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ABSTRACT

Cardiac ultrasound has been used for decades to assess a wide variety of structural and functional pathology,
as well as to monitor response to therapy. It offers the advantages of noninvasive, real-time dynamic functional
assessment without the risk of radiation. Cardiologists have traditionally employed this modality and have
established robust guidelines on the use of echocardiography. However, other specialties such as
emergency medicine and critical care have realized the benefit of cardiac ultrasound and have established
specialty guidelines in its use. There is growing evidence for the benefit of cardiac ultrasound at the point
of care on hospital wards, clinics, and even pre-hospital environments as well. The pervasive use of
focused ultrasound is perhaps most evident in the advent of ultrasound training in undergraduate medical
curricula. This paper reviews some of the key literature on the use of focused, point-of-care ultrasound by
noncardiologists. Feasibility, clinical utility, and emerging trends are reviewed.

POINT-OF-CARE ULTRASOUND EMERGES
The utility of point-of-care ultrasound by noncardiologists
has been recognized within the cardiology community for
decades. Although early published concerns described a lack
of established guidelines for cardiac ultrasound performance
by noncardiologists [1], emergency medicine has since
published its second set of guidelines on training, interpre-
tation, and use of ultrasound [2], and guidelines have been
published by intensivists as well [3]. Goal-directed training
can assist clinicians by quickly answering focused questions
at the bedside, and this should facilitate a wider range of
clinicians using the technology to improve patient care
acutely [4]. A 2011 reviewpaper highlighted the growing use
of point-of-care ultrasound by clinicians in over 20 spe-
cialties [5]. Increased training by clinicians across many
specialties, coupled with technology improvements yielding
lower cost and better quality studies, have contributed to this
trend. In 2010, a joint consensus statement by the American
Society for Echocardiography and the American College of
Emergency Physicians described the scope of practice for
focused cardiac ultrasound in emergent settings [6]. The
document outlines the utility of focused cardiac ultrasound
and distinguishes this type of assessment from comprehen-
sive echocardiography. The statement describes the major
goals of focused cardiac ultrasound:

1. Assessment for the presence of pericardial effusion;
2. Assessment of global cardiac systolic function;
3. Identification of marked right ventricular and left ven-

tricular enlargement;
4. Intravascular volume assessment;
5. Guidance of pericardiocentesis;
6. Confirmation of transvenous pacing wire placement.

These goals play an important role in the assessment of
acutely ill patients with cardiac trauma, cardiac arrest,
shock or hypotension, dyspnea, and chest pain.

It is important to note that for many specialties
employing point-of-care ultrasound, the heart is just part of
a broader, symptom-based evaluation. Many studies have
described evaluations of acutely decompensating patients
that include, for example, assessments of the heart, inferior
vena cava, lungs, abdominal organs, and deep veins in a
multisystem assessment [7e15]. Just as the heart is not the
only organ assessed with inspection or auscultation, it need
not be the only organ assessed with sonography, especially
in the setting of acute hemodynamic decompensation.

With this global historical background in mind, it is
relevant to examine the key literature that brought about
this sea change in the practice of cardiac ultrasound by
multiple specialties in the house of medicine.

EMERGENCY MEDICINE
Noncardiologists first demonstrated the benefit of goal-
directed cardiac ultrasound at the point of care in the
1980s. This paradigm shift from traditional ultrasound
imaging allowed clinicians to address a focused clinical
question in real time at the bedside. A 1988 study
demonstrated the feasibility of cardiac scans performed by
emergency physicians in 156 critically ill patients [16].
Patients with nonperfusing cardiac rhythms, hypotension,
and trauma were evaluated. The investigators described
cases where reversible causes of arrest were discovered, and
pathology such as pericardial effusion in trauma was
identified early, facilitating definitive care.

In 1992, Plummer [17] described emergency phys-
icianeperformed ultrasound in patients with suspected
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penetrating cardiac injury. Forty-nine patients were eval-
uated. Those evaluated with 2-dimensional echo demon-
strated 100% survival compared with 57.1% in cases
where ultrasound was not employed in the early evalua-
tion. Another study of hypotensive patients randomized to
ultrasound versus no ultrasound found the likelihood of
arriving at the correct diagnosis was increased from 50% to
80% with the use of ultrasound [8].

Emergency physicians were able to demonstrate peri-
cardial effusion with a sensitivity of 96% and specificity of
98% in another study of 515 emergency department pa-
tients at risk for effusion [18]. A prospective study
comparing emergency physician assessment of global left
ventricular function in hypotensive patients found an
interobserver correlation with cardiologists of r ¼ 0.86;
this matched the correlation between 2 cardiologists
reviewing the same studies (r ¼ 0.84) [19]. In a study of
115 emergency department patients, emergency physician
assessment of left ventricular function demonstrated 86%
agreement with cardiologist-performed echocardiograms
[20]. Central venous pressure measurements demonstrated
70% agreement.

