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1.  Heart Failure 
•  Diagnosis 
•  Follow-up 
•  Prognosis  

2.  ARDS 

 

3.  Pneumonia (consolidations) 

 

4.  Dialysis 

5.  Pulmonary fibrosis 

Clinical applications 
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Exacerbation of COPD Acute pulmonary oedema 
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ultrasound in discriminating cardiogenic causes of acute
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Abstract Dyspnea is a common symptom in patients
admitted to the Emergency Department (ED), and dis-

criminating between cardiogenic and non-cardiogenic

dyspnea is often a clinical dilemma. The initial diagnostic
work-up may be inaccurate in defining the etiology and the

underlying pathophysiology. The aim of this study was to

evaluate the diagnostic accuracy and reproducibility of
pleural and lung ultrasound (PLUS), performed by emer-

gency physicians at the time of a patient’s initial evaluation

in the ED, in identifying cardiac causes of acute dyspnea.
Between February and July 2007, 56 patients presenting to

the ED with acute dyspnea were prospectively enrolled in

this study. In all patients, PLUS was performed by emer-
gency physicians with the purpose of identifying the

presence of diffuse alveolar-interstitial syndrome (AIS) or

pleural effusion. All scans were later reviewed by two other
emergency physicians, expert in PLUS and blinded to

clinical parameters, who were the ultimate judges of pos-

itivity for diffuse AIS and pleural effusion. A random set of
80 recorded scannings were also reviewed by two inex-

perienced observers to assess inter-observer variability.

The entire medical record was independently reviewed by
two expert physicians (an emergency medicine physician

and a cardiologist) blinded to the ultrasound (US) results,

in order to determine whether, for each patient, dyspnea
was due to heart failure, or not. Sensitivity, specificity, and

positive/negative predictive values were obtained; likeli-

hood ratio (LR) test was used. Cohen’s kappa was used to
assess inter-observer agreement. The presence of diffuse

AIS was highly predictive for cardiogenic dyspnea (sen-

sitivity 93.6%, specificity 84%, positive predictive value
87.9%, negative predictive value 91.3%). On the contrary,

US detection of pleural effusion was not helpful in the

differential diagnosis (sensitivity 83.9%, specificity 52%,
positive predictive value 68.4%, negative predictive value

72.2%). Finally, the coexistence of diffuse AIS and pleural

effusion is less accurate than diffuse AIS alone for car-
diogenic dyspnea (sensitivity 81.5%, specificity 82.8%,

positive predictive value 81.5%, negative predictive value

82.8%). The positive LR was 5.8 for AIS [95% confidence
interval (CI) 4.8–7.1] and 1.7 (95% CI 1.2–2.6) for pleural

effusion, negative LR resulted 0.1 (95% CI 0.0–0.4) for
AIS and 0.3 (95% CI 0.1–0.8) for pleural effusion.

Agreement between experienced and inexperienced oper-

ators was 92.2% (p\ 0.01) and 95% (p\ 0.01) for diag-
nosis of AIS and pleural effusion, respectively. In early

evaluation of patients presenting to the ED with dyspnea,

PLUS, performed with the purpose of identifying diffuse
AIS, may represent an accurate and reproducible bedside

tool in discriminating between cardiogenic and non-car-

diogenic dyspnea. On the contrary, US detection of pleural
effusions does not allow reliable discrimination between

different causes of acute dyspnea in unselected ED

patients.
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Combination of lung ultrasound (a comet-tail
sign) and N-terminal pro-brain natriuretic peptide
in differentiating acute heart failure from chronic
obstructive pulmonary disease and asthma as
cause of acute dyspnea in prehospital
emergency setting
Gregor Prosen1,2, Petra Klemen1,2,3, Matej Strnad1,2 and Štefek Grmec1,2,3,4*

Abstract

Introduction: We studied the diagnostic accuracy of bedside lung ultrasound (the presence of a comet-tail sign),
N-terminal pro-brain natriuretic peptide (NT-proBNP) and clinical assessment (according to the modified Boston
criteria) in differentiating heart failure (HF)-related acute dyspnea from pulmonary (chronic obstructive pulmonary
disease (COPD)/asthma)-related acute dyspnea in the prehospital setting.

Methods: Our prospective study was performed at the Center for Emergency Medicine, Maribor, Slovenia, between
July 2007 and April 2010. Two groups of patients were compared: a HF-related acute dyspnea group (n = 129) and
a pulmonary (asthma/COPD)-related acute dyspnea group (n = 89). All patients underwent lung ultrasound
examinations, along with basic laboratory testing, rapid NT-proBNP testing and chest X-rays.

Results: The ultrasound comet-tail sign has 100% sensitivity, 95% specificity, 100% negative predictive value (NPV)
and 96% positive predictive value (PPV) for the diagnosis of HF. NT-proBNP (cutoff point 1,000 pg/mL) has 92%
sensitivity, 89% specificity, 86% NPV and 90% PPV. The Boston modified criteria have 85% sensitivity, 86% specificity,
80% NPV and 90% PPV. In comparing the three methods, we found significant differences between ultrasound sign
and (1) NT-proBNP (P < 0.05) and (2) Boston modified criteria (P < 0.05). The combination of ultrasound sign and
NT-proBNP has 100% sensitivity, 100% specificity, 100% NPV and 100% PPV. With the use of ultrasound, we can
exclude HF in patients with pulmonary-related dyspnea who have positive NT-proBNP (> 1,000 pg/mL) and a
history of HF.

Conclusions: An ultrasound comet-tail sign alone or in combination with NT-proBNP has high diagnostic accuracy
in differentiating acute HF-related from COPD/asthma-related causes of acute dyspnea in the prehospital
emergency setting.

Trial registration: ClinicalTrials.gov NCT01235182.
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Emergency Thoracic Ultrasound in the
Differentiation of the Etiology of Shortness of
Breath (ETUDES): Sonographic B-lines and
N-terminal Pro-brain-type Natriuretic Peptide
in Diagnosing Congestive Heart Failure
Andrew S. Liteplo, MD, RDMS, Keith A. Marill, MD, Tomas Villen, MD, Robert M. Miller, MD,
Alice F. Murray, MBChB, Peter E. Croft, BS, Roberta Capp, MD, and Vicki E. Noble, MD, RDMS

Abstract
Objectives: Sonographic thoracic B-lines and N-terminal pro-brain-type natriuretic peptide
(NT-ProBNP) have been shown to help differentiate between congestive heart failure (CHF) and chronic
obstructive pulmonary disease (COPD). The authors hypothesized that ultrasound (US) could be used
to predict CHF and that it would provide additional predictive information when combined with
NT-ProBNP. They also sought to determine optimal two- and eight-zone scanning protocols when differ-
ent thresholds for a positive scan were used.

Methods: This was a prospective, observational study of a convenience sample of adult patients present-
ing to the emergency department (ED) with shortness of breath. Each patient had an eight-zone thoracic
US performed by one of five sonographers, and serum NT-ProBNP levels were measured. Chart review
by two physicians blinded to the US results served as the criterion standard. The operating characteris-
tics of two- and eight-zone thoracic US alone, compared to, and combined with NT-ProBNP test results
for predicting CHF were calculated using both dichotomous and interval likelihood ratios (LRs).

Results: One-hundred patients were enrolled. Six were excluded because of incomplete data. Results of
94 patients were analyzed. A positive eight-zone US, defined as at least two positive zones on each side,
had a positive likelihood ratio (LR+) of 3.88 (99% confidence interval [CI] = 1.55 to 9.73) and a negative
likelihood ratio (LR)) of 0.5 (95% CI = 0.30 to 0.82), while the NT-ProBNP demonstrated a LR+ of 2.3
(95% CI = 1.41 to 3.76) and LR) of 0.24 (95% CI = 0.09 to 0.66). Using interval LRs for the eight-zone US
test alone, the LR for a totally positive test (all eight zones positive) was infinite and for a totally negative
test (no zones positive) was 0.22 (95% CI = 0.06 to 0.80). For two-zone US, interval LRs were 4.73 (95%
CI = 2.10 to 10.63) when inferior lateral zones were positive bilaterally and 0.3 (95% CI = 0.13 to 0.71)
when these were negative. These changed to 8.04 (95% CI = 1.76 to 37.33) and 0.11 (95% CI = 0.02 to
0.69), respectively, when congruent with NT-ProBNP.

