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A B S T R A C T

Chest ultrasonography is a useful tool for assessing disease activity in the peripheral lung parenchyma, 
pleura, chest wall, diaphragm, and mediastinum. Ultrasound imaging also provides highly useful guidance 
in invasive diagnostic and therapeutic procedures. The main advantages of this imaging technology are the 
absence of ionizing radiation and the possibility of real-time bedside applications. The chief indications 
and limitations of chest ultrasonography and the principal sonographic signs are reviewed

© 2008 SEPAR. Published by Elsevier España, S.L. All rights reserved 
 
 
 
 
.

Ecografía torácica

R E S U M E N

La ecografía torácica es útil en la valoración de enfermedades del parénquima pulmonar periférico, pleura, 
pared torácica, diafragma y mediastino, y también es de gran utilidad como guía en procedimientos inter-
vencionistas diagnósticos y terapéuticos. Sus principales ventajas radican en la ausencia de radiaciones io-
nizantes, la capacidad de explorar en tiempo real y la posibilidad de realizar la exploración en la cabecera 
del paciente. En este artículo se revisan sus principales indicaciones y limitaciones, así como su semiología 
básica.

© 2008 SEPAR. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Introduction

The usefulness of ultrasonography has now been demonstrated in 
many diseases and areas of the body because it offers a number of 
advantages over other radiologic imaging technologies,1 including 
the absence of ionizing radiation, the accessibility of the necessary 
equipment, and the possibility of real-time bedside applications and 
image assessment.2 These characteristics are especially useful in 
patients who are particularly susceptible to the adverse effects of 
radiation, such as children3,4 and pregnant women, and in patients 
who can only be moved with difficulty, such as those in intensive 
care units.5-7 Because ultrasound scanners are portable, they can also 

be used by emergency response teams to evaluate patients outside 
of the hospital setting.8 

The latest technical advances, such as tissue harmonics,9 
improvements in Doppler ultrasonography, and the use of new 
ultrasound contrast agents,10 have helped establish important roles 
for this imaging modality in the diagnosis and management of 
disease in several subspecialties, including abdominal, breast, and 
locomotor apparatus radiology. In diseases of the chest, however, 
ultrasonography has played practically no role or only a secondary 
one. The reason for this is that 99% of the ultrasound waves emitted 
by the transducer are reflected at the interface between the pleural 
membrane and the lung because of the large difference in acoustic 
impedance between the soft tissues and the aerated lung11 and the 
attenuation of ultrasound waves when propagated through aerated 
structures. Nevertheless, many studies have demonstrated the utility 
of ultrasound imaging in noncardiac chest disease. Since the object 
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of this review is to highlight the diseases in which ultrasonography 
can be useful, we have organized the article according to the thoracic 
structures: the pleura, lung, chest wall, mediastinum, and 
diaphragm. 

Pleura 

The main application of chest ultrasonography has traditionally 
been in pleural disease,12 especially in the diagnosis and sampling of 
pleural effusions, although in many centers its use has been restricted 
to the guidance of thoracentesis.

As the normal pleura is only 0.2 to 0.4 mm thick, and this 
measurement is below the resolution limits of ultrasound systems, 
the pleural membranes appear as a single highly echogenic line that 
moves as the patient breathes (lung sliding).

Pleural Effusion

With a sensitivity of 100% and a specificity of 99.7%, sonography 
is more accurate than conventional radiography in the detection of 
pleural effusion because as little as 5 mL of fluid can be visualized.13 
By contrast, the minimum volume detectable in a posteroanterior 
radiograph is 150 mL and in anteroposterior projections with the 
patient in a supine position the minimum can be as much as 525 
mL.14

In a study by Lichtenstein et al15 comparing several diagnostic 
procedures with computed tomography (CT) in patients with 
acute respiratory distress syndrome, ultrasonography 
demonstrated greater diagnostic accuracy (93%) for pleural 
effusion than either auscultation (63%) or supine anteroposterior 
radiography (47%).

The volume of a pleural effusion can be estimated using a number 
of different equations employing the width of the column of fluid, 
the height of the subpulmonary effusion, or the thickness of the 
mantle surrounding the lungs.16,17 The simplest method is to multiply 
the width of the lateral fluid lamella (in millimeters) by an empirical 
factor of 90 to obtain the volume of pleural effusion in milliliters 
(r=0.68). Ultrasonography provides a more accurate estimation of 
the volume of pleural effusions than radiography.17

The sonographic appearance of a pleural effusion depends on its 
nature, cause, and chronicity. Pleural effusions can be classified on 
the basis of their sonographic characteristics according to whether 
they are echoic or totally anechoic, and whether they have septa 
(thick or thin and mobile) and/or pleural nodules. Ultrasonography 
has been shown to be more sensitive than CT for demonstrating the 
presence of septa (Figure 1) inside a pleural effusion.4,18 An effusion 
can be classified as an exudate when echoes, septa, or nodules are 
detected on ultrasound.19 In the absence of such findings, that is, 
when the effusion is anechoic, it is not possible to determine whether 
it is a transudate or an exudate because the latter can also be 
anechoic.19

Ultrasonography is useful for distinguishing small pleural 
effusions from solid pleural lesions20 and atelectases.

It can also differentiate between a small pleural effusion and 
pleural thickening.20 The fluid color sign21 provides useful evidence 
in this respect as it appears in effusions but never in pleural 
thickening. This sign is the result of the transmission of respiratory 
and cardiac movements that give rise to a Doppler color signal within 
the effusion.

The 2 findings most suggestive of malignancy are the presence 
of pleural nodules—the only sign specific to malignancy—and the 
swirling pattern.22 This pattern, which reflects the spiral movement 
of the internal echoes, is not pathognomonic for malignancy but 
is often found in patients with malignant effusions.22 Pleural 
nodules are more often found in the outer and diaphragmatic 
pleura.

In patients who can only be moved with difficulty, such as 
those in intensive care units, ultrasound imaging is also useful 
for determining whether abnormalities visible on anteroposterior 
supine radiographs correspond to pleural effusion or lung 
consolidation (Figure 2). Furthermore, as mentioned below, this 
technique also facilitates safe and rapid sampling of pleural 
fluid. 

