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Imaging of small amounts of pleural fluid.
Part one – small pleural effusions

Igor Kocijančič
Department of Radiology, Institute of Oncology, Ljubljana, Slovenia

Background. Small pleural effusions are not readily identified on conventional radiographic views of the
chest, but may be an important finding, sometimes leading, via thoracocentesis, to a definitive diagnosis of
pleural carcinomatosis, infection or transudate.
A small meniscus sign and a medial displacement of the costophrenic angle are the only subtle signs of small
accumulations of fluid on posteroanterior chest X-rays. On lateral views the finding of a small meniscus sign
in the posterior costophrenic angle is the sign of small pleural effusion.
Conclusions. Lateral decubitus chest radiographs were used for many years for the diagnosis of small pleural effusions. In last decades ultrasonography of pleural space becomes a leading real-time method for demonstrating small pleural effusions.
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Introduction
Small amount of fluid (5-20 ml) is often present in the pleural space of healthy individuals.1 The data on the smallest amount of pleural fluid detectable by imaging methods vary
considerably, but they are essentially within
the same broad range whether computed tomography, sonography or X-ray examination
are used.2-10 With the advent of sonography it
was shown that very small amounts of pleural fluid can be demonstrated on this way.3-8
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In the literature there are only a few articles comparing the thickness of the pleural
effusion as seen on sonography with X-ray
and the amount of aspirated fluid. In addition, there is no clear consensus definition of a
small pleural effusion on sonography. So, our
term of small pleural effusions includes clinically silent effusions, which are usually unexpected findings on x-ray and/or ultrasonographic (US) examinations undertaken for different reasons.

Conventional chest radiography
a) Erect posteroanteror (PA) views
The term small pleural effusion cannot be
used for the pleural fluid clearly visible on PA
chest films, since it is known that the amo-
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Figure 1b. Left lateral decubitus view: more than 1.5
cm thick fluid layer (approximatley 300 ml of pleural
fluid).

Figure 1a. Erect chet x-ray: a small meniscus sign in
the left phrenicocostal sinus.

unts of 175 to 500 ml could be hidden in the
pleural space on such views.11 In the early
stage with the patient in the upright position,
the fluid tends to accumulate in the infrapulmonary position if the pleural space is free of
adhesions and the lung is healthy, forming
subpulmonary effusion. In general, it is agreed that gravity is probably the main factor of
the location of fluid although some investigators implicated the elasticity of the lung, basal
atelectasis and surface tensions as well.12,13
Nearly simultaneously with the infrapulmo-

Figure 2a. Only medial displacement of costophrenic
angle on erect chest X-ray.
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nic accumulation, the pleural fluid will appear in the costophrenic sulcuses and can be
seen as a medial displacement of the costophrenic angle first and with blunting of the
diaphragm afterwards.12
Davis et al.14 has shown that the upper limit of a free pleural effusion is horizontal and
is located about the level of the apex of the
meniscus shaped density. The x-ray beam traverses a greater depth of the fluid in the periphery of the thorax where the fluid is tangential to the beam.15
We proposed that a small meniscus sign (Figures 1a, 1b) and a medial displacement of the
costophrenic angle (Figures 2a, 2b) are the only
subtle signs of small accumulations of fluid
on PA views. In these cases 200-300 ml of fluid can be evacuated from the pleural space13,16 and that there is probably some residual fluid after thoracocentesis as well. We disagree with the authors who claim that a meniscus sign with blunting of one half of the he-

Figure 2b. About one cm thick fluid layer (approximatley 200 mm of fluid) on the the left lateral decubitus
view.
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Figure 3. The patient’s position during chest X-ray examination in left lateral decubitus position. After leaning 5
min with elevated hip in slight Trendellenburg position, the exposure with central X-ray beam aimed to the lateral thoracic wall was done.

mi diaphragm is the sign of small pleural effusion.17,18

difficult to interpret the sign without previous lateral chest x-rays and in the cases of superimposing fat in anterior mediastinum.

