| DoOPPLER-ECHOCARDIOGRAPHY

Comparison of Echocardiographic Studies Made with New Portable

Devices and Conventional Studies

Juan Quiles, Miguel A. Garcia-Fernandez, Pablo Avanzas, Manuel Martinez-Sellés, Rafael Rosas,
Ana Sanchez Hernandez, Mar Moreno, Javier Bermejo and Esther Pérez-David

Laboratorio de Cardiologia No Invasiva. Servicio de Cardiologia, Hospital General Universitario Gregorio

Mararién, Madrid, Spain

Objectives. The latest development in echocardio-
graphy is the hand-held ultrasound device. Previous stu-
dies have shown that portable ultrasound devices detect
major cardiovascular pathology better than the physical
examination, but their diagnostic accuracy is still not
known. The purpose of this study was to compare the re-
sults of examinations made with portable devices to those
obtained with higher-scale platforms.

Patients and method. 211 consecutive unselected pa-
tients were included in the study. Patients were randomly
studied with a portable device and a standard platform
(considered the gold standard for comparison) by cardio-
logists experienced in echocardiography. Parameters of
cardiac morphology and function, and valvular regurgita-
tion were compared and analyzed using the McNemar
paired test. Differences of more than one grade were con-
sidered major differences.

Results. The subjective assessment of the studies
made with the portable device was significantly worse.
The correlation between estimates of left ventricular func-
tion (differences not statistically significant) was adequa-
te, but significant differences were detected in the evalua-
tion of left atrial enlargement, left ventricular hypertrophy,
aortic root enlargement, and mitral and tricuspid regurgi-
tation.

Conclusions. Hand-held cardiac ultrasound devices do
not satisfy criteria for a complete echocardiographic
study. They provide accurate information about ventricu-
lar function but fail to adequately measure cardiac cham-
bers or assess valve function.
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Ecocardiografia portatil: analisis comparativo de los
resultados obtenidos frente a los estudios estandar

Objetivos. La Ultima introduccién en la ecocardiografia
son los equipos ecocardiograficos portétiles. En estudios pre-
vios se ha demostrado un incremento en la deteccion de en-
fermedades cardiovasculares con los equipos portatiles res-
pecto a la exploracion fisica. Sin embargo, desconocemos
cual es su eficacia diagnostica. El propdsito de este estudio
es comparar los resultados de examenes realizados con un
equipo portatil con los obtenidos con equipos superiores.

Pacientes y método. Se incluyeron en el estudio 211
pacientes no seleccionados. En todos ellos se llevaron a
cabo de forma aleatoria dos estudios, uno con el equipo
portétil y otro con un equipo de alta gama (considerado
como patrén de referencia para la comparacioén). Los es-
tudios fueron efectuados por cardiélogos con experiencia
en ecocardiografia. Se compararon los datos referentes a
la morfologia y la funcién cardiaca, asi como el grado de
insuficiencia valvular mediante el test de McNemar para
datos apareados. Las diferencias superiores a un grado
fueron consideradas clinicamente relevantes.

Resultados. La calidad de imagen estimada de forma
subjetiva fue estadisticamente inferior con el equipo por-
tatil. Encontramos una adecuada correlaciéon en la esti-
macién de la funcion ventricular, pero las diferencias fue-
ron significativas en la evaluaciéon de la dilatacién
auricular izquierda, la hipertrofia ventricular izquierda, la
dilatacion de la raiz adrtica y en la cuantificacion de la in-
suficiencia mitral y tricuspidea.

Conclusiones. Los equipos ecocardiograficos portati-
les no rednen los elementos necesarios para un estudio
ecocardiografico completo. Ofrecen una informacién pre-
cisa acerca de la funcion ventricular, pero presentan limi-
taciones para la adecuada mediciéon de las cavidades
cardiacas y la evaluacién de la funcién valvular.
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INTRODUCTION

Echocardiography makes it possible to assess morp-
hological, functional and hemodynamic anomalies of
the heart and is one of the most frequently used techni-
ques in cardiology, with applications covering the enti-
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ABBREVIATIONS

LV: left ventricle
RV: right ventricle
LA: left atrium

re spectrum of cardiovascular diseases. The deve-
lopment of new low-cost, laptop-size ultrasound devi-
ces can facilitate the echocardiographic examination
of patients at the initial visit, as an adjunct to physical
examination. Previous studies that evaluated the use-
fulness of portable devices have shown them to be su-
perior to physical examination,'? although there are
few data on their diagnostic accuracy as compared to
standard equipment.*® The purpose of this study was
to determine the diagnostic reliability of the portable
echocardiographic unit when used by cardiologists ex-
perienced in echocardiography.