Figure 1. Pleural effusion with marked pleural thickening and thick septa within the 
effusion. Biochemistry confirmed the suspected exudative nature of the effusion.

Figure 2. Ultrasound scan of a patient admitted to an intensive care unit with a hard-
to-interpret chest radiograph. It shows a large pulmonary consolidation (asterisk) and 
a very small subpulmonary pleural effusion (arrow).
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Pleural Thickening

Pleural thickening may be caused by pleuritis or correspond to 
pleural plaques. Pleuritis is seen as a break in the pleural line with 
irregular broadening of the visceral pleura. This anomaly is almost 
imperceptible on radiographs but easy to identify on ultrasound.23 
Asbestos-related pleural plaques appear as hypoechogenic bulges with 
marked posterior acoustic shadowing when the plaques are calcified.20 

Pleural Masses

Benign pleural neoplasms (lipoma, schwannoma, chondroma, 
and benign localized fibrous tumors) are uncommon, only accounting 
for 5% of pleural tumors.24,25 They appear on ultrasound as well 
defined moderately echogenic masses and are sometimes 
accompanied by small pleural effusions. Ultrasound findings do not 
permit differentiation of benign neoplasms, but do distinguish them 
from malignant lesions.

Malignant masses found in the pleura include mesothelioma, 
lymphoma, and metastases. On ultrasound, mesothelioma appears 
as an irregular thickening, sometimes nodular, in association with a 
large pleural effusion.26 However, CT remains the imaging modality 
of choice in the staging of pleural mesothelioma,26 notwithstanding 
the fact that some authors have reported correct results with 
ultrasonography.27

Metastases, primarily of adenocarcinoma, are the malignant 
tumors most often found in the pleura.20 They are generally 
accompanied by pleural effusion which, because it acts as an acoustic 
window, facilitates enhanced sonographic assessment of the solid 
component. The most characteristic ultrasound findings are nodules 
greater than 5 mm in diameter in the parietal pleura, although these 
are sometimes found in the visceral pleura.7 The most commonly 
affected area is the diaphragmatic pleura (Figure 3),20 and sonography 
may also show chest wall involvement.

Pneumothorax

CT is the gold standard technique for diagnosing pneumothorax,28 
but it is not the procedure of choice because of its high cost, limited 
availability and, above all, the fact that it involves exposure to 
ionizing radiation. In routine clinical practice, when pneumothorax 
is suspected a posteroanterior radiograph taken during inspiration is 
used for diagnosis. Traditionally, a radiograph during expiration was 
also obtained although several authors have now shown that the use 
of this projection does not affect management or improve diagnostic 
yield in these cases.29-31 Pneumothorax can be rapidly detected on 
ultrasound, and this technique is particularly indicated in pregnant 
women and children (who are particularly vulnerable to radiation) 
as well as in patients with traumatic injuries and patients in intensive 
care departments (who cannot easily be moved); ultrasound imaging 
also provides quantitative data that can inform the subsequent 
management of the condition.32 

The lack of comet-tail artifacts33 and lung sliding34,35 (the latter in 
both grayscale and Doppler color images), the presence of posterior 
linear reverberations,33 and the lung point sign36 are all findings 
diagnostic of pneumothorax. The lung point sign also predicts the 
need for chest drainage; 90% of patients with lateral pneumothorax 
will require drainage, as compared to only 8% of those with anterior 
pneumothorax.32 The earliest published studies were carried out in 
patients who had traumatic injuries37,38 or were on mechanical 
ventilation,32 although the best results have been obtained in series 
of patients assessed for pneumothorax after transthoracic needle 
aspiration in which ultrasound demonstrated greater sensitivity 
than conventional radiography and was almost as sensitive as CT.39,40 
However, there have been reports of false positives, for example in 
patients with chronic obstructive pulmonary disease (COPD) in 

whom ultrasound may identify reduced lung movement probably 
caused by lung hyperexpansion, although this hypothesis has not yet 
been confirmed.41 Lung sliding may also be absent in patients without 
pneumothorax who have a history of pleurodesis, asbestos-related 
pleural disease, or acute respiratory distress syndrome.33 Ultrasound 
imaging is also of limited utility in injured patients with subcutaneous 
emphysema, because, as mentioned above, the propagation of 
ultrasonic waves is greatly attenuated in air. 

Hydropneumothorax can also be diagnosed with chest 
ultrasonography. The typical finding in this case is the curtain sign, a 
product of reverberation artifacts inside the effusion that indicate 
the presence of pleural air.34

Lung

Ultrasonography can be used to study diseases affecting the 
periphery of the lung parenchyma.42 Diseases that do not affect 
peripheral lung cannot be assessed using this technology because 
almost all of the ultrasound waves are reflected back at the pleural-
lung interface owing to the great difference in acoustic impedance at 
that point. 

Pneumonia

In the initial stages of pneumonia, the lung appears diffusely 
echogenic with irregular margins and a sonographic appearance 
similar to that of the liver.43,44 Highly echogenic branching linear 
structures representing air bronchograms are often observed (Figure 
4).45,46 In the more advanced stages of the disease and following 
antibiotic treatment, areas of pneumonic consolidation contain 

Figure 3. A pleural effusion with multiple internal echoes (asterisk) and a solid nodule 
in the diaphragmatic pleura (arrow). Metastasis was diagnosed on cytology of the 
pleural fluid.
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multiple air-filled spaces that correspond to portions of the lung 
parenchyma where infection has been resolved.

Another sign sometimes found within pneumonic consolidations 
and also visible on CT is the fluid bronchogram,46 which consists of 
anechoic linear structures within the parenchyma. This sign, while 
not pathognomonic, should raise the suspicion of a central obstruction 
as the cause of the consolidation.47 Ultrasound may also be useful in 
such cases, since it can sometimes distinguish between the central 
tumor and consolidated peripheral lung. 

Ultrasonography is more sensitive than conventional 
radiography,12,43 and even than CT,48 in the assessment of pulmonary 
necrosis and abscesses. When color Doppler ultrasound is used, 
highly echogenic areas indicate hypoperfusion.49 The abscesses 
appear as nodular or oval structures that may or may not be well 
defined and their contents may be fully anechoic or internally 
echogenic and possibly septated.43,50,51

Ultrasonography is important in the assessment of pneumonia 
because it can detect parapneumonic pleural effusion and 
intrapulmonary abscesses and can guide the aspiration of 
consolidations to obtain specimens for culture. In addition it provides 
an alternative method for the assessment of patients who are 
particularly vulnerable to radiation, such as children49 and pregnant 
women.

