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positive and negative predictive values of 82.8 and 81.2%, 
respectively, for the detection of malignancy. US accuracy 
was 81.9%. The presence of pleural/diaphragmatic nodules, 
pleural/diaphragmatic thickness >10 mm, and a swirling 
sign was significantly different between both groups (p < 
0.001). Lung air bronchogram sign and a septated US pattern 
were more common in non-MPE patients (p < 0.01). The ex-
istence of nodularity and the absence of air bronchograms 
were more likely to indicate malignancy (OR 29.0, 95% CI 
7.65–110.08 and OR 10.4, 95% CI 1.65–65.752, respectively). 
 Conclusions:  In the presence of an undiagnosed pleural ef-
fusion, US morphological characteristics can aid in differen-
tiating MPE from non-MPE. Pleural/diaphragmatic nodular-
ity was the most relevant feature although no finding was 
pathognomonic of MPE.  © 2014 S. Karger AG, Basel 

 Introduction 

 Malignant involvement of the pleura is a common 
clinical condition and a frequent cause of pleural effu-
sions  [1] . Virtually all tumors may disseminate cancer 
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 Abstract 

  Background:  Transthoracic ultrasound (US) is an important 
instrument to identify pleural effusions and safely conduct 
invasive procedures. It also allows systematic scanning of 
the pleural surface, though its value remains uncertain for 
differentiation between malignant (MPE) and nonmalignant 
pleural effusion (non-MPE) in routine clinical practice.  Objec-

tives:  To evaluate the utility of US features to predict malig-
nancy in undiagnosed pleural effusions in a real-life clinical 
setting.  Methods:  The US features of 154 consecutive pa-
tients with a pleural effusion were prospectively assessed. 
Anonymous images were recorded by an operator blinded 
to the clinical and radiological results. The US findings were 
classified by independent reviewers and compared to the 
final diagnosis.  Results:  A total of 133 patients were included 
(age 67 ± 16 years; BMI 25.1 ± 4.6; 54.1% females). The final 
diagnosis was MPE in 66 cases and non-MPE in 67 cases. US 
had an overall sensitivity of 80.3%, a specificity of 83.6%, and 
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cells and cause pleural deposits, disrupting the physiolog-
ical pleural fluid turnover. Lung cancer is responsible for 
one third of pleural effusions, with a median survival of 
8–10 months  [2] . Regardless of the underlying neoplasm, 
a malignant pleural effusion (MPE) indicates advanced 
disease and a poor prognosis; thus, prompt diagnosis is 
essential to accurately stage the patient and initiate ade-
quate treatment.

  An undiagnosed pleural effusion requires a clinical 
evaluation along with complementary imaging studies 
and minimally invasive procedures to establish its etiol-
ogy. Cytological evaluation of the first pleural fluid sam-
ple has a mean sensitivity for malignancy of 62% and col-
lection of a second specimen is able to increase the diag-
nostic yield to about 72% (total range 49–91%)  [3] . Due 
to its variable sensitivity, international guidelines state 
that if pleural fluid cytology fails to provide a definitive 
diagnosis and malignant disease is suspected, image-
guided pleural biopsy or thoracoscopy is a subsequent 
step to determine the underlying cause of the effusion  [3, 
4] . These procedures are more invasive compared to tho-
racentesis; therefore, prior examinations are fundamen-
tal to effectively select patients.

  In the evaluation of a likely MPE, thoracic computed 
tomography (CT) plays an important role in planning the 
adequate diagnostic strategy since it permits assessment 
of the pleural surface, lung, and metastatic disease simul-
taneously and with great detail. However, CT is not a real-
time exam and it is associated with radiation exposure 
and cannot reliably exclude malignant pleural disease 
 [5, 6] .