Conclusions: Bedside thoracic US for B-lines can be a useful test for diagnosing CHF. Predictive
accuracy is greatly improved when studies are totally positive or totally negative. A two-zone protocol
performs similarly to an eight-zone protocol. Thoracic US can be used alone or can provide additional
predictive power to NT-ProBNP in the immediate evaluation of dyspneic patients presenting to the ED.
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necessary to confirm or reject a suspected diagnosis which, if over-
looked, is associated with high morbidity and mortality (e.g. acute
aortic syndrome, acute valvular regurgitation, acute prosthetic
valve dysfunction, acute massive pulmonary embolism, chest
trauma/aortic transection). TEE should also be used as a first
choice test in patients with symptomatic atrial fibrillation/flutter
to facilitate clinical decision-making (e.g. cardioversion).11

Contrast echocardiography
The EAE has recently published recommendations for the clinical
use of contrast echocardiography.12 Evaluation of global and re-
gional systolic performance is often critical, and a good visualiza-
tion of the endocardium with second generation contrast
agents13 improves confidence of the operator in a rapid distinction
between acute heart failure due to systolic and diastolic dysfunc-
tion, in detection and ruling-out of post-infarction left-ventricular
pseudoaneurysm,14 and left-ventricular thrombus formation.15

ContrastQ2 agent may also facilitate diagnosis of aortic dissection.16

In addition, injection of agitated saline may be used to generate
contrast and define the tip of the needle during echo-guided
pericardiocentesis.

Although ultrasound contrast agents have proven utility in the
diagnosis and management of critically ill patients,17–20 there
were concerns regarding the safety of these compounds, particu-
larly in these patients. Recently published studies demonstrated
no mortality increase in patients undergoing contrast echocardiog-
raphy in comparison with patients undergoing
non-contrast-enhanced examinations, including the critically
ill.21– 24

Lung ultrasound examination
In recent years, lung ultrasound (LUS) has been proposed as a
useful point-of-care tool in emergency.25

The LUS examination can be performed with any commercially
available 2-D scanner, including pocket-size devices, by using a
cardiac, convex or microconvex transducer, with the patient in
the near-supine, supine, sitting, or even standing position.

In addition to the detection of pleural effusion, LUS may help in
the diagnosis of acute dyspnoea, allowing the differential identifica-
tion of pneumothorax, pulmonary consolidations, acute respira-
tory distress syndrome, and cardiogenic pulmonary oedema.25

The absence of multiple bilateral B-lines, a sign of increased extra-
vascular lung water, excludes cardiogenic pulmonary oedema with
a negative predictive value close to 100%.26

Use of emergency
echocardiography in different
clinical settings

Emergency room
Patients with cardiovascular emergencies are the most frequently
seen in the emergency room. At this location, three scopes
of emergency echocardiography can be recognized: diagnostic,
symptom or sign-based, and resuscitative.

The first and most commonly utilized scope is ‘diagnostic’. All
acute cardiovascular conditions should be assessed with echo, in-
cluding cardiogenic shock and other shocks of different causes,
chest trauma, acute myocardial infarction and ischaemia, acute pul-
monary embolism, cardiac tamponade, and aortic dissection.

The ‘symptom or sign-based scope’ implies the clarification of
the cause of acute symptoms, like acute chest pain (e.g. differenti-
ation between acute myocardial infarction and aortic dissection),
dyspnoea (e.g. detection of myocardial ischaemia, acute pulmonary
embolism, pericardial effusion, heart valve disease, cardiomyop-
athies), fever (e.g. detection of endocarditis, myocarditis, and peri-
carditis), neurological deficits (e.g. detection of cardiac sources of
embolism, cardiac tumours, or aortic dissection), hypotension (e.g.
detection of acute heart failure, cardiac tamponade, aortic stenosis,
or hypertrophic obstructive cardiomyopathy), or cyanosis (e.g. de-
tection of acute pulmonary embolism or severe shunts).

Finally, emergency echocardiography directly related to an acute
‘resuscitation’ is also possible in the emergency room. In this scen-
ario, detection of pericardial effusion and tamponade, assessment
of global and regional left-ventricular function, right-ventricular
size, check of the central venous volume status and great vessels
may be crucial for acute clinical decision making.

Intensive care units
In the coronary care unit (CCU), intensive care unit (ICU), and the
specialized post-operative cardiac surgery ICU, echocardiography
is the basic imaging technique. In addition to the diagnostic,
symptom or sign-based, and resuscitative categories, emergency
echocardiography in CCU and ICU is established for procedure
guidance, monitoring, and therapeutic control. Thus, echocardiog-
raphy is used to evaluate regional and global left-ventricular func-
tion in patients with acute myocardial ischaemia/infarction
(functional infarction size). It should detect and document the
presence and haemodynamic significance of new pericardial effu-
sion after percutaneous coronary interventions (PCI), electro-
physiological procedures, and pacemaker/device implantations. It
may also be used before primary PCI to identify infarct-related
artery according to the location of asynergy, after elective PCI
for detection of new asynergy indicating periprocedural infarction,
after primary PCI to assess global and regional left-ventricular func-
tion or suspected early stent thrombosis, to detect complications
after acute myocardial infarction (e.g. post-infarction ventricular
septal defect, acute mitral regurgitation, and acute heart failure),
as well as vegetations and/or abscess formation in suspected
endocarditis.

In post-operative cardiac surgery, ICU echocardiography is im-
portant for the detection of early complications (e.g. vessel and
bypass-graft occlusion, early prosthetic dysfunction or endocardi-
tis, paracardiac bleeding, cardiac compression by haematoma,
cardiac tamponade). In addition, pericardiocentesis and pleural
drainage may be guided by echocardiography.

Since patients in ICUs are often put on mechanical ventilation
and therefore have poor TTE images, TEE and contrast echocardi-
ography should be used for better visualization of cardiac struc-
tures and assessment of left-ventricular function.17 –20
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Dermatologie, Abteilung für Kardiologie und Angiologie, Universitätsklinikum Leipzig AöR, Leipzig, Germany; 3GIGA Cardiovascular Sciences, Heart Valve Clinic, University of Liége,
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Introduction
It is widely recognized that echocardiography is the single most
versatile and cost-effective imaging technique to assess patients
with unstable cardiovascular diseases. Mobility and relative low
cost of echocardiographic machines, including hand-held devices,
allow their use virtually everywhere.1– 4

In addition, in expert hands, echocardiography may provide in-
stantaneous and comprehensive assessment of cardiac structure
and function as well as haemodynamics, with minimal discomfort
or risk for the patient, without using radiological contrast media
or ionizing radiations. Since the physician who performs echo
may be the same who is managing the patient, the echo data can
be readily used to speed up the decision-making process.

These characteristics make the technique even more attractive
in the emergency setting, since it is safely and easily repeatable
any time there is a change in patient haemodynamics, or a need
to follow-up previously detected abnormalities.

Accordingly, echocardiography is already included into patient
management algorithms for the majority of cardiovascular emer-
gencies. However, although general diagnostic power of echocardi-
ography could be hardly challenged, for an adequate interpretation

in particular clinical situations it is essential to fully understand its
advantages and limitations, in order to reduce the likelihood of po-
tential catastrophic diagnostic and therapeutic errors. The expand-
ing use of echocardiography examinations by non-cardiologists or
cardiologists with insufficient formal training in the emergency
setting urged scientific societies to set standards for optimal edu-
cation and training, and to identify the level of competence in
echocardiography that should be reached by emergency health-
care professionals. Precise and strict requirements need to be
defined in order to ensure the quality and the accuracy of the
data obtained by echocardiography, particularly in the emergency
setting.

Purpose
The purpose of this document is to provide recommendations for
the safe and efficient use of echocardiography to assess patients
presenting with cardiovascular emergencies and to set up/
propose standards for adequate education and training of physi-
cians performing echocardiography in the emergency setting.

In addition, the principles, practical aspects, and specific consid-
erations related to echocardiography in the emergency settings are

* Corresponding author. Tel: +381 64 12 16 359; Fax: +381 11 21 07 057, Email: neskovic@hotmail.com
† Former European Association of Echocardiography (EAE).
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conventional chest radiography in ruling out signifi-
cant interstitial syndrome.

B-D2-S7 (no consensus: level C)

• Lung ultrasound used as a first-line diagnostic
approach in the evaluation of suspected interstitial
syndrome, when compared with chest radiography,
may lead to better patient outcomes.

P-D2-S3 (strong: level B)

• In resource-limited settings, lung ultrasound should be
considered as a particularly useful diagnostic modality
in the evaluation of interstitial syndrome.

Outcomes

B-D2-S8 (strong: level C)

• Use of sonography in diagnosis of interstitial syn-
drome is likely to improve the care of patients in
whom this diagnosis is a consideration.

B-D4-S5 (strong: level B)

• In suspected decompensated left-sided heart failure,
lung ultrasound should be considered because, with
other bedside tests, it provides additional diagnostic
information about this condition.