The prognostic value of emergency physiciane
performed cardiac ultrasound has been demonstrated in
several studies. In a study of 70 cardiac arrest patients
(including 36 asystole and 34 pulseless electrical activity),
59 were found to have no evidence of cardiac activity on
ultrasound. No patient with sonographic asystole survived
the acute resuscitation [21]. A larger study of 169 cardiac
arrest patients found, regardless of their electrocardiogram
rhythm, none of the 136 patients with cardiac standstill on
ultrasound survived [22].

CRITICAL CARE
Intensivists have increased interest in bedside cardiac ul-
trasound over the last decade, often as part of a multi-
system hemodynamic assessment [3,23]. A study by
Goodkin et al. [24] compared the utility of hand-carried
ultrasound versus standard echocardiography in 80
acutely ill patients in the intensive care unit (ICU), step-
down units, recovery room, and emergency department.
All ultrasounds were performed by experienced sonogra-
phers and interpreted by echocardiographers. Hand-
carried ultrasound correctly answered 86% of clinical
questions it was configured to evaluate but missed
important findings including left ventricular function,
native valve function, left atrial thrombus, and a case of
cardiac tamponade. The investigators described the pri-
mary shortcomings of the hand-carried device as lack of
sensitivity of the Doppler feature and image quality prob-
lems. Thus, it was unclear whether training, experience, or
equipment played the major role in missed diagnosis.

In contrast, a more recent study evaluating hand-carried
ultrasound in the hands of hospitalists determined that
assessment of common cardiac abnormalities was “moderate
to excellent” [25]. In this study, 314 patients underwent

cardiac ultrasound performed by hospitalists and the results
were compared with standard echo evaluations. Positive (þ)
and negative (�) likelihood ratios (LR) for major cardiac
abnormalities were þLR: 4 to 100, �LR: 0.2 for left ven-
tricular dysfunction; þLR: 7 to 28, �LR: 0 for severe mitral
regurgitation; and þLR: 52, �LR: 0 for pericardial effusion
assessments. In this study, 2% to 6% of bedside assessments
were indeterminate.

Adequate image acquisition was demonstrated by
emergency physicians in all 151 patients enrolled in
another study of pocket-sized ultrasound devices in an ICU
[26]. The investigators found good correlation with con-
ventional echocardiography in assessment of global left
ventricular systolic function (kappa ¼ 0.87), severe right
ventricle dilation (kappa ¼ 0.87), inferior vena cava dila-
tion (kappa ¼ 0.90), respiratory variation of inferior vena
cava diameter (kappa ¼ 0.84), as well as pericardial effu-
sion (kappa ¼ 0.75) and compressive pericardial effusion
(kappa ¼ 1.00).

Another study of clinical utility in the ICU assessed a
protocol of focused transthoracic echo; adequate images
were obtained in 97% of cases. The ultrasound studies
added new information in 37.3% of cases and helped
medical decision making in almost one-quarter of patients
[27]. Assessment of cardiac contractility, effusion, tampo-
nade, and other pathology mirrors common indications in
emergency medicine and other acute care environments.

Vignon et al. [28] studied residents in an ICU envi-
ronment who underwent a focused training program
consisting of a 3-h training course and 5 h of hands-on
practice. Hand-held echocardiography was then studied
in 61 ICU patients, and the ability of residents to address
clinical questions was assessed. Residents’ findings were
compared with those of experienced intensivists; pathology
such as left ventricular systolic dysfunction (kappa ¼ 0.76)
and presence of pericardial effusion (kappa ¼ 0.68) were
detected in their patients.

HOSPITAL WARDS AND CLINICS
Many studies have addressed the use of point-of-care ul-
trasound outside of acute care environments. A clinic-
based study of first-year medical students instructed in
the use of ultrasound demonstrated they were able to
detect pathology in 75% of patients with known cardiac
disease, where board-certified cardiologists using stetho-
scopes could detect only 49% [29]. Pocket-sized ultra-
sound devices were used by general practitioners in
Norway to assess left ventricular function in patients with
suspected heart failure. Ninety-two patients were assessed
by general practitioners as well as cardiologists. General
practitioners were able to obtain standard views and
measure septal mitral annular excursion in 87% of patients.
Measurements made by general practitioners correlated
well with those obtained by cardiologists [30].

Internal medicine residents using ultrasound were able
to improve their diagnostic assessment of left ventricle
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