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Comparison of Effectiveness of Hand-Carried Ultrasound to Bedside
Cardiovascular Physical Examination

Sergio L. Kobal, MDa, Luca Trento, BSb, Simin Baharami, BSb, Kirsten Tolstrup, MDa,
Tasneem Z. Naqvi, MDa, Bojan Cercek, MD, PhDa, Yoram Neuman, MDa,

ames Mirocha, MSa, Saibal Kar, MDa, James S. Forrester, MDa, and Robert J. Siegel, MDa,*

This study compared the accuracy of cardiovascular diagnoses by medical students
operating a small hand-carried ultrasound (HCU) device with that of board-certified
cardiologists using standard physical examinations. Sixty-one patients (38% women;
mean age 70 � 19 years) with clinically significant cardiac disease had HCU studies
performed by 1 of 2 medical students with 18 hours of training in cardiac ultrasound
and physical examinations by 1 of 5 cardiologists. Diagnostic accuracy was deter-
mined by standard echocardiography. Two-hundred thirty-nine abnormal findings
were detected by standard echocardiography. The students correctly identified 75%
(180 of 239) of the pathologies, whereas cardiologists found 49% (116 of 239)
(p <0.001). The students’ diagnostic specificity of 87% was also greater than cardi-
ologists’ specificity of 76% (p <0.001). For nonvalvular pathologies (115 findings),
students’ sensitivity was 61%, compared with 47% for cardiologists (p � 0.040). There
were 124 clinically significant valvular lesions (111 regurgitations, 13 stenoses).
Students’ and cardiologists’ sensitivities for recognizing lesions that cause a systolic
murmur were 93% and 62% (p <0.001), respectively. Students’ sensitivity for diag-
nosing lesions that produce a diastolic murmur was 75%; cardiologists recognized
16% of these lesions (p <0.001). The diagnostic accuracy of medical students using an
HCU device after brief echocardiographic training to detect valvular disease, left
ventricular dysfunction, enlargement, and hypertrophy was superior to that of expe-
rienced cardiologists performing cardiac physical examinations. © 2005 Elsevier

Inc. All rights reserved. (Am J Cardiol 2005;96:1002–1006)
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e hypothesized that medical students without clinical ex-
erience could be trained to make accurate cardiac diag-
oses with a portable cardiac ultrasound device. Moreover,
e compared the cardiovascular diagnostic accuracy of
edical students using a hand-carried ultrasound (HCU)

evice with that of experienced cardiologists using conven-
ional physical examinations.

• • •
ixty-one patients with �1 of the following major cardiac
ndings identified by standard cart-based transthoracic
chocardiography participated in the study: left ventricular
LV) systolic dysfunction with an ejection fraction �50%
r any valvulopathy of moderate or greater severity. The
CU studies were performed by 1 of 2 medical students

rained in cardiac ultrasound, and the conventional cardio-
ascular examinations were conducted by 1 of 5 board-
ertified cardiologists for the assessment of a variety of
linically important cardiac findings that deserve treatment
r regular follow-up. The inclusion criteria, namely, LV
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ystolic dysfunction with an ejection fraction �50% or any
alvulopathy of moderate or greater severity, were arbi-
rarily called major findings; the rest of the findings were
alled minor findings. These findings are listed in Table 1.
he accuracy of students’ and cardiologists’ diagnoses were
etermined using standard echocardiography. Patients were
tudied in a consecutive fashion, and no patient was ex-
luded because of poor echocardiographic image quality.

The patients were 70 � 19 years of age. Thirty-eight
ercent were women, 33% were in intensive care units, 28%
ad atrial fibrillation, 11% had chronic lung disease, and
5% weighed �80 kg.

The Cedars-Sinai Medical Center Institutional Review
oard approved this study, and all patients signed an in-

ormed consent form.
Before entry into the study, standard echocardiography

Sonos 5500, Philips Medical Systems, Andover, Massa-
husetts; or HDI 5000, ATL Ultrasound, Inc., Bothell,
ashington) performed by cardiac sonographers was re-

orded on S-VHS tape and interpreted off-line by an echo-
ardiologist for the presence of any of the findings listed in
able 1. Valvular regurgitation and stenosis and pericardial
ffusion were graded using a 4-point scale (none to severe).
evere LV dysfunction was defined as an ejection fraction
35%. An internal LV diameter at end-diastole �60 mm,

