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Summary

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

Hypothesis: Whether the use of thisdeviceyidldsaddition-
al information to acarefully conducted physical examination
and comparablefindingsto those of conventiona two-dimen-
sional echocardiography (2-D) during inpatient roundsisnot
well established and isthe subject of thisstudy.

Methods: Inall, 100 consecutivetelemetry patientsunder-
went rgpid screening with 2-D and color Doppler SH during
inpatient rounds. SonoHeart findingswere compared with re-
sults from conventional 2-D and physical examination con-
ducted by an attending cardiologist.

Results: All patients had interpretableimages. 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, |eft ventricular (LV) systolic function, presence of LV
hypertrophy (LVH), wall motion abnormalities(WMA), peri-
cardid effuson (PE), and vavular regurgitations. Mild to
moderate valvular regurgitation and LV systolic dysfunction
wererdliably diagnosed by SH inanumber of patientswhose
symptomswere unrelated to the abnormalities detected.
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Conclusions: Rapid screening with SH provides accurate
and val uableinformation that would otherwise be undetected
during physical examination. Its introduction into clinical
practice may redefinetheinitial approach to patientswith car-
diovascular diseese.
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Introduction

During the last four decades, ultrasound imaging has be-
comeanintegra part of cardiovascular diagnosisandisacor-
nerstone of current management algorithms.1

Withitsnatural evolutionfrom M-modeto two-dimension-
al echocardiography (2-D) and, more recently, three-dimen-
siona echocardiography (3-D), themachinesused becamein-
creasingly bulky and more cumbersome. It is not surprising
that the advent of hand-held echocardiography has been met
with great enthusiasm.2® Thisinterest has increased with a
growing need for timely, sometimes|life-saving medical deci-
sionsinvarioussettings. Clinical decision makingisfrequent-
ly driven by echocardiographic findings such asleft ventricu-
lar (LV) systalic function, wall motion abnormalities(WMA),
significant pericardid effusions (PE), and severevavular dis-
orders. Gethering suchinformeation could begrestly optimized
by thewide availability and accuracy of an ultraportableultra-
sound machine such asthe SonoHeart™ (SH) (SonoSite, Inc.,
Bothell, Wash., USA).

In the current era of cost containment, many physicians
speculate about whether agood, ol d-fashioned physical exam-
ination could yield enoughinformation to obviatethe need for
a portable, high-tech screening process. Another concern is
whether thisapproach would minimizethe use of convention-
a 2-D without jeopardizing quality of care.

Asapreliminary 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 conventiona 2-D findingsand thosefrom anincisivecar-
diovascular physical examination.

Methods
Patient Population

All patients admitted to telemetry cardiology services at
TheUniversity of TexasMedical Branchweredigiblefor en-
rollment into the study. In al, 100 consecutive patients (55
men, 45 women, mean age59.1 + 17.0 years) wereenrolled.

Study Protocol

A board-certified cardiologist conducted a thorough car-
diovascular history and physica examination duringinpatient
telemetry rounds. Findingswere noted in the patients’ medi-
cal records. A screening echocardiographic study by an echo-
technol ogi st using the hand-held SH machinefollowed phys-
ical examination. A conventiond 2-D echocardiogram was
obtained within 24 to 48 h from admission. The SH and 2-D
studieswereinterpreted independently by echocardiologists
blinded to thefindingsfrom physical examination.

Echocar diography

Hand-held echocardiography screening: Screening echo-
cardiography was performed using the hand-held ultrasound
device SH with a2 to 4 MHz broad band transducer. The SH
weighs5.31bs (2.4 kg) and ispowered by aternative current
or arechargeable lithium ion battery. The SH control panel
settingsare 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 viewswere obtained inal pa-
tients. Subcosta viewswere obtained at the discretion of the
echotechnologist. All valves were assessed by color-flow
Doppler. Studies were recorded on a mini-portable Sony
VHStaperecorder.

