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Summary

Pleural effusion is excess fluid that accumulates be-

tween the two pleural layers. Excessive amounts of

such fluid can impair breathing by limiting the ex-

pansion of the lungs during ventilation. 

Pleural effusion is still usually diagnosed on the

basis of medical history and physical examina-

tion, and confirmed by chest x-ray. It is observed

in many pulmonary and extra-pulmonary disease;

its cause can be relatively benign or definitely ma-

lign (cancer), and may require drainage for treat-

ment or for achieving a diagnosis which is avail-

able at the bedside by physical examination and

Thoracic Ultrasound (TUS). Pleural effusion is de-

tected by TUS even when its volume is very little:

it is possible to perform and repeat at bedside, by

sufficiently trained physicians. Diagnostic inter-

vention procedures are safer if performed using

US probes specifically designed for this use, i.e.

with a central hole which allows the co-axial pas-

sage of the disposable tools for drainage or Fine

Needle Aspiration Biopsy (FNAB). Over-trusting in

US criteria not evidence-based and, more impor-

tant, which are demonstrated to be unreliable

when critically re-appraised must be discouraged;

reversal of such scarcely validated but recom-

mended practices, which could be harmful for pa-

tients, is actively in progress also in this field of

medicine. No special trick is needed and no actu-

al trap is present when the assessment of pleural

effusion is performed by a sufficiently skilled MD

and with a reliable and well set echo machine.

Echo-assisted thoracentesis is an excellent proce-

dure when appropriately performed in all its phas-

es, which are: choice of the site of insertion, visu-

alization in real-time during the drainage and seri-

al control during lung re-expansion  (so as to

avoid pneumothorax). 
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Transthoracic ultrasound: overview

The ultrasound examination in the study of pleuro-pul-

monary disease, i.e. Thoracic Ultra-Sound (TUS),  is

limited by the presence of air in the lungs and by the

rib cage (1). As a consequence

TUS is not an all purpose

tool, drawbacks and appro-

priate indications must be

the cynosure of the pneu-

mologist which relies on

TUS for diagnosis and man-

agement of patients (2).

The presence of the bony

structures of the rib cage re-

stricts the success of ultra-

sound imaging of the pleural

surface to about 70% of the

total (3). These issues, relating to limitations on the

use of ultrasound in the thoracic area, have been

known since the ʼ60s, a time when pioneering works

were published using A-mode for exploring pleuro-pul-

monary structures and, namely, pleural effusion (4),

even in comparison with radiological imaging and with

a greater sensitivity and specificity (5). Thereafter

these advantages were established in the few subse-

quent years, with minimal further refinements despite

the technology of ultrasound equipment has evolved

considerably (6, 7): the value of ultrasound examina-

tion of the pleura and lungs remains highly underesti-

mated to this day, and overstatements (8) and over-

Mini-review

Transthoracic ultrasound for pleural effusion: 
traps and tricks 

Pleuro-pulmonary
TUS can be a key aid
for the guidance of
interventional dia-
gnostic methods in
the field of pulmono-
logy, such as pleural
and lung biopsies
and pleural draina-
ge.
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confidence in unreliable criteria (9-12) is increasing

the distrust in TUS, undermining the actual credit of

this procedure.

Despite these limitations, ultrasound has gone, over

time, more and more emerging as a reliable, cheap,

harmless and repeatable tool, valuable for the study of

diseases limited to the diaphragm (mainly the right

part), chest wall (abscesses, fistulas, tumors), the

mantle zone of the lung (atelectasis, pulmonary con-

solidations and space-occupying peripheral lesions),

the anterior superior mediastinum (tumors, lym-

phomas, cysts), and, overall,  defined by the thoraco-

abdominal border area; above all, pleura (including

the extra-pleural masses) and pleural effusions are

the most appropriate targets of TUS assessment and

US guided intervention procedure, such as thoracen-

thesis (13) and FNAB (14).

TUS is always complementary to the thoracic radi-

ographic study (Chest X-Rays, i.e. CXR) and/or to

chest CT scan (15, 16), and therefore should never be

considered end point of a diagnostic process and

workup (17).

