
Aortic regurgitation (more than mild) 15

LV dilatation 15

Wall motion abnormality 14

Aortic stenosis 13

Tricuspid regurgitation 13

Abnormal LV ejection fraction 12

Mitral stenosis 4

Abnormal inferior vena cava 2

Others 5

LV, Left ventricular.

Table 2 Referral to the echocardiography lab after physical
examination and after MS assessment

MS assessment

Physical examination No referral Referral Total

No referral 67 (35.4%) 27 (14.3%) 94 (49.7%)

Referral 58 (30.7%) 37 (19.6%) 95 (50.3%)

Total 125 (66.1%) 64 (33.9%) 189 (100%)
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ensure that the triage decisions based on the MS were correct, these
‘‘discharged’’ patients were informed that they would be contacted
later for clinical and echocardiographic follow-up evaluations.
Finally, other requested diagnostic tests after each type of assessment
as well as impact on the therapeutic decision were also evaluated.
Statistical Analysis

Results are presented as absolute and relative frequencies with exact
binomial 95% confidence intervals (CIs). Calculations were made
using Stata version 11 (StataCorp LP, College Station, TX).
Figure 2 An 80-year-old man referred for initial outpatient cardi-
ology consultation by a primary care physician to evaluate a sys-
tolic murmur. MS assessment, apical four-chamber view:
calcified aortic valve, left ventricular hypertrophy, mild left atrial
dilatation. The patient was sent to the echocardiography lab for
quantification of the severity of stenosis. Moderate aortic steno-
sis was found (mean left ventricle–aortic gradient, 30 mm Hg;
aortic valve area, 1 cm2; velocity-time integral ratio, 0.28).
RESULTS

We studied 189 patients (mean age, 53616 years; age range, 14–89
years; 99 male [52.4%], 90 female [47.6%]).

Physical Examination

Findings on physical examination were abnormal in 54 patients
(28.6%; 95% CI, 22.2%–35.6%) and were considered important
to the diagnosis in 44 patients (23.3%; 95% CI, 17.5%–30.0%).
After physical examination, 17 patients (9.0%; 95% CI, 5.3%–
14.0%) patients were released from the outpatient clinic.

MS Assessment

The mean scanning time spent with the new equipment was 180 6
86 seconds (range, 45–420 seconds). All MS examinations were con-
sidered to have adequate quality for analysis. Findings on MS exam-
ination were considered abnormal in 89 patients (47.1%; 95% CI,
39.8%–54.5%). When used after physical examination, the MS led
to diagnoses in 141 patients (74.6%; 95% CI, 67.8%–80.6%). After
physical examination followed by the MS (in addition to the
17 patients ‘‘discharged’’ after physical examination alone), 37 addi-
tional patients (19.6%; 95% CI, 14.2%–26.0%) were released from
the outpatient clinic because of no need for additional diagnostic test-
ing (Table 1).
Echocardiography Laboratory Referral After Physical
Examination and After MS Assessment

After physical examination, it was decided to refer 95 patients
(50.3%; 95% CI, 42.9%–57.6%) to the echocardiography lab, while
in 94 patients (49.7%; 95% CI, 42.4%–57.1%), it was decided not to
perform echocardiography (Table 2). In contrast, after the use of the
new MS, only 64 patients (33.9%; 95% CI, 27.1%–41.1%) were sent
to the echocardiography lab, and in the other 125 patients (66.1%;
95% CI, 58.9%–72.8%), it was decided not to perform routine echo-
cardiography. The reasons for echocardiography lab referral after MS
were exclusively related to the need for spectral Doppler, not
available with the MS, for

� assessment of diastolic function (in patients with left atrial dilatation and/or
left ventricular hypertrophy to grade diastolic dysfunction and estimate
filling pressures);

� evaluation of the severity of valve disease (aortic stenosis: gradients, aortic
valve area, velocity-time integral ratio (Figure 2); mitral regurgitation: prox-
imal isovelocity surface area, pulmonary venous flow measurements; mitral