  Chest ultrasound (US) is a simple, effective, and in-
expensive exam that is widely available and increasing-
ly accessible to the pulmonologist  [7, 8] . There is sub-
stantial scientific evidence concerning the importance 
of this technique in detecting pleural effusions and 
guiding thoracentesis as it increases the diagnostic 
yield and diminishes complications, especially in small 
and septated effusions  [4] . In addition, US is able to 
identify pleural lesions and provide real-time control 
for percutaneous pleural biopsies, reducing the rate of 
false-negative punctures  [8–10] . It has been reported 
that chest US performed by expert radiologists, in a 
controlled population after exclusion of pleural infec-
tion, may be useful to predict pleural malignancy which 
might allow successful triage of patients for additional 
diagnostic procedures  [11] . However, there is limited in-
formation regarding the importance of sonographic 
features to distinguish MPE from nonmalignant effu-
sions (non-MPE) in routine clinical practice. Further-

more, the published studies have taken place in coun-
tries with a low incidence of tuberculosis. The incidence 
of tuberculosis in our local population is reported to 
be  21.6 cases per 100,000 inhabitants and this condi-
tion may cause additional difficulties in differential di-
agnosis. 

  Finally, data about the efficacy of this exam per-
formed by respiratory physicians in unselected patients 
is lacking.

  This prospective study was designed to assess the value 
of thoracic US, performed by nonradiologists, for detect-
ing malignancy in patients with an undiagnosed pleural 
effusion. Moreover, we aimed to determine which indi-
vidual or combined US characteristics better discriminate 
between MPE and non-MPE.

  Material and Methods 

 Study Population 
 All consecutive patients referred for assessment of a presumed 

pleural effusion over an 11-month period (February to December 
2011) were included in this study. The inclusion criteria were as 
follows: (1) age  ≥ 18 years and (2) a suspected undiagnosed pleural 
effusion on a recent chest X-ray (<7 days). Patients were excluded 
based on: (1) the absence of a pleural effusion at the time the US 
procedure was performed, (2) the presence of a pleural effusion of 
known etiology, (3) bilateral effusions strongly suggestive of a 
transudate responsive to medical treatment in the first 48 h, (4) 
previous pleural manipulation (e.g. thoracic surgery), (5) contra-
indications for thoracentesis, or (6) refusal to participate in the 
study.

  This study was approved by the Centro Hospitalar Lisboa 
Norte ethics committee and all participants gave written informed 
consent prior to participation.

  Transthoracic US Procedures and Recorded Features 
 The US evaluations were performed using ACUSON X300 

equipment (Siemens, Germany) by a respiratory physician with at 
least 5 years of thoracic US experience (average of 450 exams/year) 
trained according to the recommendations of The Royal College 
of Radiologists  [12] .

  A nurse placed the patient in an upright sitting position with 
arms crossed resting on a bedside support table. In some cases, 
due to patient limitations, lateral decubitus positions were used. 
The US operator had no information regarding the medical re-
cords of the patient or previous radiological examinations. For 
sonographic scanning of the pleura, effusion, and lung, a 2- to 
5-MHz convex-array probe was used. Details of the thoracic wall 
and parietal pleura were visualized with a 5- to 10-MHz linear-
array transducer. Both hemithoraces were scanned systematical-
ly. The transducer was moved from dorsal to ventral positions 
and from the diaphragm to the apex along the thoracic longitu-
dinal lines and through the intercostal spaces along the rib axis 
in order to locate anatomical landmarks and pathological fea-
tures  [13] . Color flow Doppler was used to assess the presence of 
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vascular structures and diagnose minimal or loculated pleural 
effusions.

  During each US examination the following characteristics were 
documented: patient position; scanning duration; pleural effusion 
side (left, right, or bilateral) and size (small, moderate, or large clas-
sified as less than one third, more than one third but less than two 
thirds, or greater than two thirds of the hemithorax, respectively); 
sonographic pattern of the effusion (anechoic, heterogeneous 
echogenic, homogeneous echogenic, or septated)  [14] ; swirling 
sign, defined as floating echogenic  particles with circular move-
ments within the effusion (present or absent); parietal and viscer-
al pleural thickness; diaphrag matic thickness; pleural and dia-
phragmatic nodules (present or  absent), and other features (lung 
air bronchogram sign, lung  parenchymal lesions, rib/chest wall 
invasion, and hepatic  metastasis).