Neoplastic Disease

Only neoplasms in contact with the pleura can be assessed with 
ultrasound. The echogenicity of peripheral pulmonary lesions does 
not differentiate between benign and malignant lesions, although 
lung tumors demonstrate as predominantly hypoechoic masses.47 
However, differentiation can be facilitated by attending to the 
following ultrasound criteria: the contours of the lung surface, the 
limits with the ventilated lung, the destruction of normal pulmonary 
architecture, vascular displacement, neovascularization, invasion of 
adjacent structures, and differentiation between a central lesion and 
subsequent obstructive atelectasis.47

Tumors sometimes present a pleuropulmonary surface with an 
irregular outline—a pattern not seen in inflammatory processes and 
one that can be easily identified when there is pleural effusion.

The margins of tumors are normally well circumscribed and there 
may sometimes be finger-like projections invading adjacent lung tissue.

Ultrasound imaging is more sensitive (76.9%-100%) than CT (68%-
69.2%) in the assessment of chest wall invasion.52,53 Recent studies 
comparing sonography with spiral CT and 1.5 tesla magnetic 
resonance imaging have shown it to be more sensitive than either in 
the detection of pleural and chest wall invasion.11,54 When tumors 
invade the chest wall and parietal pleura, a loss of normal lung 
sliding is evident during respiration.20

Tumors destroy the lung’s normal architecture, displacing bronchi 
and vessels, which may become twisted or change in size.47

Color Doppler ultrasound is a useful tool for determining the 
benign or malignant nature of peripheral pulmonary lesions and 
for demonstrating the presence of neovascularization on the basis 
of resistive indices. 23 A mean (SD) resistive index of 0.52 (0.13) 
(sensitivity, 100%; specificity, 95%) and a pulsatility index of 1.43 
(0.13) (sensitivity, 97%; specificity, 95%) have been reported to be 
useful in differentiating malignant and benign pulmonary 
masses.

Hematogenous metastasis in the form of subpleural echogenic 
nodules can also be visualized on ultrasound because of its normally 
peripheral distribution. Sonography is of limited use in the study of 
pulmonary metastasis because it cannot detect lesions that are not 
in contact with the outer pleura.

Pulmonary Embolism and Infarction

Areas of pulmonary infarction can be detected on ultrasound as 
hypoechoic wedge-shaped lesions with a peripheral base55,56 that 
may bulge outward from the pleural surface (Figure 5). In initial 
phases, the lesions are poorly circumscribed, but with time they 
become more clearly demarcated and a linear hyperechoic structure 
corresponding to the bronchiole can also be seen in the center of the 
lesion.55-58 The congestive afferent vessel may also be visible. Fresh 
infarcts can be distinguished from infectious consolidations at 
sonography because the latter normally present an air bronchogram 
sign, which is absent in infarction.59

While some studies have demonstrated good results with 
ultrasound in the detection of pulmonary embolism, multidetector 
CT —with a sensitivity of 74% to 98% and a specificity of 60% to  
95%55-59— not only visualizes the infarcts but can also assess the 
presence of repletion defects in the pulmonary arteries through to 
the subsegmental level. Sensitivity is 85% to 90%60 and the negative 
predictive value is 96% to 99%.61 Consequently, the current potential 
of ultrasonography in pulmonary embolism is limited to patients 
who are not candidates for multidetector row CT because they 
cannot easily be moved.62,63

Atelectasis

A crucial problem in radiology is distinguishing between 
obstructive atelectasis and passive atelectasis caused by pleural 
effusion. Certain radiographic signs, such as the Golden S sign, 
facilitate the diagnosis of obstructive atelectasis caused by a central 
mass, but this finding is not common. However, certain ultrasound 
findings can help differentiate between these two types of 
atelectasis.

In passive atelectasis, sonography demonstrates moderate pleural 
effusion, wedge-shaped consolidation of the lung parenchyma, 
irregular borders when the lung is aerated, and partial reventilation 
during inspiration or after thoracentesis.

In obstructive atelectasis, the ultrasound imaging demonstrates 
scant pleural effusion, hypoechoic lung consolidation, focal lesions 
(caused by liquefaction, the formation of abscesses, or metastasis), 
fluid bronchogram, a central obstructive mass, and a lack of 
reventilation during inspiration. 

Ultrasonography can distinguish between atelectasis and a central 
mass in 50% of cases.64

Figure 4. Echogenic consolidation of air space with a highly echogenic branching 
linear pattern (arrows) corresponding to air bronchogram in a patient with bacterial 
pneumonia.
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Diseases Involving the Interlobular Septa

The interlobular septa, seen on ultrasound as comet tail artifacts, 
are affected by many diseases, and their peripheral location makes it 
easy to assess these processes sonographically.12,65 Comet tail artifacts 
are visible under normal conditions,66 but in certain diseases of the 
interlobular septa the number of tails seen on the pleural surface 
increases (Figure 6).67 In patients with COPD, by contrast, it has been 
reported that fewer of these artifacts are observed.

In the intensive care unit, this finding is useful for distinguishing 
patients with COPD from those with heart failure,5,68-70 with a 
sensitivity of 100% and a specificity of 92% for the detection of 
pulmonary edema.68 A relationship has even been reported between 
the number of comet-tail artifacts and the severity of heart failure,71,72 
which facilitates follow-up of these patients.73

Chest Wall

Masses

Sonography is a sensitive, albeit not at all specific, tool for the 
detection of masses arising from the chest wall.4 Its role in the study 

of such masses is therefore limited to detection49 and other more 
specific tools, such as magnetic resonance imaging, must be used to 
provide a more precise diagnosis.

Lymph Nodes 

Ultrasonography is very useful in the detection and characterization 
of lymphadenopathies particularly in the axilla and supraclavicular 
fossa.11 Moreover, it can distinguish reactive lymph nodes from those 
with malignant infiltration.74 Reactive lymph nodes are oval or 
triangular in shape and retain the fatty hilum, which may even 
become enlarged.7 By contrast, malignant lymph nodes appear 
rounded, are hypoechoic, and have no fatty hilum.7 Extracapsular 
spread should be suspected when malignant nodes have irregular 
borders. Nodes that have been infiltrated by lymphoma are rounded 
and hypoechoic, but well demarcated. 