Figure 3 A 41-year-old anxious woman referred for initial outpatient cardiology consultation for atypical chest pain in the absence of
known risk factors for coronary artery disease, normal findings on physical examination, and no familial heart disease. On the basis of
clinical assessment this patient would have been released from the outpatient clinic without additional testing. However, the MS
assessment showed unexpected findings not detected on physical examination. Long-axis parasternal view, mid-diastolic (left)
and end-diastolic (right) frames: asymmetric septal ventricular hypertrophy (interventricular septal thickness > 23 mm), mild left atrial
dilatation, preserved systolic function, no other abnormalities. The patient was sent to the echocardiography lab to assess and grade
diastolic function and for tissue Doppler and speckle-tracking echocardiography. Additional investigation confirmed the diagnosis of
nonobstructive hypertrophic cardiomyopathy.
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stenosis: gradients, pressure half-time; aortic regurgitation: pressure half-
time, evaluation of flow in the descending aorta) and

� quantification of pulmonary artery pressure (tricuspid regurgitant jet,
pulmonary regurgitant flow).

No patient was sent to the echocardiography lab because of
inadequate image quality with the MS.

Moreover, in 67 patients (35.4%; 95% CI, 28.6%–42.7%), there
was agreement between physical examination and the MS to not
refer patients to the echocardiography lab, and in 37 patients
(19.6%; 95% CI, 14.2%–26.0%), there was agreement between the
two methods in referring for echocardiography (Table 2). However,
in other cases, the MS modified the clinical decision of whether to
send a patient to the echocardiography lab (referral determined by
the MS in 27 patients [14.3%; 95% CI, 9.6%–20.1%]). The reasons
for echocardiography lab referral based exclusively on the MS were
some unexpected echocardiographic findings requiring spectral
Doppler assessment. These findings, neither suspected during anam-
nesis (atypical symptoms, no risk factors for heart disease) nor de-
tected on physical examination (normal results), were unexpected
abnormal left ventricular systolic function (three patients), unex-
plained left ventricular hypertrophy (five patients) or dilatation (two
patients), enlarged left atrium (five patients), inaudible more than
mild tricuspid (six patients) or aortic regurgitation (four patients),
and abnormal inferior vena cava dimensions or kinetics (two pa-
tients). These 27 patients would not have been referred for routine
echocardiography had the MS not been used (Figure 3).

Finally, no referral for routine echocardiography determined by the
MS was observed in 58 patients (30.7%; 95% CI, 24.2%–37.8%;
Table 2). Most of these patients were referred to cardiology for eval-
uation of symptoms (chest pain, shortness of breath, palpitations) or
for evaluation of murmurs, most of them clinically innocent.
Completely normal results on MS evaluation (normal systolic func-
tion, no suspicion of diastolic dysfunction on two-dimensional echo-
cardiography, no chamber dilatation, normal wall thickness, and less
than moderate regurgitation) precluded the necessity of routine
echocardiography. Most murmurs were found to correspond to
flowmurmurs, corresponding to minimal or mild physiologic valvular
regurgitation on MS assessment (Figure 4).
Other Diagnostic Tests and Therapeutic Decisions After
Physical Examination and After MS Assessment

Physical examinations led to other diagnostic tests in 17 patients
(9.0%; 95% CI, 5.3%–14.0%) and were determinant of thera-
peutic decisions in 20 patients (10.6%; 95% CI, 6.6%–15.9%).
Additionally to physical examination, the new MS led to other
diagnostic interventions (excluding echocardiography) in 17 addi-
tional patients (9.0%; 95%CI, 5.3%–14.0%), with the tests requested
to exclude coronary artery disease and to investigate secondary hy-
pertension. Also after physical examination, MS assessment changed
the therapeutic strategies in 36 additional patients (19.0%; 95% CI,
13.7%–25.4%; Table 3). For instance, the presence of left ventricular
dilatation and systolic dysfunction on MS assessment (in some
patients, these data were unobtainable on history and physical exam-
ination) led to the initiation of angiotensin-converting enzyme inhib-
itors, b-blockers, or angiotensin II receptor antagonists (Figure 5). The
presence of chest pain associated with the detection of wall motion
abnormalities led to the prescription of anti-ischemic therapy; the
presence of a dilated left atrium in a patient with paroxysmal palpita-
tions led to the initiation of arrhythmic therapy to prevent paroxysmal
atrial fibrillation.

