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Abstract
As a result of many advantages such as the absence of 
radiation exposure, non-invasiveness, low cost, safety, 
and ready availability, transthoracic ultrasonography 
(TUS) represents an emerging and useful technique in 
the management of pleural and pulmonary diseases. In 
this second part of a comprehensive review that deals 
with the role of TUS in pleuropulmonary pathology, the 
normal findings, sonographic artifacts and morphology 
of the most important and frequent pulmonary diseases 
are described. In particular, the usefulness of TUS in di-
agnosing or raising suspicion of pneumonia, pulmonary 
embolism, atelectasis, diffuse parenchymal diseases, 
adult and newborn respiratory distress syndrome, lung 
cancer and lung metastases are discussed, as well as its 
role in guidance for diagnostic and therapeutic interven-
tional procedures. Moreover, the preliminary data about 
the role of contrast enhanced ultrasonography in the 
study of pulmonary pleural-based lesions are also report-
ed. Finally, the limits of TUS when compared with chest 
computed tomography are described, highlighting the 
inability of TUS to depict lesions that are not in contact 
with the pleura or are located under bony structures, 
poor visualization of the mediastinum, and the need for 
very experienced examiners to obtain reliable results.
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INTRODUCTION
In the first part of  this review on the role of  transtho-
racic ultrasonography (TUS) in the diagnostic workup of  
pleuropulmonary pathology, we described the ultrasound 
equipment, examination technique and limits of  TUS, as 
well as the normal findings and artifacts that originate at 
the boundary between the pleura and the normally aerated 
lung pleura (i.e. the pleural line, gliding sign, horizontal 
reverberation artifacts, and comet-tail artifacts)[1]. 

In this second part of  the review, we deal with the 
pathological lung. Indeed, as a consequence of  its non-in-
vasiveness, TUS can be very useful in lung pathology and 
can be used for the diagnosis of  lung diseases and moni-
toring progress of  sonographically visible processes, thus 
avoiding radiation exposure. Moreover, the relatively low 
cost and wide availability of  standard conventional ultra-
sound machines, as well as the increasing use of  modern 
portable devices, allow examination at almost any location 
and at any time. This makes TUS a valuable tool in many 
difficult situations, such as in an ambulance, emergency 
room, or directly at the bedside of  critically ill patients. 
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Pulmonary pathology can be divided into diffuse in-
terstitial (or parenchymal) lung diseases and peripheral or 
subpleural lung diseases. Peripheral or subpleural diseases 
commonly appear as pleural-based consolidations, where-
as the presence of  diffuse interstitial syndromes can be 
inferred by the detection of  different artifacts with respect 
to normal lung. In particular, multiple comet-tail artifacts 
departing from the pleural line (much more numerous and 
diffuse than in the normally aerated lung) and ring-down 
vertical artifacts (characterized by a series of  hyperechoic 
narrow-based bands spreading from the pleural line into 
the lung) can be visualized in these cases[2-8]. Interstitial 
lung diseases include pulmonary edema (due to heart 
failure, trauma, or inflammation) and interstitial fibrosis. 
Peripheral diseases with peculiar consolidation aspects 
are common in pneumonia, atelectasis, and pulmonary 
infarction. Adult respiratory distress syndrome (ARDS) 
generally shows mixed TUS features. Finally, neoplastic 
lesions that abut the pleura (both primary neoplasms and 
metastases) usually appear as hypoechoic, sometimes in-
homogeneous, non-aerated masses. 

PULMONARY DISEASES
For the purposes of  this article, the main pulmonary 
diseases are divided into diffuse parenchymal pulmonary 
diseases, infection diseases, peripheral pulmonary artery 
embolisms and pulmonary infarction, atelectasis, adult and 
newborn distress respiratory syndrome, bronchopulmo-
nary tumors and pulmonary metastases.

Diffuse parenchymal lung diseases
Diffuse parenchymal lung diseases (DPLDs) can be di-
vided into those of  known cause (e.g. collagen vascular 
disease), idiopathic interstitial pneumopathy (idiopathic 
and non-idiopathic pulmonary fibrosis), granulomatous 
(e.g. sarcoidosis), and other forms[9,10]. High-resolution 
computed tomography (HRCT) should be considered the 
gold standard technique to diagnose DPLD, and many 
other noninvasive and invasive procedures concur in clini-
cal practice to define and characterize DPLD, such as chest 
radiography, laboratory and serological tests (e.g. angioten-
sin-converting enzyme and antinuclear antibodies), pulmo-
nary function testing, bronchoscopy with bronchoalveolar 
lavage, and transbronchial lung biopsy. However, some 
studies have demonstrated that TUS, as a consequence 
of  its well-known advantages (absence of  radiation expo-
sure, ready availability, and cost-effectiveness), can play a 
complementary role in the diagnosis of  DPLD, especially 
when chest radiography or HRCT are not readily available 
or undesirable, for instance during pregnancy[9,10]. More-
over, TUS can be useful in monitoring the course of  the 
disease in patients with confirmed DPLD (thus avoiding 
unnecessary overload of  radiation exposure), and confirm-
ing the clinical-radiological suspicion of  acute pulmonary 
edema due to heart failure, trauma, or inflammation. In-
deed, radiological evidence of  ground glass areas that are 
suggestive of  pulmonary edema has often been associated 
with the presence of  sonographic artifacts, such as mul-