Ribs and Sternum

Ultrasonography is useful in the detection of rib and sternum 
fractures and is more sensitive than conventional radiography for 
this purpose.7,75 The “chimney phenomenon,” which reflects the 
presence of posterior reverberation artifacts at the traumatized 
point, facilitates the diagnosis of fractures even when there is no 
displacement. Ultrasonography also permits the diagnosis of 
associated complications, whether mild (for example, hematomas  
or displacement of fragments)76 or complex (hemothorax or 
pneumothorax).

Ultrasound imaging can also detect costal metastasis by 
demonstrating the presence of hypoechoic lesions as compared to 
the normal hyperechogenicity of cortical bone.76 It is not, however, 
useful for ruling out costal metastasis because this would require  
a very lengthy and expensive scan.77 Consequently, the role  
of ultrasound imaging in this context is to guide invasive 
interventions.78

Diaphragm

Ultrasound examination of the diaphragm is difficult and, under 
normal circumstances, an abdominal approach is used.79 
Consequently, the left hemidiaphragm is more difficult to examine 
because the air in the stomach blocks transmission of the ultrasound 
beam.4 

Diaphragmatic defects, whether congenital, traumatic, or the 
result of a hernia, are difficult to assess with ultrasonography. They 
are more easily visualized in the presence of pleural effusion because 
the fluid serves as an acoustic window.

The movement of the diaphragm can be visualized and measured 
using real time ultrasound imaging. Phrenic nerve paralysis and 

Figure 5. Peripheral pulmonary lesion indicative of pulmonary infarct with a linear 
pattern in the apex (arrow) corresponding to the thrombosed afferent vessel.

Figure 6. Chest computed tomography scan (left): lung cancer in the upper left lobe with thickening of the interlobular septa indicative of lymphangitic carcinomatosis. Chest 
ultrasound (right): multiple comet-tail artifacts corresponding to the thickening of the interlobular septa.
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paradoxical diaphragmatic motion can easily be studied 
sonographically,4,80 and this method has the added advantage that it 
does not involve the use of ionizing radiation essential to other 
imaging techniques, such as fluoroscopy.

Mediastinum

Cardiology is the area in which ultrasonography has undergone 
the greatest development, but such use falls outside the scope of this 
article. It is possible, however, using suprasternal81 and parasternal82 
approaches, to visualize certain areas of the mediastinum, particularly 
the anterior compartment and the aortopulmonary window.47,83

Approximately 75% of mediastinal masses are found in the middle 
and anterior compartments. Since these regions can be visualized 
sonographically, ultrasound can be used to study these mediastinal 
masses and to assess vessel infiltration and the cystic nature of the 
lesions.84

Ultrasound imaging has yielded better results than conventional 
radiography in the assessment of mediastinal lymphadenopathies.85 
The overall sensitivity of ultrasound imaging in the study of abnormal 
mediastinal lymph nodes is 62%, rising to 72% when only the 
accessible regions are considered.86

Mediastinal sonography has certain disadvantages compared to 
CT and magnetic resonance imaging, such as its inability to visualize 
the entire mediastinum and its low specificity in the study of 
noncystic mediastinal masses.

Pericardial abnormalities, such as effusions, tumoral infiltration, 
and hemopericardium, are easily assessed by ultrasonography.87

Contrast-Enhanced Ultrasonography

Owing to its dual arterial supply, the lung can be assessed using 
contrast-enhanced ultrasound.88 The use of ultrasound contrast 
media enhances the specificity of the technique on the basis of 2 
parameters: time to uptake, and extent of uptake. This method can 
be used to confirm a diagnosis of pleuritis or peripheral pulmonary 
embolism, to characterize consolidations caused by atelectasis, 
pneumonia, or tumors, and to guide invasive procedures.88

Ultrasound-Guided Thoracic Interventions 

Thoracentesis

Ultrasound provides safe, rapid, and effective guidance for 
obtaining pleural fluid samples,89-91 and the outcomes are better 
than those achieved by expert clinicians using other methods.92 In 
experienced hands, the complication rate of ultrasound-guided 
puncture is 2% to 3%, a rate very similar to that associated with CT-
guided puncture.26 Ultrasound-guided thoracentesis is therefore 
safe and can be performed on patients on mechanical 
ventilation.93,94

In the study of metastatic pleural effusion, the possibility of 
guiding the puncture towards solid pleural components, which are 
sometimes very small, gives a better diagnostic yield that the 
aspiration of fluid alone.95

Pleural Drainage

Ultrasound can also be used to guide the placement of pleural 
drains and facilitate more precise placement of small-bore catheters. 
These procedures have been shown to be useful in parapneumonic 
effusions,96,97 empyema, malignant pleural effusion, and 
pneumothorax. The use of small-bore catheters is associated with a 
lower complication rate compared to that of wide-bore chest tubes.23 
The success rate of pleural drains in parapneumonic effusion ranges 
from 72% to 88%.23

Pleural Biopsy

With a success rate of 80%, ultrasound guidance is also useful for 
obtaining histology samples from pleural lesions.98 In a study 
comparing ultrasound-guided biopsy and traditional unguided 
biopsy with an Abram’s needle, the image-guided method was 
shown to have higher sensitivity (70%-86%) and specificity (100%) in 
the diagnosis of malignancy and tuberculosis than the unguided 
technique.23,99 Good results have been obtained with ultrasound-
guided biopsy in the diagnosis of malignant mesothelioma. With a 
sensitivity of 61.5%, a specificity of 100%, and a precision of 82.8%,100 
the results are similar to those obtained using thoracoscopy.101

Lung Cancer

Tumors that are located in the peripheral lung and in contact with 
the pleura can be biopsied using ultrasound-guided needle aspiration,44 
a technique reported to have a sensitivity of 97% and accuracy of 98%. 
Nodules as small as 1 cm in diameter can be sampled102,103 because 
ultrasound provides real time monitoring and can confirm when the 
needle point is correctly located inside the lesion. 

