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Practice Pearls for Performing Pleural 
Ultrasound with Focus on Pleural Effusion 
and Pleural Thickening
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U ltrasonography can provide guidance for several diagnostic and therapeutic procedures, and is now considered the standard of care 
for the evaluation of patients with pleural diseases. Ultrasonography is a particularly useful tool in the evaluation of pleural effusion and 
pleural thickening, with advantages such as portability, low cost, and safety. 
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General considerations
Pleural ultrasound examination can be performed in any position: supine or sitting. A low-frequency 

phased array transducer of 3.5–5 MHz is generally preferred for evaluation of pleural diseases.  

High-frequency linear transducers do not provide acceptable penetration for visualizing deep 

structures, but do provide better imaging of the pleural lining and better assessment of pleural 

thickness. The operator should adjust the ultrasound settings such as depth, gain, and time-gain 

compensation to obtain the best possible image.

Identifying a pleural effusion
Multiple studies have confirmed that the diagnostic accuracy of ultrasound is superior to that of chest 

radiography for detection of pleural effusions.1 Pleural ultrasound can detect physiologic amounts of 

pleural fluid and is highly sensitive for effusions of >100 ml.2

Free-flowing effusions accumulate in the most dependent portions of the thorax. Most commonly 

effusions accumulate in the posterio-lateral costophrenic recesses in seated or supine patients, but 

they can also accumulate anteriorly in mechanically-ventilated patients in a prone position. 

Pleural effusions are best evaluated starting at the level of the diaphragm. The transducer should 

be placed in a longitudinal plane on the posterior axillary line at the level of the diaphragm with the 

transducer orientation marker pointed cephalad. 

The following structures must be identified to diagnose a pleural effusion: liver, spleen, diaphragm, 

lung, and chest wall. In the absence of pleural fluid, examination of the costophrenic angle will reveal 

the diaphragm and underlying organ (liver or spleen), with lung tissue coming into view during deep 

inspiration; this is called the curtain sign.3 This sign, however, does not rule out the presence of 

loculated or interlobar effusions.

Quantifying pleural fluid
Several methods have been proposed to quantify the size of pleural effusions, but a precise 

estimate of fluid volume on ultrasonography is not possible. The largest study of this to date 

found a strong correlation between calculated and actual volumes drained by thoracentesis.4  

This uses the formula of: volume (in ml) = 16 × parietal-to-visceral pleural distance (in mm) at the 

level of mid-diaphragm to quantify pleural fluid. In general, we measure the deepest pocket of fluid 

in a still picture, or the number of rib spaces where the fluid can be seen by holding the probe 
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parallel to the ribs at the diaphragm level and carefully moving it upwards 

while the operator counts the number of intercostal spaces. This method 

is also useful for follow up of patients to assess re-accumulation of fluid 

after an intervention. 

Simple versus complex pleural effusion
Simple pleural effusions are anechoic (black) and can be transudative or 

exudative (Figure 1A). Complex pleural effusions are usually exudative and 

are subcategorized as homogeneously or heterogeneously echogenic, with 

or without septations (Figure 1B).

Homogenously echogenic effusions are most often attributable to 

hemothorax or empyema. (Figure 1C) The hematocrit sign is the sign 

in which the high cell count of a hemothorax creates a layering effect  

in the costophrenic recesses.5 Empyema usually has a homogeneously 

echogenic appearance with multiple loculations.6 Heterogeneous echogenic 

effusion with floating particles that swirl with respiratory movements 

suggest malignancy.7

Pleural thickness
The normal pleura, with the parietal and visceral layers, measures 

approximately 0.3 mm in thickness and can be seen on ultrasound as a 

2-mm hyperechoic band representing the pleuropulmonary interphase. It 

is generally not possible to distinguish between the parietal and visceral 

pleura on ultrasound, but the visceral pleura moves during respiration in 

the so-called “sliding sign”. Irregularities of the visceral pleura produce 

comet tail artifacts, which can also be seen in normal conditions, 

particularly in elderly patients. If there is an increase in pleural fluid, the 

parietal pleura is seen as a thin echogenic line, sometimes with a deeper 

hypoechoic layer corresponding to extra pleural fat, but the visceral layer 

is harder to recognize if the lungs are relatively normal. If there is a partially 

consolidated or atelectatic lung, the visceral pleura becomes visible as a 

delicate hyperechoic band in the lining of the lung.

Pleural thickening can be localized or diffuse, and appears as a hypoechoic 

band (Figure 2A). Diffuse pleural thickening can be seen in inflammatory or 

malignant disease. Pleural inflammation, particularly chronic inflammation, 

presents as an irregularity of the pleural line, with some degree of subpleural 

consolidation. Pleural thickening of >10 mm, diaphragmatic thickness of  

>7 mm, and pleural nodularity are strong predictors of underlying malignancy.8

Limitations
The majority of pleural effusions can be identified using ultrasonography. 

However, in patients who are obese or have soft tissue edema the image 

quality may be degraded and difficult to identify when the effusions are 

highly exudative such as in empyema or hemothorax. In such cases 

computer tomography may be needed for evaluation and confirmation of 

pleural effusion.

Figure 1: Pleural effusion

Figure 2: Pleural thickening 

A: Ultrasound image depicting anechoic (black) pleural effusion; B: Ultrasound image depicting an echogenic pleural effusion with multiple loculations in a patient with empyema;  
C: Ultrasound image depicting homogenous echogenic effusion in a patient with hemothorax. White arrows show locules with fluid and septations. White asterisks show location  
of the diaphragm.

Pleural fluid is shown by the white arrows. A: Ultrasound depicting pleural thickening (double-headed arrow) as a hypoechoic band and anechoic pleural effusion; B: Ultrasound image 
depicting small anechoic pleural effusion; C: Ultrasound image depicting anechoic pleural effusion with Doppler sign. White asterisks show location of the diaphragm.
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In addition, pleural plaques, can be seen as localized hypoechoic lesions, 

sometimes mimicking a loculated effusion, and color flow Doppler signs 

can be utilized as adjuncts to routine ultrasonography. A free-flowing  

pleural effusion will demonstrate flow on color Doppler (Figure 2B and C). 

Absence of flow is seen with dense pleural loculations and other 

abnormalities that can mimic pleural effusions, such as peripheral lung 

tissue, pleural thickening, or pleural masses.

Conclusion
Ultrasonography is particularly useful in the assessment of pleural 

disease. It can identify and characterize pleural effusions and pleural 

thickening, and provides useful guidance for diagnostic procedures. It is 

relatively inexpensive, safe, and widely available. However, proper training 

and continued competency is essential to use this modality and achieve 

optimal results. 


