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Update on bedside ultrasound diagnosis of pericardial effusion
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Abstract Pericardial effusion (PE) is the presence of an
excess of fluid in the pericardial cavity. PE symptoms
depend from the rate of fluid accumulation, ranging from
mild dyspnea on exertion to shock due to cardiac tam-
ponade. Echocardiography is usually the primary diag-
nostic tool when PE is suspected, as it is accurate, non-
invasive, widely available, and feasible also with pocket
size devices. Studies have shown a high degree of sensi-
tivity and specificity in the detection of PE using focused
cardiac ultrasound (FOCUS), which can be performed also
by non-cardiologist in emergency setting or at bedside.
A PE is visualized as an echo-free space between the heart
and the parietal layer of the pericardium. A semi-quan-
tification of the PE may be obtained measuring the distance
between the two pericardial layers. Once PE diagnosis has
been made, characterization of fluid and search for signs of
possible cardiac tamponade have to be performed. While
unechogenic space is usually associated with serous fluid,
hemorrhagic, and purulent effusions may be suspected in
the presence of corpuscolated/echogenic fluid. Echocar-
diography may identify cardiac tamponade before it is
clinically evident, and can guide pericardiocentesis.
B-mode echocardiographic signs of cardiac tamponade
include cardiac chambers collapse (with right chambers
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collapse occurring at earlier stages), opposite changes in
right and left cardiac chamber filling during respiratory
cycle, inferior vena cava and hepatic vein plethora. Dop-
pler analysis of tricuspidalic and mitral flow velocities are
used for a more detailed analysis of ventricular interde-
pendence, even though more advanced operator expertise is
required.
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When to perform bedside ultrasound (US)
in suspected pericardial effusion

Pericardial effusion (PE) is the presence of an excess of
fluid in the pericardial cavity, which is the virtual space
between the layers of the pericardium. The pericardial
space in physiologic conditions contains a small amount
(<50 ml) of fluid allowing normal heart movement in the
chest.

Leading causes of PE include pericarditis (idiopathic,
infective, cancer related, autoimmune, uremic), injury to
the pericardium or heart from a medical procedure (cardiac
surgery or catheterization), myocardial infarction,
hypothyroidism, trauma, aortic dissection.

PE collection symptoms range widely mainly in relation
to the rate of fluid accumulation. Slow accumulation of
large amount of PE are often asymptomatic while even a
small quantity of fluid rapidly increasing in the pericardial
space leads to intrapericardial pressure rise, thus interfering
with normal cardiac filling and function, and producing
cardiac tamponade. When PE is caused by pericarditis, the
main symptom is chest pain, which can be accompanied by
fever, fatigue, and myalgia. In other cases, PE may present
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with only mild dyspnea on exertion, thoracic discomfort, or
even nonspecific symptoms. Signs and symptoms of car-
diac tamponade include: hypotension, tachycardia, jugular-
venous distension, muffled heart sounds, pulsus paradoxus
(a drop of at least 10 mmHg in arterial blood pressure with
inspiration), dyspnoea, confusion, or cardiac arrest.

How to perform bedside cardiac US

Echocardiography is usually the primary diagnostic tool
when PE is suspected, as it is accurate, non-invasive,
widely available, and easily utilized in emergency settings.
Its high sensitivity allows the identification of the separa-
tion of pericardial layers when the PE exceeds just
15-35 ml. Bedside US performed with miniaturized devi-
ces, portable and even pocket size, has shown a good
reproducibility in the detection of PE in respect to standard
US machines.

Routinely, a phased-array sector transducer (3.5-5 MHz)
is used for the evaluation of the pericardium, although
rough information (presence/absence of fluid and evalua-
tion of IVC dynamics) can also be obtained with a convex
probe from a subcostal view. In the emergency setting, a
subcostal scan obtained in the supine patient is usually
used, but remember that >2 of the basic cardiac ultrasound
views should be obtained to avoid missing a loculated fluid

collection. The left lateral decubitus position is otherwise
preferred, and all views are utilized to perform optimal
visualization of the entire pericardial space and its
contents.

What to look for: ultrasound signs of PE
and cardiac tamponade

The pericardium appears at echocardiography as a hyper-
echoic layer surrounding the heart. A PE is visualized as an
echo-free space between the heart and the parietal layer of
the pericardium: a small PE accumulates mainly in the
posterior atrioventricular groove, while a large PE usually
surrounds the entire heart. A semi-quantification of the PE
may be obtained measuring the distance between the two
pericardial layers: small (echo-free space in diastole

<10 mm, corresponding approximately to 300 ml); mod-
erate (10-20 mm, corresponding to 500 ml); large
(>20 mm, >700 ml) (Fig. 1) [1]. Once a PE diagnosis has
been made, characterization of fluid and search for signs of
possible cardiac tamponade have to be performed. While
unechogenic space is usually associated with serous fluid,
hemorrhagic and purulent effusions may be suspected in
the presence of corpusculated/echogenic fluid. Hematomas
and neoplastic diseases may be characterized by solid
masses inside the pericardium (Fig. 1). Echocardiography