The 37 patients released from the outpatient clinic were contacted
for clinical and echocardiographic late follow-up evaluation. Of those,
12 refused to come because they were ‘‘feeling well.’’ The other 25
were evaluated approximately 6 months after ‘‘discharge’’ (mean,
175 6 13 days; range, 159–194 days). No patient had experienced
any unexpected clinical events, and routine echocardiography
showed that no major misdiagnoses had occurred with the MS.



Figure 4 A 25-year-old man referred for initial outpatient
cardiology consultation by a primary care physician to evaluate
a systolic apical murmur. MS assessment, long-axis parasternal
view: mild mitral regurgitation in a morphologically normal mitral
valve, with normal kinetics. Normal chamber dimensions and
wall thickness, preserved systolic function, no other abnormali-
ties. This patient was released from the outpatient clinic with the
diagnosis of ‘‘flow murmur.’’ Late follow-up assessment
confirmed MS data.

Table 3 Medical treatment initiated after MS assessment

Drug n

b-blocker 3
b-blocker + calcium channel antagonist 1

Aldosterone antagonist + ACE inhibitor 1
Angiotensin II receptor antagonist+ b-blocker 1

Diuretic 2

ACE inhibitor 14

ACE inhibitor + diuretic 1

Antihypertensive 3

Antiarrhythmic 1

ACE inhibitor + anti-ischemic 1

Others 8

Total 36

ACE, Angiotensin-converting enzyme.

Figure 5 A 62-year-old man referred for initial outpatient cardi-
ology consultation because of reduced functional capacity (New
York Heart Association class II) with normal findings on physical
examination. The MS assessment (long-axis parasternal view,
end-systolic frame) showed a dilated left ventricle with reduced
systolic function. On the basis of the MS assessment, an
angiotensin-converting enzyme inhibitor was initiated.
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DISCUSSION

Since their development about 40 years ago, the use of hand-held
echocardiographic systems has been a controversial issue,6-14

specifically with regard to their diagnostic accuracy, the clinical
scenarios in which they should be used, and the identification of
their potential users and their competence level.17-28

Nowadays, the first issue is no longer an important subject of
debate. Technological evolution has led to the development of very
small machines with excellent diagnostic accuracy (such as the one
used in this study), able to display high-quality images similar to those
obtained using full-size conventional echocardiographic systems.4-12

However, because the second and third issues are still
controversial,17-28 we decided to focus our study on the less or not
controversial areas. So, we decided to assess the usefulness of this
new tool by experienced cardiologists in the performance and
interpretation of echocardiographic images (level III competence in
general adult transthoracic echocardiography of the European
Association of Echocardiography16,29) and in initial outpatient
cardiology consultations.30

Accordingly, it is important to reemphasize that the question being
asked in this study was not how accurate the small device was but
how useful it would be in patient triage. This study was not designed
to test the diagnostic accuracy of the MS, to assess its capacity to
replace a full comprehensive echocardiographic study, or to compare
its performance with that of other handheld systems. Nonetheless,
reviewing literature data on the performance of this new device
compared with several previous systems from different manufac-
turers in different clinical situations, the performance of the MS we
used seems to be at least equal to (or even better than) that of
previous devices.25-28,30-35
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The use of hand-held ultrasound devices as an extension of the
physical examination is not a recent concept. Its aim is to complete
the clinical assessment, enhancing the art of the bedside physical ex-
amination by increasing diagnostic accuracy, detecting disease at an
earlier stage, and improving the triage and referral of patients.17-28

However, to be used on a daily basis in the clinical scenario, its
clinical value must largely overcome any potential disadvantage of
its use, such as time requirements.