Pleuro-pulmonary TUS can be a key aid for the guid-

ance of interventional diagnostic methods in the field

of pulmonology, such as pleural and lung biopsies and

pleural drainage (13, 14); both procedures are even

less invasive due to the use of probes with a central

passage of the fine needle devices, which allow the

best approach to interventional pulmonology. Pleuro-

pulmonary TUS is being increasingly used in Emer-

gency Departments, in all those cases in which such

additional examination is a useful guide for the subse-

quent and immediate diagnostic approach for further

study, which are always complementary to chest phys-

ical examination  and to other established imaging

modalities (16).

Equipment, methods and physics of ultrasound

Chest  Sonography should be performed with ultra-

sound machines equipped with medium frequency

convex or sector probes from 3.5-5.0 MHz; also linear,

high-frequency (8-12.5 MHz) probes are used in the

study of the chest wall, pleura and superficial  struc-

tures. The 2-8 MHz multifrequency probes, which can

be considered the more re-

cent development, are use-

ful for a preliminary diag-

nostic and, often, even for a

conclusive report. The ap-

plication (preset) for the

chest is not normally pre-

installed in any ultrasound

system and therefore it is

necessary to start and save

in memory a preset for the

ultrasound pleuro- pul-

monary assessment; this

step is necessary for both

the convex and the linear

TUS and pleural effusion
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probes. This installation re-

quires a specific knowl-

edge of all the features of

the machine as well as a

good knowledge of the

physics of ultrasound. For

these procedures, please

refer to insights and further

information in texts devot-

ed to this topic (16-18).

Color and pulsed Doppler are not critical for a first ap-

proach ultrasound examination, because are both

very often affected by respiratory motion artifacts and

heart rate, flash artifacts, for example (19), even opti-

mizing the setting (PFR). The power- and color-

Doppler  become of fundamental help during interven-

tional chest US guided procedures, including thora-

centesis  in pleural effusion, since they allow the view

of  the vessels in the superficial tissues of the passage

through the rib cage (the vessels of the chest wall). 

No  special preparation of the patient before the ex-

amination is needed; in cases of severe respiratory

distress, patients should be treated pharmacologically

in advance  and oxygen should be provided during the

examination. This clinical approach will allow symp-

toms relief and prevent large thorax excursion that in-

crease motion artifacts. Not infrequently, in fact, the

examination must be performed at the bedside, for se-

vere medical conditions.

TUS examination should be carried putting initially the

patient in a sitting position, and then, when possible,

with the patient in the supine position, in order to as-

sess the basal pleura and the diaphragm with its

movement, by sub-costal  scans pointing initially on

the liver and spleen. In special cases, the orthostatic

position can be used  for an accurate assessment of

small fluid effusions at the level of the costal-phrenic

sinuses (20, 21).

Scans to be carried out are many. From the back, pos-

teriorly, we will use intercostal chest scans: longitudi-

nal, transverse and paravertebral. Furthermore, ante-

rior  intercostal, longitudinal and transverse scans are

used, and, at last,  parasternal, subxyfoid and supra-

clavicular. For a better visualization of the structures

in the basal posterior and lateral view, it is useful  to

get  adequate acoustic windows right from the liver.

For the evaluation of the diaphragm is more suitable

the supine position, during forced inspiration, in order

to evaluate the basal pleura and the diaphragmatic

dome. Other thoracic findings can be searched in a

targeted manner on the basis of any standard CXR or

chest CT scan already performed . The abnormal find-

ings must be rather documented in two views, perpen-

dicular to each other. Below the pulmonary pleura the

presence of air will spread out completely the ultra-

sound beam. In fact, in correspondence of the pleural

line, the point of passage and site  of the high acoustic

difference between the soft tissue surface and the pul-

monary air, there is a reflection > 96% of the echoes

transmitted by the probe.

The pleural line is hyperechoic and moving with respi-

Such a large differen-
ce in acoustic impe-
dance also creates
artefactual images
normally present in
healthy subjects and
defined reverbera-
tion artifacts.

