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Abstract

Purpose of Review The undifferentiated dyspneic patient
is one of the most common critically ill patients encoun-
tered by hospital providers and continues to present a
diagnostic challenge. Since its advent, bedside ultra-
sonography has demonstrated increasing clinical utility in
identifying cardiopulmonary causes of dyspnea including
left-sided heart failure, pulmonary edema, acute and
chronic right-sided heart strain and failure, pneumonia,
pleural fluid collections, airway processes such as chronic
obstructive pulmonary disease, and cardiac tamponade.
This review discusses the ability of point of care ultrasound
to identify the cause of dyspnea in patients both in the
emergency department, before hospitalization, and during
hospitalization.

Recent findings Recent trends include demonstrable fea-
sibility in novice users such as resident physicians and
emergency triage nurses with no previous exposure to
ultrasound and development of an automated algorithm to
direct management of the dyspneic patient. Notable ad-
vances in employing ultrasound include demonstrable
efficacy of multiorgan protocols, diaphragmatic
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assessment, and bedside echocardiography in elucidating
the etiology of dyspnea. Recent evidence highlights ultra-
sound’s diagnostic accuracy in identifying pulmonary
edema and feasibility when using portable units and when
performed by relatively inexperienced users.

Summary As ultrasound technology and its omnipresence
in medicine advances, clinicians will encounter robust
evidence that point of care ultrasound aids in understanding
undifferentiated dyspnea. Additionally, providers will be
exposed to novel uses of ultrasound that may advance
patient care.

Keywords Point-of-care ultrasound - Dyspnea - Heart
failure - Right heart dysfunction

Introduction

Dyspnea is a symptom that is commonly seen in patients
with life threatening conditions of both cardiogenic and
pulmonary causes and continues to be a diagnostic
dilemma for the acute care physician and hospitalist. The
differential diagnosis for these signs and symptoms is
broad and includes pleural effusion, pneumothorax, pneu-
monia, cardiogenic pulmonary edema, chronic pulmonary
hypertension, pulmonary embolism, pericardial effusion,
primary pulmonary processes (i.e., exacerbation of chronic
obstructive pulmonary disease, and asthma), and non-car-
diogenic pulmonary edema (i.e., the acute respiratory dis-
tress syndrome). Using characteristic sonographic artifacts,
lung ultrasound has established itself as a valuable tool in
assessing the dyspneic patient by emergency physicians,
intensivists, and internists. Moreover, multiple protocols
exploit these findings to practically help guide management
even after elucidating the underlying diagnosis. Since the
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recognition of pulmonary parenchyma as tissue that is
accessible by ultrasound, bedside lung sonography has
gained widespread acceptance as an investigative modality
that provides powerful diagnostic assistance. When cou-
pled with bedside echocardiography and assessment of the
inferior vena cava, ultrasonography is a tool that has shown
increasing clinical utility with its expanding adoption. With
its ascent in popularity, efforts have focused on assessing
its ease of learning and efficacy in novice users and even
computerized automation of its utility.

Trends in Sonographic Assessment of the Dyspneic
Patient

Recent work has shown that in the hands of providers with
no previous lung ultrasound experience, minimal tutorial is
required to improve the diagnostic accuracy in patients
with dyspnea. In a recent study, internal medicine residents
were provided handheld ultrasound devices and obtained
sonographic data from a convenience sample of patients
admitted to their inpatient service with a complaint of
dyspnea [1]. All participating residents underwent two,
ninety minute didactic sessions with supervised bedside
instruction in image acquisition. Two residents participated
in an additional training period of two weeks on a critical
care ultrasound elective rotation. Use of ultrasonography
improved diagnostic accuracy when compared with clinical
methods alone. Furthermore, the participants who
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Fig. 1 Pleural effusion. The liver is identified by the area of red
shading. Superior to the liver, the lateral portion of the right
diaphragm is identified by the overlying blue line. Superior to the
diaphragm, an anechoic or black area is outlined by the white dashed
line and represents fluid in the pleural space. Due to the presence of
fluid in the pleural space, which is an excellent conductor of
ultrasound waves, the spine can be visualized midline. The spine
would not be visualized through normal aerated lung as air scatters
ultrasound waves. [See Supplemental Video 1] (Color figure online)

underwent extended training demonstrated incremental
improvement in sensitivity of diagnosis of pleural effusions
(Fig. 1, video 1) and exacerbations of chronic obstructive
pulmonary disease/asthma. These data suggest that skills in
lung ultrasound can be acquired with minimal training and
incremental training can yield further diagnostic benefit.
With the advent of lung ultrasound as a powerful clinical
aid, there has been recent suggestion of the need to develop
standards of training and education regarding lung ultra-
sonography [2].

