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Summary

Background: Rapid screening of cardiac patients with a
hand-held ultrasound imager (SonoHeart™ [SH]) could pro-
vide valuable clinical information.

Hypothesis: Whether the use of this device yields addition-
al information to a carefully conducted physical examination
and comparable findings to those of conventional two-dimen-
sional echocardiography (2-D) during inpatient rounds is not
well established and is the subject of this study.

Methods: In all, 100 consecutive telemetry patients under-
went rapid screening with 2-D and color Doppler SH during
inpatient rounds. SonoHeart findings were compared with re-
sults from conventional 2-D and physical examination con-
ducted by an attending cardiologist.

Results: All patients had interpretable images. Mean scan-
ning time with SH was 5.0 ± 1.2 min; 2-D and SH findings
were comparable. The parameters studied included chamber
sizes, left ventricular (LV) systolic function, presence of LV
hypertrophy (LVH), wall motion abnormalities (WMA), peri-
cardial effusion (PE), and valvular regurgitations. Mild to
moderate valvular regurgitation and LV systolic dysfunction
were reliably diagnosed by SH in a number of patients whose
symptoms were unrelated to the abnormalities detected.

Conclusions: Rapid screening with SH provides accurate
and valuable information that would otherwise be undetected
during physical examination. Its introduction into clinical
practice may redefine the initial approach to patients with car-
diovascular disease. 
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Introduction

During the last four decades, ultrasound imaging has be-
come an integral part of cardiovascular diagnosis and is a cor-
nerstone of current management algorithms.1

With its natural evolution from M-mode to two-dimension-
al echocardiography (2-D) and, more recently, three-dimen-
sional echocardiography (3-D), the machines used became in-
creasingly bulky and more cumbersome. It is not surprising
that the advent of hand-held echocardiography has been met
with great enthusiasm.2–6 This interest has increased with a
growing need for timely, sometimes life-saving medical deci-
sions in various settings. Clinical decision making is frequent-
ly driven by echocardiographic findings such as left ventricu-
lar (LV) systolic function, wall motion abnormalities (WMA),
significant pericardial effusions (PE), and severe valvular dis-
orders. Gathering such information could be greatly optimized
by the wide availability and accuracy of an ultraportable ultra-
sound machine such as the SonoHeart™ (SH) (SonoSite, Inc.,
Bothell, Wash., USA).

In the current era of cost containment, many physicians
speculate about whether a good, old-fashioned physical exam-
ination could yield enough information to obviate the need for
a portable, high-tech screening process. Another concern is
whether this approach would minimize the use of convention-
al 2-D without jeopardizing quality of care.

As a preliminary step for an ultimate answer to these ques-
tions, we evaluated rapid screening with color Doppler SH
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during inpatient cardiology rounds and compared the results
with conventional 2-D findings and those from an incisive car-
diovascular physical examination.

Methods

Patient Population

All patients admitted to telemetry cardiology services at
The University of Texas Medical Branch were eligible for en-
rollment into the study. In all, 100 consecutive patients (55
men, 45 women, mean age 59.1 ± 17.0 years) were enrolled.

Study Protocol

A board-certified cardiologist conducted a thorough car-
diovascular history and physical examination during inpatient
telemetry rounds. Findings were noted in the patients’ medi-
cal records. A screening echocardiographic study by an echo-
technologist using the hand-held SH machine followed phys-
ical examination. A conventional 2-D echocardiogram was
obtained within 24 to 48 h from admission. The SH and 2-D
studies were interpreted independently by echocardiologists
blinded to the findings from physical examination.

Echocardiography

Hand-held echocardiography screening: Screening echo-
cardiography was performed using the hand-held ultrasound
device SH with a 2 to 4 MHz broad band transducer. The SH
weighs 5.3 lbs (2.4 kg) and is powered by alternative current
or a rechargeable lithium ion battery. The SH control panel
settings are similar to those of conventional 2-D settings. The
model we used had no pulsed or continuous-wave Doppler or
M-mode capabilities. Long and short parasternal views and
two- and four-chamber apical views were obtained in all pa-
tients. Subcostal views were obtained at the discretion of the
echotechnologist. All valves were assessed by color-flow
Doppler. Studies were recorded on a mini-portable Sony
VHS tape recorder.