V wall thickness �14 mm, and systolic pulmonary artery

www.AJConline.org
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1003Methods/Hand-Carried Ultrasound Improves Bedside Examinations
ressure �55 mm Hg were considered cut-off values to
efine LV dilation, LV hypertrophy, and pulmonary hyper-
ension as severe. Each diagnosis was confirmed by 2 echo-
ardiologists, each blinded to the other’s diagnosis. In any
ase of discordance between the 2 readers, the final result
as reached by consensus.
The HCU device used in this study, OptiGo (Philips

edical Systems, Andover, Massachusetts), weighs 2.9 kg
nd with a 2.5-MHz phased-array transducer provides 2-di-
ensional imaging and conventional color-flow Doppler

CFD). OptiGo CFD allows aliasing for the identification of
igh-velocity jets. There are variable settings for the CFD
ample location and color gain.

Two first-year medical students performed the HCU
tudies. The students received 18 hours of training in echo-
ardiography in 3 weeks. Training included 4 hours of
ecture and 14 hours of practical experience performing and
nterpreting studies.

HCU studies were performed at patients’ bedsides �4
ours after the standard echocardiographic examinations.
tudents did not interview patients or receive any data on

heir history other than the main symptoms for referral to
he standard echocardiographic studies. The 2-dimensional
nd CFD HCU images were obtained from the parasternal
ong- and short-axis, apical 4-, 3-, and 2-chamber, and
ubcostal views. All parameters were assessed categorically
present or absent), except for valvular regurgitation, which
as evaluated as none, mild, moderate, or severe. Valvular

egurgitation was considered for comparison between HCU
nd physical examination if aortic regurgitation (AR) was
reater than or equal to mild and mitral regurgitation (MR)
nd tricuspid regurgitation (TR) was greater than or equal to
oderate by standard echocardiography.
Because the HCU device used in our study is not pro-

ided with spectral Doppler, the diagnosis of pulmonary
ypertension and valvular stenosis was inferred from 2-di-

able 1
ardiovascular evaluation

inding Standard Echocardiographic Criteria

V systolic dysfunction LV ejection fraction �50%
V enlargement LV end-diastolic diameter �56 mm
V hypertrophy Septal and posterior wall thickness

�12 mm
ight ventricular enlargement Right ventricular end-diastolic diameter

�43 mm in 4-chamber view
ight atrial pressure high Inferior vena cava diameter �20 mm

without inspiratory collapse
ulmonary hypertension Systolic pulmonary artery pressure

�40 mm Hg
ericardial effusion � Moderate
R � Mild
R � Moderate

R � Moderate
ortic valve stenosis Aortic valve area �1.5 cm2

itral valve stenosis Mitral valve area �2 cm2
ensional and CFD signs. At the end of the HCU exami- t
ations, students completed a data sheet of the echocardio-
raphic findings.

One of 5 board certified cardiologists, unaware of the HCU
esults, evaluated the same findings assessed by the students
Table 1). The cardiologists were provided with the reasons
or referral to the standard echocardiographic studies. The
xaminations were performed in patients’ rooms according
o the cardiologists’ usual methods of physical examination
fter the students’ HCU studies. At the end of the exami-
ations, the cardiologists completed the same diagnostic
uestionnaire as that completed by the students.

The sensitivity, specificity, and accuracy of students’ and
ardiologists’ diagnoses were analyzed using the standard
chocardiographic examinations as the gold standard. Be-
ause the study was conducted in patients referred for car-
iac echocardiography, true normal patients were not in-
luded. Differences between students and cardiologists in
greement percentages for the same characteristics were as-
essed by McNemar’s test for related proportions. Differences
n agreement percentages between independent groups were
ssessed by Fisher’s exact test. p Values are given for all
ignificance tests. Calculations were performed using the
tatistical software package SAS version 8.2 (SAS Institute
nc., Cary, North Carolina).

Of 61 patients, 19 had 1 major finding on standard
chocardiography, 25 had 2 major findings, and 17 had 3
ajor findings. The most common referral symptoms pro-

ided to students and cardiologists were shortness of breath
36%), chest pain (22%), and fever (10%); less common
easons for referrals were syncope, stroke, and hypotension.