PATIENTS AND METHODS

We studied a total of 211 unselected patients, 86 wo-
men (40.8%) and 125 men (59.2%), referred for ultra-
sound examination from various hospital departments
and from the outpatient service. The referral request
included a brief summary of the clinical history, the
physical examination and the description of the elec-
trocardiogram.

The Optigo® (Agilent Technologies, Andover) point-
of-care ultrasound device was used for the study. This
hand-carried device measures 33x23x9 cm, weighs
less than 4 kg including the battery, and has a screen
resolution of 640x480 pixels. The unit also includes a
control panel and an integrated 2.5-MHz transducer. It
allows 2D ultrasound imaging and is equipped with
color-flow Doppler, with gain and position adjustable
at the control panel. Up to two consecutive measure-
ments can be made after freezing the image from the
touch pad.

Unlike commonly used ultrasound devices, this unit
is not equipped with M-mode continuous wave or pul-
sed Doppler ultrasound. It does not allow image
synchronization with the patient’s surface electrocar-
diogram or storage of the studies for subsequent re-
view. Moreover, the device does not have special ca-
pabilities such as transesophageal study.

For comparison, we used reference diagnoses obtai-
ned with high-end devices (Sonos 5500®, Agilent
Technologies, and Sequoia®, Acuson); in all cases the
second harmonic was used to enhance the image.

Two complete studies were done on each patient,
one with the hand-held device by a cardiologist
experienced in echocardiography (Level II of the
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Spanish Society of Cardiology®) and another
with the reference equipment, interpreted by a cardio-
logist with extensive experience in echocardiography
(Level IIT). Standard views were obtained through the
parasternal, apical and subcostal windows. The
studies were performed in random order and the investi-
gator performing the second test was unaware of the
results obtained with the first device. A form was used
to record the following data:

1. Subjective assessment of cardiac imaging accor-
ding to three levels, good, acceptable and poor win-
dow, respectively, corresponding to proper visualiza-
tion of all myocardial segments, proper visualization
of most segments, and poor visualization of most seg-
ments.

2. Global and regional ventricular function, accor-
ding to one of four grades (normal, and mild, modera-
te or severely depressed), depending on the subjecti-
vely estimated ejection fraction. Regional contractility
was analyzed only by counting the number of abnor-
mal segments found.

3. Measurements of the ventricular chambers, left
atrium, and aortic root, and left ventricle thickening,
with the findings classified as normal or abnormal for
the final analysis.

4. Presence of pericardial effusion.

5. Valve function, estimated with the color-flow
Doppler ultrasound option of the hand-held unit. The
Doppler mode allows gain adjustment and image scro-
lling, although gradient measurements and color area
outlining are not possible. Therefore, the severity of
valvular regurgitation was diagnosed subjectively on
the basis of the intensity and size of the color area, as
well as indirect data such as chamber enlargement. The
diagnosis obtained with the standard equipment was ba-
sed on continuous wave and pulsed Doppler, with the
proximal isovelocity surface area (PISA) method used
to calculate the pressure half-time, regurgitant volume
and fraction, and area of the regurgitant orifice. The
sensitivity and specificity of the hand-held device in
diagnosing valvular regurgitation was determined using
a dichotomous variable (valvular regurgitation yes/no)
for all grades of regurgitation. Because the device had
no continuous wave or pulsed Doppler-essential for he-
modynamic measurements-valve stenosis was not as-
sessed.

Version 9.0 of the SPSS software was used for the
statistical analysis. The degree of interobserver agree-
ment for each diagnosis was calculated using kappa
and weighted kappa in the case of variables with more
than two categories. The indexes of diagnostic accu-
racy and the differences in proportions were calculated
using the McNemar test for paired data. Deviations of
more than one grade when compared to the reference
diagnosis were considered clinically relevant.
Significance was set at a P<.05. Interobserver agree-
ment was considered very good at kappa values above
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TABLE 1. Differences in ventricular function
assessment. Comparison of the hand-held device
with standard equipment

No. %
Identical ventricular function 166 78.7
Ventricular function lower with the portable device
Difference of one grade 16 7.6
Difference of more than one grade 1 05
Ventricular function higher with the portable device
Difference of one grade 20 95
Difference of more than one grade 8 38
Total 211 100

0.8, good at 0.6 to 0.8, moderate at 0.4 to 0.6, weak
below 0.4 and very weak below 0.2.