Ultrasonography is also useful in the biopsy of tumors exhibiting 
central necrosis because it can be used to guide the needle into the solid 
portions of the lesion, thereby increasing the sensitivity of the test.

CT-guided percutaneous biopsy of Pancoast tumors is limited by 
the location of the lesions. In such cases, real time ultrasound 
facilitates complex approaches (for example, a supraclavicular 
route), and color Doppler can be used to evaluate the area prior to 
biopsy in order to prevent accidental puncture of subclavian vessels; 
a success rate of 83% has been achieved with this method.23

In general, ultrasound-guided percutaneous biopsy of peripheral 
pulmonary lesions is a safe technique, with a complication rate of 
between 1% and 2%. Most complications—pneumothorax and 
hemoptysis are the most common—are usually self-limiting. Like 
other diagnostic imaging modalities, ultrasound can detect a 
pneumothorax that develops during the procedure. If pneumothorax 
occurs before the biopsy has been obtained, the attenuation of 
ultrasound waves caused by the entry of air into the pleural space 
will prevent correct visualization of the lesion104 and an alternative 
imaging technique will have to be used. 

Pneumonia and Pulmonary Abscesses 

In immunocompromised patients with pneumonia it may be 
useful to establish etiology. In such cases, ultrasound-guided 
percutaneous needle aspiration is a useful technique because the 
addition of color Doppler makes it possible to avoid injury to large 
intrapulmonary vessels.44

Ultrasound can also be used to guide the sampling of lung 
abscesses to obtain specimens for microbiological diagnosis and to 
drain the abscess cavity,105 although some authors prefer to use CT 
guidance for drainage.23

Mediastinum

Ultrasound can also be used to guide fine needle aspiration to obtain 
cytologic and histologic specimens of enlarged lymph nodes106 or 
masses located in the anterior and superior mediastinum.107 A 
suprasternal108 or parasternal109 approach can be used, and the use of 
color Doppler makes it possible to avoid the puncture of mediastinal 
vessels. 

Conclusions

Ultrasonography is useful in the diagnosis and management of 
many chest diseases. It is a quick and economical technique that 
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poses no danger to the patient (since no ionizing radiation is used) 
and it does not require the patient to be moved. In certain diseases, 
it yields better results than other imaging modalities (such as 
radiography and CT) and in other situations it can contribute 
additional information. 

Although ultrasound imaging may appear to be a complex 
technique, for the trained clinician who has learned the different 
ultrasound patterns it is a valuable tool in the study of thoracic 
disease. It is up to pulmonologists and radiologists to move forward 
together in the understanding of sonography and to integrate it 
progressively into routine clinical practice.

References

1. Nazarian LN. The top 10 reasons musculoskeletal sonography is an important 
complementary or alternative technique to MRI. AJR Am J Roentgenol. 
2008;190:1621-6. 

2. De Gregorio MA, D’Agostino H. La ultrasonografía en neumología: situación 
actual. Arch Bronconeumol. 2003;39:535-6. 

3. Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiation-induced fatal 
cancer from pedriatric CT. AJR Am J Roentgenol. 2001;176:289-96. 

4. Riccabona M. Ultrasound of the chest in children (mediastinum excluded). Eur 
Radiol 2008;18:390-9. 

5. Lichtenstein DA, Mezière GA. Relevance of lung ultrasound in the diagnosis of 
acute respiratory failure: the BLUE protocol. Chest. 2008;134:117-25. 

6. Lichtenstein DA. Point-of-care ultrasound: infection control in the intensive care 
unit. Crit Care Med. 2007;35:S262-S7. 

7. Mathis G. Thoraxsonography – Part I: chest wall and pleura. Ultrasound. Med 
Biol. 1997;23:1131-9. 

8. Lapostolle F, Petrovic T, Lenoir G, Catineau J, Galinski M, Metzger J, et al. 
Usefulness of hand-held ultrasound devices in out-of-hospital diagnosis 
performed by emergency physicians. J Emerg Med. 2006;24:237-42. 

9. Kollmann C. New sonographic techniques for harmonic imaging – Underlying 
physical principles. Eur J Radiol. 2007;64:164-72. 

10. Calliada F, Campani R, Bottinelli O, Bozzini A, Sommaruga MG. Ultrasound 
contrast agents: basic principles. Eur J Radiol 1998;27:S157-S60. 

11. Herth FJF, Becker HD. Transthoracic ultrasound. Respiration. 2003;70:87-94. 
12. Lichtenstein DA. Ultrasound in the management of thoracic disease. Crit Care 

Med. 2007;35 Suppl:S250-S61. 
13. Gryminski J, Krakówka P, Lypacewicz G. The diagnosis of pleural effusion and 

radiologic techniques. Chest. 1976;70:33-7. 
14. Collins JD, Burwell D, Furmanski S, Lorber PS. Minimal detectable pleural 

effusions. Radiology. 1972;105:51-3. 
15. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ. Comparative 

diagnostic performances of auscultation, chest radiography, and lung 
ultrasonography in acute respiratory distress syndrome. Anesthesiology. 
2004;100:9-15. 

16. Lorenz J, Börner N, Nikolaus HP. Sonographic volumetry of pleural effusions. 
Ultraschall Med. 1988;9:212-5. 

17. Eibenberger KL, Dock WI, Ammann ME, Dorffner R, Hörmann MF, Grabenwöger 
F. Quantification of pleural effusions: sonography versus radiography. Radiology. 
1994;191:681-4. 

18. Maskell NA, Butland RJ, Pleural Diseases Group, Standards of Care Committee, 
British Thoracic Society. BTS guidelines for the investigation of a unilateral 
pleural effusion in adults. Thorax. 2003;58:8-17. 

19. Yang PC, Luh KT, Chang DB, Wu HD, Yu CJ, Kuo SH. Value of sonography in 
determining the nature of pleural effusion: analysis of 320 cases. AJR Am J 
Roentgenol. 1992;159:29-33. 

20. Wernecke K. Ultrasound study of the pleura. Eur Radiol. 2000;10:1515-23. 
21. Wu RG, Yang PC, Kuo SH, Luh KT. “Fluid color” sign: a useful indicator for 

discrimination between pleural thickening and pleural effusion. J Ultrasound 
Med. 1995;14:767-9. 