tiple comet-tail artifacts and vertical ring-down artifacts. 
Likewise, typical radiological findings and corresponding 
sonographic findings can be observed in fibrosing pulmo-
nary disease. Fibrosis usually involves the pleural surface 
as well as the intralobular and interlobular septa, therefore, 
thickened subpleural intralobular and interlobular septa, 
and ground glass areas, represent common findings at ra-
diological examination[11]. In the same setting, TUS enables 
one to document multiple ring-down artifacts (Figure 1) 
and comet-tail artifacts that depart from a thickened and 
irregular pleural line (Figure 2). Indeed, in patients with 
diffuse alveolar-interstitial syndrome, multiple comet-tail 
artifacts can be observed all over the lung surface, and 
this finding has been reported to have high sensitivity. 
In a study of  Reissig et al[9], almost all the patients with 
DPLD showed more than six comet-tail artifacts per scan 
associated with an irregular and fragmented pleural line. 
Comet-tail artifacts become visible when there is a marked 
difference in acoustic impedance between an object and 
its surroundings (as happens at the boundary between the 
pleural surface and the lung), which demarcates the edge 
of  the normally aerated lung. These artifacts are best vis-
ible under real-time conditions, as they might appear less 
pronounced on frozen sonograms, which makes quantifi-
cation of  the alterations difficult. Lichtenstein et al[3] have 
attributed the origin of  the comet-tail artifacts to the thick-
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Figure 1  Ring-down artifacts, characterized by a series of hyperechoic, 
narrow-based bands spreading from the pleural line into the lung.

Figure 2  Pulmonary fibrosis. Multiple comet-tail artifacts departing from a 
thickened and irregular pleural line.
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ening of  the subpleural interlobular septa, which would 
cause fragmentation of  the pleural reflector at the points 
of  greatest impedance. However, it must be highlighted 
that pleural alterations and multiple comet-tail artifacts are 
nonspecific TUS features. They might also occur in pa-
tients with chronic obstructive lung disease, bronchiolitis 
obliterans-organizing pneumonia, and pulmonary alveolar 
proteinosis, as well as after pneumonia and pulmonary em-
bolism. Some authors have suggested that the number of  
comet-tail artifacts is smaller and the affected area is more 
localized in these conditions[8,9,12]. In DPLD, these abnor-
malities are commonly detected on both sides of  the lung, 
which reflects the diffuse fibrosing process, and corre-
sponds to the findings on HRCT. However, the degree of  
the pleural involvement can vary within the same patient, 
and usually a thickened and fragmented pleural line with 
multiple comet-tail artifacts is better detectable in the lower 
part of  the lung, which reflects the extent of  the fibrosis. 
In conclusion, although diagnosis of  DPLD requires chest 
radiography, HRCT, and often bronchoalveolar lavage and 
transbronchial biopsy, TUS can play some complementary 
role in the diagnostic workup. Multiple comet-tail artifacts 
distributed over the entire lung surface in combination 
with a thickened, irregular and fragmented pleural line are 
strongly suggestive of  the presence of  DPLD.

Infectious diseases 
As previously described, peripheral pulmonary lesions in 
contact with the visceral pleura can easily be visualized 
by TUS[1,2,13-15]. However, the part of  consolidation that 
can be visualized with TUS is generally smaller than that 
documented by chest radiography or CT, because just the 
areas on the level of  the pleura can be detected. Indeed, 
at present pneumonia is mostly diagnosed by X-ray, and 
CT is considered the gold standard for the diagnosis of  
infectious lung diseases. However, in the case of  a chest 
X-ray on only one plane, or in the case of  a patient in the 
lying position, the summation image often cannot provide 
exact information. As concerns CT, its use is limited by 
the high radiation exposure and cost. TUS shows several 
advantages, such as its feasibility, low cost, and the possi-
bility of  monitoring disease progress, because it can either 
document resolution or detect complications such as lung 
abscesses, parapneumonic effusion, empyema, and pleural 
fibrosis. Moreover, TUS is the method of  choice to guide 
transthoracic aspiration or drainage of  pleural effusion, 
empyema, and pulmonary abscesses in contact with the 
pleura, playing a very useful role in both diagnosis and 
treatment of  infectious diseases and their complications. 
In this regard, TUS has recently been reported to be as 
effective as chest CT in detecting loculated effusion and 
lung necrosis or abscess that results from complicated 
pneumonia in children[16]. As a consequence of  its efficacy, 
reliability, and minimal radiation exposure, TUS has been 
recommended by the British Thoracic Society guidelines 
for the management of  pediatric empyema as the first-line 
approach for detecting pleural effusion and guiding drain 
placement in children[17]. 