The power and color
Doppler become of
fundamental help
during interventio-
nal chest US guided
procedures, inclu-
ding thoracentesis
in pleural effusion,
since they allow the
view of the vessels
in the superficial tis-
sues of the passage
through the rib cage.
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ratory excursions, due to pleural membrane gliding

(22, 23) or sliding, i.e. jointly slipping below the chest

cage (16); its measure under normal conditions is ap-

proximately 2 mm (1.4-2.6 mm) when using the con-

vex probe 3.5-5 MHz and 0.8-1.6 mm when using the

8-12.5 MHz linear transducer. The pleural line is not

the only expression of anatomical pleura and of the

pleural space, (which would measure a maximum of

300 microns), but rather appears to be the result of

the physical effect  by which ultrasound, due to the

high difference in acoustic impedance between the

superficial soft tissues (skin, subcutaneous tissue, in-

tercostal muscles, endothoracic fascia, fat, and pleu-

ra) and the air in the lung, i.e. for a soft tissue/air in-

terface 96% is reflected.

Such a large difference in acoustic impedance also

creates artifactual images normally present in healthy

subjects and defined reverberation artifacts: 1) the

simple reverberations or lines A, are hyperechoic hor-

izontal lines arranged in concentric bands below the

pleural line; 2) the “comet tail” a few millimeters long

(3-4 mm ) and typically with a triangular shape (hence

the name “comet tail”) and 3) the “ring-down “ or B

lines, or hyperechoic vertical lines, perpendicular to

the pleural line and mobile with respiratory excur-

sions, not triangular and with much longer tail than the

comet. All these artifacts are usually and commonly

present, to a lesser extent, even in normally aerated

lung  and are not pathological (24).

These artifacts are also present even in the pneu-

monectomy space of patients undergoing pneu-

monectomy, according with the physical principles of

ultrasounds, which are generated by the large differ-

ence in acoustic impedance between the superficial

soft tissues of the rib cage and the air and fluid  in the

residual cavity after pneumonectomy  (25).

Diagnostic ultrasound in pleural effusions

Chest ultrasonography is the “gold standard” method

for the study of pleural effusions (26).

Ultrasound diagnosis of pleural effusion is simple and

accurate. The identification

of a pleural effusion is also

possible for small amounts

of liquid (below 10 ml), and

therefore with a diagnostic

yield far superior to stan-

dard chest radiography or

other imaging methods. The

effusion will appear as an anechoic image, with well-

defined margins, with a shift in the depth of the pleu-

ral line and below it you can see the ventilated lung (in

pleural effusions thins and uniformly extended

throughout the lung) or, if any,  consolidated or atelec-

tasic lung areas (Figure 1). Some authors have devel-

oped formulas for calculating the volume of the effu-

sion (27), the amount of compression-related lung at-

electasis and the degree of organization of the pleural

fluid. Although some authors have tried to calculate it,

the quantification of the effusion by ultrasound is not

really reliable since the method is two-dimensional

and any calculation formula cannot provide a safe and

reliable quantification of three-dimensional real vol-

ume and quantity (16). In clinical practice, ultrasound,

however, may be sufficient to determine the greater

longitudinal and transverse diameters of the effusion

(Figure 2). This would allow, in any case, an objective

assessment for any follow-up throughout medical

treatment or after drainage.

Ultrasound also allows to determine the content of

pleural effusion, so providing a possible diagnosis of

the nature of the effusion. Characteristically, we distin-

M. Sperandeo et al.
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Ultrasound also al-
lows to determine the
content of the effu-
sion and then a dia-
gnosis of the nature
of the effusion itself.

Figure 1 - Anechoic pleural effu-

sion in posterior-basal longitudi-

nal view by a convex 3.5 MHz

probe; note, please, the concur-

rent atelectasis (Arrow).
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guish four patterns of pleural effusion: 1) anechoic; 2)

complex not septated; 3) complex septated; 4) homo-

geneously hyperechoic (28) as shown in Figure 3 A-D.

TUS and pleural effusion
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It is also possible to highlight the presence or absence

of fibrous transformation (presence of fibrinous septa,

or loculated pleural effusion), it is not uncommon, in

Figure 2 - Right Basal pleural ef-

fusion, measured by two orthogo-

nal views (Longitudinal and trans-

versal), viewed by longitudinal

scan using a convex 3.5 MHz

probe.

