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a b s t r a c t

Postmortem CT (PM–CT) is useful to investigate the viscera in situ before opening the body cavity at
autopsy. The present study investigated heart and lung volumes in situ with regard to the cause of death
as possible indexes of terminal cardiopulmonary dysfunction by means of PM–CT data analysis of
forensic autopsy cases within 3 days postmortem (n = 70). Estimated heart volume was larger in sudden
cardiac death (SCD; n = 10) and fatal methamphetamine abuse (n = 5) than in other groups, including
mechanical asphyxiation (n = 12), drowning (n = 11), acute alcohol/sedative–hypnotic intoxication
(n = 8), fire fatality (n = 12), hyperthermia (heatstroke; n = 6) and fatal hypothermia (cold exposure;
n = 6). Estimated combined lung volume was larger in drowning, smaller in fire fatality due to carbon
monoxide intoxication and SCD, and intermediate in other groups. Volume ratio of the lung to heart
was higher in drowning, lower in SCD, and intermediate or varied in other groups; high and low ratios
can indicate predominant/antecedent pulmonary and cardiac dysfunctions, respectively. These findings
provide quantitative data that are not available at conventional autopsy or by routine two-dimensional
CT morphology to assess three-dimensional gross heart and lung morphologies for interpreting terminal
cardiopulmonary pathophysiology, detecting significant difference between SCD and other causes of
death, especially mechanical asphyxiation and drowning.

� 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

In forensic autopsy, heart and lung weights as well as the
volumes are anatomical indications of central congestion and
pulmonary congestion or aeration [1,2]. Cardiac death cases have
enlarged heavy hearts and heavy lungs, while the heart is smaller
in asphyxiation and drowning, but the lungs are overinflated and
heavy in drowning, and inflated with air in asphyxiation [3]. How-
ever, heart and lung volumes are substantially modified after open-
ing the thoracic cavity, due to the diminished volume of air-rich
lung and possible blood redistribution in the heart and great ves-
sels; thus, it is not possible to measure or evaluate correct heart

and lung volumes by dissection. Recent advances in forensic radi-
ology include postmortem imaging using computed tomography
(CT) and magnetic resonance imaging (MRI), which provides a non-
invasive procedure to detect bone and visceral lesions (virtual au-
topsy) as well as various possibilities to analyze the status of
viscera before autopsy [4–9]. Postmortem CT (PM-CT) is useful to
investigate the viscera in situ before opening the body cavity at au-
topsy, especially for the thoracic viscera, presenting quantitative
data to supplement autopsy findings [10–16]. Previous studies
demonstrated the application of PM-CT data analysis to investigate
the lung volume and air/gas content [17]. Virtual volumetry of the
viscera in situ is an advantage of PM-CT, providing quantitative
data that are not available at conventional autopsy; however, there
are no published data on in situ analysis of the heart and lung vol-
umes using PM-CT data.

The present study investigated the procedure to estimate post-
mortem volumes of the heart and lung in situ as possible indexes of
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terminal cardiopulmonary pathophysiology, using PM-CT data of
forensic autopsy cases without evident decomposition, or destruc-
tion or deformity of the chest, and analyzed the data with regard to
the cause of death.

2. Materials and methods

2.1. Materials

Forensic autopsy cases (n = 70) within 3 days postmortem, in
which the causes of death had been clearly established, were used
in the present study, excluding cases having significant ante- or
postmortem body destruction or decomposition, involving
destruction or deformity of the chest due to injury, burns or surgi-
cal intervention, hemo-/pneumothorax, massive pleural effusions,
and putrefactive changes with gas formation. The cases comprised
those of mechanical asphyxiation (n = 12), drowning (n = 11), drug
intoxication (n = 13), including fatal methamphetamine (MA)
abuse (n = 5) and alcohol/sedative–hypnotic intoxication (n = 8),
fire fatalities (n = 12) due to burns with blood carboxyhemoglobin
level (COHb) of < 30% (n = 6) and carbon monoxide (CO) intoxica-
tion with blood COHb of > 60% (n = 6), hyperthermia (heatstroke;
n = 6), fatal hypothermia (cold exposure; n = 6), and sudden cardiac
death (SCD; n = 10). Details are shown in Table 1. Cases with signif-
icant complications of disease or trauma involved in other cause of
death groups, or prolonged deaths in hospital after temporary
recovery by cardiopulmonary resuscitation or under critical termi-
nal care, were excluded. Pathological and radiographic data,
including heart and lung weights, and recovered heart blood vol-
ume as well as the cardio-thoracic ratio on chest radiograph, were
collected from autopsy documents.

2.2. CT data analysis

Whole body PM-CT scans were routinely performed immedi-
ately before forensic autopsy, employing a scanner (ECLOS, Hitachi
Medical Co., Tokyo) within the framework of routine casework. The
sequential scanning was performed under the following parame-
ters: 120 kV; 250 mA; 16 � 1.25 mm thickness; field of view,
500 mm. A CT data analysis system Volume Analyzer SYNAPSE
VINCENT (FUJIFILM Medical Co., Ltd., Tokyo) was used to recon-
struct three-dimensional (3-D) images of the heart and lungs
in situ for virtual volumetry, as follows: bilateral lungs were ex-
tracted automatically using clinical normal lung threshold
(�2000 < HU < �190), followed by manual cursoring to fill the high
attenuation and consolidation areas inside the thorax, while the
heart was extracted by manual cursoring from the ascending aorta
up to 3 cm above the aortic valves to the bottom of the heart
(Fig. 1). These analyses were performed by forensic pathologists
and two radiological technicians in consultation with radiological
specialists. The adequacy of virtual analysis was examined by
two independent observers as well as by comparing the weights
estimated using CT attenuation (Hounsfield Unit, HU). The data
analyses were approved by our institutional ethics committee as
part of our research project.

2.3. Statistical analyses

Regression equation analysis was used to examine the relation-
ship between pairs of parameters, including age, postmortem
interval and survival period. Fisher’s exact test was used to com-
pare two parameters. Steel–Dwass test was used for non-paramet-
ric multiple comparisons among groups. Comparisons between
two groups were performed using the nonparametric Mann–
Whitney’s U-test. The sensitivity and specificity in distinguishing Ta
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