In this section, TUS findings in pneumonia, lung 
abscesses, and tuberculosis are described. Pneumonia is 
commonly visualized by TUS as a hypoechoic consolidat-
ed area of  varying size and shape, with irregular borders. 
The echotexture can appear homogeneous or inhomo-
geneous[14-18]. The most common sonographic feature of  
pneumonia is the air bronchogram, which is characterized 
by lens-shape internal echoes within the hypodense area 
or echogenic lines (Figure 3), and corresponds to air in-
clusions or air-filled bronchioles and bronchi. Conversely, 
the fluid bronchogram is characterized by anechoic or hy-
poechoic tubular structures in the bronchial tree (Figure 4),  
without perfusion signs inside at color Doppler examina-
tion[1,2,13,19-21]. This feature suggests post-stenotic pneu-
monia that requires further investigation. Besides these 
common findings, some pleural signs are often present 
in infectious disease, as well as some vascular features[18]. 
The pleural line can appear interrupted, fragmented, and 
hypoechoic where the pneumonic infiltrate is present. A 
local pleural effusion occurs in about 9% of  patients with 
pneumonia, and a basal pleural effusion appears in about 
60% of  patients[22]. As concerns vascular criteria, color 
Doppler sonography can show increased branch-like vessel 
visualization that corresponds to the segment branches of  
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Figure 3  Pneumonia. Posterior intercostal scan shows a hypoechoic con-
solidated area that contains multiple echogenic lines that represent an air 
bronchogram (arrows).

Figure 4  Post-stenotic pneumonia. Posterior intercostal scan shows a 
hypoechoic consolidated area that contains anechoic, branched tubular structures 
in the bronchial tree (fluid bronchogram) (arrows).
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the pulmonary artery. Contrast-enhanced ultrasonography 
(CEUS) of  pneumonia usually shows a short wash-in pe-
riod during the arterial phase and a prolonged and marked 
degree of  contrast agent accumulation during the paren-
chymal phase in the case of  classic pneumonia (Figure 5)[18]. 
These findings suggest preferential pulmonary arterial vas-
cularization, as reported by some authors[23-26]. CEUS can 
also be helpful to detect complications like sequestration, 
to demarcate surrounding fluid (Figure 6), and to achieve 

a possible differential diagnosis with respect to pulmonary 
infarction and malignant lesions, which show different 
CEUS patterns, as described in the respective sections of  
this review.

Lung abscesses typically appear as round or oval, large-
ly anechoic lesions[14,18]. In the early stage, small abscesses 
are visible as a pathological collection of  fluid irregularly 
settled in a consolidated, liver-like infiltrate (Figure 7). Mi-
croabscesses are often visible as anechoic areas within the 
pneumonic consolidation. Commonly, a small pleural ef-
fusion is associated with lung abscesses. Depending on the 
capsule formation, the edge of  the abscess can be smooth 
and echodense (Figure 8A). At CEUS evaluation, lung 
abscesses show lack of  contrast agent uptake (Figure 8B) 
and this finding can be particularly useful in the detec-
tion of  microabscesses, and in the differential diagnosis 
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Figure 5  Contrast-enhanced ultrasonography of pneumonia. A: Baseline scan shows a hypoechoic consolidated area; B: Seven seconds after iv bolus of contrast 
agent, the lesion shows marked and homogeneous enhancement; C: The lesion remains substantially unmodified after 90 s.

Figure 6  Contrast-enhanced ultrasonography evaluation of pneumonia 
with pleural effusion. Baseline scan shows parenchymal consolidation with air 
bronchogram (arrows) and subtle surrounding effusion (arrowheads) (left side of 
the split-screen). After iv bolus of contrast agent, the consolidation is enhanced 
and better demarcated from the effusion (right side of the split-screen).
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Figure 7  Pneumonia complicated by abscesses. Multiple small collections of 
fluid are irregularly settled in a consolidated liver-like infiltrate. Loc: Loculation; 
Microloc: Microloculation.
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Figure 8  Lung abscess. A: An anechoic oval lesion is surrounded by an 
echodense capsule; B: After iv bolus of contrast agent, the lesion shows no 
contrast agent uptake, whereas the capsule is strongly enhanced.



between lung abscesses and malignant lesions[18,23]. The 
presence of  air inside the lesion produces high amplitude 
echoes, and highly echogenic small air inclusions moving 
in the fluid with breathing can be observed especially in 
the case of  abscesses due to gas-producing microorgan-
isms, or in the case of  connection to the bronchial system 
(Figure 9). If  septa develop inside the lesion, they are vi-
sualized as echodense, fluttering threads. 

Tubercular lung lesions appear as round or irregularly 
shaped lesions and show a relatively homogeneous texture. 
Depending on the size, air inclusions can be visible inside 
the lesions, but a pronounced air bronchogram, as in the 
case of  pneumonia, is only rarely present. Miliary tubercu-
losis is characterized by multiple subpleural nodules several 
millimeters in size. Pleural effusions often occur at the 
beginning of  the disease. Frequently, an initially anechoic 
pleural effusion shows internal echoes over the course 
of  the disease, and pleural thickening is often associated. 
However, no specific TUS pattern of  pulmonary tubercu-
losis can be identified, and no definitive CEUS data have 
been reported in the literature.