  Relevant static images and 10- to 20-second digital video clips 
were generated for each patient and catalogued with a code num-
ber. These were reviewed by at least 3 different independent sonog-
raphers with a level of expertise similar to that of the US operator. 
Individual sonographic findings were recorded and all cases were 
classified as high versus low probability of malignancy by each of 
the sonographers. High probability of malignancy was defined by 
the presence of at least one of the following parameters: (1) pleural/
diaphragm nodules, (2) pleural/diaphragm thickening >10 mm, 
(3) an adjacent solid pulmonary lesion, and (4) hepatic metastasis 
 [11] . If the interpretations differed, the  final sonographic feature 
and diagnosis was established by the  majority.

  Final Diagnosis 
 The diagnostic approach followed the British Thoracic Society 

guidelines algorithm  [4] . After US identification of a pleural effu-
sion, thoracentesis was performed with a fine-bore catheter. The 
sample was sent for lactate dehydrogenase, protein, glucose, and 
adenosine deaminase analysis, differential cell count, pH, micro-
biological analysis (including direct and cultural mycobacterium 
tuberculosis exams), and cytology. In selected cases a percutaneous 
US-guided pleural biopsy (Abrams’ needle or Tru-Cut needle) was 
performed to collect specimens from the parietal pleura. A final 
diagnosis was made based on chemical, microbiologic, cytological, 
or histological results. MPE and non-MPE diagnoses were man-
aged accordingly and follow-up was maintained for at least 
15 months to confirm a consistent clinical course. If a definite di-
agnosis could not be reached and there was reappearance of the 
effusion, thoracoscopy or thoracotomy was considered as a further 
diagnostic option. In case of absence of recurrence of the pleural 
effusion, the patient underwent clinical, radiological, and US fol-
low-up also during a 15-month period. If malignancy was later 
diagnosed, the initial nondiagnostic US exam was considered to be 
false negative.

  Statistical Analysis 
 Data analysis was done with the SPSS 18.0 software package 

(Chicago, Ill., USA). US characteristics were compared with the 
final diagnosis. Sensitivity, specificity, accuracy, positive predic-
tive values, and negative predictive values were calculated using 
the standard formulas. Values were expressed as means ± SD, fre-
quencies, or percentages. p < 0.05 was considered statistically sig-
nificant. Comparisons between 2 groups were performed using 
χ 2  tests and logistic regression was used to identify independent 
predictive factors for malignancy.

  Results 

 Population Characteristics 
 During the recruitment period a total of 154 consec-

utive patients with a suspected pleural effusion of un-
known origin were enrolled into this study. Nineteen 
patients were excluded based on the described criteria 
and 2 patients were lost to follow-up. The characteris-
tics and final diagnosis of the 133 patients included are 
summarized in  table 1 . The duration of pleural effusion 
symptoms ranged from 5 days to 7 months before pa-
tients were sent for diagnosis. In the MPE group the 
mean delay until presentation was 56 days. All patients 

Table 1.  Characteristics of the study population

Characteristics Values

Patients, n 133
Female/male ratio 72/61
Mean age (range), years 67±16 (18–96)
Mean BMI (range), kg/m2 25.1±4.6 (15.6–36.4)

Effusion side (X-ray)
Left 61
Right 57
Bilateral 15

Effusion sizea (X-ray)
Small (<one third of an hemithorax) 50
Moderate (≥one third but <two thirds of 

an hemithorax) 68
Large (≥two thirds of an hemithorax) 15

Final diagnosis
Malignant 66

Lung cancer 45
Adenocarcinoma 29
Squamous cell carcinoma 6
Small cell lung cancer 6
Non-small cell lung cancer 4

Mesothelioma 2
Lymphoma 4
Breast cancer 4
Gastrointestinal cancer 6
Other malignancies 5

Nonmalignant 67
Pneumonia 26
Tuberculosis 15
Congestive cardiac failure 11
Hepatic disease 5
Renal failure 3
Pulmonary thromboembolism 2
Nonspecific pleural effusion 5

 a For bilateral pleural effusions the biggest size was considered.
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underwent US-guided thoracentesis without any com-
plications.