Two-dimensional conventional echocardiography: A Hew-
lett-Packard Sonos 2500 or 5500 ultrasound machine (Philips
Medical Systems/Agilent Technologies, Andover, Mass.,
USA) equipped with a 2.5–3.5 MHz phased array transducer
was used for the conventional echocardiographic study. All
standard views were obtained, including long and short para-
sternal views and two- and four-chamber apical and subcostal
views. Left ventricular end-diastolic dimension and septal thick-
ness were obtained in parasternal long-axis views. Conventional
pulsed and continuous-wave Doppler and color-flow Doppler
assessments were used to analyze all valves. Studies were re-
corded on VHS tape for subsequent interpretation.

Echocardiographic interpretation: All interpretations
were carried out by American Board Certified echocardiolo-
gists. An estimated LV ejection fraction (EF) < 50% was con-
sidered diagnostic of systolic dysfunction. Left ventricular

wall motion analysis was based on the 16-segment model of
the American Society of Echocardiography.1 An LV end-di-
astolic size of ≥5.5 cm denoted enlargement. Left ventricular
hypertrophy (LVH) was diagnosed when the end-diastolic
septal wall thickness was ≥ 1.2 cm. A left atrial (LA) size > 4
cm measured on the long parasternal view was considered en-
larged. Right ventricular (RV) size was compared with LV
size using four-chamber apical views, and a midventricular
end-diastolic dimension ≥2/3 of the LV was considered to be
enlarged. Pericardial effusion (PE) was classified as signif-
icant or insignificant; a circumferential PE was considered
significant. Severity of valvular regurgitation was graded as
mild, moderate, and severe, using accepted standards set by
American College of Cardiology/American Heart Associa-
tion (ACC/AHA) guidelines.1

Statistical Analysis

Conventional 2-D findings were considered as the standard
of reference. Agreement coefficients between SH, 2-D, and
physical findings were calculated if applicable.

Results

All patients enrolled in the study had interpretable SH and
2-D echocardiographic images. The average time needed 
to perform the rapid SH screening examination was 5.04 ±
1.21 min.

Echocardiographic Findings

Chamber sizes and left ventricular hypertrophy: The LV
end-diastolic dimension was 4.60 ± 0.89 cm with 2-D and
4.39 ± 0.89 with SH (p = NS). Enlargements of the left and
right ventricles (LV, RV) and the left and right arteries were
diagnosed by 2-D in 19, 19, 49, and 26 patients, respectively,
and by SH in 18, 20, 44, and 24 patients, respectively. Of the
latter patients, 17, 18, 39, and 23 had 2-D confirmation of the
SH diagnosis.

Left ventricular hypertrophy was diagnosed in 41 patients
using the 2-D approach; 37 patients had LVH diagnosed by
SH. Of these, 33 had confirmation of the diagnosis by 2-D.
The 12 discordant diagnoses were all mild LVH, including the
eight patients diagnosed by 2-D and the four diagnosed by SH.
Results and agreement coefficients are shown in Table I.

Left ventricular systolic dysfunction and wall motion ab-
normalities: The mean estimated left ventricular ejection frac-
tion (LVEF) was 49.6 ± 14.9% by 2-D and 49.9 ± 14.5% (p =
NS) by SH.

There was perfect agreement in the diagnosis of LV systolic
dysfunction, with 30 patients having LV systolic dysfunction
diagnosed by both 2-D and SH imaging. Segmental wall mo-
tion abnormalities (WMA) were detected in 36 patients, 35 of
whom were diagnosed with these abnormalities using SH.
One patient was believed to have WMA revealed by SH but
not by 2D (Table II).
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Pericardial effusion: Nineteen patients had PE using 2-D
imaging. SonoHeart studies showed that 17 patients had PE,
which was positively confirmed in 15 patients in 2-D studies.
None of these patients demonstrated significant signs of car-
diac compression, and no significant PE was found in the four
patients with negative SH findings. These results along with
agreement coefficients are shown in Table III. 

