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Hemopericardium (HP) is defined as the accumulation of blood in the pericardial sack. In a
clinical setting, prompt identification of the presence of HP is of huge importance, because
HP can result in pericardial tamponade. While echocardiography remains the most appro-
priate method for the evaluation of pericardial effusions in the clinical setting, postmortem
imaging computed tomography (PMCT) is a valuable instrument for detecting the presence
of HP and in evaluating its significance in causing mechanical impairment of cardiac activity
and finally death.

In this article, the actual knowledge on PMCT imaging findings related to HP are reported,
with particular attention to the assessment of its significance with relation to the forensic
diagnosis of the cause of death. According to the present work, the diagnosis of pericardial
tamponade due to HP might be considered one of the critical fields of investigation where

classical autopsy may fail and where PMCT imaging may offer its most important aids.
Semin Ultrasound CT MRI 40:79-85 © 2018 Elsevier Inc. All rights reserved.

Introduction

emopericardium (HP) is the accumulation of blood in
H the pericardial sack. The HP occurs when an intraperi-
cardial vessel or heart chambers rupture into the pericar-
dium, due to an injury or even spontaneously. The
accumulation of blood or other fluids in the pericardium
may cause pericardial tamponade (PT).

Whereas this finding is frequently observed at autopsy
(Fig. 1), it represents undoubtedly a challenge for the pathol-
ogist. In fact, in presence of HP, it is mandatory to assess its
ethiopathological relevance in determining the death.

The pathophysiologic mechanism of tamponade is the rapid
or slow increase of the intrapericardial pressure that leads to
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heart chambers compression; thus to the decrease of cardiac
inflow and outflow, with reduction of blood pressure.

As is the case in clinical settings as well as in postmortem
imaging, computed tomography (CT) is a valuable instru-
ment for detecting the presence of HP and in evaluating its
significance in causing mechanical impairment of cardiac
activity and finally death.

In the last decades, postmortem imaging has experienced
widespread acceptance in forensic settings. The modern
imaging techniques have been demonstrated to enhance the
potentials of traditional postmortem investigation or even to
replace classical autopsy in the determination of cause and
manner of death.'

Recently, some authors have assessed the value of post-
mortem CT (PMCT) in forensic investigations regarding
cases with HP.””

In this review, after a brief introduction on general aspects
of HP and antemortem CT characteristics of pericardial effu-
sion, we examine the role of PMCT in the forensic evaluation
of HP. Some interpretational keys are proposed for the post-
mortem assessment of HP, based on its PMCT characteristics,
particularly for the understanding of its significance with
respect with the cause of death.
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Figure 1 Autopsy photograph of the chest, frontal view after chest
cage and pericardial sack opening for macroscopic inspection in a
case of postmortem imaging computed tomography (PMCT) docu-
mented Hemopericardium (HP). The image shows the presence of
HP with the evidence of “clotted” blood on the epicardial surface.

HP: Clinical aspects and
antemortem CT imaging
characteristics

As defined previously, HP is the accumulation of blood in the
pericardial sack. HP may originate from numerous patho-
logic conditions potentially leading to natural death. These
natural death-related etiologies include rupture into the peri-
cardial sack of the ascending aorta by an aneurism or follow-
ing Stanford type A dissection and adventitia disruption.
Heart-related causes of HP include myocardial wall rupture
caused by inflammatory alterations in myocarditis, postin-
farction pathology or neoplastic disease, both primary and
secondary.'” However, HP may have also a traumatic origin
due to sharp or blunt injury, following gunshot wounds to
the chest, or during medical procedures when a scalpel or a
catheter perforate erroneously the myocardium.'''*

In the clinical setting, prompt identification of the pres-
ence of HP is of major importance, particularly if the blood
accumulation in the pericardial sac is rapid, because HP can
result in PT. PT is a life-threatening condition that occurs
when the intrapericardial pressure exceeds the cardiac dia-
stolic pressure so that heart chamber filling is impaired. As a
consequence, the diagnosis of PT can be based not only on
the simple presence of fluid-like blood in the pericardial sac,
but also on certain signs, symptoms, and clinical findings.
Symptoms of PT for example, include tachypnea and

dyspnea, and signs include hypotension and pulsus para-
doxus, (inspiratory drop in systolic blood pressure of 10% or
10 mmHg), distension of jugular veins, tachycardia, and a
quiet precordium. Generally, the primary diagnostic method
for HP is echocardiography as this technique can be quickly
performed at the bedside. The echocardiographic diagnosis
of PT relies on certain gray scale and color-Doppler
criteria.'”'°

Secondary modalities such as CT, magnetic resonance
imaging (MRI) of the heart' ™' are not generally used for the
diagnosis of PT. However, a CT examination performed
because of a different indication might incidentally reveal a
pericardial effusion.