In addition to internal medicine residents, recent work
has shown diagnostic accuracy when bedside lung ultra-
sound is performed by experienced emergency nurses [3].
Two emergency triage nurses assessed a total of 106
patients with a chief complaint of dyspnea, of which ninety
were included in final statistical analysis. Utilizing the
Bedside Lung Ultrasound in Emergency (BLUE) Protocol,
an internationally accepted protocol of investigating acute
respiratory failure with ultrasound [4¢], patients were cat-
egorized as having dyspnea of cardiac or non-cardiac ori-
gin. These impressions were compared to a criterion
diagnosis ascribed by an emergency physician at the con-
clusion of the clinical encounter. Sensitivity and specificity
approached 100 % with a positive likelihood ratio of 22.41.
This pilot study’s findings suggest that lung ultrasound
helps nursing staff form an accurate clinical impression,
potentially facilitating expeditious and appropriate treat-
ment of the critically ill.

As lung ultrasound gains widespread acceptance as a
diagnostic tool, there are increasing numbers of novice
users. As a result, technologic advances have been
explored that may help bolster the clinical confidence to
act on sonographic findings. A sonographic artifact seen in
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Fig. 2 B Lines. The dotted white line delineates the pleural line
where the parietal and visceral pleura are opposed. The solid white
lines indicate the initial trajectory of B lines, vertical hyperechoic
lines, which originate at the pleural line and are indicative of
interstitial fluid in the lung. [See Supplemental Video 2]
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lung ultrasound images that is highly suggestive of pul-
monary interstitial fluid, most commonly caused by acute
heart failure, is the “B line.” B lines appear as echogenic
vertical lines that arise from and move with the pleural line,
extending to the edge of the screen (usually to a depth of
16 tol8 cm (Fig. 2, video 2). B-line counts of three or
greater within a single intercostal space correlate with
clinically significant interstitial edema. Brattain et al. [5]
developed and validated a computerized algorithm from
video clips derived from a large emergency ultrasound
training study. This automated algorithm identified B lines
quantitatively and achieved 100 % accuracy in scoring
video clips selected by clinicians as having no B lines to
multiple B lines. The development of a computerized
algorithm may aid in future education and training of
novice users via standardization of B-line quantification.

Bedside lung ultrasound has gained significant wide-
spread acceptance among clinicians as a portable diagnos-
tic modality with minimal risk but significant utility in
diagnosing critical causes of dyspnea. Future directions
should include consideration of training, education and its
use by novice providers, potentially aided with computer-
ized automation.

Methods in Using Ultrasound in Evaluating
the Dyspneic Patient

Chest radiography is often unable to differentiate a car-
diogenic edematous infiltrate from an infectious infiltrate.
Specifically, in the setting of pulmonary edema, it is often
impossible to exclude underlying infection using the chest
radiograph. It has recently been demonstrated that B-line
scores ascertained from the BLUE protocol are signifi-
cantly higher in patients with an infectious pneumonia with
concomitant acute left ventricular heart failure than those
with an isolated pneumonia [6]. These bedside data are
easily obtained from four standardized BLUE protocol
views of the lungs and provide actionable clinical data.
When using a B-line score cutoff value of 8, the sensitivity
and specificity of accurately diagnosing pneumonia with
acute left ventricular heart failure was 80.7 and 100 %,
respectively.