  The final diagnosis was MPE in 66 patients (49.6%) 
and non-MPE in 67 patients (50.4%). In the first group, 
45 patients (33.8%) had lung cancer, 2 (1.5%) had meso-
thelioma, 4 (3.0%) had lymphoma, 4 (3.0%) had breast 
cancer, 6 (4.5%) had gastrointestinal cancer (gastric, n = 
2; colon, n = 2; hepatobiliary, n = 2) and 5 (3.8%) had 
other malignancies (renal, n = 1; prostate, n = 2; ovarian, 
n = 1; thymic, n = 1). The definitive malignant diagnosis 
was obtained by fluid cytology in 34 cases (51.5%), percu-
taneous pleural histology in 12 cases (18.2%), thoraco-
scopic pleural biopsy in 9 cases (13.6%), and other tech-
niques in 11 cases (16.7%). In non-MPE the most com-
mon diagnoses were pneumonia in 26 patients (19.5%), 
tuberculosis in 15 patients (11.2%) (mean adenosine de-
aminase value 76 ± 29 U/l), and congestive cardiac failure 

in 11 patients (8.3%). Five patients (3.8%) remained with-
out a specific diagnosis and without effusion recurrence 
during the 15-month follow-up. According to Light’s cri-
teria 24 (18%) effusions were classified as transudates (2 
in the malignant group) and 109 (82%) as exudates. 

  Of note, 69 patients (51.9%) had a thoracic CT before 
the US examination and 22 (16.5%) had the referred exam 
scheduled for the following 3 days.

  Transthoracic US Findings 
 One hundred sixteen patients (87.2%) underwent the 

US exam sitting upright and 17 (12.8%) were in recum-
bent positions. The average duration of the US examina-
tions was 18 ± 13 min.  Table 2  outlines the US features of 
MPE and non-MPE. Of the 4 non-MPE occupying more 
than two thirds of a hemithorax, 3 cases were due to tuber-
culosis and 1 case was due to pneumonia. There was no 

Table 2.  Transthoracic US features for malignant and nonmalignant effusions

US features Malignant 
effusion 
(n = 66)

Nonmalignant 
effusion 
(n = 67)

Significant 
p value

Effusion side
Left 32 29
Right 32 32
Bilateral 2 6

Effusion size
Small (<one third of an hemithorax) 24 35
Moderate (≥one third but <two thirds of an hemithorax) 35 28
Large (≥two thirds of an hemithorax) 7 4

Effusion echogenicity
Anechoic 3 19 0.004
Heterogeneous echogenic 53 29 <0.001
Homogeneous echogenic 5 2
Septated 5 17 0.006

Swirling sign 38 10 <0.001
Thicknessa (total/>10 mm) 49/49 23/9 <0.001b

Visceral pleura (>3/>10 mm) 34/29 13/7
Parietal pleura (>3/>10 mm) 16/13 10/2
Diaphragm (>7/>10 mm) 30/21 14/2

Total nodularitya 52 6 <0.001
Visceral pleura 29 5
Parietal pleura 17 2
Diaphragm 36 4

Lung air bronchogram sign 5 21 0.001
Chest wall invasion 2 0
Peripheral parenchymal lung lesion 9 0
Hepatic metastasis 4 0

 Values are presented as numbers unless otherwise stated. a Absolute number of patients with pleural or dia-
phragmatic abnormalities, although some cases had multiple locations that were concurrently involved, as de-
tailed in the rows below and in Results. b Refers to a pleural or diaphragmatic thickness >10 mm.
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particular predominance concerning the size or side of the 
effusion in relation to MPE versus non-MPE groups.

