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Potential pitfalls in quantification of
pericardial effusions by echocardiography'
IVAN D'CRUZ, RAVINDRA PRABHU, HOWARD C. COHEN, AND GERALD GLICK
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Chicago, Illinois, and the University of Chicago Pritzker School of Medicine, Chicago, Illinois, U.S.A.

In the echocardiographic assessment ofpatients with pericardial effusions, the apparent width of the echo-free
space between the left ventricular posterior wall and the parietal pericardium is commonly used to estimate the
amount of pericardial fluid present. In 4 patients with pericardial effusions, we showed a distinct disparity
between the widths of the posterior pericardial space at different levels of the left ventricular posterior wall.
In 2 of them, a 'swinging heart' appearance was recorded when the ultrasound beam was directed caudally,
but not when its direction was cephalad or less caudad. It is suggested that the left ventricle should be scanned
at all possible sites to minimise potential errors in estimating the amount of a pericardial effusion.

Since the pioneering studies of Feigenbaum et al.
(1965), echocardiography has played an increasingly
important role in the diagnosis and follow-up of
patients with pericardial effusions. The next im-
portant advance occurred when Horowitz et al.
(1974) correlated the amount of fluid within the
pericardial cavity with the width of the echo-free
space between the epicardium of the left ventricular
posterior wall and the parietal pericardium.
According to this method, which is now widely
accepted and applied in routine clinical practice,
the width of the sonolucent space between the left
ventricular posterior wall and parietal pericardium,
in systole and in diastole, is used to estimate the
size of pericardial effusions. Moreover, the dif-
ference between the cubed diameters of the peri-
cardium and epicardium at end-diastole is presumed
to indicate the volume of pericardial fluid present
(Horowitz et al., 1974).
We have found, however, that the echocardio-

graphic appearances in patients with pericardial
effusions sometimes can be deceptive, and that on
occasion the method of Horowitz et al. may yield
ambiguous or inexact data unless certain precautions
are taken in scanning technique. We do not claim to
invalidate the technique ofHorowitz et al. (which we
have found reliable and useful in most patients with
pericardial effusion), nor to introduce a new or
different procedure for estimating the volume of
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pericardial fluid by echocardiography. We do wish
to emphasise that in some patients with pericardial
effusions, the nonuniform distribution of fluid
within the pericardial sac may result in inaccurate
data unless the echocardiographer is careful to
visualise the ventricles at all levels, with all possible
transducer directions.

In this report, we describe the echocardiograms of
4 representative patients with pericardial effusions
in which we produced distinct variations in the
width of the echo-free posterior pericardial space
by scanning in different directions with the trans-
ducer. Thus, a cursory study might well have
yielded an inaccurate estimation of the amount of
pericardial fluid present.

Case reports

CASE 1
The echocardiogram (Fig. 1) of a 22-year-old man
with chronic renal failure, hypertension, and sickle-
cell disease was recorded with the transducer beam
directed first to the aortic root and left atrium, then
to the basal left ventricle at the level of both mitral
cusps, and finally to the mid left ventricle at the level
of the posterior mitral cusp only. The apparent
diminution of the pericardial space posterior to the
basal left ventricle is attributable to a solid layer
(site marked X), which perhaps represents fibrinous
material or granulation tissue, that is adjacent to,
and seems to move with the parietal pericardium.
However, as the transducer beam shifts laterally
away from the anterior mitral cusp, the echo-free
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Fig. 1 Echocardiogram of a 22-year-old man with pericardial effusion secondary to chronic renal failure. A scan
was performed from aortic root (left), to basal left ventricle at the level of both mitral cusps (centre), and then to
the mid left ventricle at the level of the posterior mitral cusp only (right). A sonolucent space, caused by posterior
pericardial fluid is seen between the left ventricular posterior wall (LVPW) and parietal pericardium (PP). This
pericardial space is much wider behind the mid left ventricle (right) than it is behind the basal left ventricle (centre)
because of the solid layer of material (site marked X) contiguous to the pericardium behind the basal left ventricle.
ECG, electrocardiogram; RVAW, right ventricular anterior wall; AAR, anterior aortic root; AV, aortic valve;
PAR, posterior aortic root; LA, left atrium; VS, ventricular septum; AML, anterior mitral leaflet;
PML, posterior mitral leaflet.

pericardial space widens to about 2 cm, with dis-
appearance of the solid layer.