Because each investigator performed studies with
only one device, the intraobserver variation could not
be calculated. According to several other similar stu-
dies,’ this variation is assumed to be less than 15% for
the purposes of the analysis.

RESULTS
Assessment of the studies

Subjective assessment of cardiac imaging with the
two instruments attributed significantly poorer visuali-
zation to the point-of-care device (Figure 1). The study
was considered of poor quality in 22.4% of studies
done with the portable device and 13.3% of those done
with the standard devices, due to the poor ultrasound
window.

Ventricular function

We found adequate agreement between ventricular
function estimates (P=.135) (Table 1) and moderate
interobserver agreement (kappa=0.583). Ventricular
function estimates were the same in 78.7% of cases. In
21.3% of discordant diagnoses, 17.1% were one grade
and 4.3% more than one grade, with a trend toward
higher ventricular function estimates in the hand-held
device. In one patient, severe ventricular dysfunction
was incorrectly estimated as normal with the portable
unit; this study had been classified as poor image qua-
lity.

There were no differences between the two studies
in the number of segments with contractility abnorma-
lities (Table 2), although the segments were not analy-
zed according to the site or the grade of contractility
abnormality.

Pericardial effusion

482 Rev Esp Cardiol 2003;56(5):480-6

50+
46.4
45 45 mOptigo®

41 OStandard

i P<.
35 30.8 <.05

% 25 22.7

154 13

Good Acceptable Poor

Fig. 1. Assessment of studies performed with the Optigo® and with
standard equipment. The results were divided into three levels, depen-
ding on visualization of the myocardial segments.

Pericardial effusion was found in 14 patients, with
no significant differences between the two devices
(6.2% Optigo®, 6.6% standard device, P=.656).
Interobserver agreement was very good (kap-
pa=0.802). Three of the 14 cases with pericardial effu-
sion were missed with the portable device (Table 3),
and two patients were incorrectly diagnosed as having
effusion. Although the grade of effusion was not con-
sidered in the analysis, these cases were diagnosed as
mild. Diagnostic sensitivity was 78.6% and specificity
was 99% (Figure 2).

Cardiac measurements

The left atrium, aortic root, septum, posterior wall,
and end-diastolic diameters of the left and right ven-
tricles were measured and the data were used to clas-
sify the patients, according to whether the values
were abnormal or within normal limits, without dis-
tinguishing between grades of severity. Differences
were significant for most of the study parameters, ex-
cept left or right ventricular enlargement (Figure 2).
The most frequent finding was left atrial enlargement
(60.2%). Consistent diagnoses with both devices
were obtained in only 73.5% of cases, with 8.1% fal-
se positives and 18.5% false negatives. The least fre-
quent diagnosis was aortic root enlargement (10 ca-
ses), of which nine were missed with the hand-held
device. One case was falsely diagnosed. In all other
diagnoses, agreement was 81.5% to 92.4%, false po-
sitives were 2.4% to 3.8% and false negatives were
4.7% to 14.7%. Figure 2 also indicates the sensitivity
and specificity of the portable equipment for each
diagnosis evaluated, as well as agreement figures. In

84



Quiles J, et al. Comparison of Echocardiographic Studies Made with New Portable Devices and Conventional Studies

TABLE 2. Sensitivity and specificity of the portable device for each type of valvular regurgitation. Interobserver
agreement for each type of valve disease