Valvular disorders: Mitral, aortic, tricuspid, and pulmonic
regurgitations were diagnosed in 45, 25, 53, and 18 patients,
respectively, using 2-D, and in 46, 27, 52, and 26 patients, re-
spectively, using SH. Two-dimensional echocardiography
confirmed this diagnosis in 39, 23, 47, and 16 of these patients,
respectively. Results and the agreement coefficients are sum-
marized in Table IV. All regurgitations missed by SH were
classified as mild when 2-D imaging was performed.

In addition, aortic stenosis was diagnosed in four patients
by 2-D. Based on Doppler information, two patients had mild
disease, one patient had mild to moderate aortic stenosis, and
one patient had moderate aortic stenosis. Mitral stenosis was
diagnosed in one patient by 2-D. Of those five patients, mitral
stenosis and aortic stenosis were detected in one and two pa-
tients, respectively, on the basis of valve thickening and de-
creased leaflet excursion visualized by SH. Two patients with
mild aortic stenosis (not classified as stenotic by SH) were not-
ed to have a thickened aortic valve when SH was used.

Physical Examination

Congestive heart failure versus left ventricular systolic dys-
function: Of 10 patients who had a physical examination sug-
gestive of congestive heart failure (CHF [jugular venous pres-
sure higher than 4 cm above the sternal angle or S3 gallop]), 9
had systolic dysfunction shown by both SH and 2-D. One pa-
tient with LVEF estimated at 60 to 65% using both 2-D and
SH approaches had mild LVH with normal diastolic function
visualized on 2-D. However, of 90 patients with unsuspected
systolic dysfunction on physical examination, 21 had LV dys-
function, including 13 patients in whom it was severe (EF <
35%) as revealed by SH. The 2-D results confirmed the SH re-
sults in 20 of the 21 patients with LV dysfunction. In addition,
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TABLE I Left ventricular hypertrophy and chamber enlargement:
2-D versus SH

SH Agreement

2-D Present Absent % Kappa

LVH
Present 33 8
Absent 4 55 88 0.75

LV enlargement
Present 17 2
Absent 1 80 97 0.90

RV enlargement
Present 18 1
Absent 2 79 97 0.90

LA enlargement
Present 39 9
Absent 5 47 86 0.72

RA enlargement
Present 23 3
Absent 1 73 96 0.89

Abbreviations: 2-D = two-dimensional echocardiography, SH =
SonoHeart, LVH = left ventricular hypertrophy, RV = right ventricu-
lar, LA = left artery, RA = right artery.

TABLE II Left ventricular systolic dysfunction and wall motion ab-
normalities: 2-D versus SH

SH Agreement

2-D Present Absent % Kappa

LVEF <50 %
Present 30 3
Absent 1 66 96 0.91

WMA 
Present 35 1
Absent 1 63 98 0.96

Abbreviations: LVEF = left ventricular ejection fraction, WMA =
wall motion abnormality. Other abbreviations as in Table I.

TABLE IV Valvular regurgitation: 2-D versus SH

SH Agreement

2-D Present Absent % Kappa

Mitral regurgitation
Present 39 6
Absent 7 48 87 0.74

Aortic insufficiency
Present 23 2
Absent 4 71 94 0.84

Tricuspid regurgitation
Present 47 6
Absent 5 42 89 0.78

Pulmonic insufficiency
Present 16 2
Absent 10 72 88 0.65

Abbreviations as in Table I.