Of the 239 abnormal findings identified by standard
chocardiography, students recognized 75% (180 of 239)
nd cardiologists identified 49% (116 of 239) (p �0.001).
he specificities were 87% and 76% (p �0.001) for students
nd cardiologists, respectively. Even when considering the
ost severe cases of LV dysfunction (LV ejection fraction
35%) and severe valvular lesions, cardiologists’ diagnos-

ic rate was suboptimal (68%) compared with that of the
tudents (96%) (p �0.001).

The examiners’ sensitivity and specificity for specific
ardiac findings are listed in Table 2. The students had
tatistically significant greater sensitivity and specificity for
he identification of nonvalvular lesions. As shown in Fig-
re 1, the general accuracy of students for the assessment of
V size and function, LV thickness, right ventricular size, right
trial pressure, and pulmonary hypertension was 77%, signif-
cantly superior to cardiologists’ accuracy of 62% (p �0.001).

Students’ sensitivity was superior to cardiologists’ sen-
itivity, precisely, when evaluating the most severe cases of
V dysfunction, LV enlargement, and LV hypertrophy, as
emonstrated in Table 3. Students’ and cardiologists’ sen-
itivities for the severe findings were 73% (30 of 41) and
1% (21 of 41) (p � 0.049), respectively. Students’ and
ardiologists’ sensitivities for the nonsevere group were
2% (23 of 44) and 36% (16 of 44) (p � 0.210), respec-

ively.
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Standard echocardiography identified 111 clinically sig-
ificant valvular regurgitant lesions and 13 stenotic lesions:
7 greater than or equal to mild AR, 45 greater than or equal
o moderate MR, 39 greater than or equal to moderate TR,

aortic valve stenoses (valve area �1.5 cm2), and 5 mitral
alve stenoses (valve area �2 cm2). Students had signifi-
antly greater sensitivity (89%) than cardiologists (50%) for
he diagnosis of valvular lesions (p �0.001). As demon-
trated in Figure 2, for students and cardiologists, the le-
ions that cause a systolic murmur (84 MR and TR and 8
ortic stenoses) were more frequently diagnosed than the
esions that produce a diastolic murmur (27 AR and 5 mitral
tenoses).

Students were superior to cardiologists in identifying and
orrectly assessing the grade of regurgitation, regardless of
he severity of the regurgitant lesion. Of the 36 cases of
evere valvular regurgitation (1 AR, 19 MR, and 16 TR), 57
ases of moderate valvular regurgitation (8 AR, 26 MR, and
3 TR), and 18 cases of mild AR, students recognized
egurgitant jets of at least mild severity in 92% (102 of 111)
f the valvular regurgitations, and cardiologists identified
he corresponding murmurs in 49% (55 of 111) (p �0.001).
tudents’ and cardiologists’ specificities for the same find-

igure 1. Medical students’ (MS) and cardiologists’ (MD) diagnostic
ccuracy for nonvalvular lesions. Students were more accurate than board-
ertified cardiologists in diagnosing nonvalvular lesions. The most signif-
cant difference between groups was observed for diagnosing LV size and
unction. LVD � LV dysfunction; LVE � LV enlargement; LVH � LV
ypertrophy; RAP � elevated right atrial pressure; RVE � right ventric-
lar enlargement; PHT � pulmonary hypertension.

able 2
tudents’ and cardiologists’ (MD) diagnoses of nonvalvular lesions

inding Cases

Students

V ejection fraction �50% 22 86
V end-diastolic diameter �56 mm 12 67
V hypertrophy 23 65
ulmonary hypertension 28 39
levated right atrial pressure 14 50
ight ventricular enlargement 16 63
otal 115 61
ngs were 78% and 81%, respectively (p � NS). Students o
orrectly assessed the severity in 50% (55 of 111) of the
alvular regurgitant lesions, whereas cardiologists correctly
iagnosed 18% (22 of 111) of the cases (p �0.001).

• • •
he most important finding in our study is that the diagnos-

ic accuracy of first-year medical students using bedside
ardiac ultrasound examinations was significantly superior
o that of board-certified cardiologists performing cardiac
hysical examinations for the detection and evaluation of
elected valvular and nonvalvular cardiac abnormalities.
tudents’ overall diagnostic sensitivity was 75% compared
ith 49% for cardiologists, and students’ specificity was
7% compared with 76% for cardiologists. Specifically,
tudents identified 86% of LV dysfunction and 89% of
ignificant valvular lesions, whereas cardiologists diag-
osed only 45% and 50%, respectively.