Comments Many studies showed a tight correlation
between interstitial involvement of lung diseases and
B-lines [10, 18–20]. The consensus process defined the
basic eight-region sonographic technique (Fig. 2) and the
criteria for positive scan and positive examination [19–
21]. In the critically ill, a more rapid anterior two-region
scan may be sufficient to rule out interstitial syndrome in
cardiogenic acute pulmonary edema [12]. A positive
examination for sonographic diffuse interstitial syndrome
allows bedside distinction between a cardiogenic versus a
respiratory cause of acute dyspnea [22–24]. For more
precise quantification of interstitial syndrome, the
28-scanning-site technique can be useful, especially in
cardiology and nephrology settings [25]. In acute
decompensated heart failure, semiquantification of the
severity of congestion can be calculated by counting the
total number of B-lines (28-scanning-site technique) or
the number of positive scans (eight-region technique) [26,
27]. A focal sonographic pattern of interstitial syndrome
should be differentiated from a diffuse interstitial syn-
drome [21]. Similar B-patterns are observed in many
acute and chronic conditions with diffuse interstitial
involvement [1, 19, 20, 25, 28, 29]. However, some so-
nographic signs other than B-lines are useful to
differentiate the B-pattern of cardiogenic pulmonary
edema, ARDS, and pulmonary fibrosis [10]. The sono-
graphic technique for diagnosis of interstitial syndrome is
a basic technique [30–32] with superiority over conven-
tional CXR [33].

Lung consolidation

Signs and clinical implications

B-D3-S1 (strong: level C) (this statement combines
statements P-D3-S4 and P-D3-S5)

• The sonographic sign of lung consolidation is a
subpleural echo-poor region or one with tissue-like
echotexture.

• Lung consolidations may have a variety of causes
including infection, pulmonary embolism, lung cancer
and metastasis, compression atelectasis, obstructive
atelectasis, and lung contusion. Additional sonograph-
ic signs that may help to determine the cause of lung
consolidation include the following:

– The quality of the deep margins of the consolidation
– The presence of comet-tail reverberation artifacts at

the far-field margin
– The presence of air bronchogram(s)
– The presence of fluid bronchogram(s)
– The vascular pattern within the consolidation.

B-D3-S4 (strong: level A)

• Lung ultrasound for detection of lung consolidation
can be used in any clinical setting including point-of-
care examination.

B-D3-S8 (strong: level A)

• Lung ultrasound should be used in the evaluation of
lung consolidation because it can differentiate con-
solidations due to pulmonary embolism, pneumonia,
or atelectasis.

P-D3-S6 (strong: level B)

• Lung ultrasound is a clinically useful diagnostic tool
in patients with suspected pulmonary embolism.

P-D3-S7 (strong: level A)

• Lung ultrasound is an alternative diagnostic tool to
computerized tomography in diagnosis of pulmonary
embolism when CT is contraindicated or unavailable.

P-D3-S3 (strong: level B)

• Lung ultrasound is a clinically useful tool to rule in
pneumonia; however, lung ultrasound does not rule
out consolidations that do not reach the pleura.

B-D4-S8 (strong: level C)

• Lower-frequency ultrasound scanning may allow for
better evaluation of the extent of a consolidation.

Imaging strategies and learning curve

B-D3-S5 (strong: level A)
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• Lung ultrasound should be considered as an accurate
tool in ruling in lung consolidation when compared
with chest radiography.

B-D3-S6 (strong: level B)

• Lung ultrasound may be considered as an accurate
tool in ruling out lung consolidation in comparison
with chest radiography.

B-D3-S7 (no consensus: level C)

• Use of lung ultrasound as an initial diagnostic strategy
in the evaluation of lung consolidation improves
outcomes in comparison with chest radiography.

B-D3-S3 (strong: level N/A)

• Ultrasound diagnosis of lung consolidation may be
considered as a basic sonographic technique with a
steep learning curve.

B-D4-S6 (strong: level B)

• Lung ultrasound should be considered in the detection
of radio-occult pulmonary conditions in patients with
pleuritic pain.

B-D3-S2 (weak: level C)

• In the evaluation of lung consolidation, the sono-
graphic technique should commence with the
examination of areas of interest (if present, e.g., area
of pain) then progress to the entire lung, as needed.

B-D4-S3 (strong: level A)

• In mechanically ventilated patients, lung ultrasound
should be considered because it is more accurate than
chest radiography in distinguishing various types of
consolidations.

B-D4-S4 (strong: level A)

• In mechanically ventilated patients lung ultrasound
should be considered as it is more accurate than
portable chest radiography in the detection of
consolidation.

B-D4-S9 (no consensus: level N/A)

• Lung ultrasound is accurate in distinguishing various
types of consolidations in comparison with CT scan in
mechanically ventilated patients.

Comments The consolidated region of the lung is
visualized at lung ultrasound as an echo-poor or tissue-
like image, depending on the extent of air loss and fluid
predominance, which is clearly different from the normal
pattern [34–38]. The cause of lung consolidation can be
diagnosed by analyzing the sonographic features of the
lesion [39, 40]. Accuracy of lung ultrasound in the diag-
nosis and differential diagnosis of lung consolidation has
been tested in different settings [36, 41–44] and showed

good accuracy compared with CXR [43, 45–48]. In
pleuritic pain, lung ultrasound is superior to CXR and
may allow visualization of radio-occult pulmonary con-
ditions [47, 48]. In mechanically ventilated patients,
lung ultrasound is more accurate than CXR in detecting
and distinguishing various types of consolidations
[49, 50].

Monitoring lung diseases

B-D4-S1 (strong: level A)

• In patients with cardiogenic pulmonary edema, semi-
quantification of disease severity may be obtained by
evaluating the number of B-lines as this is directly
proportional to the severity of congestion.

B-D4-S2 (strong: level A)

• In patients with cardiogenic pulmonary edema,
B-lines should be evaluated because it allows moni-
toring of response to therapy.

P-D3-S1 (strong: level A)

• In patients with increased extravascular lung water,
assessment of lung reaeration can be assessed by
demonstrating a change (decrease) in the number of
B-lines.

P-D3-S2 (strong: level A)

• In the majority of cases of acute lung injury or ARDS,
ultrasound quantification of lung reaeration may be
assessed by tracking changes in sonographic findings.

• Sonographic findings should include assessment of
lung consolidation and B-lines.

RL-D2-S1 (strong: level A)

• In critically ill patients with acute lung injury or
ARDS, ultrasound changes in lung aeration can be
semiquantitatively assessed (at a given location on the
chest) using the following four sonographic findings,
often in progression:

– Normal pattern
– Multiple spaced B-lines
– Coalescent B-lines
– Consolidation

RL-D2-S2 (strong: level A)

• Lung ultrasound is able to monitor aeration changes
and the effects of therapy in a number of acute lung
diseases, including the following:

– Acute pulmonary edema
– Acute respiratory distress syndrome
– Acute lung injury
– Community-acquired pneumonia
– Ventilator-associated pneumonia
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4.1 Inflammatory Consolidations 
in the Lung

G. Mathis

4.1.1 Pneumonia

4.1.1.1 Pathophysiological Prerequisites

In cases of lobular and segmental pneumonia, large 
amounts of air are displaced from the lung as a result of 
extensive fibrinous exudation. Affected lobes or segments 
are depleted of air and sink in water. The phase of en-
gorgement and hepatization, i.e., the first week of the dis-
ease, offers good conditions for pathological echo trans-
mission. In this phase, pneumonia is imaged well on the 
sonogram. In the phase of lysis, the inflamed portion of 
the lung is ventilated to an increasing extent. Air reflexes 
superimpose deeper infiltrations. The image on sonogra-
phy at this time may underestimate the actual extent of 
disease.

Focal pneumonias and interstitial pneumonias 
barely extend up to the pleura and are therefore poorly 
accessible to sonographic imaging. However, bron-
chial pneumonias are often accompanied by involve-
ment of the pleura and are therefore partly visualized by 
sonography.

4.1.1.2 Sonomorphology of Pneumonia

A number of sonomorphological criteria are characteris-
tic of, but not specific for, pneumonic infiltrations. They 
are of varying intensity in the course of disease.

Sonomorphology of pneumonia:

• Similar to the liver in the early stage
• Lentil-shaped air trappings
• Bronchoaerogram
• Fluid bronchogram (poststenotic)
• Blurred and serrated margins
• Reverberation echoes at the margin
• Hypoechoic to anechoic in the presence of abscess 

(microabscesses!)

4.1.1.3 Phase of Engorgement

In the initial phase of disease, i.e., in the phase of engorge-
ment, the pneumonic lesion is hypoechoic, relatively ho-
mogeneous and hepatoid in form. Its configuration is bi-

zarre. It is rarely explicitly segmental like the pulmonary 
infarction or rounded like carcinomas and metastases. 
Its margins are irregular, serrated and somewhat blurred 
(Figs. 4.1, 4.2).

4.1.1.4 Fluid Alveologram

In a densely subpleural location one finds a broad and 
highly hypoechoic strip of varying extent and intensity 
(superficial fluid alveologram). Whether echogenic air 
bubbles are also visible or are seen again in subpleural 
location depends on the extent and the stage of disease 
(Targhetta et al. 1992; Fig. 4.1b).