Peripheral pulmonary artery embolism and pulmonary 
infarction
Chest radiography is still considered the first diagnostic 
step in patients with suspected pulmonary embolism (PE). 
It can show infiltrates, atelectasis, and effusion, but such 
features represent just the consequence of  PE on the pe-
riphery and are nonspecific, because the central embolism 

cannot be visualized. Consequently, ventilation-perfusion 
scintigraphy and CT angiography are needed to confirm 
the diagnosis[27]. However, the Prospective Investigation 
of  Pulmonary Embolism Diagnosis Study has shown 
that ventilation-perfusion scintigraphy is not sufficiently 
conclusive. In that study, high-probability scans resulted in 
detection in only a minority of  patients with PE, whereas 
PE was present in 12% of  patients with low-probability 
scans[28]. In recent years, CT pulmonary angiography 
(CTPA) has been established as the method of  choice for 
the diagnosis of  central PE up to the level of  the segmen-
tal arteries, because it enables one to show the thromboem-
bolic obstruction directly. Spiral CT scanning shows a sen-
sitivity and specificity of  90% in depicting thrombi within 
the central pulmonary vessels, and can reveal characteristic 
consolidations in patients with acute PE[29-31]. Pulmonary 
angiography has long been considered the gold standard 
for diagnosing PE, but nowadays, it is rarely used because 
of  its invasive nature and the risk of  complications[32], and 
it has been almost completely replaced by CTPA. Howev-
er, despite their usefulness, in some circumstances critically 
ill patients may not tolerate any of  these procedures, and 
occasionally, adequate equipment might not be available. 
In these cases, TUS can play some useful roles, because it 
shows the major advantage of  bedside availability in the 
emergency room and in the intensive care unit, and it has 
been reported to have good accuracy in the diagnosis of  
PE[33-35]. The sensitivity of  TUS for PE has been estimated 
to range from 80% to 94%, the specificity from 84% and 
92%, and the overall accuracy from 82% to 91%[33,36,37]. A 
recent meta-analysis has reported sensitivity and specificity 
of  80% and 93%, respectively[38].

Typical sonographic findings in peripheral PE are 
multiple, hypoechoic lesions that are visible at the level 
of  the pleura, which can usually be well demarcated from 
the surrounding parenchyma. About two-thirds of  PE-
based consolidations can be visualized in the dorsal basal 
position for anatomical and hemodynamic reasons, with a 
preference for the right lung. Frequently, the lesions show 
a triangular or wedge shape. In a recent prospective multi-
center study of  352 patients, the sonographic morphology 
was mainly triangular, with the vertex towards the hilum 
of  the lung in 58% of  the cases, and rounded or mixed 
in 42%. In that study, a small pleural effusion was seen 
in 49%, a basal effusion in 33%, and a focal effusion in 
16% of  the cases[34]. The lesions are almost always pleural-
based, are freely subject to respiratory excursions, and their 
size usually exceeds 2 cm in diameter. When the lesions 
are > 3 cm in size, central bronchial echoes can be seen as 
central hyperechoic structures that indicate the presence 
of  air in the affected bronchioles, which is considered a 
sign of  segmental involvement (Figure 10). Lesions visual-
ized on TUS are smaller than on CT angiography because 
of  the presence of  air artifacts at the deeper margins and 
at the top of  the infarct cone, but TUS can depict either 
a larger number of  lesions or smaller lesions than CT 
scan[34]. Although the specificity of  sonographic morphol-
ogy of  the lesions is limited, the detection of  two or more 
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Figure 9  Lung abscess with air inside the lesion. A: High amplitude echoes are 
clearly visible (arrow), as well as multiple echogenic small air inclusions (arrowheads); 
B: Corresponding computed tomography scan shows the same findings.
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triangular or rounded lesions with a pleural base, 0.5-3 cm 
in size, can often represent a confirmation of  clinically 
suspected PE, and the contemporary presence of  a small 
pleural effusion makes the diagnosis of  PE very likely. 

Thromboembolism is often a dynamic event that is 
associated with recurrent embolization and spontane-
ous lysis (besides the pharmacologically induced lysis). 
Moreover, 70%-90% of  emboli are associated with pe-
ripheral pulmonary hemorrhage, the so-called incomplete 
or partial infarction, which can be reabsorbed within a 
few hours or days[34]. Consequently, follow-up imaging 
techniques can document the disappearance of  previously 
depicted pleural-based pulmonary lesions (Figure 11). On 
color Doppler sonography, PE-based peripheral lesions 
do not show flow signals inside, a phenomenon defined 
as “consolidation with little perfusion”[35]. On the other 
hand, recanalization of  incomplete infarction that results 
from anticoagulation treatment or intrinsic lysis can be 
demonstrated by the reappearance of  a blood flow signal 
on follow-up. In addition, a congested thromboembolic 
vessel (vascular sign) might occasionally be visible, and 
corresponds to a pulmonary artery with thickened vessel 
walls around an intraluminal organizing embolus[35]. Cor-
responding to these findings, initial studies in patients with 
confirmed PE have reported that the lesions show a lack 
of  contrast agent uptake in the arterial phase at CEUS 
examination, which suggests the absence of  pulmonary 
arterial blood supply (Figure 12). However, in patients 
with PE and pleural effusion or in those with chronic PE, 
mixed enhancement might be observed[18,23,25].