Several recent studies have used integrated multiorgan
examinations to elucidate the underlying cause of dyspnea.
Mantuani et al. [7¢] describe a Triple Scan consisting of
bedside echocardiography (parasternal long, short axis and/
or apical 4-chamber), 4-point lung scan (consisting of the
bilateral anterior lung windows), and assessment of inferior
vena cava (IVC) collapsibility. A priori sonographic find-
ings were established with each diagnosis consisting of a
constellation of ultrasound findings [8¢]. The presence of B
lines bilaterally, poor left ventricular systolic function
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Fig. 3 Poor left ventricular ejection fraction. This parasternal long
view of the heart was obtained by placing the phased array probe to
the left of sternum at approximately the fourth intercostal space with
the indicator pointed toward the patient’s right shoulder. The left
atrium (LA), mitral valve (MV), left ventricle (LV), aortic valve
(AV), right ventricular outflow tract (RVOT), and descending
thoracic aorta (DTA) are all seen in this image. This parasternal
long view demonstrates poor left ventricular systolic function as
evidenced by minimal inward movement of the walls of the left
ventricle and significantly diminished excursion of the anterior leaflet
of the mitral valve. [See Supplemental Video 3]
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Fig. 4 The inferior vena cava is outlined by the white dashed line.
The hepatic vein, seen entering the inferior vena cava, is indicated by
the asterisk (¥). The right atrium, into which the inferior vena cava
enters, is marked by a caret (*). The inferior vena cava seen here is
plethoric; it is large caliber and does not vary in size with respirations.
Such an inferior vena cava may be seen in a patient with an
obstructive process such as heart failure, cardiac tamponade, massive
pulmonary embolus, or tension pneumothorax. [See Supplemental
Video 4]

(Fig. 3, video 3), and a non-respirophasic IVC (Fig. 4,
video 4) defined acute decompensated heart failure.
Absence of B lines, normal to poor cardiac function with a
non-respirophasic or flat IVC (Fig. 5, video 5) defined
COPD. Unilateral B-lines or lung consolidation with
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Fig. 5 Flat inferior vena cava. The inferior vena cava is outlined by
the white dashed line. While not necessary to visualize the inferior
vena cava, color doppler has also been placed on this image and
demonstrates blood flow within the inferior vena cava. The inferior
vena cava seen here is small caliber and nearly collapses with
respirations. Such an inferior vena cava may be seen in a
hypovolemic patient who is dehydrated from a process such as
diabetic ketoacidosis, significant gastrointestinal losses, sepsis, or
hemorrhage. [See Supplemental Video 5] (Color figure online)

normal or hyperdynamic left ventricular systolic function
and a non-plethoric IVC defined the sonographic diagnosis
of pneumonia. Treating physicians were asked to give their
most likely diagnosis after history and physical examina-
tion and before serum or radiographic investigations
resulted. After performing and disclosing the triple scan
results to the treating physician, the overall diagnostic
accuracy improved from 53 to 77 %. The clinical data
provided by the triple scan also demonstrated 100 % sen-
sitivity and 84 % specificity for the diagnosis of acute
decompensated heart failure.

An integrated Lung and Cardiac UltraSound (LUCUS)
protocol described by Russell et al. [9] demonstrated 83 %
sensitivity and specificity with a positive likelihood ratio of
4.8 in the diagnosis of acute decompensated heart failure as
the cause of dyspnea. This protocol utilized 12 views in
total and required a mean of 12 minutes to perform. The
findings from the LUCUS protocol resulted in changes in
acute management (i.e., a new consult) in 47 % of patients
and treatment in 42 % (i.e., discontinuation of albuterol or
cessation of intravenous fluid administration).

In a study evaluating left ventricular ejection fraction,
inferior vena cava collapsibility and pleural B lines,
Anderson et al. [10¢] demonstrated a 100 % specificity for
the diagnosis of acute left heart failure as the cause of
dyspnea in one hundred and one emergency department
patients with a complaint of shortness of breath. Combin-
ing an ejection fraction cutoff of 45 %, an inferior vena
cava collapsibility index of less than 20 % and a total

B-line score of at least 10 B lines, his group demonstrated a
sensitivity of 36 % and a specificity of 100 % for diag-
nosing acute decompensated heart failure as the etiology of
dyspnea. This is compared to a sensitivity of 75 % and a
specificity of 83 % when using a brain natriuretic peptide
cutoff of 500.

In addition to examination of cardiac function, inferior
vena cava collapsibility, and pulmonary parenchyma,
recent work has evaluated diaphragmatic function and
correlated it with pulmonary performance measures in both
normal subjects and patients afflicted with chronic
obstructive pulmonary disease.

Boon et al. [11] evaluated one hundred and fifty normal
subjects and ascertained their diaphragmatic thickness
using a high-frequency linear probe. A diaphragmatic
thickness of 0.15 cm at end expiration or functional
residual capacity with a greater than 20 % increase in
thickness from functional residual capacity to total lung
capacity is normal. Additionally, these values are mini-
mally affected by age, gender, body mass index, or
smoking history.