4.1.1.5 Bronchoaerogram

A marked bronchoaerogram (bronchopneumogram, air 
bronchogram) with treelike ramifications is seen in 87% 
of cases. The intensive reflexes of the bronchial tree run 
between consolidated portions of the parenchyma. In all 
stages of the disease the bronchoaerogram is more pro-
nounced than in cases of pulmonary embolism. Quite 
often one finds a small number of, and in most cases nu-
merous, lenticular internal echoes just a few millimeters 
in size (Fig. 4.1b). These echoes indicate the presence of 
air in the small bronchi. In other words, this is a partial 
image of a bronchoaerogram. These internal echoes can 
be partly explained by congested secretion of highly di-
verse impedance (Weinberg et al. 1986; Anzböck et al 
1990; Mathis et al. 1992; Gehmacher et al. 1995). The 
bronchoaerogram visualized by sonography cannot 
be equated with that seen on a radiograph. Viral pneu-
monias are often less ventilated and/or reveal less pro-
nounced bronchoaerograms (Fig. 4.3).

4.1.1.6 Fluid Bronchogram

The fluid bronchogram is a further sonographic crite-
rion of pneumonia. It is marked by anechoic tubular 
structures along the bronchial tree. The bronchial wall is 
echogenic and the fluid in the segmental bronchi is hy-
poechoic. The reflexes around the bronchi are wider than 
those along vessel walls. Given good resolution, the bron-
chial walls are ribbed and the vessel walls are smooth; 
therefore, tubular structures can be easily classified on B-
mode images (Fig. 4.4). In the case of doubt, color-coded 
duplex sonography helps to distinguish between vessels 
and bronchi (Fig. 4.5). The fluid bronchogram is seen 
in approximately 20% of patients with pneumonia and 
develops in the early phase of the disease as a result of 
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bronchial secretion or owing to bronchial obstruction. A 
persistent fluid bronchogram always raises suspicion of 
poststenotic pneumonia and is an indication for bron-
choscopic investigation (Fig. 4.6). A tumor may be found 
or ruled out; the obstructive secretory embolus is aspi-
rated and material obtained for bacteriological investiga-
tion (Yang et al. 1992; Targhetta et al. 1992).

4.1.1.7 Poststenotic Pneumonia

Poststenotic pneumonias that develop in the periphery 
or the margin of carcinomas are better delineated from 
the tumor by means of sonography than by X-ray investi-
gation. Poststenotic pneumonia is typically characterized 
by a fluid bronchogram (Fig. 4.6d). For investigation of 
this condition as well, dynamic sonotomography is com-

Fig. 4.1 A 68-year-old severely ill man with clinical signs of acute 
pneumonia. a In the upper lobe of the lung on the left side there is a 
liver-like consolidation with a bronchoaerogram. b A subpleural fluid 
alveologram. c Air trappings extending to the periphery

.

Fig. 4.2 Oblique section of lobar pneumonia in the right lower 
lobe. The pneumonic infiltrate (P) is similar to the liver in terms of 
echotexture (L). D diaphragm

.
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air in the small bronchi. In other words, this is a partial 
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be partly explained by congested secretion of highly di-
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be equated with that seen on a radiograph. Viral pneu-
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nounced bronchoaerograms (Fig. 4.3).

4.1.1.6 Fluid Bronchogram

The fluid bronchogram is a further sonographic crite-
rion of pneumonia. It is marked by anechoic tubular 
structures along the bronchial tree. The bronchial wall is 
echogenic and the fluid in the segmental bronchi is hy-
poechoic. The reflexes around the bronchi are wider than 
those along vessel walls. Given good resolution, the bron-
chial walls are ribbed and the vessel walls are smooth; 
therefore, tubular structures can be easily classified on B-
mode images (Fig. 4.4). In the case of doubt, color-coded 
duplex sonography helps to distinguish between vessels 
and bronchi (Fig. 4.5). The fluid bronchogram is seen 
in approximately 20% of patients with pneumonia and 
develops in the early phase of the disease as a result of 
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bronchial secretion or owing to bronchial obstruction. A 
persistent fluid bronchogram always raises suspicion of 
poststenotic pneumonia and is an indication for bron-
choscopic investigation (Fig. 4.6). A tumor may be found 
or ruled out; the obstructive secretory embolus is aspi-
rated and material obtained for bacteriological investiga-
tion (Yang et al. 1992; Targhetta et al. 1992).

4.1.1.7 Poststenotic Pneumonia

Poststenotic pneumonias that develop in the periphery 
or the margin of carcinomas are better delineated from 
the tumor by means of sonography than by X-ray investi-
gation. Poststenotic pneumonia is typically characterized 
by a fluid bronchogram (Fig. 4.6d). For investigation of 
this condition as well, dynamic sonotomography is com-

Fig. 4.1 A 68-year-old severely ill man with clinical signs of acute 
pneumonia. a In the upper lobe of the lung on the left side there is a 
liver-like consolidation with a bronchoaerogram. b A subpleural fluid 
alveologram. c Air trappings extending to the periphery

.

Fig. 4.2 Oblique section of lobar pneumonia in the right lower 
lobe. The pneumonic infiltrate (P) is similar to the liver in terms of 
echotexture (L). D diaphragm
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4.1 Inflammatory Consolidations 
in the Lung

G. Mathis

4.1.1 Pneumonia

4.1.1.1 Pathophysiological Prerequisites

In cases of lobular and segmental pneumonia, large 
amounts of air are displaced from the lung as a result of 
extensive fibrinous exudation. Affected lobes or segments 
are depleted of air and sink in water. The phase of en-
gorgement and hepatization, i.e., the first week of the dis-
ease, offers good conditions for pathological echo trans-
mission. In this phase, pneumonia is imaged well on the 
sonogram. In the phase of lysis, the inflamed portion of 
the lung is ventilated to an increasing extent. Air reflexes 
superimpose deeper infiltrations. The image on sonogra-
phy at this time may underestimate the actual extent of 
disease.

Focal pneumonias and interstitial pneumonias 
barely extend up to the pleura and are therefore poorly 
accessible to sonographic imaging. However, bron-
chial pneumonias are often accompanied by involve-
ment of the pleura and are therefore partly visualized by 
sonography.

4.1.1.2 Sonomorphology of Pneumonia

A number of sonomorphological criteria are characteris-
tic of, but not specific for, pneumonic infiltrations. They 
are of varying intensity in the course of disease.

Sonomorphology of pneumonia:

• Similar to the liver in the early stage
• Lentil-shaped air trappings
• Bronchoaerogram
• Fluid bronchogram (poststenotic)
• Blurred and serrated margins
• Reverberation echoes at the margin
• Hypoechoic to anechoic in the presence of abscess 

(microabscesses!)

4.1.1.3 Phase of Engorgement

In the initial phase of disease, i.e., in the phase of engorge-
ment, the pneumonic lesion is hypoechoic, relatively ho-
mogeneous and hepatoid in form. Its configuration is bi-

zarre. It is rarely explicitly segmental like the pulmonary 
infarction or rounded like carcinomas and metastases. 
Its margins are irregular, serrated and somewhat blurred 
(Figs. 4.1, 4.2).

4.1.1.4 Fluid Alveologram

In a densely subpleural location one finds a broad and 
highly hypoechoic strip of varying extent and intensity 
(superficial fluid alveologram). Whether echogenic air 
bubbles are also visible or are seen again in subpleural 
location depends on the extent and the stage of disease 
(Targhetta et al. 1992; Fig. 4.1b).

4.1.1.5 Bronchoaerogram

A marked bronchoaerogram (bronchopneumogram, air 
bronchogram) with treelike ramifications is seen in 87% 
of cases. The intensive reflexes of the bronchial tree run 
between consolidated portions of the parenchyma. In all 
stages of the disease the bronchoaerogram is more pro-
nounced than in cases of pulmonary embolism. Quite 
often one finds a small number of, and in most cases nu-
merous, lenticular internal echoes just a few millimeters 
in size (Fig. 4.1b). These echoes indicate the presence of 
air in the small bronchi. In other words, this is a partial 
image of a bronchoaerogram. These internal echoes can 
be partly explained by congested secretion of highly di-
verse impedance (Weinberg et al. 1986; Anzböck et al 
1990; Mathis et al. 1992; Gehmacher et al. 1995). The 
bronchoaerogram visualized by sonography cannot 
be equated with that seen on a radiograph. Viral pneu-
monias are often less ventilated and/or reveal less pro-
nounced bronchoaerograms (Fig. 4.3).