In the literature, there are clinical reports of in vivo CT
findings related to the presence of a potentially fatal pericar-
dial effusion. These include pericardial effusion, dilatation of
the superior vena cava (SVC) (with a diameter similar to or
greater than that of the adjacent thoracic aorta), compression
of the coronary sinus of the inferior vena cava (IVC) (with a
diameter greater than twice that of the adjacent abdominal
aorta) and of the pulmonary trunk, bowing of the interven-
tricular septum, flattened heart sign (FHS), distension of the
hepatic and renal veins, periportal edema and reflux of con-
trast into the azygos vein and IVC. ' 71#2¢

Singularly considered, these findings are not specific for
an imminent PT, because they may be encountered also in
other pathological disorders; however, the simultaneous
presence of some of them may highly suggest this life-
threatening condition.

All the above mentioned CT findings indicative of PT are
explained by the effects of the increase of intrapericardial
pressure on the cardiac chambers and the intrapericardial
vessels that are compressed, and on the venous vascular sys-
tem afferent to the heart that are distended and by the obsta-
cle to the cardiac chambers inflow of the blood and
consequently of the contrast media. A brief explanation of
the pathophysiological mechanisms causative for some of
these findings follows.

The FHS” occurs when the increase of the intrapericardial
pressure is so high to cause during diastolic phase a transient
reversal of the transmural left ventricular pressure. In these
conditions a change in the contour of the anterior aspect of
the heart characterized by a flattening of the anterior wall of
the right ventricle with decrease of the cardiac anteroposte-
rior diameter is observed. Right-sided chambers are in fact
more prone to compressive deformity because they are thin-
ner and thus more compliant than the left-sided ones.

The bowing of the interventricular septum is considered
another CT finding that can be detected in PT. It is related to
the echocardiographic evidence of paradoxical motion of the
septum frequently observed in patients with signs of PT.”**°

Compression by pericardial effusion of the intrapericardial
structures such as the coronary sinus, the pulmonary trunk,
and the intrathoracic tract of the IVC in its anterior aspect
are among the most common consequences of a critically
increased intrapericardial pressure. The obstacle of the car-
diac inflow is at the origin of hepatic and renal veins disten-
tion and of the enlargement of the SVC.
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HP: Postmortem detection
significance and PMCT imaging
characteristics

HP is a relative frequent finding detected at autopsy as it is
due to various causes leading to natural or traumatic (includ-
ing iatrogenic) death.

The autopsy evidence of HP being potentially the cause of
death creates many diagnostic challenges for the pathologist.
Part of the problem is that the diagnosis of PT is mainly clini-
cal and based on some antemortem signs and symptoms and
instrumental data, many of which are often unavailable for
the pathologist performing autopsy. The simple detection at
autopsy even of a large HP does not imply that the death was
due to PT.

In fact, the scientific literature is not clear about the
amount of blood in the pericardial sac that would cause PT.
Consequently, in traumatic deaths with the autopsy evidence
of a HP of large amount, the cause of death is often attributed
to PT. In general, about 200 mL of clotted blood seems to be
sufficient. Often, 300-400 mL of blood is found in pericar-
dial sac, and some authors report even greater volumes.”’**
However, it should be considered that in traumatic cases a
pericardial defect might allow blood to escape from the sac,
or also may represent the entry for blood to pass into or out
of the pericardial sac. This is especially true if cardiopulmo-
nary resuscitation maneuvers had been performed. Most
importantly, if clinical and instrumental data are not avail-
able, other traumatic or ischemic myocardial injuries or dif-
ferent coexisting potentially fatal pathologic condition (e,
extention to the coronary vessel of a ruptured Stanford type
A aortic dissection) should be carefully considered, and the
diagnosis of PT as the cause of death questioned.

Echocardiography remains the most appropriate method
for the evaluation of pericardial effusions in the clinical set-
ting. But in postmortem investigations, CT has largely
retained its crucial role worldwide. PMCT is the perfect tech-
nology for a rapid and effective examination of the whole
body of the deceased with a particular ability to detect skele-
tal injuries and for a first discrimination of natural deaths
from deaths necessitating deeper forensic investigations.

Even in the clinical setting, CT techniques offer some
important advantages over other imaging methodologies
such as echocardiography. For example, one of the most
important advantages of CT is the ability to visualize the
entire body volume of the chest, due to the larger field of
view inherent in CT. This offers the possibility of detecting
associated alterations of the lungs, mediastinum and other
thoracic structures.'® Moreover, one of the classical draw-
backs of echocardiography, the variability related to the
operator, is less of a problem in CT.