In conclusion, although CTPA is undoubtedly the 
method of  choice to obtain a definitive diagnosis of  
PE, TUS should be taken into consideration in some 
circumstances, particularly in critically ill patients who 
might not tolerate transport for other imaging modali-
ties. Moreover, even though a negative result does not 
rule out PE, TUS can play a central role in patients with 
presumed PE in cases of  pregnancy, contrast agent al-
lergy, or renal failure. 

Atelectasis
Atelectasis is defined as the absence of  ventilation in part 

of  the lung or the entire lung, and therefore it can be 
visualized by sonography. It can be divided into compres-
sion atelectasis due to voluminous pleural effusion, and 
obstructive or resorptive atelectasis caused by bronchial 
block of  air entry[39]. At TUS examination, compression at-
electasis appears as a largely apneumatic consolidation with 
liver-like echotexture. It shows the shape of  a jelly bag cap, 
and can be monoconcave or biconcave (Figure 13). Typi-
cally, compression atelectasis can be seen floating in the 
effusion like a waving hand, and is partially ventilated dur-
ing breathing. Obstructive atelectasis shows a liver-like and 
inhomogeneous echotexture with secretion-filled bronchi 
(fluid bronchogram) and variable shape (Figure 4). 

The air content inside the consolidation typically does 
not change during inspiration. In patients with alveolar 
consolidations that show air bronchograms, the real-time 
TUS visualization of  bronchograms during breathing 
movements can often enable one to distinguish between 
obstructive atelectasis and pneumonia[39]. The presence of  
the dynamic air bronchogram indicates pneumonia, while 
a static air bronchogram suggests obstructive atelectasis. 
In a recent study by Lichtenstein et al, the dynamic air 
bronchogram showed a specificity of  94% and a sensitiv-
ity of  61%. In the same study, the authors described early 
and late signs suggestive for obstructive atelectasis. Early 
signs included the disappearance of  lung sliding associ-
ated with the presence of  the lung pulse, a cardiac activity 
visible throughout abolished lung sliding, and the pres-
ence of  a standstill cupola that demonstrated the absence 
of  lung expansion. The late sign appeared when the air in-
side the consolidation was progressively absorbed, which 
yielded a loss of  volume of  the lesion with the typical 
static air bronchogram inside[39]. The capability of  TUS to 
detect the air bronchogram represents a major advantage, 
particularly in critically ill patients, because TUS enables 
one to visualize this sign also in ventilated newborns, thus 
reducing the necessity for ionizing radiation exposure. 
Moreover, TUS is probably more accurate than chest radi-
ography in the detection of  air bronchograms[39,40].

Pleural effusion is almost always associated with 
compression atelectasis and frequently with obstructive 
atelectasis. In the case of  compression atelectasis, the ef-
fusion is typically larger compared to that associated with 
obstructive atelectasis. 

At color Doppler evaluation, compression atelectasis 
shows increased branch-like vessel visualization when 
compared to the liver. The corresponding findings at 
CEUS examination include short time to enhancement, 
which indicates predominant pulmonary arterial vascu-
larization, and marked enhancement during the arterial 
and parenchymal phase (Figure 14). In patients with 
compression atelectasis, the contrast agent apparently re-
mains trapped in lung tissue after wash-out of  the blood 
pool, in comparison with splenic enhancement.  In the 
case of  obstructive atelectasis, color Doppler sonography 
almost always shows increased vessel visualization inside 
the consolidation, and this finding can be useful for dis-
tinguishing central space-occupying neoplastic lesions 
from atelectatic lung parenchyma, because tumor tissue is 
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Figure 10  Pulmonary infarction. Posterior intercostal scan shows a triangular-
shaped hypoechoic lesion with central hyperechoic structures that indicate the 
presence of air occupying the affected bronchiole (arrows).
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characterized by minimal representation of  flow signals. 
At CEUS examination, new obstructive atelectasis has 
been reported to show a short time to enhancement, with 
accumulation of  the contrast agent similar to that in the 
spleen, which suggests predominant pulmonary arterial 
vascularization[18,23,25]. However, in a recent study, patients 
with tumor-associated obstructive atelectasis showed dif-
ferent CEUS patterns, including either a marked extent 
of  enhancement and short time to enhancement, or a de-
layed time to enhancement and nearly complete absence 
of  extent of  enhancement[23]. In the patients with central 

lung cancer, the delayed time to enhancement could be 
secondary to transmural tumor growth, with intraluminal 
cell formation in the pulmonary artery branches, with 
consequent obliteration and occlusion of  pulmonary ar-
teries. The presence of  a central tumor can be identified 
and more clearly distinguished from the atelectatic paren-
chyma, because it shows a delayed time to enhancement 
and a reduced extent of  enhancement in comparison with 
the surrounding atelectatic parenchyma.

In both compression and obstructive atelectasis, TUS is 
able to monitor the course of  the disease. In particular, the 
pleural effusion that causes compression atelectasis can be 

Figure 11  Dynamic course of pulmonary infarction. A: Lateral intercostal scan of the right lung shows a typical triangular-shaped peripheral lesion; B: Likewise, 
computed tomography scan of the lateral segment of the lower right lobe shows a triangular pleural-based lesion with the vertex towards the hilum; C: After 40 d, the 
lesion is no longer visible by computed tomography scan; D: The lesion appears reduced in size at transthoracic ultrasonography examination.
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Figure 12  Contrast-enhanced ultrasonography of pulmonary infarction. 
After iv bolus of contrast agent, the lesion (the same one as in Figure 11A) 
shows no contrast agent uptake in the arterial phase, which suggests the 
absence of blood supply.