4.1.1.6 Fluid Bronchogram

The fluid bronchogram is a further sonographic crite-
rion of pneumonia. It is marked by anechoic tubular 
structures along the bronchial tree. The bronchial wall is 
echogenic and the fluid in the segmental bronchi is hy-
poechoic. The reflexes around the bronchi are wider than 
those along vessel walls. Given good resolution, the bron-
chial walls are ribbed and the vessel walls are smooth; 
therefore, tubular structures can be easily classified on B-
mode images (Fig. 4.4). In the case of doubt, color-coded 
duplex sonography helps to distinguish between vessels 
and bronchi (Fig. 4.5). The fluid bronchogram is seen 
in approximately 20% of patients with pneumonia and 
develops in the early phase of the disease as a result of 
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parable with computed tomography. Monitoring the ef-
fectiveness of therapy is important in this setting—is the 
pneumonia subsiding or is the tumor increasing in size 
(Braun et al. 1990; Yang et al. 1990)?

4.1.1.8 Circulation

On color-coded duplex sonography pneumonia has a 
typical appearance: circulation is uniformly increased, 
ramified, and the vessels run a normal course. In fact, cir-
culation is increased in the entire infiltrate up to beneath 
the pleura (Fig. 4.7). This is interesting when pneumonia 
needs to be differentiated from pulmonary infarctions 
that have poor or no blood flow, or even from tumors 
with an irregular circulation pattern. Carcinomas are 
strongly vascularized in their margins. Owing to neo-
vascularization, vessels in the margins of carcinomas are 
characterized by a typical corkscrew pattern (Gehmacher 
et al. 1995; Mathis 1997).

4.1.1.9 Abscess Formation

Bacterial pneumonias tend to develop colliquations and 
form abscesses. This is the case in approximately 6% of 
patients with lobar pneumonia (this figure refers to radio-
graphic investigations). Sonography more commonly re-
veals microabscess (Yang et al. 1991, 1992; Mathis 1997).

The sonomorphology of pulmonary abscess is highly 
characteristic: round or oval and largely anechoic lesions 
(Fig. 4.8). Depending on whether a capsule is formed, the 
margin is smooth, echodense and white (Fig. 4.9). Blurred 
internal echoes are indicative of high cell content or vis-

cous pus rich in protein. In cases of abscesses due to gas-
forming pathogens, highly echogenic small air trappings 
move actively within the fluid in concordance with the 
respiratory rhythm. Septa are seen as echodense, flutter-
ing threads. Artificial noise caused by the impedance dif-
ference between infiltrated parenchyma and abscess fluid 
is occasionally observed close to the transducer head; 
however, this should not be mistaken for internal echoes. 
Genuine internal echoes are always present in the depth 
of the image as well. In the early stage, small abscesses 
are seen as pathological collections of fluid and are found 
in an irregular anatomical location in the consolidated, 
liver-like infiltrate. Smooth margins and the echogenic 
capsule are absent. Microabscesses cannot be easily dis-
tinguished from vessels on color-Doppler imaging.

Fig. 4.7 On color-coded duplex sonography pneumonia is seen as 
an accentuated, regular pattern of circulation
.

Fig. 4.9 Colliquated abscesses with persistent fever. Sonography-
guided aspiration showed a surprisingly large number of tubercle 
bacilli

.

Fig. 4.8 Microabscess on the fourth day of a lobar pneumonia in 
the upper lobe of the left lung, which could not be seen on X-ray. This 
abscess healed on its own.

.
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conventional chest radiography in ruling out signifi-
cant interstitial syndrome.

B-D2-S7 (no consensus: level C)

• Lung ultrasound used as a first-line diagnostic
approach in the evaluation of suspected interstitial
syndrome, when compared with chest radiography,
may lead to better patient outcomes.

P-D2-S3 (strong: level B)

• In resource-limited settings, lung ultrasound should be
considered as a particularly useful diagnostic modality
in the evaluation of interstitial syndrome.

Outcomes

B-D2-S8 (strong: level C)

• Use of sonography in diagnosis of interstitial syn-
drome is likely to improve the care of patients in
whom this diagnosis is a consideration.

B-D4-S5 (strong: level B)

• In suspected decompensated left-sided heart failure,
lung ultrasound should be considered because, with
other bedside tests, it provides additional diagnostic
information about this condition.

Comments Many studies showed a tight correlation
between interstitial involvement of lung diseases and
B-lines [10, 18–20]. The consensus process defined the
basic eight-region sonographic technique (Fig. 2) and the
criteria for positive scan and positive examination [19–
21]. In the critically ill, a more rapid anterior two-region
scan may be sufficient to rule out interstitial syndrome in
cardiogenic acute pulmonary edema [12]. A positive
examination for sonographic diffuse interstitial syndrome
allows bedside distinction between a cardiogenic versus a
respiratory cause of acute dyspnea [22–24]. For more
precise quantification of interstitial syndrome, the
28-scanning-site technique can be useful, especially in
cardiology and nephrology settings [25]. In acute
decompensated heart failure, semiquantification of the
severity of congestion can be calculated by counting the
total number of B-lines (28-scanning-site technique) or
the number of positive scans (eight-region technique) [26,
27]. A focal sonographic pattern of interstitial syndrome
should be differentiated from a diffuse interstitial syn-
drome [21]. Similar B-patterns are observed in many
acute and chronic conditions with diffuse interstitial
involvement [1, 19, 20, 25, 28, 29]. However, some so-
nographic signs other than B-lines are useful to
differentiate the B-pattern of cardiogenic pulmonary
edema, ARDS, and pulmonary fibrosis [10]. The sono-
graphic technique for diagnosis of interstitial syndrome is
a basic technique [30–32] with superiority over conven-
tional CXR [33].

Lung consolidation

Signs and clinical implications

B-D3-S1 (strong: level C) (this statement combines
statements P-D3-S4 and P-D3-S5)

• The sonographic sign of lung consolidation is a
subpleural echo-poor region or one with tissue-like
echotexture.

• Lung consolidations may have a variety of causes
including infection, pulmonary embolism, lung cancer
and metastasis, compression atelectasis, obstructive
atelectasis, and lung contusion. Additional sonograph-
ic signs that may help to determine the cause of lung
consolidation include the following:

– The quality of the deep margins of the consolidation
– The presence of comet-tail reverberation artifacts at

the far-field margin
– The presence of air bronchogram(s)
– The presence of fluid bronchogram(s)
– The vascular pattern within the consolidation.

B-D3-S4 (strong: level A)

• Lung ultrasound for detection of lung consolidation
can be used in any clinical setting including point-of-
care examination.

B-D3-S8 (strong: level A)

• Lung ultrasound should be used in the evaluation of
lung consolidation because it can differentiate con-
solidations due to pulmonary embolism, pneumonia,
or atelectasis.

P-D3-S6 (strong: level B)

• Lung ultrasound is a clinically useful diagnostic tool
in patients with suspected pulmonary embolism.

P-D3-S7 (strong: level A)

• Lung ultrasound is an alternative diagnostic tool to
computerized tomography in diagnosis of pulmonary
embolism when CT is contraindicated or unavailable.

P-D3-S3 (strong: level B)

• Lung ultrasound is a clinically useful tool to rule in
pneumonia; however, lung ultrasound does not rule
out consolidations that do not reach the pleura.

B-D4-S8 (strong: level C)

• Lower-frequency ultrasound scanning may allow for
better evaluation of the extent of a consolidation.

Imaging strategies and learning curve

B-D3-S5 (strong: level A)

conventional chest radiography in ruling out signifi-
cant interstitial syndrome.

B-D2-S7 (no consensus: level C)

• Lung ultrasound used as a first-line diagnostic
approach in the evaluation of suspected interstitial
syndrome, when compared with chest radiography,
may lead to better patient outcomes.
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considered as a particularly useful diagnostic modality
in the evaluation of interstitial syndrome.

Outcomes
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whom this diagnosis is a consideration.
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• In suspected decompensated left-sided heart failure,
lung ultrasound should be considered because, with
other bedside tests, it provides additional diagnostic
information about this condition.

Comments Many studies showed a tight correlation
between interstitial involvement of lung diseases and
B-lines [10, 18–20]. The consensus process defined the
basic eight-region sonographic technique (Fig. 2) and the
criteria for positive scan and positive examination [19–
21]. In the critically ill, a more rapid anterior two-region
scan may be sufficient to rule out interstitial syndrome in
cardiogenic acute pulmonary edema [12]. A positive
examination for sonographic diffuse interstitial syndrome
allows bedside distinction between a cardiogenic versus a
respiratory cause of acute dyspnea [22–24]. For more
precise quantification of interstitial syndrome, the
28-scanning-site technique can be useful, especially in
cardiology and nephrology settings [25]. In acute
decompensated heart failure, semiquantification of the
severity of congestion can be calculated by counting the
total number of B-lines (28-scanning-site technique) or
the number of positive scans (eight-region technique) [26,
27]. A focal sonographic pattern of interstitial syndrome
should be differentiated from a diffuse interstitial syn-
drome [21]. Similar B-patterns are observed in many
acute and chronic conditions with diffuse interstitial
involvement [1, 19, 20, 25, 28, 29]. However, some so-
nographic signs other than B-lines are useful to
differentiate the B-pattern of cardiogenic pulmonary
edema, ARDS, and pulmonary fibrosis [10]. The sono-
graphic technique for diagnosis of interstitial syndrome is
a basic technique [30–32] with superiority over conven-
tional CXR [33].