  In 80.4% of the cases, the MPE was heterogeneous 
echogenic and in non-MPE the most common US pattern 
was heterogeneous (43.3%), followed by anechoic (28.3%) 
and septated (25.4%). In non-MPE the complex septated 
pattern was associated with exudates such as tuberculosis 
(n = 9) and complicated pneumonia (n = 8).

  The swirling sign was present in a total of 48 cases 
(36.1%); of these, 38 (28.6%) occurred in malignancy ver-
sus 10 (7.5%) in non-MPE (p < 0.001). All non-MPE cas-
es with positive swirling signs were exudates associated 
with tuberculosis or pneumonia.

  With regard to pleural or diaphragmatic thickening, a 
total of 49 patients had >10 mm thickness in the malig-
nant group (74.2%) ( table 3 ). In the non-MPE group 23 
patients (34.3%) had pleural or diaphragmatic increased 
thickness but only 9 had a thickness of >10 mm. All cases 
of non-MPE thickness were related to infectious diseases. 
Pleural or diaphragmatic nodularity occurred in 52 pa-
tients in the MPE group (78.8%) (fig. 1) and in 6 tubercu-
losis cases in the non-MPE group (8.9%). The US lung air 
bronchogram sign was present in 21 patients (15.8%) in 
the non-MPE group (fig. 1) and 5 patients (3.8%) in the 
MPE group.

  In 4 cases (3.0%) liver metastases were detected during 
the US exam (primary lung cancer, n = 1; extrathoracic 
malignancies, n = 3). Nine patients (6.8%) had a distinct 
homogeneous hypoechogenic peripheral tumor with a 
hyperechogenic halo and in 2 cases (1.5%) there was chest 
wall invasion and absence of a lung gliding sign.

  The diagnostic yields for US features are reported in 
 table 4 . Thoracic US had an overall sensitivity of 80.3%, a 
specificity of 83.6%, a positive predictive value of 82.8%, 
and a negative predictive value of 81.2% for the diagnosis 
of malignancy. The exam accuracy was 81.9% and the 
cancer prevalence was 49.6%.

  The variables that were predictive of malignancy are 
listed in  table 5 . Logistic regression analysis revealed that 
in the presence of pleural/diaphragmatic nodularity and 
the absence of lung air bronchogram signs the effusions 
were more likely to be malignant (OR 29.0, 95% CI 7.650–
110.083 and OR 10.416, 95% CI 1.650–65.752, respective-
ly). Other US features, such as the presence of a heteroge-
neous echogenic pattern, a positive swirling sign, or the 
absence of a septated pattern, were not predictive of can-
cer. Diaphragmatic thickness >10 mm was associated 
with an elevated risk of malignancy (OR 5.351, 95% CI 
0.899–31.848) although it was not statistically significant 
at the 5% level.

  Discussion 

 Pleural effusions are quite common and may occur 
due to numerous systemic and local diseases. The high 
incidence of MPE is related to the increasing cancer bur-
den worldwide and lung cancer is one of its leading causes. 
This study also confirms that MPE are often caused by 
lung cancer (45 of 66 cases) and, as expected, adenocarci-
noma was the most frequent histological type. Due to a 
worse prognosis compared to the other T4 descriptors, 
MPE has been upstaged to an M1a disease in the seventh 
TNM staging system  [2]  and palliative treatment is usu-
ally the main therapeutic option. It is therefore necessary 
to accurately and quickly differentiate between malignant 
and benign effusions. Our data shows that in the presence 
of an undiagnosed effusion US features are able to predict 
pleural malignancy.