CASE 2
During the examination of a 28-year-old woman in
chronic renal failure, a scan was performed going
from the mid left ventricle (at chordae level), to the
basal left ventricle (at mitral valve level), and then
to the aortic root and left atrium (Fig. 2A). Only a
narrow echo-free space, wider in systole than in
diastole, is visualised between the ventricular
posterior wall and parietal pericardium at mid left
ventricular level. This echo-free space widens
considerably (to about 1-5 cm) behind the basal left
ventricle, and then disappears abruptly as the
transducer beam shifts from mitral valve to aortic
root. A similar increase in the width of the peri-
cardial space is seen (Fig. 2B) when another scan of
the left ventricle was done from the level of the
chordae tendineae to the level of the mitral valve.
During the same study (Fig. 2C), a scan in the
reverse direction was obtained by shifting abruptly
the direction of the transducer from the region of
the aortic root-left atrium to the mid left ventricle
(level of the posterior mitral cusp and chordae
tendineae), thereby missing or skipping the inter-
mediate region of the basal left ventricle where both
mitral cusps are visualised. Only a narrow echo-free

space is detected posterior to the left ventricular
posterior wall. On this scan (Fig. 2C) alone, the
pericardial effusion appears to be small. However,
if the mid left ventricle had not been scanned, the
pericardial effusion would have been classified as
moderate in size, since a wide separation is seen
between the left ventricular posterior wall and the
parietal pericardium at the basal left ventricular
level (central segment of Fig. 2A, right segment of
Fig. 2B).

CASE 3
This 35-year-old man developed a large pericardial
effusion after irradiation of the mediastinum
for Hodgkin's disease. The recording shown in
Fig. 3A was obtained with the transducer placed
on the chest wall adjacent to the sternal margin in
the fourth left intercostal space and directed
caudally and slightly medially; the recording shown
in Fig. 3B was obtained with the transducer
directed cephalad and slightly laterally. In panel A
a 'swinging heart' appearance was obtained with an
apparently small anteroposterior cardiac diameter
and excessive cardiac mobility. Individual cardiac
structures cannot be differentiated at first (left of
panel A) but a slight shift in the direction of the
transducer (right of panel A) makes it possible to
distinguish the left ventricular posterior wall,
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ventricular septum, and right ventricular anterior
wall. In panel B the width of the anterior pericardial
space remains approximately the same as in panel A,
but the echo-free space between the left ventricular
posterior wall and the parietal pericardium is less

%?/~$~ Fig. 2 Echocardiogram of a
A-+̂~ > > - 28-year-old woman in chronic

- LA renalfailure. (A) A scan was
performedfrom the mid left
ventricle at chordae level (left),
to the basal left ventricle at the
level of both mitral cusps
(centre), and then to the aortic
root (right). The sonolucent
space caused by posterior
pericardial fluid is narrow

_ ~ ".-;:*g;;behindthe mid left ventricle but
widens behind the basal left

-RV,~;vo -gV ventricle and ends abruptly as the
aortic root and left atriun are
visualised. (B) Another scan

f- from mid (left) to basal left
AMLf ventricle (right) again shows

widening of the fluid-filled
.%PML posterior pericardial space

C. k posterior to the basal left
ventricle. (C) This scan was
done from the aortic root (left)

a,i!,3@p@: abruptly to the mid left ventricle
(right), skipping the basal left

__E' ventricular region. The sonolucent
space between the left ventricular
posterior wall and parietal
pericardium is narrow, suggesting
a small pericardial effusion.
(PPF, posterior pericardialfluid;