Lung consolidation

Signs and clinical implications

B-D3-S1 (strong: level C) (this statement combines
statements P-D3-S4 and P-D3-S5)

• The sonographic sign of lung consolidation is a
subpleural echo-poor region or one with tissue-like
echotexture.

• Lung consolidations may have a variety of causes
including infection, pulmonary embolism, lung cancer
and metastasis, compression atelectasis, obstructive
atelectasis, and lung contusion. Additional sonograph-
ic signs that may help to determine the cause of lung
consolidation include the following:

– The quality of the deep margins of the consolidation
– The presence of comet-tail reverberation artifacts at

the far-field margin
– The presence of air bronchogram(s)
– The presence of fluid bronchogram(s)
– The vascular pattern within the consolidation.

B-D3-S4 (strong: level A)

• Lung ultrasound for detection of lung consolidation
can be used in any clinical setting including point-of-
care examination.

B-D3-S8 (strong: level A)

• Lung ultrasound should be used in the evaluation of
lung consolidation because it can differentiate con-
solidations due to pulmonary embolism, pneumonia,
or atelectasis.

P-D3-S6 (strong: level B)

• Lung ultrasound is a clinically useful diagnostic tool
in patients with suspected pulmonary embolism.

P-D3-S7 (strong: level A)

• Lung ultrasound is an alternative diagnostic tool to
computerized tomography in diagnosis of pulmonary
embolism when CT is contraindicated or unavailable.

P-D3-S3 (strong: level B)

• Lung ultrasound is a clinically useful tool to rule in
pneumonia; however, lung ultrasound does not rule
out consolidations that do not reach the pleura.

B-D4-S8 (strong: level C)

• Lower-frequency ultrasound scanning may allow for
better evaluation of the extent of a consolidation.

Imaging strategies and learning curve

B-D3-S5 (strong: level A)
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Abstract
Objectives: The aim of this study is to assess the ability of bedside lung ultrasound (US) to confirm
clinical suspicion of pneumonia and the feasibility of its integration in common emergency department
(ED) clinical practice.
Methods: In this study we performed lung US in adult patients admitted in our ED with a suspected
pneumonia.Subsequently, a chest radiograph (CXR) was carried out for each patient. A thoracic
computed tomographic (CT) scan was made in patients with a positive lung US and a negative CXR. In
patients with confirmed pneumonia, we performed a follow-up after 10 days to evaluate clinical
conditions after antibiotic therapy.
Results: We studied 49 patients: pneumonia was confirmed in 32 cases (65.3%). In this group we had
31 (96.9%) positive lung US and 24 (75%) positive CXR. In 8 (25%) cases, lung US was positive with a
negative CXR. In this group, CT scan always confirmed the US results. In one case, US was negative
and CXR positive. Follow-up turned out to be always consistent with the diagnosis.
Conclusion: Considering that lung US is a bedside, reliable, rapid, and noninvasive technique, these
results suggest it could have a significant role in the diagnostic workup of pneumonia in the ED, even if
no sensitivity nor specificity can be inferred from this study because the real gold standard is CT, which
could not be performed in all patients.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Community-acquired pneumonia (CAP) in adults is a
common disorder, potentially life threatening [1], with a high
hospitalization rate [2]. It is the only acute respiratory tract
infection in which delayed antibiotic therapy has been
associated with increased risk of death [3]. Therefore, a
correct and rapid diagnosis is mandatory.

Currently, chest radiograph (CXR) is recommended for
the routine evaluation of a patient suspected of having

pneumonia because medical history and physical examina-
tion cannot provide certainty in this diagnosis [4]. However,
especially in the emergency department (ED) setting, CXR
might have many limitations due to patient conditions, waste
of time, and interobserver variability in its interpretation [5].

Computed tomography (CT), on the other hand, is
considered to be the gold standard technique, but it is often
not available, has high radiation dose, and has high cost [6].

Lungs are traditionally considered poorly accessible to
ultrasound (US) investigation because of their air content [7].
Only in the last decade, it has been shown that the US
assessment of the lung could have a role in common clinical
practice [8].

⁎ Corresponding author. Tel.: +39 3281186109.
E-mail address: palamuto@gmail.com (S. Parlamento).
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graphic image interpretation itself is definitely less depen-
dent on the operator: the US pattern of a lung consolidation is
indeed completely different from an alveolar-interstitial
syndrome or a normal pattern [8].

Regarding echographic findings, we found 2 subpleural
consolidations in patients without pneumonia confirmation:
they were, respectively, an atelectasia caused by a large
pleural effusion and a case of pulmonary embolism [25]. In
the first case, we excluded the infection because of the static
bronchograms course; in fact, they appeared parallel,
whereas in pneumonia they are always branching. This is
probably because the lung volume decreases in atelectasia,
whereas it increases in infectious consolidations. In the
embolism case, we observed many small bilateral subpleural
consolidations, without any bronchogram images. These
pictures, even considering the literature [26], suggested the
diagnosis, subsequently confirmed by contrast CT.

In essence, a subpleural consolidation in itself is not a
specific echographic sign of pneumonia, and the differential
diagnosis could be difficult.

In our survey, 5 (29.4%) patients did not have any lung
consolidation but a bilateral alveolar-interstitial syndrome: 3
of them had a diagnosis of acute pulmonary edema, and 2 of
lung fibrosis. On the other hand, in 22 (68.8%) patients with
confirmed pneumonia diagnosis, the alveolar-interstitial
syndrome was close to consolidation, as expression of a
perilesional inflammatory edema, as described before.

Fifty percent of the patients with confirmed pneumonia
presented dynamic air bronchograms: this sign, as already
shown in literature, excludes atelectasia [24]. In addition, we
could find static air bronchograms in all patients with
pneumonia.

We found pleural effusion in 3 patients without
pneumonia in which the final diagnosis was acute pulmonary
edema and in 11 patients with confirmed pneumonia. Pleural
effusion is frequently associated with infectious consolida-
tions, but also with many other diseases, as it is well known.

As said before, a lung consolidation becomes evident to
US examination only if it reaches pleural surface. In the
present study, all the consolidations interpreted as pneumo-
nia satisfied this condition. In fact, even in the only case
where we had with positive CXR and negative lung US, we
could visualize the consolidation performing lung US once
CXR response was acquired. We could not find in literature
anatomopathologic data regarding the percentage of CAP
reaching pleural surface, but from some previous experi-
ences [9,27], it appears to be definitely elevated.

In this study, we did not describe localization, shape,
and dimensions of pulmonary consolidations because this
kind of assessment is far from the “goal-directed” approach
of emergency US.

As stated above, we could obtain a complete lung US
examination in all patients, aside from their body mass index,
associated clinical conditions, and pneumonia severity: this

Fig. 4 A 22-year-old patient presenting with pleural pain and cough. Results of instrumental examinations are shown: double-view CXR
showed no sign of pneumonia (A and B), whereas CT scan (C) confirmed the right basal consolidation shown by lung US (D).
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obtained only the posterior-anterior view, using a mobile
device (Mobildrive AR15; SIAS s.p.a., Bologna, Italy).

Computed tomographic scans were executed using always
intravenous contrast with GE Lightspeed Advantage Multi-
detector 16 CT scan (General Electric, Little Chalfont, UK).

In patients confirmed of having pneumonia, we per-
formed a follow-up after 10 days to evaluate clinical
conditions and laboratory analysis (C-reactive protein,
blood cell count), after adequate antibacterial therapy.

To evaluate their potential influence on lungUS feasibility,
we collected data on body mass index, as well as associated
clinical conditions and pneumonia severity (using Pneumonia
Outcome Research Team [PORT] index) [23].

The criterion to determine the echographic diagnosis of
pneumonia was the finding of subpleural lung consolidation
with evidence of static or dynamic air bronchograms (Fig. 3).

3. Results

We studied 49 patients: 18 (36.7%) females and 31
(63.2%) males with a mean age of 60.9 years (SD, 21.8).
Positive CXR or CT scan and indirectly the 10 days clinical
follow-up confirmed pneumonia in 32 cases (65.3%). In this
group, we had 31 (96.9%) positive lung US and 24 (75%)
positive CXR (Table 1). Follow-up was always consistent
with the diagnosis, showing an improved clinical picture (no
fever, cough, or dyspnea) and a drop in inflammatory
laboratory indexes such as C-reactive protein.

Concordance between lung US and CXR is quite good
(k statistic = 0.63; 95% confidence interval, 0.43-0.84), but
the number of cases with positive lung US and negative CXR
is sharply superior to the number of patients with negative
US and positive CXR (McNemar P = .0196).