A recent study investigated the association of
diaphragmatic excursion, measured as the difference in
position of the end-expiratory and end-inspiratory lung
silhouette (the margin of aerated parenchyma interfaced
with the liver or spleen on the right and left sides,
respectively), with forced expiratory volume over 1-second
(FEV1) [12]. Using ultrasound, the lung margin is identi-
fied and the patient is asked to inhale maximally, then
exhale maximally. The change in distance of the lung sil-
houette was then measured using electronic calipers. In a
twenty-person cohort each of COPD GOLD class II, III,
and IV and a twenty-person cohort of normal subjects, it
was noted that with incremental worsening in GOLD class
status, ultrasonographic measurement of diaphragmatic
excursion decreased. When plotted against their FEV1,
there was strong correlation.

Ultrasound assessment of diaphragmatic dysfunction is
a novel investigative modality in the assessment of the
dyspneic critically ill patient. Like all novel modalities, its
utility is predicated on its reproducibility. Smargiassi et al.
[13] measured diaphragmatic thickness at varying lung
volumes. Their data showed good intra-observer repro-
ducibility suggesting that the assessment of diaphragmatic
thickness is feasible. Furthermore, their data suggested that
lower diaphragmatic thickness and lower diaphragmatic
thickening at total lung capacity are seen in patients with a
higher degree of air trapping and with weakening of
skeletal muscle, specifically the diaphragm, as muscle
atrophy occurs in COPD. In the dyspneic patient, ultra-
sound measurements of diaphragmatic excursion and
thickness may identify diaphragmatic dysfunction as the
cause of the patient’s respiratory symptoms.
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Fig. 6 Pericardial effusion and tamponade. This parasternal long
view of the heart was obtained by placing the phased array probe to
the left of sternum at approximately the fourth intercostal space with
the indicator pointed toward the patient’s right shoulder. The left
atrium (LA), left ventricle (LV), aorta (Ao), right ventricular outflow
tract (RVOT), and descending thoracic aorta (DTA) are all seen in
this image. This parasternal long view demonstrates right ventricular
diastolic collapse as evidenced by the inward scalloping of the free
wall of the right ventricle (dashed white line) and near complete
compression of the RVOT. The heart is surrounded by a circumfer-
ential pericardial effusion which is anechoic (black). An incidental
finding of left ventricular hypertrophy, with the left ventricular wall
appearing to have a thickness over 1 cm, is also seen. [See
Supplemental Video 6]

Pericardial effusion with concomitant tamponade
(Fig. 6, video 6) is an extra-pulmonary etiology of dyspnea
that is readily diagnosed using bedside ultrasonography.
Investigators have begun utilizing ultrasonography to
identify tamponade as the culprit etiology in dyspneic
patients with confounding clinical circumstances.
Recently, Vallabhajosyula et al. [14] reported identifying
cardiac tamponade as the etiology of dyspnea in a patient
with severe, chronic pulmonary hypertension, preventing
the committal of the cognitive error of premature diag-
nostic closure in a complex patient. Cheng et al. [15]
identified a pericardial effusion with early tamponade as
the initial presentation of systemic lupus erythematosus.
Recent work has demonstrated its utility in helping guide
management of confounding cases of dyspnea. When a
patient’s dyspnea is unexplained after emergency depart-
ment work up for pulmonary, infectious, hematological,
traumatic, psychiatric, cardiovascular, or neuromuscular
etiologies, emergency providers and hospitalists should
evaluate for pericardial effusion. In a group of 103 patients
with unexplained dyspnea, 14 (13.6 %) were found to have
pericardial effusions. 7 (49 %) of the patients were
admitted to the hospital for moderate to large effusions and
all 4 patients with large effusions underwent pericardio-
centesis [16].
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Fig. 7 Right heart strain. This parasternal short view of the heart was
obtained by placing the phased array probe to the left of sternum at
approximately the fourth intercostal space with the indicator pointed
toward the patient’s left shoulder. The left ventricle (LV), right
ventricle (RV), and interventricular septum (dashed white line) are all
seen in this image. This parasternal short view demonstrates a dilated
right ventricle and flattening of the interventricular septum, both
findings indicative of right heart dysfunction. These findings may be
seen in the presence of acutely elevated pulmonary pressures, as in
pulmonary embolism, or chronic pulmonary hypertension. In chronic
right heart dysfunction, hypertrophy of the right ventricle may be
noted via a right ventricular wall thickness that exceeds 0.5 cm, the
upper limit of normal for RV wall thickness. [See Supplemental
Video 7]