Moreover, echocardiography has some intrinsic limita-
tions, related to the high rate of false-positive findings caused
by confounding adjacent pathologic alterations simulating
pericardial effusion such as lower lobe atelectasis and pleural
effusions.

Furthermore, the advantages offered by CT also include
the potential of depicting with more detail the intrinsic char-
acteristics of pericardial effusion, including density values as
well as other characteristics.

This opportunity has been exploited particularly in the
postmortem setting, where some PMCT characteristics of HP
have been identified.

In 2004, Shiotani et al.”” were the first authors to describe
a specific PMCT finding related HP in acute aortic dissection
patients, not previously documented in clinical imaging.
This HP appearance was named “hyperdense armored heart”
(HAH) and consists of stratification of the HP into two dou-
ble density concentric rings, the denser in contact with the
epicardial surface (Fig. 2). In addition to this sign, Shiotani
et al.**? identified stratification of the HP as a fluid-fluid
level (FFL) (Fig. 3).

It has been suggested that HAH sign was caused by a fibri-
nation process induced by the beating movements on blood
cells adhering to the epicardium which results in the high
density inner ring and to serum along the pericardium con-
stituting the low density outer ring.*”**”" This hypothesis
might suggest that when on PMCT a stratification of HP as
FFL is found, the heart did not beat sufficiently for inducing
a fibrination process in terms of time or in terms of effective-
ness. Moreover, Yamaguchi et al.® postulated the hypothesis
that when a FFL stratification of HP is found, this evidence

Figure 2 PMCT axial images (A, B) at the cardiac level show a double density stratification of the HP showing hyper-
dense armored heart (HAH), with the denser ring on the epicardial surface. The image (A) shows the inner ring homo-
geneous in thickness, but thinner than in (B), where it appears slightly inhomogeneous in thickness and density.



82

L. Filograna et al.

Figure 3 The PMCT axial images (A, B) at the cardiac level show double density stratification of the HP as a fluid-fluid
level (arrows), with the denser fluid level in dependent regions of the pericardial sac.

might mean that the pericardial effusion originated after
death.

Other findings identified on PMCT that are highly sugges-
tive for an imminent PT in clinical setting were systematically
investigated in a study of Filograna et al.” In their study, the
authors analyzed PMCT images of 14 cases with a clear diag-
nosis of PT due to HP in the presence of an intact pericar-
dium. Thirteen of 14 cases had HAH, FHS, and other signs
of compression of intrapericardial structures such as the cor-
onary sinus and/or the pulmonary trunk. The previously
mentioned other findings related to venous system conges-
tion were variably detected. Thus as in postmortem examina-
tions, the most in vivo CT findings suggestive for PT that can
be identified include: FHS (Fig. 4), narrowing of coronary
sinus and pulmonary trunk (Fig. 5), distension of the IVC,
hepatic and renal veins (Fig. 6).

PMCT findings related to HP:
Relevance in the postmortem

diagnosis of the cause of death
due to PT

The autopsy detection of HP does not necessarily indicate
that the death was caused by PT.

Even the autopsy finding of a large HP does not defini-
tively indicate that a PT occurred. The postmortem diagnosis
of PT can be extremely challenging.

The increasing use of PMCT imaging in forensic investiga-
tions and the recognized advantages offered in postmortem
examinations are hopeful indications that proper and confi-
dent diagnoses of cause of death due to PT are becoming
available.

In contrast, in the forensic literature, there are few studies
that investigate the use of PMCT in cases of HP™'*!*70°
and even fewer on the possibility of employing this postmor-
tem imaging technique for diagnosis of PT due to HP.”**"->’

Recently, in fact, the efforts of the forensic community
have been focused on the possibility of using postmortem,
static evidence to reflect the in vivo occurrence of dynamic,
clinical conditions through the use of PMCT. This is a major
advantage potentially offered by noninvasive postmortem
imaging techniques especially since all the in vivo signs of an
imminent HP cannot be revealed at autopsy, after body
opening.

In 2014, Filograna and her group investigated the forensic
relevance of PMCT imaging in cases of HP to determining the
cause of death due to HP. The authors examined 15 cases with
evidence of HP on PMCT performed before autopsy. The
study population was divided in 2 groups: the first was consti-
tuted by deaths due to PT, and the second due to hemorrhage.

Figure 4 The PMCT axial images (A, B) at the cardiac level show a flattening of the anterior wall of the right ventricle
(flattened heart sign) with decrease of the cardiac anteroposterior diameter (arrows).
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Figure 5 The PMCT axial images (A, B) at the cardiac level show narrowing of coronary sinus (A) and pulmonary trunk

(B) (arrows).