22. Chian CF, Su WL, Soh LH, Yan HC, Perng WC, Wu CP. Echogenic swirling pattern 
as predictor of malignant pleural effusions in patients with malignancies. Chest. 
2004;126:129-34. 

23. Koh DM, Burke S, Davies N, Padley SPG. Transthoracic US of the chest: clinical 
uses and applications. Radiographics 2002;22:e1. 

24. Saito T, Kobayashi H, Kitamura S. Ultrasonographic approach to diagnosing chest 
wall tumours. Chest. 1988;94:1271-5. 

25. Ferretti GR, Chiles C, Choplin RH, Coulomb M. Localized benign fibrous tumors of 
the pleura. AJR Am J Roentgenol. 1997;169:683-6. 

26. Herth F. Diagnosis and staging of mesothelioma transthoracic ultrasound. Lung 
Cancer. 2004;45 Suppl:63-7. 

27. Layer G, Schmitteckert H, Steudel A, Tuengerthal S, Schirren J, Van Kaick G, et al. 
MRT, CT and sonography in the preoperative assessment of the primary tumor 
spread in malignant pleural mesothelioma. Rofo. 1999;170:365-70. 

28. Bouhemad B, Zhang M, Lu Q, Rouby JJ. Clinical review: bedside lung ultrasound 
in critical care practice. Critical Care. 2007;11:205. 

29. Schramel FMNH, Golding RP, Haakman CDE, Sutedja TG, De Jong KA, Postmus PE. 
Expiratory chest radiographs do not improve visibility of small apical 
pneumothoraces by enhanced contrast. Eur Respir J. 1996;9:406-9. 

30. Seow A, Kazerooni EA, Cascade PN, Pernicano PG, Neary M. Comparison of 
upright inspiratory and expiratory chest radiographs for detecting 
pneumothoraces. AJR Am J Roentgenol. 1996;166:313-6. 

31. Schramel FM, Wagenaar M, Sutedja TG, Golding RP, Postmus PE. Diagnosis of 
pneumothorax not improved by additional roentgen pictures of the thorax in the 
expiration phase. Ned Tijdschr Geneeskd. 1995;139:131-3. 

32. Lichtenstein DA, Mezière G, Lascols N, Biderman P, Courret JP, Gepner A, et al. 
Ultrasound diagnosis of occult pneumothorax. Crit Care Med. 2005;33:1231-8. 

33. Lichtenstein DA, Mezière G, Biderman P, Gepner A. The comet-tail artifact: an 
ultrasound sign ruling out pneumothorax. Intensive Care Med. 1999;25:383-8. 

34. Targhetta R, Bourgeois JM, Chavagneux R, Marty-Double C, Balmes P. 
Ultrasonographic approach to diagnosing hydropneumothorax. Chest. 
1992;101:931-4. 

35. Lichtenstein D, Menu Y. A bedside ultrasound sign ruling out pneumothorax in 
the critically ill: lung sliding. Chest. 1995;108:1345-8. 

36. Lichtenstein DA, Mezière G, Biderman P, Gepner A. The “lung point”: an 
ultrasound sign specific to pneumothorax. Intensive Care Med. 2000;26:1434-
40. 

37. Jaffer U, McAuley D. Transthoracic ultrasonography to diagnose pneumothorax 
in trauma. Emerg Med J. 2005;22:504-5. 

38. Kirkpatrick AW, Sirois M, Laupland KB, Liu D, Rowan K, Bal CG, et al. Hand-held 
thoracic sonography for detecting post-traumatic pneumothoraces: the extended 
focused assessment with sonography for trauma (EFAST). J Trauma. 2004;57:288-
95. 

39. Chung MJ, Goo JM, Im JG, Cho JM, Cho SB, Kim SJ. Value of high-resolution 
ultrasound in detecting a pneumothorax. Eur Radiol. 2005;15:930-5. 

40. Vollmer I, Gayete A, Maristany MT, Cordón A, Perich X, Ferrer F. Value of thoracic 
ultrasonography in patients with suspected pneumothorax. Proceedings of the 
92nd Scientific Assembly and Annual Meeting of the Radiological Society of North 
America; 2006, November 26-December 1; Chicago. Oak Brook (IL): The 
Radiological Society of North America; 2006. p. 690. 

41. Slater A, Goodwin M, Anderson KE, Gleeson FV. COPD can mimic the appearance 
of pneumothorax on thoracic ultrasound. Chest. 2006;129:545-50. 

42. Lichtenstein DA, Lascols N, Mezière G, Gepner A. Ultrasound diagnosis of alveolar 
consolidation in the critically ill. Intensive Care Med. 2004;30:276-81. 

43. Yang PC, Luh KT, Chang DB, Yu CJ, Kuo SH, Wu HD. Ultrasonographic evaluation 
of pulmonary consolidation. Am Rev Respir Dis. 1992;146:757-62. 

44. Yang PC, Chang DB, Yu CJ, Lee YC, Kuo SH, Luh KT. Ultrasound guided percutaneous 
cutting biopsy for the diagnosis of pulmonary consolidations of unknown 
aetiology. Thorax. 1992;47:457-60. 

45. Weinberg B, Diakoumakis EE, Kass EG, Seife B, Zvi ZB. The air bronchogram: 
sonographic demonstration. AJR Am J Roentgenol. 1986;147:593-5. 

46. Targhetta R, Chavagneux R, Bourgeois JM, Dauzat M, Balmes P, Pourcelot L. 
Sonographic approach to diagnosing pulmonary consolidation. J Ultrasound 
Med. 1992;11:667-72. 

47. Mathis G. Thoraxsonography – Part II: peripheral pulmonary consolidation. 
Ultrasound Med Biol. 1997;23:1141-53. 

48. Lichtenstein DA, Peyrouset O. Is lung ultrasound superior to CT? The example of 
a CT occult necrotizing pneumonia. Intensive Care Med. 2006;32:333-5. 

49. Coley BD. Pediatric chest ultrasound. Radiol Clin N Am. 2005;43:405-18. 
50. Yang PC, Luh KT, Lee YC, Chang DB, Yu CJ, Wu HD, et al. Lung abscesses: US 

examination and US-guided transthoracic aspiration. Radiology. 1991;180:171-
5. 