Our results show that the use of this new MS in initial outpatient
cardiology consultations is associated, as expected, with a modest in-
crease in the duration of the consultation. The additional consultation
time associated with the use of this machine was about 3 minutes,
which means that in 10 initial consultations, the use of this system
would increase the global consultation time by about half an hour.
According to these figures, time is not an important issue with this ma-
chine. This new tool seems to be competitive and versatile enough to
enter the clinical scenario as an extension of the physical examination.

On the other hand, the small increase in consultation time associ-
ated with the use of this machine seems to be largely compensated by
the advantages and additive clinical value of its use. As shown above,
the introduction of the MS increased the number of diagnoses (to
74.6%) and contributed to a large number of releases from the outpa-
tient clinic (a further 19.6%) without necessity for further diagnostic
tests after the initial consultation. Moreover, it reduced the perfor-
mance of unnecessary conventional echocardiography, increasing
the number of adequate echocardiographic studies (after MS assess-
ment only 33.9% of patients were sent to the echocardiography lab),
correcting the clinical decision of whether to send a patient to the
echocardiography lab in a significant number of individuals (14.3%
and 30.7%, respectively).

These benefits are likely to affect all participants in this process:
patients, physicians, echocardiography labs, and hospitals.

Patients obviously benefit from faster and correct diagnoses associ-
ated with the use of this new tool, detecting disease or its absence at
an earlier stage and improving triage. According to our results, the
screening provided by this device allows, in the case of a lack of
disease evidence, an early release from the outpatient clinic without
the need for additional diagnostic tests or to return (a ‘‘discharge at
first consultation’’); some advantages of this organizational system
are that these subjects will not need to return to the hospital on
more than two different occasions (one to perform the echocardio-
graphic study and the other to discuss the study findings during
a second consultation session). These aspects may contribute to
decreased work absenteeism and to reduce discomfort for patients
and their families, eliminating logistic problems related to the disloca-
tion (specifically of elderly patients, who are often not self-sufficient).
The ultimate proof of the value of this new tool is the follow-up data,
illustrating that the triage decisions made with the help of the MS
were correct.

On the other hand, in the presence of heart disease, the MS allows
early referral of patients to other diagnostic tests and early change of
therapeutic strategies, as shown above.

Consultant cardiologists may also benefit, not only because,
according to our data, they will be able to make more complete diag-
nostic assessments but also because, as a consequence of the high rate
of releases from the outpatient clinic, their productivity increases, with
higher numbers of initial consultations and reductions in second
consultations. A critical issue in this study is that all studies were
performed by highly experienced echocardiographers, an essential
condition for the correct clinical decision. It is important to avoid
the extrapolation of our results to other users (noncardiologists)
with different competence levels other than level III European
Association of Echocardiography competence16 and to other clinical
scenarios.17-28 As a matter of fact, the use of these devices by
unqualified users in other scenarios may even be harmful.
Accordingly, a measure of caution is needed.

The rapidly expanding clinical application of echocardiography
results not only from a broad knowledge of its clinical applicability
but also from technological developments in this area. Today,
echocardiography far surpasses the classic cardiologic techniques
(chest radiography and electrocardiography) for morphologic and
functional information. In recent decades, the expansion of its appli-
cations has led to a marked growth in its utilization rate, contributing
to increased health-related costs. As a consequence, most echocardi-
ography labs are overcrowded, with huge waiting lists for both
inpatients and outpatients and potential significant time delays in ob-
taining the crucial diagnostic information provided by this method.
These problems are particularly relevant in tertiary hospitals, where
the disease complexity of inpatients is higher, requiring more accurate
and time consuming echocardiographic studies. Furthermore, echo-
cardiography labs (and their high-end systems) also must perform
more sophisticated, time-consuming, and technically demanding
studies (three-dimensional, transesophageal echocardiography, stress
echocardiography, speckle-tracking and Doppler tissue imaging, con-
trast echocardiography as an aid to interventional procedures, etc) for
clinical and research purposes. Echocardiography labs may also ben-
efit in this process, because the fast and accurate triage provided by
MS assessment contributes to a reduction, as shown, in the large num-
ber of unnecessary conventional echocardiographic studies usually
performed in echocardiography labs, which may contribute to a re-
duction of waiting lists. Moreover, this strategy allows an increase in
the number of adequate echocardiographic studies in the echocardi-
ography lab (those for which spectral Doppler was needed), freeing
time to perform the more time-consuming advanced echocardio-
graphic procedures named above. Full-size, top-of-the-line machines
will be available longer for special echocardiographic studies.