TABLE III Pericardial effusion: 2-D versus SH

SH Agreement

2-D Present Absent % Kappa

PE
Present 15 4
Absent 2 79 94 0.80

Abbreviation: PE = pericardial effusion. Other abbreviations as in
Table I.
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four patients, who had no physical signs suggestive of systolic
dysfunction and who were believed to have preserved LV sys-
tolic function by SH, were diagnosed with mild LV systolic
function (EF estimated at 40 to 50%) with 2-D. These results
are summarized in Table V.

Murmurs versus valvular disorders: Of 48 patients with
normal physical examinations, 16 had mild mitral regurgita-
tion (MR), and 3 had moderate MR shown by SH. With the ex-
ception of 2 of 16 patients with mild MR, the SH results were
confirmed by 2-D. Another patient had mild MR diagnosed by
2-D but not by SH. Using SH, mild aortic insufficiency (AI)
was found in seven patients, and eight were diagnosed with
mild pulmonic insufficiency (PI).These results were con-
firmed by 2-D in six patients with AI and in five patients with
PI. Two-dimensional echocardiography did not identify any
additional patients with AI or PI. Mild tricuspid regurgitation
(TR) was found in 17 and moderate TR in 7 patients, while 1
had severe TR as diagnosed by SH. These findings were con-
firmed by 2-D, except for mild TR in 4 of the 17 patients with
mild TR. An additional three patients had mild TR diagnosed
by 2-D but not by SH.

Of 100 patients studied, physical examination detected
murmurs in 40, which included 39 patients with systolic and 

2 with diastolic murmurs. Of the 39 patients with systolic mur-
murs, 13 demonstrated no detectable lesions when SH was
used. Results by 2-D confirmed these data (except in one case
of mild MR that was only seen when 2-D was used). Both 2-D
and SH diagnosed AI in the two patients with diastolic mur-
murs, whereas SH additionally detected mild PI in one of these
patients. These findings are summarized in Table VI.

Discussion

Our study demonstrates that a screening echocardiographic
study using the SH device is feasible, rapid, and provides valu-
able information beyond that found during a well-conducted
cardiovascular examination, especially pertaining to asymp-
tomatic LV dysfunction, WMA, and presence of PE. This “5-
minute” test could be even shorter if the rounding physician is
the actual operator focusing the examination on a single pa-
rameter, such as level of LV systolic function, presence of sig-
nificant WMA, severe valvular regurgitation, or cardiac com-
pression secondary to a significant PE.

A noticeable yet unsurprising finding was that SH and con-
ventional 2-D agreed perfectly on estimated LV systolic func-
tion, segmental WMA, presence of LVH, and enlargement of
chambers. Visual estimation of LVEF by experienced ob-
servers correlates highly with objective measures such as ra-
dionuclide ventriculography.7 In addition to being able to as-
sign a patient to a New York Heart Association functional
class, early knowledge of systolic function from SH may have
additional prognostic value that could be used to improve and
expedite treatment plans. Furthermore, patients presenting
with unequivocal signs or symptoms of heart failure with nor-
mal systolic function, demonstrated by echocardiography,
presumably have diastolic dysfunction, a condition that may
require different management approaches. The importance of
early detection of LV systolic dysfunction is highlighted by
the results of a 2-year follow-up study of patients evaluated in
the emergency room for cardiac-related symptoms. Early ad-
verse events (occurring within 48 h of presentation) in pa-
tients with LV systolic dysfunction were more than eight-fold
higher than in patients who had no evidence of LV systolic
dysfunction (26.9 vs. 3.3%, p < 0.01). Early detection of this
condition could potentially improve clinical decision mak-
ing.8 When conventional 2-D was used, LV systolic dysfunc-
tion was the only finding associated with early and late ad-
verse events after controlling for other risk factors.8 The abil-
ity of SH to detect asymptomatic systolic dysfunction rapidly
provides a very important prognosticator whose presence re-
quires implementation of specific treatment and early man-
agement plans.8 Furthermore, the rapid detection of early seg-
mental WMA may have an invaluable impact on managing
patients presenting with chest pain, particularly those who
have unremarkable electrocardiograms and negative cardiac
marker findings. Sabia et al. demonstrated that regional
WMA found in patients presenting to the emergency room
with chest pain is more sensitive than are electrocardiograph-
ic changes for detecting acute myocardial infarction, and its
rapid discovery by SH may improve decision making.9
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TABLE V Congestive heart failure on physical examination versus
left ventricular systolic dysfunction on 2-D/SH