We could perform a complete lung US examination
(scanning anterior, lateral and posterior chest wall) in all the
patients, whereas we obtained both posterior-anterior and
lateral CXR views in 28 (66%) cases. Of the 8 patients
assessed using CT, 3 (37.5%) had also lateral CXR.

In Table 2, echographic findings are shown. Pneumonia
(Fig. 3) appears as a hypoechogenic area with irregular shape
touching the pleural line. Very often, the consolidation area is
surrounded by multiple and close B lines, that is, alveolar-
interstitial syndrome, an expression of inflammatory perile-

sional edema. Pleural line next to the lesion is hypoechogenic
and lung sliding is reduced or absent. Branching echogenic
structures are often visible within the consolidation repre-
senting air bronchograms and can have an intrinsic
centrifuge movement with breathing: this finding is called
dynamic air bronchogram and rules out atelectasia [24]. Air
trapped in the small airway creates multiple millimetric
hyperechogenic spots within the lesion. These findings are
consistent with former studies in the literature and well
described also in a recent experience by Reissig and Kroegel
[15] (Table 2).

To assess the feasibility of the integration of this technique
in the common ED clinical practice, we deemed it
appropriate to set a 5-minute cutoff for the execution times
of lung US. As reported in our data collection forms through
a “yes/no” question, no examination exceeded that time limit.

4. Discussion

In the present study, the use of CT to clarify contrasting
results between lung US and CXR was crucial: if we had
considered CXR as the gold standard, we would have had 8
false-positive echographic results (25% of 32 confirmed
diagnoses), actually proven to be pneumonia. One of these
cases is shown in Fig. 4. This was not caused only by
patients' conditions hindering good CXR images: 3 of these
patients, as said before, had a double-view CXR. Besides, the
8 negative CXRs were evaluated by a second expert blind
radiologist. Furthermore, the percentage of false-negative
CXR of this study concerning diagnosis of pneumonia is in
line with literature data: Syriala et al [6], comparing high-
resolution computed tomography with CXR ability in the
diagnosis of pneumonia, found 8 (30.8%) negative CXR
cases of 26 confirmed pneumonias.

Another key point in the design of this study is that lung
US was performed before CXR by a sole expert operator:
this allows the assess of the technique itself but not the
interobserver variability in lung US image interpretation.
However, whereas the execution of US examination is
strictly dependent on the operator experience, the echo-

Table 1 Results of the instrumental examinations

RX+ RX− Total US+, CXR−

ECO+ 23 8 31 CT+ 8
ECO− 1 17 18 CT− 0
Total 24 25 49 Total 8

CT, computed tomography; CXR, chest x-ray; US, lung ultrasound.
Findings in the group examined with CT are listed in right side of the
table.

Table 2 Echographic findings in patients with or without
radiologically confirmed pneumonia

Patients without
confirmed pneumonia

Patients with
confirmed pneumonia

Consolidation 2 (11.8%) 31 (96.9%)
Alveolar-
interstitial
syndrome

5 (29.4%) 22 (68.8%)

Air
bronchogram

0 (0%) 16 (50.0%)

Pleural effusion 3 (17.6%) 11 (34.4%)
Normal pattern 10 (58.8%) 0 (0%)
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Lung Ultrasound Characteristics of Community-Acquired
Pneumonia in Hospitalized Children

Vito Antonio Caiulo,1* Luna Gargani,2 Silvana Caiulo,3 Andrea Fisicaro,3

Fulvio Moramarco,1 Giuseppe Latini,4 Eugenio Picano,2 and Giuseppe Mele5

Summary. Background: The diagnosis of community-acquired pneumonia (CAP) is based
mainly on the patient’s medical history and physical examination. However, in severe cases a
further evaluation including chest X-ray (CXR) may be necessary. At present, lung ultrasound
(LUS) is not included in the diagnostic work-up of pneumonia. Aim: To describe the ultrasono-
graphic appearance of CAP at presentation and during the follow-up. Methods: A total of 102
patients with clinical signs and symptoms suggesting pneumonia, who underwent a clinically
driven CXR, were evaluated by LUS on the same day. LUS signs of pneumonia included
subpleural lung consolidation, B-lines, pleural line abnormalities, and pleural effusion. The
diagnostic gold standard was the ex-post diagnosis of pneumonia made by two independent
experienced pediatricians on the basis of clinical presentation, CXR and clinical course follow-
ing British Thoracic Guidelines recommendations. Results: A final diagnosis of pneumonia was
confirmed in 89/102 patients. LUS was positive for the diagnosis of pneumonia in 88/89
patients, whereas CXR was positive in 81/89. Only one patient with normal LUS examination
had an abnormal CXR, whereas eight patients with normal CXR had an abnormal LUS. LUS
was able to detect pleural effusion resulting from complicated pneumonia in 16 cases, whereas
CXR detected pleural effusion in three cases. Conclusions: LUS is a simple and reliable
imaging tool, not inferior to CXR in identifying pleuro-pulmonary alterations in children with
suspected pneumonia. During the course of the disease, LUS allows a radiation-free follow-up
of these abnormalities. Pediatr Pulmonol. 2012; 9999:1–8. ! 2012 Wiley Periodicals, Inc.

Key words: lung ultrasound; pneumonia; B-lines; chest X-ray.
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INTRODUCTION

In accordance with the British Thoracic Society
guidelines, community-acquired pneumonia (CAP) can
be clinically defined as the presence of signs and symp-
toms of pneumonia (such as fever of >38.58C, cough
and respiratory distress) in a previously healthy child,
due to an infection which has been acquired outside the
hospital.1 Chest X-ray (CXR) is not recommended to
be performed routinely in uncomplicated cases. Howev-
er, in selected cases, the diagnosis of pneumonia needs
to be confirmed with a CXR.

The use of ultrasound for the evaluation of the lung
is relatively recent. Until a few years ago, the lung was
considered off-limits for ultrasound.2 This concept, only
partially true, derives from the fact that in the normal
lung, which consists mostly of air, ultrasound waves are
almost completely reflected, without being translated
into an image. In a normal subject the pleura is the
only visible structure, since the high acoustic imped-
ance of the air below prevents visualization of the lung
parenchyma. In a normal lung, reverberation artifacts,
repetitive and parallel to the pleura, called A-lines, are
generated (Fig. 1). In the presence of pathological

processes that lead to thickening of peripheral interlob-
ular septa, A-lines are replaced by other artifacts,
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DISCUSSION

In this study, the degree of lung congestion measured by lung
USwas a better predictor of the risk of death and cardiac events
than symptoms of heart failure as assessed by the NYHA score
and provided additional independent information to explain
variation in study outcomes over and above classic risk factors,
serum albumin, phosphate, CRP, and NYHA score. Further-
more, reclassification analysis showed that the inclusion of
estimates of lung congestion by US into a prediction model
based on risk factors listed above significantly improves the
prediction of cardiac events by the same model by 10%.

Pulmonary Water and Heart Disease in ESRD
In hemodialysis patients without apparent pulmonary disease,
carbon oxide transfer is substantially compromised, denoting
subclinical pulmonary edema,18 and the ventilation/perfusion
ratio improves after dialysis, implying reduced extravascular
lung water after fluid subtraction.19 In a study based on a
double indicator dilution technique, predialysis lung water
was 33% higher in asymptomatic dialysis patients without
cardiac disease than in well matched healthy subjects and re-
verted to normal postdialysis.20 These observations were sub-
sequently confirmed in another study based on a modified
optical density dilution and ultrasound velocity technique.21

In a feasibility study in 75 patients, we showed that the mea-
surement of pulmonary water by BL-US has good interobserv-
ers and interprobes reproducibility.15 We also found that most
patients with moderate to severe lung congestion were asymp-
tomatic,15 an observation fully confirmed in this larger cohort
study. Furthermore, we reported that, both before and after
dialysis, BL-US consistently associates with pulmonary

pressure, left atrial volume, and particularly, ejection fraction,
implicating LV dysfunction and volume overload in pulmo-
nary congestion in dialysis patients. Thus, lung US detects
congestion at a preclinical stage in a substantial proportion
of patients, which could be of clinical relevance for the pre-
vention of cardiac events in an elderly population with car-
diomyopathy like the hemodialysis population.

Prognostic Value of Pulmonary Water Measurement
by Lung US
Development of biomarkers for application in clinical practice
is a complex undertaking that demands proof that the bio-
marker reliably reflects the targeted biologic process, evidence
that the biomarker has diagnostic and/or prognostic ability over
and above standard factors, and proper testing in specifically
designedtrialswhere thebiomarker is face to face comparedwith
established indicators of the same biologic process.