  Published studies have proven that in about 40% of 
cases pleural fluid cytology alone is not able to establish 
an MPE diagnosis  [15–18] . In the present study, the di-
agnostic rate of pleural fluid cytology for malignancy 
was 51.5% and the addition of percutaneous biopsy in-
creased the yield by 18.2%, which is consistent with pub-

Table 3.  Discrimination of thickening and nodularity features for 
malignant and nonmalignant effusions

Thickening and nodularity 
findings

Malignant 
effusion

Nonmalignant 
effusion

Thickening
Visceral pleura 10 Pneumonia (n = 3), 

tuberculosis (n = 1)
Parietal pleura 5 Tuberculosis (n = 2)
Diaphragm 8 Tuberculosis (n = 3), 

pneumonia (n = 2)
Visceral plus parietal pleura 4 Pneumonia (n = 3)
Visceral pleura plus diaphragm 15 Tuberculosis (n = 3), 

pneumonia (n = 1)
Parietal pleura plus diaphragm 2 Pneumonia (n = 3)
All locations 5 Tuberculosis (n = 2)

Nodularity
Visceral pleura 8 Tuberculosis (n = 2)
Parietal pleura 4 n = 0
Diaphragm 13 Tuberculosis (n = 1)
Visceral plus parietal pleura 2 Tuberculosis (n = 2)
Visceral pleura plus diaphragm 12 n = 0
Parietal pleura plus diaphragm 4 Tuberculosis (n = 1)
All locations 7 n = 0
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lished data  [4] . In order to make a definitive diagnosis, 
some patients have to be subjected to more invasive 
tests, but even after an extensive workup a small number 
of pleural exudates remain without a definitive diagnosis 
(3.8% in our study). However, in undiagnosed pleural 
effusions there remains a risk of malignancy as shown in 
previous publications  [19] . It would be reassuring for 
patients and physicians to be able to quickly and effec-
tively differentiate MPE from non-MPE with the aid of 
transthoracic US. In addition, this would allow the phy-
sician to avoid further investigations in low-probability 

cases with small effusions and the presence of relative 
contraindications or to immediately adopt a high-yield 
diagnostic strategy in patients with a high probability of 
malignancy.

  In clinical practice, thorax CT scans are usually per-
formed during the investigation of undiagnosed pleural 
effusions  [4] . They can be useful for distinguishing MPE 
from non-MPE. Leung et al.  [20]  and Qureshi et al.  [11]  
showed that nodularity and thickening of the parietal 
pleura of more than 10 mm had a low sensitivity (42–
56%) but a high specificity (88–95%) for malignancy. 

  Fig. 1.  Transthoracic US features in MPE and benign pleural effu-
sions.  a  Parietal pleural deposit (arrow) surrounded by an anecho-
ic pleural effusion in a 67-year-old man with metastatic squamous 
cell lung cancer.  b  Nodular thickening of the diaphragmatic pleu-
ra (arrow) in a 60-year-old man with renal cell carcinoma pleural 
metastasis.  c  Right-sided pleural effusion with increased visceral 

pleural thickness (arrow), multiple hypoechoic hepatic metastasis 
(arrow), and irregular diaphragmatic pleura in a 45-year-old wom-
an with lung adenocarcinoma.  d  Linear and tree-shaped hyper-
echoic reflexes (arrow) in a 59-year-old man with parapneumonic 
pleural effusion. 

a b

c d
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Chest US has several advantages over CT, such as its avail-
ability, the fact that it is a simple and easily performed 
exam, that it allows for dynamic scanning and frequent 
reevaluations if necessary, that it is a low-cost test, and 
that there is no radiation exposure  [13] . US has a high di-
agnostic yield for locating and quantifying pleural effu-
sions as well as providing real-time guidance during tho-
racentesis or percutaneous biopsy  [7, 8, 10] . Indeed, some 
of the patients we excluded did not have a pleural effusion 
at the time they were assessed, avoiding further unneces-
sary invasive procedures and radiation exposure.

  Our work proves that a ‘see-hit-and-run strategy’ 
aimed at locating the effusion and providing guidance for 
thoracentesis can be optimized via a systematic US ex-
amination approach. US equipment allows detailed scan-
ning of pleural effusion echogenecity with the evaluation 
of adjacent pleural and parenchymal lesions. 