Fig. 1 Mild (a), moderate (b) and severe (c¢) pericardial effusion
from a long axis parasternal view. Of note, the pericardial effusion
spreads anterior to the descending aorta (bold arrow). In ¢, an
intrapericardial mass (thin arrow) accompanies the pericardial
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effusion. d—f Echocardiographic signs of cardiac tamponade, with
right atrial collapse (bold arrow), right ventricle collapse (thin
arrow), and inferior vena cava plethora, respectively
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Table 1 Sensitivity and
specificity for tamponade

Sensitivity (%)

Specificity (%) Notes

diagnosis of various
echocardiographic findings [4]

Inferior vena 97
cava distention

Right atrial 50-100
collapse

Right ventricular 48-100
collapse

Left atrium 13
collapse

Left ventricular
collapse

Not specified

40

33-100 Right atrial collapse persisting for more than one-
third of the cardiac cycle increases diagnostic
accuracy of this sign

72-100

98

Not specified ~ Left ventricular collapse is very rare because of the
muscular nature of the left ventricle wall. Isolated
collapse of this chamber is more common in a

postoperative loculated pericardial effusion

may identify cardiac tamponade before it is clinically
evident, and can guide pericardiocentesis. A pericardial
tamponade is a clinical diagnosis that includes the visual-
ization of a PE in addition to typical clinical signs. When
intrapericardic pressure exceeds intracardiac pressure,
cardiac chambers compression and reduced cardiac output
occur. The intracavitary pressure is different in the four
cardiac chambers, and it varies during the cardiac cycle.
Because of its low instantaneous pressure, right atrium wall
collapse during ventricular systole is the earliest echocar-
diographic finding of compression, followed by early
diastolic collapse of the right ventricle. Moreover, respi-
ratory changes in the cardiac chamber, and consequently in
right and left cardiac output, are clearly seen in cardiac
tamponade: inspiration results in an increase in venous
return to the right heart that in case of significant pericar-
dial fluid determines a significant simultaneous decrease in
left heart filling. With expiration, opposite changes are
observed (i.e., an increase in left heart filling and decrease
in right heart filling). This pathologically enhanced ven-
tricular interdependence: the echographic parallel of the
‘pulsus paradoxus,’ is also the cause of the characteristic
respiratory movement of the so-called ‘swinging heart.’
Other echocardiographic signs of tamponade include infe-
rior vena cava and hepatic vein plethora. The sensitivity
and specificity of echographic signs of cardiac tamponade
are reported in Table 1 [2].

Pulsed wave doppler analysis of tricuspid and mitral
flow velocities are used for a more detailed analysis of
ventricular interdependence, even though more sophisti-
cated machines and more advanced operator expertise is
required. While in a normal subject, inspiratory increase in
Doppler velocities at the tricuspid and pulmonary valves
and corresponding decrease in mitral and aortic flow
velocities are less than 20 %, in cardiac tamponade mitral
and aortic valve flows are reduced by more than 40 % with
a corresponding increase observed in right-sided flow
velocities.

Time or number of examinations necessary
for an operator to learn how to recognize
the ultrasound signs of PE

Although it is clear that extensive training and experience
are needed to perform and interpret a complete echocar-
diographic study, a growing body of literature demon-
strates that a non-cardiologist can be trained to acquire and
interpret echocardiographic imaging in focused cardiac
ultrasound (FOCUS) with an acceptable overall level of
accuracy. Studies have shown a high degree of sensitivity
and specificity in the detection of PE in both medical and
trauma patients using FOCUS [3]. A prospective, obser-
vational study between emergency physician—performed
bedside US and cardiologists shows that the former detects
PE with a sensitivity of 96 %, specificity of 98 % and
overall accuracy of 97.5 % [4]. In this study, all partici-
pating physicians took a 16-h course on emergency ultra-
sonography that included 1 h of instruction and 4 h of
practical training dedicated to echocardiography.

Considering the relevant role of implementing the bed-
side approach to the patient with US, SIMI, as other sci-
entific societies, has traced an educational program in
bedside US [5].

Pitfalls

Anechoic or hypoechoic spaces adjacent to the heart
(pleural effusions, ascites, pericardial cysts, pericardial fat,
diaphragmatic herniae, left ventricular pseudoaneurysm)
can be mistaken for PE. Visualization of the descending
aorta in the parasternal long axis view may help in dif-
ferentiating pericardial from pleural fluid: in the first case,
the descending aorta remains posterior to the PE and
anterior to pleural fluid (Fig. 1). Ascites collecting just
below the diaphragm may simulate PE. However, in most
cases, ascites can also be easily detected in other peritoneal
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spaces. The presence of pericardial fat may be mistaken for
an organized PE: the former is normally distributed only in
the anterior groove, has a typical echoic aspect, and is
found mostly in aged or obese patients.

Collapse of the right heart chambers does not occur even
with overt tamponade if the right heart pressures are ele-
vated, such as in acute or chronic cor pulmonare, or in
regional tamponade, where loculated pericardial effusions
are sufficiently large to impact the filling of the adjacent
chamber.

When not trust bedside US, but request a second
level examination

Second level examinations (transesophageal echocardiog-
raphy, computed tomography, and magnetic resonance)
should be considered in selected cases of extremely diffi-
cult transthoracic visualization, or in loculated effusions.
Conventional radiology studies can also help to determine
the origin of suspected neoplastic PE and masses. Cardiac
catheterization should be reserved for the patient with
absent or only minimal PE, but in the clinical context of
constrictive pericarditis.
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