BL-US proved to be a strong and independent predictor of
death and incident cardiovascular events22 in patients with
cardiac disease, but whether the BL-US has prognostic power
in other conditions is still unknown. Prognostic biomarkers
should be specifically investigated in the precise population
where they are proposed for clinical application. This process
is particularly true in the hemodialysis population, a popula-
tion with a notoriously high risk for fluid overload. We found
that lung US adds significant prognostic information for death
and cardiovascular events to classic risk factors, the NYHA
score, and powerful risk factors in CKD patients, like hypo-
albuminemia, hyperphosphatemia, and inflammation. In
quantitative terms, the BL-US score significantly increased
by 6% and 5% the explained variation in death rate and car-
diovascular events by a model based on the above-mentioned

Figure 1. Kaplan–Meier survival analyses of all-cause mortality and fatal and nonfatal cardiac events according to the BL-US.
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than symptoms of heart failure as assessed by the NYHA score
and provided additional independent information to explain
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estimates of lung congestion by US into a prediction model
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prediction of cardiac events by the same model by 10%.

Pulmonary Water and Heart Disease in ESRD
In hemodialysis patients without apparent pulmonary disease,
carbon oxide transfer is substantially compromised, denoting
subclinical pulmonary edema,18 and the ventilation/perfusion
ratio improves after dialysis, implying reduced extravascular
lung water after fluid subtraction.19 In a study based on a
double indicator dilution technique, predialysis lung water
was 33% higher in asymptomatic dialysis patients without
cardiac disease than in well matched healthy subjects and re-
verted to normal postdialysis.20 These observations were sub-
sequently confirmed in another study based on a modified
optical density dilution and ultrasound velocity technique.21

In a feasibility study in 75 patients, we showed that the mea-
surement of pulmonary water by BL-US has good interobserv-
ers and interprobes reproducibility.15 We also found that most
patients with moderate to severe lung congestion were asymp-
tomatic,15 an observation fully confirmed in this larger cohort
study. Furthermore, we reported that, both before and after
dialysis, BL-US consistently associates with pulmonary

pressure, left atrial volume, and particularly, ejection fraction,
implicating LV dysfunction and volume overload in pulmo-
nary congestion in dialysis patients. Thus, lung US detects
congestion at a preclinical stage in a substantial proportion
of patients, which could be of clinical relevance for the pre-
vention of cardiac events in an elderly population with car-
diomyopathy like the hemodialysis population.

Prognostic Value of Pulmonary Water Measurement
by Lung US
Development of biomarkers for application in clinical practice
is a complex undertaking that demands proof that the bio-
marker reliably reflects the targeted biologic process, evidence
that the biomarker has diagnostic and/or prognostic ability over
and above standard factors, and proper testing in specifically
designedtrialswhere thebiomarker is face to face comparedwith
established indicators of the same biologic process.

BL-US proved to be a strong and independent predictor of
death and incident cardiovascular events22 in patients with
cardiac disease, but whether the BL-US has prognostic power
in other conditions is still unknown. Prognostic biomarkers
should be specifically investigated in the precise population
where they are proposed for clinical application. This process
is particularly true in the hemodialysis population, a popula-
tion with a notoriously high risk for fluid overload. We found
that lung US adds significant prognostic information for death
and cardiovascular events to classic risk factors, the NYHA
score, and powerful risk factors in CKD patients, like hypo-
albuminemia, hyperphosphatemia, and inflammation. In
quantitative terms, the BL-US score significantly increased
by 6% and 5% the explained variation in death rate and car-
diovascular events by a model based on the above-mentioned

Figure 1. Kaplan–Meier survival analyses of all-cause mortality and fatal and nonfatal cardiac events according to the BL-US.

4 Journal of the American Society of Nephrology J Am Soc Nephrol 24: ccc–ccc, 2013
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· Exclusion criteria: 
- Cancer or other advanced non cardiac disease or comorbidity (e.g. end stage liver failure) imposing a very 
poor short term prognosis 
- Active infections or relevant inter-current disease 
- Inadequate lung scanning and echocardiographic studies 
 
· The LW-US guided intervention: 
Patients will be randomized to a lung-US guided treatment policy or to standard clinical care 
(Figure 2). 

 
 
In patients randomized to the active arm of the study, LW-US will be performed before and after dialysis 
session and their results used to titrate dialysis and drug treatment. 
Patients in this arm with moderate to severe lung congestion (>15 lung comets pre-dialysis) LW 
measurements will be repeated at least once a week until the treatment goal is achieved and once a month 
thereafter and the same (monthly) monitoring frequency will be adopted also in patients without pulmonary 
congestion at predialysis baseline (<15 comets). Furthermore the use of the technique will be allowed 
whenever its application is deemed useful to assume clinical decisions by attending physicians. Patients in 
the active arm of the study without evidence of lung congestion at baseline who will develop pulmonary 
congestion (i.e. clinical signs and/or >15 lung comets) during the trial will receive the same treatment 
contemplated for those with lung congestion at baseline (see Figure 2). 
The treatment goal will be pursued by UF intensification realized either by lengthening the duration of dialysis 
or by extra-dialyses, according to individual tolerance and feasibility. If the treatment goal will not be achieved 
within the first 3-4 weeks or intolerance to UF supervenes, adjustment of drug treatment will be considered 
including the introduction and/or dose adjustments of drugs of proven efficacy like carvedilol and ACE 
inhibitors or angiotensin II blockers, as recommended by a recent consensus document by KDIGO (Kidney Int 
2010; 77: 273–284; see APPENDIX). Other cardiovascular and noncardiovascular medications will be 
maintained unchanged or appropriately adapted in relationship to the individual needs. 
Patients in the control arm of the study will be followed up and managed with standard criteria according to 
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sensitivity 100% 
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or, alternatively, a curvilinear 2–5-MHz probe was used.
All measurements were made no less than 2 cm caudal
from the junction of the right atrium [26]. The pattern
considered significant for central venous pressure (CVP)
[10 mmHg coincided with diameter [2 cm and absent
or reduced (\40 %) collapsibility, while low CVP
(\5 mm Hg) was diagnosed with diameter \2 cm and
total or enhanced collapsibility ([50 %) [27, 28]. All the
intermediate conditions were considered not diagnostic. A
third condition interpreted as a sign of acute overload was
visualization of spontaneous echo contrast (sludge) or
solid echogenic thrombi [29].

Abdominal views

Free fluids were estimated by a curvilinear 2–5-MHz
probe as detection of anechoic free spaces in the tradi-
tional peritoneal pouch [30]. The anterior-posterior

diameter of the abdominal aorta was measured in the
short axis view, and a measurement [30 mm was con-
sidered a sign of dilation [31].

Leg vein views

The common femoral and popliteal leg veins were
examined for collapsibility in the short axis using a linear
7–12-MHz probe. Absence of collapsibility was consid-
ered diagnostic for intraluminal thrombosis [32]. In case
of a negative examination but strong suspicion of
thrombosis, the bilateral venous waveform was analyzed
by color Doppler to check for asymmetry indicating
proximal obstruction [29].

Each ultrasonographic examination was performed by
following a systematic and standardized sequence: heart,
inferior vena cava, lungs, abdomen and legs veins. If the
cause of hypotension was obvious at any point of the

Table 2 The list of nine possible ultrasound patterns diagnosed in patients admitted for undifferentiated hypotension and the corre-
sponding combination of findings detected at multiorgan point-of-care ultrasonographic evaluation

Ultrasound pattern Organ evaluation Corresponding signs

Hypovolemic Heart Hyperkinetic LVa

Inferior vena cava Diam. \2 cm ? Resp. collapse [50 %a

Lungs A patterna

Abdomen Free fluids/Aortic aneurysma

Distributive Heart Hyperkinetic LV
Inferior vena cava Diam. \2 cm ? Resp. collapse [50 %
Lungs B pattern with consolidation or consolidation

with air bronchogramsb

Hypovolemic/distributive Heart Hyperkinetic LVa

Inferior vena cava Diam. \2 cm ? Resp. collapse [ 50 %a

Lungs A/B patterna

Abdomen Free fluidsa

Obstructive cardiac tamponade Heart Pericard. effusion with tamponade
Obstructive pulmonary embolism Heart Dilated/Hypokinetic RVa

Inferior vena cava Sludge or no respiratory collapse and
max. diam. [2 cma

Lungs A patterna

Peripheral veins Deep vein thrombosisa

Obstructive tension pneumothorax Heart Dilated/Hypokinetic RV
Inferior vena cava Sludge or no respiratory collapse and max.

diam. [2 cm
Lungs No sliding and pulse, no B-lines,

no consolidationb

Cardiogenic Heart Hypokinetic left ventricle
Lungs B patternb

Mixed Pattern where criteria for more
than a single diagnosis are
satisfied (other than
hypovolemic/distributive)

Indefinite Pattern where criteria for a single
diagnosis are not satisfied
or uncertain

LV left ventricle, RV right ventricle
a At least two of these signs
b Necessarily present Volpicelli G et al. Intensive Care Medicine 2013   
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