Two-dimensional conventional echocardiography: A Hew-
| ett-Packard Sonos 2500 or 5500 ultrasound machine (Philips
Medicd Systemsg/Agilent Technologies, Andover, Mass,,
USA) equipped with a2.5-3.5 MHz phased array transducer
was used for the conventiona echocardiographic study. All
standard views were obtained, including long and short para-
gernd views and two- and four-chamber apical and subcostd
views. Left ventricular end-diagtolic dimensionand septa thick-
nesswereobtainedin parasterna long-axisviews. Cornventiond
pulsed and continuous-wave Doppler and color-flow Daoppler
assessments were used to andyze al valves. Studies werere-
corded on VHStapefor subsequent interpretation.

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

wall motion analysi swas based on the 16-segment model of
the American Society of Echocardiography.l AnLV end-di-
agtolicsizeof = 5.5 cm denoted enlargement. L eft ventricular
hypertrophy (LVH) was diagnosed when the end-diastolic
septal wall thicknesswas=1.2cm. A left atrid (LA) size>4
cmmeasured onthelong 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. Pericardia 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.!

Statigtical Analysis

Conventiond 2-D findingswere considered asthe standard
of reference. Agreement coefficients between SH, 2-D, and
physical findingswerecalculated if applicable.

Results

All patientsenrolled 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 +
1.2 min.

Echocardiographic Findings

Chamber sizes and |eft 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 SHin 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 diagnoseswereal mild LVH, including the
eight patientsdiagnosed by 2-D and thefour diagnosed by SH.
Resultsand agreement coefficientsareshownin Tablel.

Left ventricular systolic dysfunction and wall motion ab-
normelities: Themean estimated lft ventricular gjection frac-
tion (LVEF) was49.6 + 14.9% by 2-D and 49.9+ 14.5% (p=
NS) by SH.

Therewasperfect agreement inthediagnosisof LV systolic
dysfunction, with 30 patientshaving 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 abnormdlities using SH.
One patient was believed to have WMA reveded by SH but
not by 2D (Tablell).
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Pericardial effusion: Nineteen patients had PE using 2-D
imaging. SonoHeart studies showed that 17 patients had PE,
which was pogitively confirmed in 15 patientsin 2-D studies.
None of these patients demonstrated significant signs of car-
diac compression, and no significant PE wasfoundin thefour
patients with negative SH findings. These results along with
agreement coefficientsareshownin Tablelll.

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
confirmedthisdiagnosisin 39, 23, 47, and 16 of these patients,
respectively. Resultsand the agreement coefficientsare sum-
marized in Table V. All regurgitations missed by SH were
classfied asmild when 2-D imaging was performed.

TaBLE | Leftventricular hypertrophy and chamber enlargement:
2-D versusSH

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 9% 0.89

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

TaBLE |l Leftventricular systolic dysfunctionand wall motion ab-
normalities: 2-D versusSH

SH Agreement
2-D Present  Absent % Kappa
LVEF<50%
Present 30 3
Absent 1 66 9% 091
WMA
Present 35 1
Absent 1 63 98 0.96

Abbreviations: LVEF = |eft ventricular gjection fraction, WMA =
wall motion abnormality. Other abbreviationsasin Tablel.

In addition, aortic stenosiswas diagnosed in four patients
by 2-D. Based on Doppler information, two patientshad mild
disease, one patient had mild to moderate aortic stenosis, and
one patient had moderate aortic stenosis. Mitral stenosiswas
diagnosed in one patient by 2-D. Of thosefive patients, mitral
stenosis and aortic stenosiswere detected in one and two pa-
tients, respectively, on the basis of valve thickening and de-
creased leefl et excursion visudized by SH. Two patientswith
mild aortic stenosis (not classified asstenotic by SH) werenot-
ed to haveathickened aortic valve when SH was used.

Physical Examination

Congestive heart failureversusleft ventricular systolic dys-
function: Of 10 patientswho had aphysica examination sug-
gestiveof congestive heart failure (CHF [jugular venous pres-
sure higher than 4 cm abovethe sterna angleor S3gdlop]), 9
had systolic dysfunction shown by both SH and 2-D. One pa
tient with LV EF estimated at 60 to 65% using both 2-D and
SH approaches had mild LVH with normal diastolic function
visuaized on 2-D. However, of 90 patientswith unsuspected
systolic dysfunction on physical examination, 21 had LV dys-
function, including 13 patientsin whom it was severe (EF <
35%) asreveded by SH. The 2-D resultsconfirmedthe SH re-
sultsin 20 of the 21 patientswith LV dysfunction. In addition,

TaBLE Il Pericardia effusion: 2-D versusSH

SH Agreement
2-D Present  Absent % Kappa
PE
Present 15 4
Absent 2 79 A 0.80

Abbreviation: PE = pericardia effusion. Other abbreviations asin
Teblel.

