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We review the literature on diagnostic point-of-care ultra-
sound applications most relevant to hospital medicine
and highlight gaps in the evidence base. Diagnostic
point-of-care applications most relevant to hospitalists
include cardiac ultrasound for left ventricular systolic
function, pericardial effusion, and severe mitral regurgita-
tion; lung ultrasound for pneumonia, pleural effusion,
pneumothorax, and pulmonary edema; abdominal ultra-
sound for ascites, aortic aneurysm, and hydronephrosis;
and venous ultrasound for central venous volume assess-

ment and lower extremity deep venous thrombosis. Hos-
pitalists and other frontline providers, as well as
physician trainees at various levels of training, have mod-
erate to excellent diagnostic accuracy after brief training
programs for most of these applications. Despite the evi-
dence supporting the diagnostic accuracy of point-of-
care ultrasound, experimental evidence supporting its
clinical use by hospitalists is limited to cardiac
ultrasound. Journal of Hospital Medicine 2015;10:120–
124. VC 2014 Society of Hospital Medicine.

Similar to the physical exam, diagnostic point-of-care
ultrasound exams are performed at the bedside in real
time by hospitalists who are seeking a diagnosis. In
contrast, referral ultrasound exams involve multiple
providers and several steps. Typically, an ultrasound
technologist acquires images, a radiologist or cardiolo-
gist interprets the images, a report is prepared, and
results are sent to the referring hospitalist (Figure 1).
Another important difference is that although referral
ultrasound exams are usually comprehensive evalua-
tions of entire organs or anatomic spaces, often
without specific diagnoses in mind, point-of-care
ultrasound exams are aimed at making specific diag-
noses for well-defined clinical scenarios.1

The American Medical Association has reassured
providers that “ultrasound imaging is within the scope
of practice of appropriately trained physicians.”2 A
growing body of literature demonstrates that point-of-
care ultrasound is increasingly used by hospitalists for
more than just bedside procedures. Incited by ongoing
miniaturization of ultrasound devices, hospitalists are
beginning to use point-of-care ultrasound for diagno-
sis, treatment, monitoring, and screening of patients
(Figure 2). Our aim was to review the current litera-
ture for point-of-care ultrasound applications most
relevant to hospitalists and highlight gaps in the
current literature.

ABDOMEN
Ascites

Ultrasound is the gold standard for diagnosing ascites
and can detect as little as 100 mL of ascitic fluid.3

When ascites is not immediately evident, hospitalists
can apply the principles of the FAST (Focused Assess-
ment with Sonography in Trauma) examination to
detect small amounts of ascites by evaluating the most
dependent areas of the abdominopelvic cavity, the
hepatorenal, left subdiaphragmatic, and rectovesicular
or rectouterine spaces.1 When ascites is identified and
paracentesis is indicated, ultrasound guidance for site
selection reduces bleeding complications.4

Aortic Aneurysm

Novice providers with limited ultrasound training can
accurately screen patients for abdominal aortic aneu-
rysm (AAA). Multiple studies from emergency depart-
ments have shown that point-of-care ultrasound can
be used to accurately detect AAA, and a recent meta-
analysis of 7 high-quality studies demonstrated a sen-
sitivity of 99% (95% confidence interval [CI]: 96%-
100%) and a specificity of 98% (95% CI: 97%-
99%).5 Hospitalists could use ultrasound to rapidly
detect AAA in patients with acute abdominal pain,
monitor the size in patients with known AAA, and
possibly screen high-risk patients.6

