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ABSTRACT 

OBJECTIVE 

The aim of this study is to find a correlation between pleural separation and amount of aspirated effusion. 

 

METHODS 

Total 20 adult patients with 25 effusions were taken into the study with chest x-ray showing homogeneous opacity in either one 

or both of the lung field, which was confirmed on USG. Only uncomplicated pleural effusion were taken into study. Effusion with 

septations or encysted effusion or pyothorax were excluded from the study. 

 

RESULTS 

The separation between two pleura was measured in millimeters and aspirated effusion in milliliters. A positive correlation was 

noted between these two measurements and relationship is given by a simplified equation. 

 

CONCLUSION 

By using this simple equation, we can quantify the pleural fluid quickly in day-to-day practice as well as ICU setting, which can 

be a useful guide for planning and management for aspiration. 

 

CONSENT 

As all the patients were adult and fully conscious, informed consent was taken from all of them. 
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INTRODUCTION 

Pleural effusion tends to be used as a collective term denoting 

a collection of fluid within the pleural cavity. This can be 

further divided into exudates and transudates depending on 

the biochemical analysis of aspirated pleural fluid. Essentially, 

it represents any pathological process which overwhelms the 

pleura’s ability to reabsorb fluid whether it is due to excess 

production or impaired reabsorption. 

Although, the term pleural effusion is used to include all 

kinds of fluid that may accumulate in the pleural cavity. In 

clinical practice it usually excludes non-transudate types of 

fluid, which can have distinctly different etiologies despite 

appearing identical on radiography (e.g. Pyothorax, 

Chylothorax, Hemothorax).(1) 
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The ultrasound image of pleural effusion is characterized 

by an echo-free space between the visceral and parietal 

pleura.(1) USG chest shows reliability for diagnosis of pleural 

effusions than bedside chest x-ray.(2,3,4) Ultrasound rules out 

other etiologies such as atelectasis, consolidation, mass or an 

elevated hemi-diaphragm, takes less time than radiographic 

methods and can be repeated serially at the bedside. 

Thoracentesis performed under ultrasound showed reduced 

rates of complications.(5,6,7,8) 

Effusion tends to compromise the ventilation by 

compressing the lung tissue and can cause breathlessness. 

Also, particularly in ICU setting with mechanical ventilation 

relatively lesser amount of effusion can cause reduced lung 

function due to development of micro-atelectasis in dependent 

areas, which has significant effect on patient’s outcome. 

Quantification of fluid in the pleural cavity is an 

important step in management. In the case of a small amount 

of pleural fluid, the benefit of puncture should be weighed 

against risk of complications like pneumothorax or bleeding.(9) 

But to calculate the amount of fluid with formula for volume 

applied as in other cystic lesions where shape is more or less 

spherical or ovoid, because thorax is a large cavity with lung in 

the central part of cavity. 

http://radiopaedia.org/articles/missing?article%5Btitle%5D=pleural-cavity
http://radiopaedia.org/articles/chylothorax
http://radiopaedia.org/articles/haemothorax
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Few methods are devised for quantification, but most of 

them are very complex. So a different but quick and simplified 

method yet clinically acceptable is needed for bedside 

application, which will be used in this study. 

 

MATERIALS AND METHODS 

Total 20 adult patients were taken in the study with 25 pleural 

effusions referred from the Department of Medicine for USG 

chest with guided aspiration. All patients showing 

homogeneous opacity in the either or both of lung field in 

preliminary chest x-ray and later confirmed on USG. 

Underlying lung pathology is not taken into consideration and 

only uncomplicated pleural effusion are taken into study. 

Effusion with septations or encysted effusion or pyothorax are 

excluded from the study. Effusions with less than 10mm 

separation were also excluded from the study. 

USG along with aspiration was done in the Emergency 

USG unit of Department of Radiology, Patna Medical College 

and Hospital, Patna on GE Logiq P3 USG machine with 

curvilinear phased array and linear high resolution transducer 

probe. 

We used the 3–5 MHz curvilinear or phased array probe 

to view the pleural effusion and the surrounding landmarks. 

These include visualizing the lung within the pleural effusion, 

the diaphragm, the liver on the right side and the spleen on the 

left side. Use of the lower frequency 3–5 MHz probe offers a 

wider depth of field and a more global view of the lung and the 

effusion.(10,11) The separation between visceral and parietal 

pleura is measured in millimetres (mm) in the supine position 

in mid-axillary line at the end of expiration which shows 

maximal separation. 