TaBLE IV Vavular regurgitation: 2-D versusSH

SH Agreement

2-D Present  Absent % Kappa
Mitral regurgitation

Present 39 6

Absent 7 48 87 0.74
Aorticinsufficiency

Present 23 2

Absent 4 71 A 084
Tricuspid regurgitation

Present 47 6

Absent 5 42 89 0.78
Pulmonicinsufficiency

Present 16 2

Absent 10 72 88 0.65

Abbreviationsasin Tablel.
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four patients, who had no physicd signssuggestiveof 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. Theseresults
aresummarizedin TableV.

Murmurs versus valvular disorders. Of 48 patients with
norma physica examinations, 16 had mild mitral regurgita-
tion (MR), and 3had moderate M R shown by SH. With theex-
ception of 2 of 16 patientswith mild MR, the SH resultswere
confirmed by 2-D. Another patient had mild MR diagnosed by
2-D but not by SH. Using SH, mild aortic insufficiency (Al)
was found in seven patients, and eight were diagnosed with
mild pulmonic insufficiency (PI).These results were con-
firmed by 2-D insix patientswith Al and in five patientswith
PI. Two-dimensional echocardiography did not identify any
additional patientswith Al or PI. Mild tricuspid regurgitation
(TR) wasfoundin 17 and moderate TR in 7 patients, while 1
had severe TR asdiagnosed by SH. Thesefindingswere con-
firmed by 2-D, except for mild TR in4 of the 17 patientswith
mild TR. An additional three patientshad mild TR diagnosed
by 2-D but not by SH.

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

TaBLE V  Congestive heart failure on physica examination versus
left ventricular systolic dysfunction on 2-D/SH

Physical examination
suggestive of CHF Agresment
2-D/SH Present  Absent % Kappa
LVEF<50% 99 21/24
LVEF=50% 1 69/66 78/75  0.35/0.31

Abbreviation: CHF = congestive heart failure. Other abbreviationsas
inTeblesl and 1.

TaBLE VI Murmurson physical examination versusvavular re-
gurgitation on 2-D/SH

Normal physica examination
2-D/ISH n=438
Mitral regurgitation

Present 20/19

Absent 28/29
Aorticinsufficiency

Present 6/7

Absent 42/41
Tricuspid regurgitetion

Present 24/25

Absent 24/23
Pulmonicinsufficiency

Present 5/8

Absent 43/40

Abbreviationsasin Tablel.

2with diastolic murmurs. Of the 39 patientswith systolic mur-
murs, 13 demongtrated no detectable lesions when SH was
used. Resultsby 2-D confirmed these data (except in onecase
of mild MR that wasonly seen when 2-D wasused). Both 2-D
and SH diagnosed Al in the two patients with diastolic mur-
murs, whereas SH additionally detected mild Pl inoneof these
patients. Thesefindingsare summarizedin Table V1.

Discussion

Our study demonstratesthat ascreening echocardiographic
study usingthe SH deviceisfeasible, rapid, and providesval u-
ableinformation beyond that found during awell-conducted
cardiovascular examination, especialy pertaining to asymp-
tomatic LV dysfunction, WMA, and presence of PE. This"5-
minute” test could be even shorter if therounding physicianis
the actua operator focusing the examination on asingle pa
rameter, such aslevel of LV systolic function, presenceof sig-
nificant WMA,, severevalvular regurgitation, or cardiac com-
pression secondary to asignificant PE.