These wide differences in diagnostic accuracy are con-
istent with previous reports on the accuracy of physicians’
hysical examination.1–10 Mangione et al11 found that only
6% of cardiology fellows and 39% of medical residents
ere proficient in cardiac auscultation. This inaccuracy ex-

ends to board-certified cardiologists, who missed 59% of
he cardiovascular findings in their physical examinations.12

he diagnostic ability of our board-certified cardiologists
ompared favorably with that demonstrated in these reports.
ur cardiologists identified 62% of the systolic murmurs, a
nding similar to those of previous studies.2,5,6,8,11–13 The
ensitivity of our cardiologists for the recognition of dia-
tolic murmurs was 16%, which is similar to previous stud-
es that found accuracies of 1% to 26%.2,8,11–16 Our study
opulation had an average of 3.9 findings per patient. This
act could have affected the sensitivity of cardiologists to
dentify multiple precordial murmurs instead of an isolated
urmur and biased the accuracy analysis toward ultrasound

echniques. The presence of several cardiac findings is com-
on in the clinical practice and increases with patient age.
his clinical confounder can be overcome by HCU, because
ltrasound techniques do not mask multiple pathologies.
learly, these differences do not imply deficiency on the
art of cardiologists but rather the great inherent difficulty
nvolved in evaluating the function of many organs by use

ivity (%) Specificity (%)

MD p Value Students MD p Value

45 0.002 82 69 0.302
75 1.000 94 63 �0.001
43 0.227 71 63 0.581
36 1.000 88 70 0.109
57 1.000 83 70 0.263
44 0.508 95 82 0.109
47 0.040 84 68 �0.001
Sensit
f palpation, percussion, and auscultation.
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Students’ performance illustrates how bedside cardiac
xamination can be improved by diagnostic imaging, even
hen experience in imaging acquisition and knowledge of
athologic anatomy is limited. Students were remarkably
ccurate in some diagnoses and only good in others. Our
tudents had high sensitivity in identifying LV dysfunction
86%) and lower sensitivity in diagnosing LV enlargement
67%), LV hypertrophy (65%), and right ventricular en-
argement (62%). Similarly, students recognized regurgitant
ets in 92% (102 of 111) of the clinically significant valvular
egurgitations, and they correctly assessed their severity in
0% (55 of 111) of the cases. Trained cardiologists using
CU devices performed better: the levels of diagnostic

ccuracy for LV dysfunction,17–20 LV hypertrophy,18,21,22

nd valvular dysfunction21,23 increased to as much as 96%.
hus, our data also illustrate that HCU diagnostic accuracy
aries with the parameter evaluated and the level of echo-
ardiographic training.

HCU diagnostic accuracy is also influenced by device
haracteristics.24 The HCU device chosen for this study
OptiGo) has 2-dimensional and CFD capabilities. To some

igure 2. Medical students’ and cardiologists’ (MD) diagnostic sensitivity
sens) and specificity (spec) for valvular lesions. The sensitivity of students
o recognize valvular lesions (111 valvular regurgitations and 13 valvular
tenoses) was significantly superior to that of board-certified cardiologists
or those that cause a systolic murmur (n � 92) as well as a diastolic
urmur (n � 32). Students’ and cardiologists’ specificities were similar.

able 3
tudents’ and cardiologists’ (MD) sensitivities by severity

inding

V ejection fraction �35%
5% �LV ejection fraction �50%
V end-diastolic diameter �60 mm
6 mm �LV end-diastolic diameter �60 mm
V hypertrophy �14 mm
2 mm �LV hypertrophy �14 mm
ulmonary hypertension �55 mm Hg
0 mm Hg �pulmonary hypertension �55 mm Hg
xtent, our students’ performance was limited by the ab-
ence of spectral Doppler capability. We estimate that 17%
41 of 244) of the cardiac findings were not detected be-
ause of the lack of spectral Doppler. Thus, students per-
ormed less well in the assessment of pulmonary hyperten-
ion, which is best assessed by spectral Doppler. Even so,
y using right ventricular hypertrophy to infer diagnoses,
tudents’ sensitivity was comparable with that of cardiolo-
ists (39% vs 36%). Although the precise echocardio-
raphic Doppler assessment of mitral and aortic stenosis
everity generally uses spectral Doppler, students were able
o accurately identify 8 of 13 of clinically significant val-
ular stenoses using 2-dimensional and CFD signs, similar
o cardiologists (6 of 13 cases).
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