Figure 13  Compression atelectasis. Posterior intercostal scan shows a liver-
like consolidation with the typical shape of a jelly bag cap surrounded by pleural 
effusion.
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monitored during diuretic treatment, as well as after TUS-
guided aspiration. After effusion puncture, compression 
atelectasis can become smaller or no longer visible, depend-
ing on the capability of  the lung to re-expand. In the case 
of  obstructive atelectasis, aspiration of  pleural effusion can 
result in formation of  a pneumothorax ex vacuo, which can 
be also detected by TUS. 

ARDS and newborn respiratory distress syndrome
CT scanning is traditionally considered the gold standard 
in the evaluation of  both ARDS and newborn respiratory 
distress syndrome (NRDS), and recruitment of  atelectatic 
lung regions after therapy, because it is the only available 
technique that can directly measure the extension of  the 
affected and healthy lung tissue[41-43]. However, TUS en-
ables a dynamic evaluation of  lung recruitment and can 
be easily performed at the bedside. Such ability feature is 
particularly useful in patients affected by ARDS/NRDS 
because they are frequently too instable to be moved to 
the CT room. Moreover, TUS can be repeated as much as 
is needed to monitor the course of  the disease. Although 
at present only few preliminary data have been reported, 
some authors have recently described the important role 
of  TUS in critically ill patients affected by ARDS, as well 
as in NRDS patients[41-44]. 

The main features of  ARDS/NRDS are diffuse alveo-
lar infiltration and lung consolidation. TUS findings de-
pend on the decreased aeration of  the alveoli because of  
atelectasis, so that the ultrasound beam can be transmitted 
further beyond the phreno-pulmonary border into the 
lung parenchyma. Conversely, in normally aerated lungs, 
the ultrasound beam is completely reflected by the phre-
no-pulmonary border. The ultrasound beam is then com-
pletely reverberated by the dilated and aerated bronchioles 
and alveolar ducts, which gives rise to the typical TUS 
pattern of  intense retro-phrenic hyperechogenicity that 
can be observed in patients with ARDS[43,45,46] (Figure 15).  
In a study of  Bober et al[43], 131 newborns with clinical 
signs of  respiratory failure underwent ultrasound exami-
nation, by application of  the transducer in the left and 

right epigastric regions, and scans were obtained through 
the right lobe of  the liver and the spleen. The pattern of  
echogenicity above the diaphragm was observed sequen-
tially during numerous respiratory cycles. Alterations in 
lung aeration suggestive of  NRDS were found in 109/131 
subjects, and the diagnosis was confirmed in 101 cases 
by chest X-ray. TUS showed a sensitivity of  100%, and a 
specificity of  92% in diagnosing NRDS.

Numerous B-lines are typically present in the areas of  
ventilated parenchyma near the consolidation[41,42]. TUS al-
lows the assessment of  lung consolidation adjacent to the 
visceral pleura, but only parenchymal abnormalities adjacent 
to the pleura can be evaluated. However, notwithstanding 
this major limitation, patients with ARDS due to extrapul-
monary causes generally show symmetrical consolidations 
adjacent to the visceral pleura and set behind at the base of  
the lung[41,44]. Dynamic air bronchogram is often present 
within the consolidation, which can help in excluding the 
obstructive origin of  the consolidation and in supporting 
the diagnosis of  ARDS.

Primary lung carcinoma
Although differentiating chronic benign lung consolida-
tions from malignant tumors is difficult at TUS examina-
tion, and further investigations are always mandatory, TUS 
enables one to gather a lot of  information about malig-
nant peripheral lung lesions. Moreover, the capability of  
TUS to guide percutaneous biopsy of  peripheral lesions, 
and its feasibility, as well as the interesting preliminary data 
about CEUS evaluation of  lung lesions[18,23-26], make TUS 
a useful and innovative technique in the study of  pulmo-
nary malignancies.

Peripheral bronchial carcinomas usually appear at TUS 
as round or oval, sometimes polycyclic, hypoechoic con-
solidated lesions, with relatively well delineated borders[14] 
(Figure 16). The lesions can appear both homogeneous 
and inhomogeneous, while air bronchograms typically 
cannot be detected, because solid carcinomas do not 
contain aerated lung parenchyma[14,18]. If  tumor necrosis 
occurs, it can be visualized as a particularly hypoechoic to 
anechoic region within the tumor. CEUS can help to de-

Figure 15  Adult respiratory distress syndrome. Oblique subcostal scan 
through the right lobe of the liver shows the typical transthoracic ultrasonography 
pattern of intense retro-phrenic hyperechogenicity due to complete reverberation 
of the US beam (arrows).