Portable device Standard equipment Sensitivity Specificity Kappa coefficient
Aortic regurgitation 28% 32% 64.7% 88.8% 0.6
Mitral regurgitation 53% 63% 70.5% 77.2% 0.5
Tricuspid regurgitation 41% 49% 68.3% 85% 0.5
TABLE 3. Diagnoses of aortic regurgitation made with most cases, there was moderate agreement between
each device investigators.
Portable device Standard equipment
Aortic regurgitation None Mild Moderate Total Valve function
We found 132 patients with mitral regurgitation
None 127 24 0 151 (62.5%), 104 with tricuspid regurgitation (49.3%), and
Mild 15 35 2 52 68 with aortic regurgitation (32.3%). Significant diffe-
Moderate 1 5 5 8 rences were found for mltrfll and tI‘lF:uSPld regurgita-
tion (P<.05), but not aortic regurgitation (P=.207).
Total 143 61 ! 211 Table 2 presents the sensitivity and specificity of val-
60 _ 60
M Portable device
50 [0 Standard device
50
40
% 35
& 304
<
L 24
20 4 16 17
10 4 8.5
6.16 6.64 ﬂ_‘ 4.7
. .94
0. 0.9
Pericardial Lv LA RV RV Aortic root
effusion dilatation dilatation | hypertrophy| dilatation dilatation
P 0.656 0.638 0.003 0.000 0.134 0.011
Kappa index 0.8 0.7 0.5 0.6 0.5 0.2
Sensitivity 78.6% 72.2% 69.3% 58.1% 38.9% 10%
Specificity v 99% \ 95 4% | 79 8% | 94.2% | 97.4% ¢ 99.5%
10 47% 39 18 5%) (14.7%) 5 (2.4%) 11(5.2%) 1(0-5%) 9 (4.3%)
09%®8 (3 80/®7 (8 10@ @ ® @
206 (97.6%) 193 (915%) 155 (73.5%) 172 (81.5%) 195 (92.4%) 201 (95.3%)
Fig. 2. Differences in cardiac me- O No differences O False positive with @ False negative with
asurements and pericardial effu- portable device portable device

sion findings. Statistical signifi-
cance, sensitivity and specificity
are indicated at the bottom.
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TABLE 4. Diagnoses of mitral regurgitation made with each device

Portable device

Standard equipment

Mitral regurgitation None Mild Moderate Acute Total
None 61 39 0 0 100
Mild 18 64 8 3 93
Moderate 0 2 12 2 16
Severe 0 0 1 1 2
Total 79 105 21 6 211
TABLE 5. Diagnoses of tricuspid regurgitation made with each device

Portable device Standard equipment

Tricuspid regurgitation None Mild Moderate Acute Total
None 91 29 3 1 124
Mild 16 43 3 0 62
Moderate 0 14 5 2 21
Severe 0 0 0 4 4
Total 107 86 11 7 211

vular regurgitation diagnosis for the portable equip-
ment, as well as interobserver agreement. This agree-
ment was moderate for the three diagnoses. Tables 3-5
indicate valvular regurgitation differences between the
devices.

Agreement was almost 80% in aortic regurgitation
(Table 3), but only 58.8% in valvular regurgitation.
There were 7.6% false positives (including one patient
diagnosed with moderate aortic regurgitation) and
11.4% false negatives. No acute aortic regurgitation
was diagnosed.

Agreement in the grade of mitral regurgitation was
65.4% (Table 4), but decreased to 36.5% when pa-
tients without regurgitation were excluded. Of the 73
cases with disagreements (34.5%), the difference was
more than one grade in three (1.4%) and corresponded
to patients with mild acute regurgitation. All other dif-
ferences were one grade, with 9.9% overestimation
and 23.2% underestimation of the grade of regurgita-
tion. There were 18 false positives (8.5%) and 39 false
negatives (18.5%).

The overall diagnostic agreement of 67.8% for tri-
cuspid regurgitation (Table 5) decreased to 24.7%
when only regurgitation cases were considered. Of the
32.2% cases with disagreements, differences of more
than one grade account for 1.9%, specifically, three
patients with moderate tricuspid regurgitation and one
with acute regurgitation that were not diagnosed. The
regurgitation grade was overestimated in 14.2% of the
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remaining patients and underestimated in 16%. Of the-
se, 7.6% were false positives and 15.6% were false ne-
gatives.

DISCUSSION

The introduction of compact, low-cost ultrasound
devices will expand the use of echocardiography in
initial patient assessment as an adjunct to physical
examination. The device may also encourage greater
use in other specialties. Therefore, the diagnostic ac-
curacy of this equipment should be determined so the
findings can be properly interpreted. The reliability of
these studies is highly user-dependent; thus, in kee-
ping with the recommendations of the American
Society of Echocardiography’ the hand-held device
was used by a cardiologist with Level 2 training in
echocardiography, the minimum training level requi-
red to perform and interpret a complete echocardio-
graphic study independently.