b) Erect lateral views
In the study on roentgen pathology models
Collins11 showed that as little as 25 ml of pleural fluid (injected saline) on lateral erect
chest radiograms could be detected as a subpulmonic accumulation of fluid in posterior
costophrenic sulcus, but only with the presence of coexisting pneumoperitoneum. This
is less reliable in practice, so we proposed the
finding of a small meniscus sign in the posterior costophrenic angle as the sign of small pleural effusion on lateral views.
Some authors13,19 also suggested that the
junction of the major fissure with the diaphragm may commonly be the site of small
amounts of small pleural effusions on lateral
erect chest radiograms. The sign is described
as a straight triangular shadow at the anterior
diaphragmatic contour. We claim that it is

c) Lateral decubitus views
Lateral decubitus chest radiographs were
used for many years for the diagnosis of small
pleural effusions. This position was first mentioned in the work of Rigler.20 Other investigators19,21 have developed the technique and,
using cadaveric studies,2 have shown that volumes of pleural fluid as little as 5 ml may be
detected. Rigler20 did not use exposure in expiration, however, nor did he expose with
central beam aimed at the lateral chest wall,
parallel to the expected fluid level. The latter
technical improvement was introduced by
Hessen19 together with the elevation of the
patient’s hip (Figure 3), while the exposure in
expiration is mentioned in the work of Müller
and Löfstedt,21 but apparently without gaining wider acceptance.
Radiol Oncol 2005; 39(4): 237-42.
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Chest ultrasonography

The amounts of pleural fluid detected this
way have been assessed in cadaveric experiments2 to as little as 5 ml in experimental conditions. This is probably less reliable in practice,
due to the inexact results of thoracocentesis.
In the lateral decubitus position, the criteria for small pleural effusions is a density of at
least 3 mm (but not exceeding 15 mm) thick, with
horizontal level at lateral dependent chest wall
(Figure 4).
The study of Kocijančič et al.22 showed that
lateral decubitus views taken in expiration
contributed essentially to the diagnostic sensitivity of radiological examination as the fluid layer thickness changed during inspiration-expiration. The improved technique tends
to facilitate the diagnosis of small pleural effusions (Figures 5a, 5b) and increased the ability to recognize artefacts such as skin folds,
sheets and subcutaneous fat.

In last decades ultrasonography (US) of pleural
space becomes a leading real-time method for
demonstrating small pleural effusions.23-26
US criteria determining pleural effusions are:
at least 3 mm thick anechogenic zone between
the parietal and the visceral pleura and/or
changing of fluid layer thickness between expiration and inspiration as well as changing with different positions of the patient.23-26 As US is a
real-time method it is very important that all
sonographic measurements with the probe
perpendicular to the thoracic wall should be
done.
Comparing chest US with expiratory lateral decubitus radiography, Kocijančič et al.27
showed that both seem to be efficient methods for demonstrating small pleural effusions but US appears to assess the thickness of
fluid layer more accurately than radiography
does. It is interesting that in this study the
main sign, allowing the demonstration of the
smallest effusions, was similar in both modalities: the changing of the fluid layer during
inspiration – expiration (Figure 6). The fluid
layer thickness between 3-15 mm was found
with both examination modalities. On erect
chest radiograms only a medial displacement
of costophrenic angle and a small meniscus
sign were detected in 40% of patients.

Figure 5a. Left lateral decubitus chest x-ray radiograph in a patient with left lower lobe lung cancer.
The exposure taken during inspiration showed no pleural effusion.

Figure 5b. Left lateral decubitus chest x-ray radiograph in a patient with left lower lobe lung cancer.
The exposure taken during expiration clearly revealed
approximatly 5 mm thick fluid layer.

Figure 4. One cm thick fluid layer of pleural fluid in
the right lateal decubitus position in a patient with
systemic connective disease.
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tor for discrimination between pleural thickenings and pleural effusion and a diagnostic
aid to grey scale US for minimal or loculated
pleural effusions. Our opinion is that this
sign is not a useful diagnostic marker when
the amount of fluid is very small.

Conclusions
Figure 6. Sonograms in a patient with right upper lobe lung cancer. Images show a thin (6 mm; calipers)
fluid collection during inspiration (left image) that
was more conspicious (11 mm; calipers) during expiration (right image).

They have introduced a method of the US
examination in the so called “elbow position”.27 The examination begins with the patient placed in the lateral decubitus position
for 5 minutes first (similar to lateral decubitus
chest radiography) and than the US examination performed with the patient leaning on
the elbow (Figure 7). This manoeuvre allows
the detection of small subpulmonic effusions,
since the fluid tends to accumulate within the
diaphragmatic pleurae in the erect position.
In the work of Wu et al.28 so-called “fluid
colour” sign was described as a useful indica-

Both US and “classical” radiography seem to
be efficient methods for demonstrating small
pleural effusions. For satisfactory results, the
meticulous adherence to the techniques described (exact position of the patient during
lateral decubitus radiography and during
chest US examinations, perpendicular US
measurements) is probably the most important.
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