A more focused and detailed view of the thoracic space 

can then be obtained by using the higher frequency 10 MHz 

linear array probe that allows improved imaging at a more 

superficial depth.12 This technique can often allow one to more 

precisely measure the depth of the effusion from the outer 

parietal chest pleura to the lung, particularly when effusion is 

small. One can refer to this fluid depth as the safety zone, in 

which the needle should be positioned during the procedure. 

Pleural fluid was aspirated in the sitting position with the help 

of 20-G needle and triway.  

All cases were completely aspirated under USG guidance 

and terminated when no fluid could be further aspirated. 

Incomplete aspiration or separation more than 1cm after 1-

hour of aspiration was excluded from the study. The aspirated 

fluid volume is measured in calibrated container. The 

statistical analyses for correlation between pleural separation 

and aspirated fluid were done online. 

 

RESULTS 

Total 20 patients with 25 effusions were evaluated. Five 

patients showed bilateral presence of effusion. The mean 

separation was 41.16mm with maximum separation 75mm 

and minimum separation 15mm. The mean aspirated fluid 

volume was 809.6mls. with maximum and minimum volume 

was 1800 and 280ml. respectively. By calculating correlation 

coefficient a significant correlation was seen between the 

pleural separation and aspirated effusion volume (r=0.8565, 

r2=0.7336, P-value is <0.00001 which is significant at p <0.05). 

The volume can be calculated by the below mentioned 

formula. 

V (ml) = 20× Sep (mm) 

 
 

Fig. 1: Pleural effusion is denoted by anechoic space 
 

 
 

Fig. 2: The relationship between pleural  
Separation and aspirated effusion 

 
DISCUSSION 

Ultrasound can be used to accurately estimate the amount of 

effusion present in the chest cavity and to decide when and 

how much fluid should optimally be removed during the 

thoracentesis procedure, particularly in the ICU setting. 

Although, this study is done in the ambulatory patients, it can 

be applied in ventilated patient also. 

The simplest method for estimation of pleural effusion is 

classifying it as minimal, if the hypoechoic space is seen only 

at the costophrenic angle; small if it covers the costophrenic 

angle but limited within the image formed by the transducer; 

moderate if the space is larger than the image but limited 

within two images; and large or massive if it is larger than two 

images formed by the transducer.11 But being a qualitative 

classification, this does not give the amount of effusion in each 

category. 

There are also a number of sizing guides to effusions, 

which vary significantly. Lichtenstein’s PLAPS index measures 

the distance between the pleural line and the lung line at the 

posterolateral point. It is measured at its greatest size (i.e. in 

expiration).13 

 

PLAPS Index (cm.) Effusion Vol. (mls.) 

0.3 15-30 
1 75-150 
2 300-600 

3.5 1500-2500 
Table 1 
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Another method for the fluid volume calculation by 

measuring the maximum perpendicular distance between the 

surface and the chest wall.  

The scan is performed with the patient in the supine 

position at maximum inspiration. The measurement is made 

right above the diaphragm. A 20mm extension corresponds to 

an average volume of 380ml (±130ml). A 40mm extension 

corresponds to an average volume of 1000ml (±330ml) as 

shown on Table 2. 
 

Separation  
in mm 

Effusion equivalent  
volume (ml) 

Variation  
(ml) 

0 8 0-90 
5 80 20-170 

10 170 50-300 
15 270 90-420 
20 380 150-660 
30 550 210-1,060 
40 1,000 490-1,670 
50 1,420 650-1,840 

Table 2 
 

These are approximate values and needs to be 

memorized for individual measurements. In this study, a 

simple equation is described between the volume of the 

effusion and the separation distance between the lung and the 

outer parietal pleura as.9 

V (ml) = 20× Sep (mm) 

Although, the measured volume seems to be a linear 

function of separation between pleurae, it is not true 

completely. It tends to give error in calculation of very large 

amount of effusion due to other factors, e.g. the volume can be 

underestimated due to passive collapse of lower lobe in large 

effusions. Thoracic shape, size and volume may also affect the 

measurement of fluid. To accurately measure the extreme 

ends of amount of effusion a different reliable method should 

be applied and for affirmation a larger study is needed to 

establish the accuracy. However, because of its easy and 

simple calculation this equation can be easily applied in 

bedside setting as a quick method. 
 

CONCLUSION 

By using this simple equation we can quantify the pleural fluid 

quickly in day-to-day practice as well as ICU setting, which 

 

 

 

 

 

 

 

 

gives acceptable level of accuracy with small variations and 

can be a useful guide for planning and management for 

aspiration. 
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