Evidence of pulmonary embolism (PE) as the etiology
for dyspnea can also be detected on ultrasound examina-
tions. Most practitioners envision using echocardiography
to detect signs of right heart strain suggestive of the pres-
ence of PE (Fig. 7, video 7). In a retrospective study of
emergency physician-performed transthoracic echocardio-
graphy (TTE), the presence of right heart strain was the
most important predictor of in-hospital adverse events with
an odds ratio of 9.2 [17]. In a study of normotensive PE
patients, goal-directed echocardiography at bedside detec-
ted right ventricular dysfunction with a high accuracy
exceeding that of biomarkers (BNP, troponin) and CT
[18e¢]. In the study, bedside goal-directed echocardiogra-
phy performed by ED providers had a sensitivity of 100 %
and a specificity of 99 % for right ventricular dysfunction
when compared to comprehensive echocardiography.
Mansecal et al. demonstrated that an EM provider-per-
formed TTE and lower extremity venous ultrasound for
deep venous thrombosis (DVT) had a sensitivity of 97 %
for PE in a subset of patients with dyspnea [19]. In a
subsequent study, multiorgan ultrasound of the heart,
lungs, and leg veins yielded a sensitivity of 90 % and a
specificity of 86.2 % for PE when compared to multi-de-
tector computed tomography pulmonary angiography
(MCTPA) [20]. All multiorgan ultrasound exams were
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performed prior to CT and were considered positive for PE,
if subpleural infarct, RV dilation, or DVT were present.

Ultrasound, specifically TTE, serves not only to help
diagnose PE but also to explain dyspnea in the absence of
PE by detecting RV dysfunction. Kline and colleagues
evaluated a group of patients with persistent dyspnea
despite CT negative for PE. They found that the combi-
nation of a negative CT for PE and persistent dyspnea had a
positive predictive value of 53 % for isolated RV dys-
function or overload on echo [21]. Thus, TTE should be
considered in patients who remain symptomatic despite a
negative CT for PE as earlier diagnosis and work up of
isolated RV dysfunction and pulmonary hypertension may
improve outcomes.

Evidence Guiding the Use of Ultrasound
in Dyspnea

A recent systematic review and meta-analysis of the liter-
ature examining the utility of ultrasound in diagnosing
acute cardiogenic pulmonary edema (ACPE) in dyspneic
patients showed a sensitivity of 94.1 % and a specificity of
92.4 % when compared to the final diagnosis established in
follow-up [22]. The studies were conducted in the emer-
gency department, intensive care unit, and prehospital
setting. The presence of B lines on lung ultrasound
increases the likelihood that the cause of dyspnea is acute
cardiogenic pulmonary edema in patients with a moderate
to high pretest probability of ACPE. Alternatively, in
patients with a low pretest probability, the absence of B
lines on lung ultrasound virtually rules out acute cardio-
genic pulmonary edema as the etiology.

Essential to the applicability of any clinical technique is
its ease of use and reproducibility. Gullett et al. [23]
compared expert/expert pairings of emergency sonologists
to expert/novice pairings and evaluated interobserver reli-
ability in sonographic B-line assessment and interpretation
in patients with undifferentiated shortness of breath. This
study was unique in that all evaluations were performed
realtime as opposed to studies that evaluate B lines via
review of previously recorded ultrasound exams. Overall,
there was excellent interobserver agreement in the ante-
rior/superior lung zones, but poor agreement in the lateral
lower lung zones. Experience did not appear to affect inter-
rater reliability. Chiem et al. [24] compared novice sono-
graphers to one expert sonographer’s ability to assess for B
lines. The novice group was comprised of 66 EM residents
with basic emergency medicine ultrasound training without
any prior training in lung ultrasound for B lines. They
received a 30-min training in thoracic ultrasound for the
detection of B lines prior to participating in the study. The
novices were able to obtain adequate images in nearly all

patients (95 % of the time). Furthermore, they showed very
good agreement with expert interpretation of their images.
Receiver operator characteristic analysis showed similar
areas under the curve between novice and expert sonog-
raphers, indicating that B-line assessment in lung ultra-
sound is a feasible and reproducible method even in the
hands of novice sonographers.

Comparison of resident physicians’ abilities to identify
pulmonary edema using lung ultrasound or chest radiog-
raphy was examined [25]. In a prospective, blinded,
observational study comparing the accuracy of diagnosis of
pulmonary edema using the aforementioned modalities
(after a brief tutorial in interpreting each for pulmonary
edema), residents in emergency medicine, internal medi-
cine and radiology all identified pulmonary edema on lung
ultrasound with greater overall accuracy than chest radio-
graphy, supporting that physicians with minimal exposure
to lung sonography can utilize it to diagnose pulmonary
edema.