The aim was to evaluate autopsy cases with certain diagno-
ses of PT due to HP and determine which of the above men-
tioned antemortem CT findings of an imminent PT can be
considered on PMCT as indicative for a death due to PT. The
final objective was to create a reference for determining the
cause of death in autopsy cases with HP where clinical and
instrumental antemortem data are not available and/or when
other coexistent pathologic alterations may have caused or
concurred to cause the death. In the study, with the excep-
tion of one case, with respect to deaths due to HP, HAH was
always associated with FHS. The authors conclude that the
combination of PMCT findings of HAH and FHS and the
consideration of circumstantial and clinical data could sug-
gest the postmortem diagnosis of PT.

There is widespread agreement in the literature that the
finding of HAH indicates maintenance of antemortem car-
diac beating activity before death.™%*"~!

As for FHS, Filograna et al. expressed caution in consider-
ing this finding as an absolute expression of in vivo increased
intrapericardial pressure. In fact, after death with the inter-
ruption of the cardiac activity, the cessation of the blood
flow results in progressive diminished pressure of the arterial
system and flattening of the heart chambers, especially on
the right as shown on PMCT.”

These doubts were confirmed by the study of Yamaguchi
et al.° The authors compared PMCT findings in deaths with
evidence of HP respectively with a postmortem against an

antemortem origin. The authors found that the finding of
FHS did not show a statistically significant difference
between the 2 groups.

In 2015, Filograna et al.” reviewed PMCT images of 14
cases with HP and intact pericardium where the cause of
death determined with autopsy and available antemortem
clinical and instrumental records was attributed to PT. The
study was focused on other than describing PMCT appearan-
ces of HP but also on the research of PMCT signs of increased
intrapericardial pressure. A control group with PMCT prior
to autopsy was analyzed; it was constituted by 11 cases with-
out relevant pericardial effusion, bleeding, and venous sys-
tem congestion according to autopsy reports.

In this paper, the authors investigate PMCT imaging all the
clinical nonenhanced CT signs of an imminent PT due to HP
and the PMCT appearances of the HP. The aim was to deter-
mine if the same clinical signs and the trait stratification of
HP on PMCT can support the postmortem diagnosis of PT
due to HP. The authors found that 13 of 14 cases of PT
showed an HAH and compression of the coronary sinus and/
or of the pulmonary trunk, 14 of 14 had a FHS, against the
control group, where none of these findings was observed,
except for a distended or noncompletely collapsed SVC,
found in all cases. The value of PMCT for the formulation of
the postmortem diagnosis of PT as the cause of death
was established by this study, at least in cases with an
intact pericardium.

Figure 6 The PMCT axial images (A, B) at the level of the superior abdomen demonstrate distension of the IVC (black
arrow), hepatic and renal veins (white arrows). (Color version of figure is available online.)
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Conclusions

The postmortem diagnosis of PT due to HP is challenging,
particularly if antemortem clinical and instrumental records
are not available.

The role of PMCT imaging in forensic examination as a
fundamental complementary technique is commonly recog-
nized, so that some authors questioned in some cases the
necessity to proceed with a forensic investigation with
autopsy after PMCT imaging of the deceased, at least in
selected cases.

According to the present work, the diagnosis of PT due to
HP might be considered one of the critical fields of investiga-
tion where classical autopsy may fail and wee PMCT imaging
may offer its most important aids.

In two different works, it was demonstrated that the con-
sideration of PMCT appearances of HP and of indirect signs
of an increased intrapericardial pressure might support the
postmortem diagnosis of PT.

In 2014, when cases with both intact and nonintact peri-
cardium were analyzed, the simultaneous presence of HAH
and FHS signs can be indicative of fatal HP. In 2015,” when
only cases with an intact pericardium were analyzed and
where the diagnosis of PT was clear, the copresence of HAH,
FHS, and narrowing of the coronary sinus and/or pulmonary
trunk due to compression should be considered PMCT signs
highly suggestive for PT due to HP. The question that arises
is whether the same last PMCT identified could be found
also in nonfatal cases with an intact pericardium, and it is
common opinion that lager study populations and further
studies are needed.

Nevertheless, as it occurs in clinical setting, and in accor-
dance with Restrepo,lO we are convinced that, although the
CT findings reported in the literature individually detected
cannot be considered specific for the diagnosis of a PT, their
coexistence can strongly suggest this diagnosis, particularly
in a large HP is present.

In conclusion, we maintain that when PMCT is performed
and an HP is detected, when antemortem clinical and instru-
mental data are not available, all the individuated PMCT
imaging signs of PT should be carefully searched, for reach-
ing a proper diagnosis of death due to fatal HP.
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