Figure 3 A-D - A) anechoic pleural effusion; B) homogenous hyperechoic pleural effusion; C) complex,  non loculated pleu-

ral effusion; D) loculated pleural effusion.
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the hardening process, called organization, of pleural

effusions a concurrent pleural thickening; the occur-

rence of echoes within the liquid may point to corpus-

culated effusions with high protein concentration (exu-

dates), empyema (when do not modify with postural

changes), hemothorax, malignant effusions (which are

often associated with a fringed appearance and nodu-

lar thickening of pleural membranes), which are all,

however, confirmed by thoracentesis. In this regard, it

is vital to remember the importance of the optimal set-

ting of the ultrasound equipment. In fact, a gain curve

adjusted in excess (increased gain) make the appear-

ance of the effusion inevitably hyperechoic and then

falsely corpusculated (Figure 4); this could lead to er-

roneous management approaches, such as the choice

of needles for thoracentesis of a gauge larger than

needed.

The free fluid moves varying according to the decubi-

tus of the patient, unlike the loculated effusion, which

is much less modifiable, and differently from empye-

ma, which does not change with the body position; the

latter is easily distinguishable from fibrothorax which

appears as a band of variable echogenicity, some-

times calcified, parallel to the coast, of uniform thick-

ness, which does not modify with breath changes. Al-

so sub-pulmonary effusions may be visible, if adjacent

to the pleura, often in association with inflammatory or

cancer processes (29). In addition, ultrasound can de-

tect by trans-thoracic anterior left view the presence of

any posterior pericardial effusion. A fundamental ap-

plication of ultrasonography in pleural effusions is the

ability to guide the needle in thoracentesis performed

for diagnostic and/or therapeutic purpose, without any

risk of complication, being able to drain deposits also

of negligible size and volume, as those of the costal-

phrenic angle places, using the  sitting position which

allow to evaluate small effusion volumes (Figure 5) up

to 10 ml (30). 

Interventional ultrasound-guided procedures in

pleural effusions

Ultrasound offers the opportunity to guide the needle

thoracentesis if the effusion is more significant and

abundant (Figure 6), as well as to avoid, during the

lung re-expansion throughout and after  drainage, the

risk of pneumothorax (30, 31). Also, since the ultra-

sound allows to make a diagnosis of the nature of the

effusion (simple, loculated, organized), as well as to

better distinguish the clouding

visible to the chest x-ray (for

example, to distinguish an

effusion from a dully base-

line pulmonary consolida-

tion ) (13, 14, 16), it is pos-

sible to decide in advance

which gauge needle  must

be used  (20 G if the effu-

sion is anechoic, 18 G if the

effusion is corpusculated).

As elsewhere reported, the

percentage of pneumotho-

rax without the assistance

M. Sperandeo et al.
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Also, since the ultra-
sound allows to ma-
ke a diagnosis of the
nature of the effu-
sion, as well as to
better distinguish
the clouding visible
to the chest x-ray, it
is possible to decide
in advance which
gauge needle must
be used.

Figure 4 - Longitudinal basal scan showing a pleural effusion: right, excessive gain which address to an

fake hyperechoic effusion, suggesting corpuscular elements, while on the right the correct gain displays

correctly an anechoic pleural effusion.
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of ultrasound is estimated from 7 to 15%, which falls

to 0.5% if assisted by the ultrasound (13).

In our thoracentesis case series performed throughout

a 10 years period, we performed 3870 consecutive

drainages (diagnostic and therapeutic) under ultra-

sound assistance. A diagnosis of malignant effusion

was done in 630 patients (18%), by the detection of

neoplastic cells at the cytological examination of the

drained fluid. The rate of major complications was low:

only four out of the patients (0.1%) had iatrogenic

pneumothorax:  3 patients showed partial pneumotho-

rax and 1 patient subtotal pneumothorax, with full lung

TUS and pleural effusion

Shortness of Breath 2014; 3 (1): 28-35 33

re-expansion in each case. In 2 cases there was tran-

sient pulmonary edema due to re-expansion of  the

contra-lateral lung (13).