tj£t+"E other abbreviations as for Fig.) 1

LVPW

than in panel A, and the anterior mitral leaflet can
be recognised in addition to the right ventricular
anterior wall, ventricular septum, and left ven-
tricular posterior wall. The appearance is no
longer that of a 'swinging heart'. Immediately after
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Fig. 3 Echocardiogram of a 35-year-old man with a large pericardial effusion after mediastinal irradiation.
(A) With the transducer directed caudally and slightly medially, a typical 'swinging heart' appearance is obtained
(left) with a large pendulous or oscillatory motion of the heart within the pericardialfluid. Note that individual
cardiac structures cannot be distinguished and that the total cardiac 'anteroposterior diameter' is relatively small.
A slight shift in transducer direction (right of panel A) results in an increase in total cardiac diameter; the
right ventricular anterior wall (RVAW), ventricular septum (VS), and the left ventricular posterior wall (LVPW)
can just be recognised. APF, anterior pericardial fluid; PPF, posterior pericardial fluid. (B) The transducer was
directed cephalad and slightly laterally. Whereas the anterior pericardial space remains about the same width as in
panel A, the posterior pericardial space is much narrower than in panel A. The left ventricular posterior wall, anterior
mitral leaflet (AML), ventricular septum, and right ventricular anterior wall can be identified easily.

echocardiography, pericardial paracentesis yielded
1l5 litres of fluid.

CASE 4
This 68-year-old man presented with a pericardial
effusion one year after mediastinal irradiation for
bronchogenic carcinoma. In the first four beats
shown in Fig. 4A, the left ventricular posterior wall
and parietal pericardium appear to be in contact
during diastole, and separated by only 3 to 4 mm
during systole. At this time the transducer was
positioned in the fourth left intercostal space per-
pendicular to the chest wall. A slight lateral shift
in the direction of the transducer reveals a larger
amplitude of left ventricular posterior wall motion
and a greater width (about 1 cm) of the echo-free
space in systole, though the left ventricle still
touches the parietal pericardium in diastole (last
two beats of Fig. 4A). During the same examina-
tion, shift in the direction of the transducer medially
and caudally (toward the right epigastrium) resulted
in a 'swinging heart' appearance (left half of Fig.
4B). Pericardial paracentesis in this patient yielded
1 litre of fluid.

Discussion

Despite the widespread use of echocardiography
for the diagnosis of pericardial effusion, uncertainty

still exists in many patients about the precise
amount and distribution of the effusion. Horowitz
et al. (1974) have devised a semiquantitative method
to assess pericardial effusions which assumes that
the space occupied by the effusion between the left
ventricular posterior wall and the parietal peri-
cardium is of uniform width at all levels of the left
ventricular posterior wall that are scanned (Fig.
5A). This assumption is essentially true in the
majority of cases, and the method of Horowitz et al.
has proved useful in routine clinical echocardio-
graphy. However, if the echo-free space should be
wider at the level of the chordae tendineae (mid left
ventricle) than at the level of the mitral valve (basal
left ventricle) as in Fig. 1, one might conclude
erroneously that the effusion is smaller than it
actually is, unless the left ventricular scan includes
the mid left ventricle (Fig. 5B). On the other hand,
if a greater accumulation of pericardial fluid exists
behind the basal left ventricle than behind the mid
left ventricle as in Fig. 2, one might underestimate
the size of the effusion if the change in transducer
direction from the aortic root to mid left ventricle,
or vice versa, is made too rapidly and thereby over-
looks or skips the region of the basal left ventricle
(Fig. 2G).
Horowitz et al. pointed out that 'factors deter-

mining the uniformity of distribution of pericardial
fluid around the heart would influence the validity of
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A

Fig. 4 Echocardiogram of a 68-year-old man with a
large pericardial effusion following mediastinal irradiation.
(A) During the first 4 beats the transducer beam,
directed perpendicular to the chest wall, transects the
mid left ventricle, and a narrow separation is visualised
in systole only between the left ventricular posterior
wall and parietal pericardium. As the transducer beam
was gradually shifted to the basal left ventricle (last
2 beats) the systolic separation increases. (B) When the
transducer beam was directed caudally and medially, a
typical 'swinging heart' appearance is obtained (left),
with a relatively narrow 'anteroposterior' cardiac
diameter which increases as the transducer beam is shifted
to a slightly less caudal direction (right).

- *.'4.'.75If*.

* -* *. 4..