Our study was not intended to directly compare two
devices based on different technological principals
and components, but to compare diagnoses made with
a point-of-care device to those made with the most re-
liable reference at hand, a high-end device interpreted
by a cardiologist with Level 3 echocardiography ex-
perience. Furthermore, these new hand-carried echo-
cardiography devices have not been developed to re-
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place the current equipment, but merely as a new
diagnostic tool for initial screening.

The purpose of this study, therefore, was to determi-
ne the diagnostic reliability of these portable devices
in diseases that can be detected with this technology,
when used by qualified personnel (Level 2 training in
echocardiography), simulating the probable condi-
tions of use.

Very little data are available at present, although
these devices have been shown to be diagnostically
superior to physical examination.!* However, the re-
sults are not entirely consistent with those obtained
with better equipment.*>

Unlike previous studies,’ our study found signifi-
cant differences in imaging quality. This is expected
when working with equipment with differing charac-
teristics, whether screen size or imaging enhancement
methods (e.g., second harmonic) shown to be superior
to the basic mode.® However, inferior imaging quality
does not prevent good agreement in estimates of ven-
tricular function, which are normally subjective. This
agreement was around 80%, with clinically relevant
deviations in only 4.3% of patients.

We found discrepancies in heart chamber measure-
ments, although they were not significant in most ca-
ses. Apart from adequate visualization, the main pro-
blems encountered in measuring a heart chamber with
the point-of-care device concern the impossibility of
synchronizing the image with the surface electrocar-
diogram, which makes it impossible to freeze the ima-
ge at the right time in the heart cycle. This leads to
significant variation in the measurements.

Pericardial effusion is an extremely important fin-
ding. Although we caution that the number of cases
detected in our series (10) was not high, we found no
significant differences in detection.

In contrast, valvular regurgitations were not ade-
quately assessed with the hand-held devices (2D ima-
ging and color Doppler ultrasound). We found signifi-
cant differences in the diagnosis of mitral and
tricuspid regurgitation, but not of aortic regurgitation.
Diagnostic accuracy with the portable equipment was
less than 60% in all cases. Around 30%-35% of diag-
noses were inaccurate, although the differences were
clinically relevant in less than 2% of cases.

The specificity of the portable device is good for
most diagnoses. However, the number of false negati-
ves indicates that the test is not sensitive, and therefo-
re does not meet the requirements for adequate diag-
nosis during screening for a serious but curable
disease.’ Because the portable device has good diag-
nostic specificity, an abnormal finding will allow the
necessary decisions to be made. If the findings are
normal, but disease is suspected, a complete echocar-
diographic study with a high-end unit should be per-
formed.

The diagnostic value of the test is much lower for
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valve disease, since valve stenoses cannot be detec-
ted. In the diagnosis of valvular regurgitation, the sen-
sitivity is lower than 70% and the specificity is lower
than 85%. Therefore, valve function cannot be ade-
quately analyzed with this device.

LIMITATIONS

Because the reference diagnosis was obtained with
high-end equipment and interpreted by a cardiologist
with Level 3 training, there is some potential for
error by this investigator. This would invalidate the
comparisons, as the diagnosis made with the portable
device would be compared with a diagnosis that did
not describe the patient’s actual condition. In daily
clinical practice, however, these are the results used
for decision-making with the patient. Another impor-
tant limitation for the study was that intraobserver
variation was not analyzed and some of the differen-
ces might be due to this factor. Similar studies that
looked at this variation have obtained the same final
results, however.

CONCLUSIONS

The availability of new, low-cost, small echocardio-
graphy devices will expand the use of echocardio-
graphy in initial patient assessments by cardiologists,
as well as by other specialists. An understanding of
the limitations and the degree of diagnostic accuracy
of these devices in clinical assessment is needed, so
that the findings can be used properly. Because the
diagnostic value of the unit is highly user-dependent,
echocardiography training equivalent to Level 2 of
the Spanish Society of Cardiology is required,
according to current recommendations. In addition,
the user must assume responsibility for how the infor-
mation is obtained, as well as how it is interpreted
and used. When these requirements are met, the
point-of-care device is superior to physical examina-
tion for the detection of heart disease, and accurately
assesses ventricular function and pericardial effusion.
However, its usefulness in assessing valve function is
limited.

In the near future, technological advances in these
apparatus will lead to devices equipped with all the
components needed for complete echocardiography
assessment.
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