Physical examination 
suggestive of CHF 

Agreement 
2-D/SH Present Absent % Kappa

LVEF <50% 9/9 21/24
LVEF ≥50% 1/1 69/66 78/75 0.35/0.31

Abbreviation: CHF = congestive heart failure. Other abbreviations as
in Tables I and II.

TABLE VI Murmurs on physical examination versus valvular re-
gurgitation on 2-D/SH

Normal physical examination 
2-D/SH n = 48

Mitral regurgitation
Present 20/19
Absent 28 /29

Aortic insufficiency
Present 6/7
Absent 42/41

Tricuspid regurgitation
Present 24/25
Absent 24/23

Pulmonic insufficiency
Present 5/8
Absent 43/40

Abbreviations as in Table I.
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Significant PE was also very reliably detected with SH. As
described by Reddy et al., cardiac tamponade has three phas-
es, but often only the third phase is readily diagnosed clinical-
ly by classical signs.10 Detecting PE during its earlier phases
using SH could significantly impact fluid management and
anticoagulation decisions.

Two-dimensional echocardiography and SH identified
valvular regurgitation equally well. Findings by SH were also
suggestive of severe aortic or mitral stenosis, with detection of
severe valvular thickening and reduced leaflet excursion. Al-
most one-half of our patients had normal cardiovascular ex-
aminations, although echocardiograms showed mild to mod-
erate degrees of valvular regurgitation with good correlation
between 2-D and SH findings. Whereas theoretically none of
these patients would require an aggressive early intervention,
our findings highlight the limited sensitivity of physical exam-
ination for detecting less than severe regurgitation. Coupled
with its ability to reveal enlargement of chambers equally as
well as 2-D, examination with SH may become the technique
of choice for rapid screening, particularly for cardiology out-
patient referrals.

Our findings are in agreement with the report by Spencer et
al.5 demonstrating improvement in detection of important car-
diovascular pathology by SH when compared with physical
examination. Goodkin et al.6 found SH inferior to convention-
al 2-D in assessment of critically ill patients, which may be due
to the lack of spectral Doppler capability needed in the assess-
ment of several of their patients with prosthetic valves and di-
astolic dysfunction. Our study focused on examination of rel-
atively stable patients in whom the major clinical questions
could be answered without the use of spectral Doppler.

Study Limitations

The major limitation of our study is our use of an early mod-
el of the SH, which did not include pulsed Doppler, continu-
ous-wave Doppler, and M-mode. If these parameters had been
available, an even greater systematic comparison between SH
and conventional 2-D approaches would have been possible.
The role of pulsed and continuous-wave Doppler for assessing
pressure gradients, severity of valvular disorders, and diastolic
filling patterns has been well established.11–16 The most recent
versions of hand-held echocardiographs are available with
Doppler and M-mode features, which should overcome some
of the limitations observed in our study.

Conclusions

Screening cardiac patients with SH is a rapid and feasible
technique that can be easily used during cardiology inpatient
rounds and augments findings from physical examination.
The use of this approach could obviate the need for a conven-
tional 2-D echocardiogram in patients with completely normal
or mildly abnormal screening studies. Our findings raise in-

triguing questions that will require further investigation. For
example, how would SH screening studies alter our current
management approaches? Will these approaches prove to be
as efficacious and safe as our current practices, especially if the
use of hand-held echocardiography by noncardiologists be-
comes widespread? Finally, will we actually be able to contain
hospital costs and length of stay with the use of this technolo-
gy? These answers await future developments in the use of
hand-held echocardiography.
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