In a large, multicenter, prospective cohort study, use of
lung ultrasound in concert with clinical assessment
demonstrated superior diagnostic accuracy when compared
to clinical assessment alone, chest radiography alone, and
natriuretic peptides [26] in differentiating acute decom-
pensated heart failure from non-cardiogenic dyspnea.
When lung ultrasound was used in conjunction with initial
clinical workup, sensitivity was 97 % and specificity was
974 %. In another recent study, Gallard et al. [27]
demonstrated diagnostic accuracy of 90 % in emergency
patients with acute dyspnea. In addition to accurately
diagnosing cardiogenic pulmonary edema, treating clini-
cians utilizing ultrasound also identified other causes of
dyspnea including pneumonia, pleural effusion, and
decompensated chronic obstructive pulmonary disease and
asthma.

In patients with tachypnea, dyspnea, or hypoxemia on
pulse oximetry, point-of-care ultrasound of the heart, lungs,
and deep veins identified acute life threatening causes after
initial workup and admission with a sensitivity of 100 %,
specificity of 93.3 %, positive predictive value of 76.7 %,
and a negative predictive value of 100 % [28°]. In a
prospective, parallel group, randomized control trial con-
ducted by the same investigators, patients receiving a
point-of-care ultrasound of the heart, lungs, and deep veins
had significantly higher rates of correct diagnoses and
appropriate treatment initiation within four hours after
admission to the emergency department for respiratory
symptoms than patients receiving only standard diagnostic
tests [29¢]. In an intensive care unit population of 128
patients with pulmonary edema, the group randomized to
integrated cardiopulmonary ultrasound had a shorter time
to determination of cause of pulmonary edema and
received smaller fluid infusion volumes overall. In the
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subset of patients with cardiogenic pulmonary edema, ICU
lengths of stay were significantly shorter and return to
normal cardiac biomarker levels occurred more rapidly
[30]. This study did not demonstrate a significant differ-
ence in mortality.

New, more compact, and portable technologies are
emerging. In a small study examining the utility of hand-
held portable ultrasounds in performing cardiac examina-
tions, Mancuso et al. [31] demonstrated that rapid
confirmation of the initial suspected diagnosis could be
achieved, potentially expediting management of critical
pathology. In another study examining the accuracy of
portable, handheld ultrasound in emergency patients pre-
senting with dyspnea, an integrated lung, cardiac, and
inferior vena cava exam displayed sensitivity of 94.3 %,
specificity of 91.9 %, positive predictive value of 91.9 %,
and a negative predictive value of 94.3 % in diagnosing
acute heart failure as the etiologic entity [32].

While cardiopulmonary ultrasonography demonstrates
great promise as a diagnostic tool, there is equipoise within
the literature. Trovato et al. [33] examined the utility of
thoracic ultrasound in differentiating a cardiogenic etiology
from other causes in two-hundred and eighty-three con-
secutive patients when compared to two-hundred and fifty
healthy control subjects. These investigators demonstrated
that while a greater number of B lines were seen in the
dyspneic patients, no sonographic feature, average number
of B lines scored, or criterion cutoff distinguished acute
cardiogenic pulmonary edema from non-cardiac causes of
dyspnea. Brown et al. [34] cautions against unbridled
adoption of cardiopulmonary ultrasonography as the
dominant modality in managing shock, respiratory failure,
and diagnosis establishment in dyspnea as its value has not
yet been well validated. Another cautionary message is that
while ultrasound is thought to be risk free, its true danger
lies in committing cognitive errors of interpretation with
the vividness of visual imagery on the display [34].

Conclusions

Cardiopulmonary ultrasonography has now been widely
adopted as an investigative bedside modality that provides
timely, radiation-free clinical data that are reproducible and
actionable. It can be performed in a serial manner, guiding
clinicians in the immediate management and the assess-
ment of clinical changes in the critically ill patient.
Development of educational materials and training stan-
dards is rapidly occurring. Protocolized methods are
beginning to develop and with new technological advances
such as a computerized diagnostic assistance and increas-
ing portability, cardiopulmonary ultrasound is poised for
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incorporation into the daily medical practice of the acute
care physician and hospitalist.
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