Hydronephrosis

Once detected, relief of post–renal obstruction usually
results in rapid reversal of acute kidney injury.
Although diagnostic accuracy studies of detection of
hydronephrosis have yet to be conducted with hospi-
talists, studies of other frontline providers with limited
training in renal ultrasonography have revealed sensi-
tivities of 72% to 87% and specificities of 73% to
82% in patients with renal colic.7,8
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HEART
Studies of point-of-care cardiac ultrasound have
focused most on detection of left ventricular systolic
dysfunction. Yet studies among hospitalists have
yielded high diagnostic accuracy for an array of
abnormalities.9–11 Lucas et al. evaluated the diagnos-
tic accuracy of 9 hospitalists for 5 cardiac abnormal-
ities including left ventricular systolic dysfunction
after a 27-hour, structured training program. Positive
and negative likelihood ratios for point-of-care cardiac
ultrasound increased and decreased, respectively, the
prior odds by 5-fold or more for left ventricular sys-
tolic dysfunction, severe mitral regurgitation, and
moderate or large pericardial effusion. Likelihood
ratios changed the prior odds by 2-fold or more for
moderate or severe left atrial enlargement, and moder-
ate or severe left ventricle hypertrophy.9 Martin et al.
found that after a brief training program, hospitalists’
image acquisition and interpretation skills were
respectively below echocardiography technicians’ and
senior cardiology fellows’ skills.10 Yet in a follow-up
study, they found that bedside diagnosis of left
ventricle systolic dysfunction, cardiomegaly, and peri-
cardial effusion improved when point-of-care cardiac
ultrasound supplemented hospitalists’ physical
examination.11

In 1 of the few experimental studies of the impact
of point-of-care ultrasound on clinical care, Lucas

et al. randomized general medicine patients who were
referred by hospitalists for standard echocardiography
to care guided by point-of-care cardiac ultrasound ver-
sus care guided by the referral echocardiography
(usual care). Point-of-care cardiac ultrasound changed
hospitalists’ management for 37% of patients, and a
post hoc subgroup analysis of heart failure patients
demonstrated a statistically significant 15% reduction
in length of stay.12

LUNGS
Pneumonia

Normally aerated lung parenchyma generates A-lines,
horizontal hyperechoic lines that are artifacts due to
repeated reflections, or reverberations, between the
highly reflective pleura and transducer.1 These normal
A-lines disappear with pneumonia due to accumula-
tion of interstitial fluid and cellular exudate in con-
solidated alveoli. A meta-analysis of 9 studies of lung
ultrasound to diagnose pneumonia reported pooled
sensitivity of 97% (95% CI: 93%-99%) with specific-
ity of 94% (95% CI: 85%-98%).13

Pleural Effusion

Half of patients with community-acquired pneumonia
have a pleural effusion, yet chest x-ray often cannot

FIG. 1. Comparison of physical examination and point-of-care and referral

ultrasound examinations. The circles, squares, and triangles represent differ-

ent healthcare providers. The dotted lines separate 5 stages of bedside pro-

viders’ clinical decision making. The curved arrows represent transfer of

information—most commonly through written reports—from 1 provider to

another.

FIG. 2. Point-of-care ultrasound in hospitalized patients. After gathering a

medical history and performing a physical examination, a focused bedside

ultrasound exam can facilitate making a diagnosis or guiding further workup.

Diagnostic or therapeutic bedside procedures are performed with ultrasound

guidance to reduce complications. Serial point-of-care ultrasound exams are

performed to monitor disease processes and treatment effects. Screening to

detect asymptomatic, potentially treatable conditions can be undertaken

with point-of-care ultrasound. Abbreviations: PoCUS, point-of-care

ultrasound.
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differentiate pneumonia from pleural effusion, espe-
cially along the lower lung fields. Ultrasound can
accurately differentiate consolidated lung from pleural
effusion and is more sensitive than a chest x-ray for
detecting small pleural fluid volumes (100% vs
71%).14 Serial monitoring of size and character of a
pleural effusion can distinguish free flowing from
loculated pleural effusions. Drainage of pleural effu-
sions with ultrasound guidance is associated with a
lower rate of postprocedure pneumothorax and lower
total hospital costs.15

Pneumothorax

Lung ultrasound can accurately and rapidly detect
pneumothorax after lung and pleural procedures,
including thoracentesis, bronchoscopy, and transtho-
racic biopsy.2 Multiple studies have demonstrated that
lung ultrasound is superior to chest x-ray. Three
recent meta-analyses reported near-perfect specificity
for both ultrasound and x-ray. But the sensitivity of
ultrasound (79%–95%) was far better than that of
x-ray (40%–52%) to detect pneumothorax.16,17