51. Gehmacher O, Mathis G, Kopf A, Scheier M. Ultrasound imaging of pneumonia. 
Ultrasound Med Biol 1995;21:1119-22. 

52. Suzuki N, Saitoh T, Kitamura S. Tumor invasion of the chest wall in lung cancer: 
diagnosis with US. Radiology. 1993;187:39-42. 

53. Nakano N, Yasumitsu T, Kotake Y, Morino H, Ikezoe J. Preoperative histologic 
diagnosis of chest wall invasion by lung cancer using ultrasonically guided 
biopsy. J Thorac Cardiovasc Surg. 1994;107:891-5. 

54. Briccoli A, Galletti S, Salone M, Morganti A, Pelotti P, Rocca M. Ultrasonography 
is superior to computed tomography and magnetic resonance imaging in 
determining superficial resection margins of malignant chest wall tumors. J 
Ultrasound Med. 2007;26:157-62. 

55. Reissig A, Heyne JP, Kroegel C. Sonography of lung and pleura in pulmonary 
embolism: sonomorphologic characterization and comparison with spiral CT 
scanning. Chest. 2001;120:1977-83. 

56. Reissig A, Kroegel C. Transthoracic ultrasound of lung and pleura in the diagnosis 
of pulmonary embolism: a novel non-invasive bedside approach. Respiration. 
2003;70:441-52. 

57. Lichtenstein D, Loubières Y, Reissig A, Kroegel C. Lung sonography in pulmonary 
embolism. Chest. 2003;123:2154-5. 

58. Mathis G, Blank W, Reissig A, Lechleitner P, Reuss J, Schuler A, et al. Thoracic 
ultrasound for diagnosing pulmonary embolism: a prospective multicenter study 
of 352 patients. Chest. 2005;128:1531-8. 

59. Mathis G, Dirschmid K. Pulmonary infarction: sonographic appearance with 
pathologic correlation. Eur J Radiol. 1993;17:170-4. 

60. Goodman LR. Small pulmonary emboli: what do we know? Radiology. 
2005;234:654-8. 

61. Kluetz PG, White CS. Acute pulmonary embolism: imaging in the emergency 
department. Radiol Clin North Am. 2006;44:259-71. 

62. Mohn K, Quiot JJ, Nonent M, Lacut K, Le Gall G, Couturaud F, et al. Transthoracic 
sonography of the lung and pleura in view of a suspected pulmonary embolism. 
A pilot study. J Ultrasound Med. 2003;22:673-8. 

63. Piccoli M, Trambaiolo P, Salustri A, Cerquetani E, Posteraro A, Pastena G, et al. 
Bedside diagnosis and follow-up of patients with pleural effusion by a hand-



34 I. Vollmer, A. Gayete / Arch Bronconeumol. 2010;46(1):27-34

comparison with chest radiography and CT. AJR Am J Roentgenol. 1991;156:265-
72. 

86. Serres X. Utilitat de l’ecografia en l’estudi del mediastí [doctoral thesis]. 
Barcelona: Universidad de Barcelona; 1994. 

87. McGahan JP, Richards J, Fogata MLC. Emergency ultrasound in trauma patients. 
Radiol Clin N Am. 2004;42:417-25. 

88. Görg C. Transcutaneous contrast-enhanced sonography of pleural-based 
pulmonary lesions. Eur J Radiol. 2007;64:213-21. 

89. Hidalgo M, Cases E, Sanchís JL. Utilidad de la ecografía torácica en una unidad de 
técnicas respiratorias. Arch Bronconeumol. 2003;39:253-5. 

90. Feller-Kopman D. Ultrasound-guided thoracocentesis. Chest. 2006;129:1709-
14. 

91. Jones PW, Moyers JP, Rogers JT, Rodríguez RM, Lee YCG, Light RW. Ultrasound-
guided thoracocentesis: is it a safer method? Chest. 2003;123:418-23. 

92. Diacon AH, Brutsche MH, Soler M. Accuracy of pleural puncture sites: a 
prospective comparison of clinical examination with ultrasound. Chest. 
2003;123:436-41. 

93. Lichtenstein D, Hulot JS, Rabiller A, Tostivint I, Mezière G. Feasibility and safety 
of ultrasound-aided thoracocentesis in mechanically ventilated patients. 
Intensive Care Med. 1999;25:955-8. 

94. Tu CY, Hsu WH, Hsia TC, Chen HJ, Tsai KD, Hung CW, et al. Pleural effusions in 
febrile medical ICU patients: chest ultrasound study. Chest. 2004;126:1274-80. 

95. Hsu WH, Chiang CD, Hsu JY, Chen CY, Chiang CS, Lee T. Value of ultrasonically 
guided needle biopsy of pleural masses: an under-utilized technique. J Clin 
Ultrasound. 1997;25:119-25. 

96. Barnes NP, Hull J, Thomson AH. Medical management of parapneumonic pleural 
disease. Pediatr Pulmonol. 2005;39:127-34. 

97. Chiu CY, Wong KS, Huang YC, Lai SH, Lin TZ. Echo-guided management of 
complicated parapneumonic effusion in children. Pediatr Pulmonol. 
2006;41:1226-32. 

98. Benamore RE, Scott K, Richards CJ, Entwisle JJ. Image-guided pleural biopsy: 
diagnostic yield and complications. Clin Radiol. 2006;61:700-5. 

99. Chang DB, Yang PC, Luh KT, Kuo SH, Yu CJ. Ultrasound-guided pleural biopsy with 
tru-cut needle. Chest. 1991;100:1328-33. 

100. Heilo A, Stenwig AE, Solheim OP. Malignant pleural mesothelioma: US-guided 
histologic core-needle biopsy. Radiology. 1999;211:657-9. 

101. Adams RF, Gleeson FV. Percutaneous image-guided cutting-needle biopsy of the 
pleura in the presence of a suspected malignant effusion. Radiology 2001;219:510-4. 

102. Liao WY, Chen MZ, Chang YL, Wu HD, Yu CJ, Kuo PH, et al. US-guided transthoracic 
cutting biopsy for peripheral thoracic lesions less than 3 cm in diameter. 
Radiology. 2000;217:685-91. 