B

calculation' of the volume of a pericardial effusion
by their method. In some cases, loculation of
pericardial fluid could conceivably be responsible
for uneven distribution of pericardial fluid behind
the left ventricular posterior wall (Fig. 5G). In
addition, an apparent diminution in the echo-free
space between the left ventricular posterior wall and
the parietal pericardium can be caused by the
presence of local adhesions or a solid structure

within the pericardial sac that is localised to some
area behind the left ventricular posterior wall.
In our patient (Fig. 1), the solid material adherent
to the parietal pericardium was probably an inflam-
matory or fibrinous plaque. Additionally, blood
clots, malignant metastases, or tuberculous caseous
material might intervene between the left ventri-
cular posterior wall and the parietal pericardium in
patients with pericardial effusions. An occasional

533

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.39.5.529 on 1 M
ay 1977. D

ow
nloaded from

 

http://heart.bmj.com/


D'Cruz, Prabhu, Cohen, and Glick

A \ \\I cw

B.

C.

Fig. 5 Diagrammatic section through the heart and
pericardial sac in patients with pericardial effusions. In
transducer position Ti, the beam transects both mitral
cusps (basal left ventricle). In transducer position T2,
the beam transects only the posterior mitral cusp or

chordae tendineae (mid left ventricle). (A) A uniform
distance separates LVPW and parietal pericardium at all
left ventricular levels. (B) Posterior pericardial fluid
occupies a wider space behind the mid left ventricle
(T2) than behind the basal left ventricle (Ti).
(C) Loculation of pericardial fluid causes it to accumulate
to a greater extent behind the basal left ventricle (T1)
than behind the mid left ventricle (T2). RV, right
ventricle; LV, left ventricle; Ao, aortic root; LA, left
atrium; LAPW, left atrial posterior wall; AML,
anterior mitral leaflet; PML, posterior mitral leaflet;
PM, papillary muscle; LVPW, left ventricular posterior
wall; PPF, posterior pericardial fluid; PP, parietal
pericardium.

ANTERIOR \<RV ' POSTERIOR

INFERIOR

Fig. 6 In the presence of a large pericardial effusion,
a 'swinging heart' appearance may be recordedfrom the
transducer position 1 because of the large amplitude of
cardiac oscillation in this projection (indicated by
arrows). The transducer beam transects mainly the
lower right ventricle so that the 'anteroposterior cardiac
diameter' appears relatively small. In transducer
position 2, the beam transects the upper right ventricle,
ventricular septum, and left ventricular posterior wall.
At this level, the amplitude of cardiac oscillation is
relatively small and the 'swinging heart' appearance is
reduced. The anteroposterior diameter of the heart
appears larger and individual cardiac structures such as
the left ventricular posterior wall, ventricular septum,
and mitral valve can be discerned. PA, pulmonary
artery; PF, pericardial fluid.

patient with a large pericardial effusion may have
considerably more fluid around the cardiac apex
than in the vicinity of the basal left ventricle
(Chang, 1976).
The 'swinging heart' appearance, attributable to

excessive oscillatory or pendulous motion of the
heart within the pericardial fluid, is generally
considered diagnostic of large pericardial effusions
(Feigenbaum et al., 1966; Gabor et al., 1971;
Feigenbaum, 1972). It is possible, however, to
visualise gross to-and-fro motion of the heart as a
whole when the transducer is directed caudally
and medially, whereas with a cephalad or less
caudad transducer direction, the echocardiographic
appearance would indicate a pericardial effusion of
only moderate (Fig. 3) or small (Fig. 4) size. The
diagram in Fig. 6 depicts an explanation for these
echocardiographic findings.
Thus, we suggest that every patient with a peri-

cardial effusion should be scanned at all levels of the
left ventricular posterior wall, which would entail a
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continuous scan from the aortic root to the left
ventricle at the level of the mitral valve, that would
then be continued laterally to include the distal left
ventricle at the level of the chordae tendineae. We
suggest further that when a 'swinging heart' ap-
pearance typical of pericardial effusion is detected,
the beam should be shifted cephalad toward the
base of the heart where the abnormal cardiac
oscillations are of smaller magnitude (Fig. 6) to
obtain a better delineation of individual cardiac
structures.
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