Figure 14  Contrast-enhanced ultrasonography evaluation of compression 
atelectasis. Baseline scan shows a liver-like consolidation surrounded by 
multiloculated pleural effusion (left side of the split-screen). Twelve seconds 
after iv bolus of contrast agent, the consolidation shows marked and 
homogeneous enhancement, whereas pleural effusion shows no enhancement.
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fine better necrotic areas that are depicted as anechoic re-
gions inside the enhanced viable tumor[18,23-26] (Figure 17).  
In some cases, a diffuse or locally infiltrating growth 
can be observed. The infiltrative growth of  solid tissue 
without regard to anatomical structures is characteristic 
of  malignancy. Indeed, only rare inflammatory diseases, 
such as actinomycosis or nocardiosis, can also spread in 
this manner. Typically, malignant consolidations move 
rigidly and do not change their shape during respiration. 
Nevertheless, the gliding sign can still be observed if  the 
tumor has not crossed the visceral pleura. Conversely, 
respiratory excursion can no longer be detected if  the 
tumor infiltrates the thoracic wall. Frequently, the pleural 
line near the lesion appears fragmented or interrupted. 
Malignant lesions that abut the pleura commonly form an 
acute angle with the pleural line, and this finding might be 
helpful in differentiating malignant from benign lesions, 
as described in the first part of  this review[1]. Bronchial 
carcinomas are often accompanied by pleural effusion, 
frequently hemorrhagic, as an expression of  pleural car-
cinomatosis[18]. Pleural metastases from bronchogenic 
carcinoma are usually too small to be detected by imaging 
techniques[1]. However, when their size is large enough to 

allow their visualization by TUS, they appear as hypoecho-
ic nodules attached to the pleura, and are well delimited 
from the pleural effusion[18]. In the case of  central bron-
chial carcinomas, only the atelectasis due to obstruction 
can be identified by TUS[14,39]. For long-lasting obstruction, 
a fluid bronchogram can be observed within the consoli-
dated lung parenchyma. Some preliminary reports have 
suggested that CEUS can often enable one to demarcate 
central tumor lesions from the atelectatic parenchyma, as 
previously described[18,23-26].

A recent review has discussed the role of  TUS in diag-
nosing and staging lung cancer[47]. In particular, the authors 
have stressed the usefulness of  TUS in staging both local 
tumor spread (T) and distant lymph node invasion (N), as 
well as in detecting distant metastases (M). Identification 
of  infiltration of  the thoracic wall results in a change of  
the surgical approach because, in such cases, the affected 
sections of  the thoracic wall must be resected together 
with the primary tumor. In this regard, TUS has been re-
ported to have a significantly higher sensitivity than chest 
CT in diagnosing thoracic wall infiltration (89%-100% vs 
42%-68%)[48,49]. Both direct evidence of  infiltration of  the 
wall structures and rib destruction can be considered TUS 
criteria for infiltration of  the thoracic wall (Figure 18), 
whereas an interruption of  the pleural line and/or limited 
respiratory movement of  the consolidated lesion provide 
a suspicion but not a proof  of  infiltration of  the thoracic 

Figure 16  Peripheral bronchial carcinoma. Posterior intercostal scan shows 
a hypoechoic consolidation with relatively well-delineated borders. The air 
bronchogram is absent.

Figure 17  Contrast-enhanced ultrasonography evaluation of bronchial car-
cinoma. Baseline scan shows consolidation with inhomogeneous echotexture (left 
side of the split-screen). Twenty seconds after iv bolus of contrast agent, necrotic 
areas can be depicted as anechoic regions inside the enhanced viable tumor (right 
side of the split-screen).

Sartori S et al . Ultrasonography in pulmonary diseases

B

A

Figure 18  Bronchial carcinoma infiltrating the pleural wall. A: Posterior 
intercostal scan shows a hypoechoic lesion accompanied by rib destruction 
(arrows); B: Twenty-four seconds after iv bolus of contrast agent, the lesion 
appears inhomogeneously enhanced; the disrupted rib appears more echogenic 
than the tumor (arrowheads), as a consequence of the incomplete tissue 
suppression due to the strong echogenicity of bone tissue. 
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characterize pulmonary arterial and bronchial arterial lung 
vascularity. Although a definitive differentiation between 
benign and malignant lesions is not yet possible, prelimi-
nary data in the literature support our personal experience 
in suggesting a possible role of  CEUS in the diagnostic 
workup of  patients with pleural-based pulmonary nodules 
of  unknown origin[18,23-26]. Typical CEUS findings in pleural-
based lung cancer are a delayed time to enhancement and 
variable extent of  enhancement (Figure 19), which indicates 
a preferential bronchial arterial supply, which plays a major 
role in the tumor neoangiogenesis of  growing cancer[18,23-26]. 

Pulmonary metastases
The presence of  one or more pulmonary nodules in a pa-
tient with a history of  underlying malignancy is almost al-
ways suggestive of  metastatic disease. Spiral CT scanning is 
the most accurate imaging modality for detecting nodules 
over the entire lung[14,54-56]. TUS presents the limit of  an 
incomplete view of  the lung parenchyma. However, TUS 
enables one to visualize even small peripheral metastatic 
lesions, and represents the method of  choice to guide the 
biopsy of  peripheral lung lesions that abut the pleura[1].