103. Yuan A, Yang PC, Chang DB, Yu CJ, Lee YC, Kuo SH, et al. Ultrasound-guided aspiration 
biopsy of small peripheral pulmonary nodules. Chest. 1992;101:926-30. 

104. Targhetta R, Bourgeois JM, Chavagneux R, Balmes P. Diagnosis of pneumothorax 
by ultrasound immediately after ultrasonically guided aspiration biopsy. Chest. 
1992;101:855-6. 

105. Patradoon-Ho P, Fitzgerald DA. Lung abscess in children. Paediatr Respir. Rev 
2007;8:77-84. 

106. Zwischenberger JB, Savage C, Alpard SK, Anderson CM, Marroquin S, Goodacre 
BW. Mediastinal transthoracic needle and core lymph node biopsy: should it 
replace mediastinoscopy? Chest. 2002;121:1165-70. 

107. Wernecke K. Percutaneous biopsy of mediastinal tumours under sonographic 
guidance. Thorax. 1991;46:157-9. 

108. Yang PC, Chang DB, Lee YC, Yu CJ, Kuo SH, Luh KT. Mediastinal malignancy: 
ultrasound guided biopsy through the supraclavicular approach. Thorax. 
1992;47:377-80. 

109. Wernecke K, Vassallo P, Peters PE, Von Bassewitz DB. Mediastinal Tumors: Biopsy 
under US guidance. Radiology. 1989;172:473-6.

carried ultrasound device early after cardiac surgery. Chest. 2005;128:3413-
20. 

64. Görg C, Weide R, Schwerk WB. Sonographische befunde bei ausedehnten 
lungenatelektasen. Ultraschall Klin Prax. 1996;11:14-9. 

65. Lichtenstein D, Mézière G, Biderman P, Gepner A, Barré O. The comet-tail artifact. 
An ultrasound sign of alveolar-interstitial syndrome. Am J Respir Crit Care Med. 
1997;156:1640-6. 

66. Volpicelli G, Caramello V, Cardinale L, Mussa A, Bar F, Francisco MF. Detection of 
sonographic B-lines in patients with normal lung or radiographic alveolar 
consolidation. Med Sci Monit. 2008;14:122-8. 

67. Volpicelli G, Mussa A, Garofalo G, Cardinale L, Casoli G, Perotto F, et al. Bedside 
lung ultrasound in the assessment of alveolar-interstitial syndrome. Am J Emerg 
Med. 2006;24:689-96. 

68. Lichtenstein DA, Mezière G. A lung ultrasound sign allowing bedside distinction 
between pulmonary edema and COPD: the comet-tail artifact. Intensive Care 
Med. 1998;24:1331-4. 

69. Volpicelli G, Cardinale L, Garofalo G, Veltri A. Usefulness of lung ultrasound in the 
bedside distinction between pulmonary edema and exacerbation of COPD. Emerg 
Radiol. 2008;15:145-51. 

70. Lichtenstein DA, Mezière G. Relevance of lung ultrasound in the diagnosis of 
acute respiratory failure: the BLUE protocol. Chest. 2008;134:117-25. 

71. Jambrik Z, Monti S, Coppola V, Agricola E, Mottola G, Miniati M, et al. Usefulness 
of ultrasound lung comets as nonradiologic sign of extravascular lung water. Am 
J Cardiol. 2004;93:1265-70. 

72. Agricola E, Bove T, Oppizi M, Marino G, Zangrillo A, Margonato A, et al. “Ultrasound 
comet-tail images”: a marker of pulmonary edema: a comparative study with 
wedge pressure and extravascular lung water. Chest. 2005;127:1690-5. 

73. Volpicelli G, Caramello V, Cardinale L, Mussa A, Bar F, Francisco MF. Bedside 
ultrasound of the lung for the monitoring of acute decompensated heart failure. 
J Emerg Med. 2008;26:585-91. 

74. Vassallo P, Wernecke K, Roos N, Peters PE. Differentiation of benign from 
malignant superficial lymphadenopathy: the role of high-resolution US. 
Radiology. 1992;183:215-20. 

75. Griffith JF, Rainer TH, Ching AS, Law KL, Cocks RA, Metreweli C. Sonography 
compared with radiography in revealing acute rib fracture. AJR Am J Roentgenol. 
1999;173:1603-9. 

76. Paik SH, Chung MJ, Park JS, Goo JM, Im JG. High-resolution sonography of the rib: 
can fracture and metastasis be differentiated? AJR Am J Roentgenol. 
2005;184:969-74. 

77. Hurley ME, Keye GD, Hamilton S. Is ultrasound really helpful in the detection of 
rib fractures? Injury. 2004;35:562-6. 

78. Targhetta R, Balmes P, Marty-Double C, Mauboussin JM, Bourgeois JM, Pourcelot 
L. Ultrasonically guided aspiration biopsy in osteolytic bone lesions of the chest 
wall. Chest. 1993;103:1403-8. 

79. Baron R, Lee J, Melson G. Sonographic evaluation of right juxtadiaphragmatic 
masses in children using transhepatic approach. J Clin Ultrasound. 1980;8:156-
9. 

80. Gerscovich E, Cronan M, McGahan J, Jain K, Jones CD, McDonald C. Ultrasonographic 
evaluation of diaphragmatic motion. J Ultrasound Med. 2001;20:597-604. 

81. Wernecke K, Peters PE, Galanski M. Mediastinal tumors: evaluation with 
suprasternal sonography. Radiology. 1986;159:405-9. 

82. Wernecke K, Pötter R, Peters PE, Koch P. Parasternal mediastinal sonography: 
sensitivity in the detection of anterior mediastinal and subcarinal tumors. AJR 
Am J Roentgenol. 1988;150:1021-6. 

83. Wernecke K, Vassallo P, Pötter R, Lückener HG, Peters PE. Mediastinal tumours: 
sensitivity of detection with sonography compared with CT and radiography. 
Radiology. 1990;175:137-43. 

84. Wernecke K, Diederich S. Sonographic features of mediastinal tumors. AJR Am J 
Roentgenol. 1994;163:1357-64. 

85. Wernecke K, Vassallo P, Hoffman G, Peters PE, Poetter R, Rummery E, et al. Value 
of sonography in monitoring the therapeutic response of mediastinal lymphoma: 