  Several studies have assessed the usefulness of thorac-
ic US in determining the nature of a pleural effusion. Re-
ferring to the echogenicity of the effusion, previous re-
ports have demonstrated that a septated pattern could be 

observed in MPE and non-MPE infectious effusions with 
similar frequency  [11, 14, 21] . We found that although 
this US pattern can appear in both MPE and non-MPE 
effusions it is significantly more common in the nonma-
lignant group, associated with infectious disorders, name-
ly tuberculosis and pneumonia. Our results are supported 
by the 30-month retrospective study of Chen et al.  [22]  
which stated that an US septated pattern was a predictor 
of tuberculosis in lymphocyte-rich exudative pleural ef-
fusions  [22] . The higher incidence of tuberculosis in some 
studies (15 cases in 67 non-MPE in our study) might ex-
plain the described differences in the varying studies  [11] . 
A possible explanation for the higher incidence of a com-
plex septated pattern in this pathological condition may 
be related to the indolent course and intense pleural in-
flammation.

  It has also been reported that US presence of nodular 
protrusions on the parietal or visceral pleura and other 
pleural abnormalities such as increased thickness and 
invasion of adjacent thoracic structures have a high 
specificity for malignancy  [11, 14] . In 2009, Qureshi et 

Table 4.  Diagnostic yield of US features for malignancy

US features for malignancy Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

Heterogeneous echogenic pattern present 80.3 56.7 64.6 74.5 68.4
Septated pattern absent 92.4 25.4 54.9 77.3 58.6
Swirling sign present 57.6 85.1 79.1 67.1 71.4
Pleural/diaphragmatic thickness >10 mm 74.2 86.6 84.4 77.3 80.4
Pleural/diaphragmatic nodularity 78.8 91.0 89.7 81.3 85.0
Lung air bronchogram sign absent 92.4 31.3 57.0 80.8 61.7
Presence of chest wall invasion 3.0 100.0 100.0 51.1 51.9
Peripheral lung lesion present 13.6 100.0 100.0 54.0 57.1
Hepatic metastasis present 6.1 100.0 100.0 51.9 53.4
Overall yielda 80.3 83.6 82.8 81.2 81.9

 PPV = Positive predictive value; NPV = negative predictive value. a Calculated based on the presence of pleural/diaphragm nodules 
or pleural/diaphragm thickening >10 mm or adjacent solid pulmonary lesion or hepatic metastasis.

Table 5.  Logistic regression analysis of US features to predict malignancy

US features Variable OR (95% CI) p value

Heterogeneous echogenic pattern Present 1.429 (0.401–5.096) 0.582
Septated pattern Absent 1.650 (0.273–9.973) 0.585
Swirling sign Present 1.138 (0.300–4.317) 0.849
Pleural/diaphragmatic thickness >10 mm 5.351 (0.899–31.848) 0.065
Pleural/diaphragmatic nodularity Present 29.019 (7.650–110.083) <0.001
Lung air bronchogram sign Absent 10.416 (1.650–65.752) 0.013
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al.  [11]  showed that US features had an overall sensitiv-
ity of 79% and a specificity of 100% in distinguishing 
MPE from non-MPE. The differentiation was better 
than on the performed CT scan  [11] . In our study pleu-
ral/diaphragmatic nodularity was the most relevant US 
feature to predict malignancy. Pleural metastases were 
of variable size and echogenecity and were found main-
ly in basal and dependent pleural areas. This was possi-
bly related to the force of gravity or the greater vascular-
ity promoting the deposition and adhesion of tumor 
cells. Still, we found 6 false-positive cases with pleural 
nodules in patients with tuberculosis, proving that nod-
ularity is not pathognomonic of malignancy. Further-
more, some non-MPE cases were misclassified by tho-
racic US with pleural/diaphragmatic thickening of over 
10 mm. The low overall negative predictive value em-
phasizes the need to confirm all suspicious cases via 
more invasive tests. Patients with negative cytology and 
US features suggestive of malignancy should undergo 
further invasive procedures since therapeutic decisions 
depend on positive tissue results.