A particular remarkable usefulness of ultrasound

equipment is in the Emergency Department, where in

case of acute respiratory illness, ultrasound examina-

tion allow to check and confirm the clinical suspicion

of massive pleural effusion and then it consent to

drain pleura under echo-guidance, in order to reduce

the risk of pneumothorax near to zero. In addition, us-

ing a vacuum aspiration device with low flow and low

pressure it is possible to drain massive pleural effu-

Figure 5 - Small pleural effusion of

the right costodiaphragmatic re-

cess detected by a convex probe

through longitudinal right scan. 

Figure 6 - Basal pleural effusion

showing the tip of the needle (hy-

perechoic spot) within the fluid

during thoracentesis. 
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sions in a reasonably brief time and with small gauge

needle (20 G) also in critically ill patients (21). 

Typically in patients with lung cancer, where effusion

is concurrently present, thoracentesis may be the first

approach to make a diagnosis. Evacuative therapeu-

tic drainage in cancer patients after thoracentesis usu-

ally does not prevent that the effusion forms again in

a short time, so it is more appropriate to insert a

drainage thoracostomy tube. Furthermore, since  pro-

gressive neoplastic effusions arise slowly, the cause

of any dyspnea in cancer patients must be investigat-

ed easily by TUS trying to detect the presence of pleu-

ral effusion. Less commonly, a diagnostic thoracente-

sis is needed in case of small effusions secondary to

pneumonitis, given the usual absence of bacteria

(sterility).

Final recommendation

Echo-assisted thoracentesis is an excellent procedure

when appropriately performed in all its phases, which

are:

A) choice of the site of insertion

B) visualization in real-time during the drainage

C) serial  control during lung re-expansion  (so as to

avoid pneumothorax).

Also the use of a dedicated probe (hole in the center)

allows the accurate insertion of the needle also in ef-

fusions of small size.

There is no actual trick, but adequate training and

knowledge of the imaging and intervention procedure

are mandatory. The facility of adequate disposable

sets for drainage is the counterpart of the easy-to-get

US machines, equipped with

reliable and suitable con-

vex and linear probes, and

set appropriately for super-

ficial and lung imaging.

The traps, in these condi-

tions, are not many and the

only risky trap is, as above

addressed, over-trusting in

US criteria not evidence-

based and, more important,

which are demonstrated to

be unreliable when critically

re-appraised; reversal of

such scarcely validated but recommended practices,

which could be harmful for patients, is actively in

progress (32, 33) also in this field of medicine. 

KEYNOTES

PLEURAL EFFUSION - WHAT

Pleural effusion is an excess of fluid that accumu-

lates between the two pleural layers. Excessive

amounts of pleural fluid can impair breathing by limit-

ing the expansion of the lungs during ventilation. 

Pleural effusion is still usually diagnosed on the basis

of medical history and physical examination, and con-

firmed by chest x-ray. Chest x-ray acquired in the lat-

eral prone position (with the patient lying on his side)

are more sensitive and can pick up as little as 50 ml of

fluid. At least 300 ml of fluid must be present before

upright chest films can pick up signs of pleural effu-

sion (e.g., blunted costophrenic angles).

PLEURAL EFFUSION - WHEN AND WHY

Pleural effusion is observed in many pulmonary and

extra-pulmonary disease. Its cause can be relatively

benign or definitely malign (cancer), and may require

drainage for treatment or for achieving a diagnosis.

It requires a timely and reliable diagnosis which is

available at the bedside by physical examination and

Thoracic Ultrasound (TUS).

PLEURAL EFFUSION DRAINAGE - 

WHERE AND HOW

Pleural effusion may be detected by TUS even when

its volume is very small: the manoeuvre is simple and

repeatable at bedside, by trained physicians.

Diagnostic intervention procedures are safer when

performed with US probes specifically designed for

this use, i.e. with a central hole which allows the co-

axial passage of the disposable tools for drainage or

Fine Needle Aspiration Biopsy (FNAB).

NO TRICK, PLEASE, NO TRAP

No special trick is needed and no actual trap is pres-

ent when the assessment of pleural effusion is per-

formed by a sufficiently skilled physician using a reli-

able and properly set echo machine.

“Tricks and treachery are the practice of fools, that

don’t have brains enough to be honest” (Benjamin

Franklin)

“Build a better mousetrap and the world will beat a

path to your door” (Ralph Waldo Emerson)
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