The hallmark ultrasound findings of pneumothorax
include absence of lung sliding, absence of B-lines,
and a stratified pattern using M-mode ultrasono-
graphy (“stratosphere sign”). Both lung sliding and
B-lines rule out pneumothorax with a negative predic-
tive value of 100%.18 Absence of either finding, how-
ever, does not rule in pneumothorax with similar
strength. Absent lung sliding is seen in other condi-
tions, such as pleurodesis, mainstem intubation, and
massive atelectasis; absent B-lines are most suggestive
of the normal lung (see below).1

Pulmonary Edema

The classic ultrasound finding of acute pulmonary
edema is bilateral anterior B-lines. In contrast to hori-
zontal A-lines, B-lines are vertical, laser-like reverbera-
tions that originate from the pleura and are due to
interlobular septal edema. A linear correlation has
been shown between the quantity of B-lines and radio-
graphic lung water score (r 5 0.78; P< 0.01).19 Yet B-
lines are not specific for high pulmonary capillary
wedge pressure because interstitial edema can be
caused by a variety of etiologies. Nonetheless, visual-
ization of multiple B-lines in a single intercostal space
corresponds with a sensitivity of 86% to 100% and
specificity of 92% to 98% for either high- or low-
pressure pulmonary edema.20,21

VEINS
Central Venous Volume

The physiologic relationship between central venous
volume and central venous pressure (CVP) is complex.
Initially, there is upward stepwise progression to the
“stressed volume” threshold, and then the relationship
becomes curvilinear with the steepness of the slope

dependent on the stiffness or tone of the central
veins.22

The complexity of this relationship may explain the
variable diagnostic accuracy of inferior vena cava
(IVC) measurements to determine CVP, with measure-
ments best reflecting CVP at extreme values. An IVC
maximal diameter >2.0 cm predicted CVP >10 mm
Hg (sensitivity 82% and specificity 84%) and pulmo-
nary capillary wedge pressure >16 mm Hg (sensitivity
75% and specificity 83%) in 1 study.23 Adding mea-
surement of the collapsibility of the IVC with respira-
tion may improve diagnostic accuracy, particularly
with intermediate ranges of CVP and is recommended
by current echocardiography guidelines.24

Nonetheless, in patients with acute dyspnea, a
dilated, noncollapsing IVC may differentiate acute
decompensated heart failure (ADHF) from primary
pulmonary disease.25,26 IVC measurements may guide
fluid removal in hemodialysis and heart failure
patients.27,28 In 2 studies of patients hospitalized with
ADHF, lack of improvement of IVC collapsibility
index at the time of discharge was associated with
higher rates of readmission.29,30 A follow-up study
comparing diuresis guided by IVC collapsibility to
usual care in patients hospitalized with ADHF showed
a reduction in hospital readmission rates (4% vs 30%,
P 5 0.03) without an increase in hospital length of
stay or renal dysfunction.31 Patients with small, col-
lapsed IVCs can be administered intravenous fluids
safely, particularly in the setting of hypovolemic or
septic shock, and the response to this fluid resuscita-
tion can be assessed by serially measuring the change
in IVC diameter.32

Thromboembolism

Multiple studies have shown that point-of-care ultra-
sound can accurately diagnose deep venous thrombo-
sis (DVT) with a pooled sensitivity of 96% and
specificity of 96% based on a recent meta-analysis of
19 studies.33 In symptomatic patients with a lung
ultrasound pattern showing A-lines, positive and nega-
tive predictive values of DVT in predicting pulmonary
embolism (PE) were 94% and 98%, respectively.34 A
diagnostic accuracy study to diagnose PE using lung
ultrasound to detect pleural- or subpleural-based
lesions yielded a sensitivity of 90%, specificity of
60%, positive predictive value of 80%, and negative
predictive value of 78%.35 In a study of 96 patients
with suspected PE who underwent computed tomog-
raphy pulmonary angiogram (CTPA), a focused ultra-
sound exam of the heart, lungs, and lower extremity
veins was able to detect DVT (2.1%) or an alternative
diagnosis (56.2%) in the majority of these patients,
potentially obviating the need for CTPA in 58.4% of
patients.36 In addition, point-of-care cardiac ultra-
sound may reveal direct findings, such as free-floating
thrombus in the pulmonary artery, or indirect find-
ings, such as right ventricular dilation and systolic
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dysfunction, septal bowing, McConnell’s sign, or IVC
dilation.1 Cardiac abnormalities are more specific
(88%–94%) than sensitive (31%–77%), and absence
of cardiac abnormalities rules out massive PE, justify-
ing withholding thrombolytic medications in most
patients.37