The implementation of an alternative organizational system on the
basis of the use of this type of device for initial outpatient cardiology
consultations may be able to change the paradigm of moving all
outpatients to the echocardiography lab. In this study, the echocardi-
ography lab moved to the consultation department, and the echocar-
diographic studies were performed in the consultation room. As
described, our results suggest that this model may contribute to
increased productivity of physicians in consultations. Allowing early
releases from the outpatient clinic without necessity for further
diagnostic tests at first consultations will decrease the waiting list.
Reducing the number of unnecessary echocardiographic studies,
the waiting lists of echocardiography labs will also be reduced.
These two factors will certainly contribute to increase the prestige
of the hospital.

We decided not to provide cost-effectiveness data, because such an
analysis would require the development and validation of a number
of models of outcomes, along with the knowledge of transition
probabilities for each missed diagnosis, as well as the valuation of
the consequences of each delayed diagnosis. Understandably, this is
a very complex analysis that would require a detailed description of
the models and of the assumptions made, including a number of
sensitivity analyses and a thorough discussion of the results. It would
have to take into account the several and complex different factors in-
volved in this process, because the potential productivity benefits de-
scribed above would have to be confronted with the reduction in
profits resultant from the nonreimbursed echocardiographic studies
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performed during the consultations. Reimbursement issues constitute
a real problem for this new and potentially disruptive technology,
affecting all the stakeholders in this process, including manufacturers,
which certainly would prefer to sell traditional (more expensive)
echocardiographic machines than (cheaper) miniaturized machines.
We feel that this analysis is largely outside the scope of this work.
Limitations

The present MS is not fully equipped with all modalities (such as
M-mode and spectral Doppler), and its archiving capabilities are lim-
ited. However, this device was not designed to perform a complete
echocardiographic study but to select patients who must be referred
to echocardiography labs, increasing the appropriateness of requests.

In contrast to previous studies on this topic,31-35 we decided not to
perform any comparison with an echocardiographic gold standard
(such as conventional echocardiography) because, as referred
above, we accepted the assumption that technological evolution led
to the development of machines (such as the MS) with excellent
diagnostic performance, able to display high-quality images similar
to the ones achieved by conventional machines. Accordingly, we
assumed that all the diagnoses and clinical decisions made on the
basis of the results obtained with the MS were correct and identical
to the ones achieved with conventional echocardiographic machines.
Although this assumption may not always be true, this type of evalu-
ation is beyond the scope of our study. As described above, the pur-
pose of our study was not to test how well a miniaturized ultrasound
imager compared with a standard, high-end full echocardiographic
system but instead to test whether (in the hands of an experienced
user) such a small device might provide incremental information to
the physical examination.

Some other limitations of our study are related to its design. First,
we must admit a potential bias resulting from the fact that imaging
was always done after the physical examination had been performed.
Another limitation is that all scanning was done by well-trained
echocardiographers; less experienced examiners might not achieve
performance equivalent to that shown in this study.
CONCLUSIONS

The newMS in outpatient cardiology consultations as an extension of
physical examination caused a negligible increase in the duration of
the consultations. It showed additive clinical value over the physical
examination, contributing to an increased number of diagnoses,
reducing the performance of unnecessary conventional echocardio-
graphic studies, increasing the number of adequate echocardiograms,
and allowing many patients to be released from the outpatient clinic
without the need for further testing after the initial consultation.
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