Pulmonary metastases can appear at TUS with vary-
ing echotexture, round shape, and typically clear borders[18] 
(Figure 20). A reliable differentiation between pulmonary 
metastases and metastases of  the parietal pleura is possible 
on the basis of  the lack of  respiratory excursion. However, 
metastases of  the visceral pleura that do not involve the 
parietal pleura can present respiration-dependent move-
ment, like pulmonary metastases. Peripheral pulmonary 
metastases are typically small, therefore, it is usually not 
possible to derive flow signals at color Doppler sonogra-
phy[18]. Furthermore, respiration-dependent or pulsatile 
motion artifacts are often present, which makes the value 
of  color Doppler examination hardly useful for the evalu-
ation of  peripheral pulmonary metastases. Compared to 
color Doppler sonography, CEUS can also be performed 
for small lesions. The arterial supply of  lung metastases de-
rives from systemic arterial circulation, therefore, at CEUS 
examination, they are usually characterized by delayed con-
trast enhancement and reduced contrast agent extent with 
respect to the pulmonary parenchyma (Figure 21)[18,23-26]. 

wall[47,48]. The presence of  pleural effusion in a patient with 
bronchial carcinoma usually indicates pleural involvement, 
and corresponds to a T4 stage tumor[47]. Less frequently, 
pleural effusion is a para-malignancy that accompanies 
effusion, due to lymphatic drainage dysfunction, atelecta-
sis, or hypoproteinemia[50]. It follows that correct staging 
requires differentiation between malignant pleural effu-
sion and reactive accompanying effusion, and TUS is con-
sidered the method of  choice to identify pleural effusion, 
as well as to guide aspiration for cytological examination. 
With respect to N stage, TUS enables one to identify su-
praclavicular or cervical lymph node involvement, and this 
finding has a central role in the staging of  bronchial carci-
noma because lymph node metastases can be identified in 
16%-26% of  patients[51-53]. Finally, US examination of  the 
abdomen can identify the presence of  distant metastases in 
the liver or adrenal glands, thus contributing to M staging 
of  bronchial carcinoma[47]. However, notwithstanding the 
usefulness of  TUS and the central role played in detecting 
infiltration of  the thoracic wall, CT examination is manda-
tory for correct and complete staging of  lung cancer.

At color Doppler examination, malignant tumors can 
present with reduced vessel visualization[18]. However, as a 
rule, color Doppler sonography is not suitable for differ-
entiating benign from malignant peripheral lesions. Based 
on the dual arterial supply of  the lung, CEUS is able to 
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Figure 19  Contrast-enhanced ultrasonography of bronchial carcinoma. 
A: Baseline scan shows a hypoechoic lesion with irregular borders (left side of 
the split-screen). Ten seconds after iv bolus of contrast agent, the pulmonary 
parenchyma near the lesion is already enhanced (arrows), whereas the lesions 
is still unenhanced (right side of the split-screen); B: Twenty seconds later, 
the lesion shows delayed inhomogeneous enhancement, which indicates a 
preferential bronchial arterial supply (right side of the split-screen).
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Figure 20  Pulmonary metastasis. Posterior intercostal scan shows a round-
shaped, clear-bordered lesion.
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CONCLUSION
The limits of  ultrasonography in the study of  the lung 
are well established. First, the sonographic waves are hin-
dered by air and bony structures, therefore, TUS cannot 
detect subscapular, paravertebral and retrosternal lesions, 
nor provide any diagnostic information in the presence 
of  subcutaneous emphysema, and achieves poor visual-
ization of  the mediastinum. Second, it can only depict 
processes at the level of  the pleura, thus, centrally located 
lesions cannot be detected by TUS. Finally, TUS is strictly 
operator dependent, and a lot of  experience is needed to 
perform a reliable evaluation of  pulmonary diseases. It 
follows that TUS cannot replace chest CT in the study of  
the lung.

However, certain diseases can be diagnosed with TUS 
(pneumonia with or without accompanying pleural effu-
sion, PE, and atelectasis), other diseases can be suspected 
(diffuse parenchymal diseases, ARDS/NRDS, lung can-
cer and lung metastases that abut the pleura), and some 
preliminary experiences suggest that the use of  second-
generation ultrasound contrast agents provides useful in-
formation in the differential diagnosis between neoplastic 
and inflammatory diseases. Moreover, diagnostic and ther-
apeutic interventional procedures can be performed under 
sonographic guidance. In this regard, TUS is considered 

the method of  choice to guide aspiration and drainage of  
pleural effusion and empyema, and TUS-guided biopsy 
has been proved to be as effective as CT-guided biopsy 
of  peripheral pulmonary lesions when they are in contact 
with the pleura and provide an adequate acoustic window. 
Finally, the well-known advantages of  ultrasonography, 
such as the lack of  radiation exposure, easy availability, 
and possibility of  performing examination at almost any 
location, make TUS a valuable tool to be used without 
restriction in pregnant women, newborns, and at the 
bedside in critically ill patients, as well as to monitor the 
course of  the disease.

In conclusion, TUS of  the lung and pleura should be 
considered a very useful method that is complementary to 
chest CT in the diagnostic workup of  pleuropulmonary 
pathology, and some effort should be encouraged in clini-
cal and radiological departments to train skilled examiners 
with wide experience in TUS. 
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