  Our results show some differences in comparison to 
the study of Chian et al.  [23]  who reported the presence 
of a positive US swirling pattern within an effusion as a 
useful predictor of MPE in patients with underlying ma-
lignancies  [23] . We found that this sign was present in 
exudates related to the existence of circular floating debris 
but did not appear to be sensitive or specific for malig-
nancy. 

  We have confirmed that lung air bronchogram signs 
are more frequently positive in lung infiltrates caused by 
infectious diseases. The presence of linear inlets or tree-
shaped hyperechoic reflexes within a hypoechoic area 
was described in 97% of cases of peripheral pneumonia 
 [24] . One of the limitations of that study was that other 
diseases were not included and specificity could not be 
assessed. Reissig et al.  [25]  addressed this matter in a pro-
spective multicenter study and reported a diagnostic sen-
sitivity and specificity of 93.4 and 97.7%, respectively, 
with 86.7% of cases showing air bronchograms  [25] . In 
our study, the absence of an air bronchogram sign had a 
high sensitivity (92.4%) and low specificity (31.3%) for 
malignancy. An article published by Kuo et al.  [26]  using 
radial endobronchial US also proved that the absence of 
an air bronchogram was able to distinguish between be-
nign and malignant lesions. In malignant obstructive 
pneumonias or infiltrates the sign may cause a false-neg-
ative diagnosis. If US characteristics do not improve on 
follow-up, the possibility of a malignant diagnosis needs 
to be considered. A fluid bronchogram sign has been de-

scribed in tumors associated with obstructive pneumonia 
although it was not visualized in our population  [27] .

  The following US criteria were described to predict 
chest wall invasion with high sensitivity and specificity: 
disruption of the pleural surface reflection, extension of 
the tumor through the chest wall, rib invasion, and tumor 
fixation during breathing  [28, 29] . We found such mor-
phological findings in 2 cases. While they were not very 
common in our population, along with hepatic metastasis 
or detection of peripheral lung lesions they had a high 
specificity for malignancy.

  Based on the present data, patients with an exudative 
pleural effusion, a negative cytology/needle biopsy, and 
normal pleural adenosine deaminase values as well as 
pleural nodularity and absence of an air bronchogram on 
US should be referred for more invasive diagnostic pro-
cedures.

  Some limitations of our study need to be mentioned. 
It remains unclear whether thoracic US is able to im-
prove the diagnostic algorithm or benefit patients with 
an MPE. We did not evaluate the clinical impact of US 
on the future status of our patients. This study was con-
ducted in a single center although the images were re-
viewed by chest physicians from different institutions, so 
the present findings require further confirmation in a 
multicenter trial.

  Another relevant point is that US is clearly operator 
dependent and US image discrimination requires exper-
tise so other investigators or groups may prove more or 
less skillful and this may change the diagnostic yield. 
Nevertheless, in recent years US equipment has become 
increasingly accessible to pulmonologists. The intro-
duction of other sonographic imaging techniques such 
as endobronchial US may contribute to improving im-
age interpretation, shortening the learning curve, and 
enhancing the operators’ experience. In the digital era, 
recording of the entire US exam might be of value for 
pulmonologists to request external consultancy when 
doubt persists. With adequate training, chest physicians 
may be able not only to correctly identify pleural effu-
sions but also to perform advanced transthoracic US 
scanning. 

  Conclusions 

 Our prospective study showed that, in the presence 
of a pleural effusion of unknown etiology, transthoracic 
US features examined by pulmonologists can be useful 
to differentiate MPE from non-MPE. The presence of 
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pleural nodularity and absence of an air bronchogram 
sign seem to be the most important differentiating find-
ings. Other US characteristics such as increased pleural 
thickness, absence of a septated echogenic pattern, and 
a positive swirling sign may be of assistance to diagnose 
malignancy, especially if added to clinical data. This 
simple and widespread technique might be important 
for the safe triage of patients for more invasive proce-
dures when thoracentesis fails to provide a definitive 
diagnosis.
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