RESEARCH GAPS
Most point-of-care ultrasound research has focused on
diagnostic accuracy. Yet the training required for hos-
pitalists to attain diagnostic competency remains con-
troversial.38 Evidence from cardiac point-of-care
ultrasound training suggests that the number of super-
vised studies is a key determinate in competency.39

For example, training programs based on 30 super-
vised studies11,15,40 outperformed those based on only
5 supervised studies.11 Nevertheless, the real value of
point-of-care ultrasound will be in leading hospitalists
to more appropriate treatment decisions that result in
better outcomes for patients.41 We believe that there
are 4 important clinical areas where future research
ought to focus.

First, can point-of-care ultrasound guide hospital-
ists’ decision making during cardiac arrest? Current
advanced cardiac life support (ACLS) guidelines rec-
ommend ruling out potentially reversible causes of
cardiac arrest, including tension pneumothorax, car-
diac tamponade, and massive pulmonary embolism,
but traditional physical examination techniques are
impractical to perform during cardiopulmonary resus-
citation. Point-of-care ultrasound may be able to
detect these conditions and facilitate emergent inter-
ventions, such as pericardiocentesis or needle decom-
pression.1 Identifying the absence of cardiac
contractility is importantly associated with a signifi-
cantly low likelihood of return of spontaneous circula-
tion.1,42 Whether or not point-of-care ultrasound
should be added to either “crash carts” or ACLS
guideline recommendations will depend on further evi-
dence demonstrating its value.

Second, should hospitalists seize the opportunity to
screen inpatients for abdominal aortic aneurysm and
asymptomatic left ventricular systolic dysfunction?
Although such screening has been successfully carried
out,6,43 widespread screening applications have been
slow to develop. Ultrasound waves, themselves,
impart no harm, but further research is needed to
weigh the benefits of early detection against the harms
of false-positive findings.

Third, how can hospitalists best utilize bedside
ultrasound to perform serial examinations of patients?
Unlike referral ultrasound examinations that take sin-
gle “snapshots” of patients at 1 point in time, point-
of-care ultrasound allows hospitalists to iteratively
monitor patients. Promising and needed applications
include serial examinations of the IVC as a surrogate
for central venous volume44 during both fluid resusci-
tation and removal, left ventricular contraction in

response to inotrope initiation, and resolution or wor-
sening of a pneumothorax or pneumonia.

Fourth, how should hospitalists integrate point-of-
care ultrasound into their workflow for common con-
ditions? Recognized protocols most relevant to hospi-
tal medicine include RUSH (Rapid Ultrasound for
Shock and Hypotension),45 FALLS (Fluid Administra-
tion Limited by Lung Sonography),46 BLUE (Bedside
Lung Ultrasound in Emergency),34 CLUE (Cardiovas-
cular Limited Ultrasound Exam),47 and intensive care
unit-sound.48 Several small single-institution studies
have demonstrated that bedside ultrasound may bene-
fit clinical decision making by differentiating cardiac
versus pulmonary causes of acute dyspnea.49,50 How-
ever, large, validating, multicenter trials are needed.
In addition, outcomes that better reflect both the
patients’ and payers’ perspectives ought to be consid-
ered. For example, how are doctor-patient relation-
ships affected? Is shared decision making and patient
(or physician) satisfaction improved? How are resour-
ces utilized and healthcare costs affected?

CONCLUSIONS
Hospitalists are striving to provide high-quality, cost-
effective healthcare, and point-of-care ultrasound may
contribute to achieving these goals by expediting diag-
noses and decreasing costly ancillary testing that uti-
lizes ionizing radiation. Hospitalists are uniquely
poised to advance the field by studying how point-of-
care ultrasound is best incorporated into patient care
algorithms.

Disclosure: Nothing to report.
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