A noticeableyet unsurprising finding wasthat SH and con-
ventional 2-D agreed perfectly onestimated LV systolicfunc-
tion, ssgmental WMA, presence of LV H, and enlargement of
chambers. Visud estimation of LVEF by experienced ob-
servers correlates highly with objective measuressuch asra-
dionuclide ventriculography.” In addition to being ableto as-
sign a patient to a New York Heart Association functional
class, early knowledge of systolic functionfrom SH may have
additional prognostic valuethat could beusedtoimproveand
expedite treatment plans. Furthermore, patients presenting
with unequivocal signsor symptomsof heart failurewith nor-
mal systolic function, demonstrated by echocardiography,
presumably have diastolic dysfunction, acondition that may
require different management approaches. Theimportance of
early detection of LV systolic dysfunction is highlighted by
theresultsof a2-year follow-up study of patientsevaluatedin
the emergency room for cardiac-related symptoms. Early ad-
verse events (occurring within 48 h of presentation) in pa
tientswith LV systolic dysfunction weremorethan eight-fold
higher than in patients who had no evidence of LV systalic
dysfunction (26.9vs. 3.3%, p<0.01). Early detection of this
condition could potentialy improve clinical decision mak-
ing.8 When conventional 2-D wasused, LV systolic dysfunc-
tion was the only finding associated with early and late ad-
verseevents after controlling for other risk factors.8 The abil-
ity of SH to detect asymptomatic systolic dysfunctionrapidly
providesavery important prognosticator whose presence re-
quiresimplementation of specific trestment and early man-
agement plans® Furthermore, therapid detection of early seg-
mental WMA may have an invaluable impact on managing
patients presenting with chest pain, particularly those who
have unremarkabl e el ectrocardiograms and negative cardiac
marker findings. Sabia et al. demonstrated that regiond
WMA found in patients presenting to the emergency room
with chest painismore sensitive than are electrocardiograph-
ic changesfor detecting acute myocardial infarction, and its
rapid discovery by SH may improve decision making.®
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Significant PE wasalso very rdiably detected with SH. As
described by Reddy et al., cardiac tamponade hasthree phas-
es, but often only thethird phaseisreadily diagnosed clinical-
ly by classical signs.0 Detecting PE during its earlier phases
using SH could significantly impact fluid management and
anticoagulation decisions.

Two-dimensional echocardiography and SH identified
vavular regurgitation equaly well. Findingsby SH wereaso
suggestiveof severeaortic or mitral genosis, with detection of
severevalvular thickening and reduced leaflet excursion. Al-
most one-hdf 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. Whereastheoretically none of
these patientswoul d require an aggressive early intervention,
our findingshighlight thelimited sensitivity of physica 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 becomethetechnique
of choicefor rapid screening, particularly for cardiology out-
patient referrals.

Our findingsarein agreement with the report by Spencer et
al.> demonstrating improvement in detection of important car-
diovascular pathology by SH when compared with physical
examination. Goodkin et al . found SH inferior to convention-
a 2-D inassessment of critically ill patients, which may bedue
tothelack of spectral Doppler capability needed inthe assess-
ment of several of their patientswith prosthetic valvesand di-
astolic dysfunction. Our study focused on examination of rel-
atively stable patients in whom the mgjor clinical questions
could beanswered without the use of spectral Doppler.

Study Limitations

Themgjor limitation of our study isour useof anearly mod-
e of the SH, which did not include pulsed Doppler, continu-
ous-wave Doppler, and M-mode. If these parametershad been
available, an even grester systematic comparison between SH
and conventional 2-D approaches would have been possible.
Theroleof pulsed and continuous-wave Doppler for ng
pressuregradients, severity of valvular disorders, and diastolic
filling patternshasbeen well established 1116 Themost recent
versions of hand-held echocardiographs are available with
Doppler and M-mode features, which should overcome some
of thelimitationsobservedin our study.

Conclusions

Screening cardiac patients with SH isarapid and feasible
techniquethat can be easily used during cardiology inpatient
rounds and augments findings from physical examination.
The use of thisapproach could obviate the need for aconven-
tiona 2-D echocardiogramin patientswith completely norma
or mildly abnorma screening studies. Our findingsraise 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
asefficaciousand safeasour current practices, especidly if the
use of hand-held echocardiography by noncardiologists be-
comeswidespread?Findly, will weactualy beableto contain
hospita costsand length of stay with the use of thistechnolo-
gy? These answers await future developments in the use of
hand-held echocardiography.
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