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Abstract
Background The goal of this study was to evaluate if unenhanced PMCTHU values of liver pathologies differ from post-mortem
HU values of non-pathologic liver tissue.
Methods Liver HU values were measured in five liver segments in PMCT unenhanced datasets of 214 forensic cases (124 male,
90 female, mean age 54.3 years). Liver HU values were compared with corresponding histologic liver findings. HU values of
non-pathologic livers were compared to HU values of liver pathologies.
Results A total of 64 non-pathologic livers (mean HU 58.32, SD 8.91) were assessed. Histologic diagnosed liver pathologies
were as follows: steatosis (n = 121 (grade I n = 61, grade II n = 37, grade III n = 23)), fibrosis (n = 10), and cirrhosis (n = 19). HU
values of the livers exhibiting severe steatosis (mean HU 32.44, SD 13.76), fibrosis (mean HU 44.7, SD 16.31), and cirrhosis
(mean HU 50.59, SD 9.42) significantly differed to HU values of non-pathologic livers at ANOVA testing.
Conclusion PMCT unenhanced liver HU value measurements may be used as an additional method to detect unspecific liver-
pathology. Values below 30 HU may specifically indicate severe steatosis.
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Introduction

In recent years, post-mortem computed tomography (PMCT)
has been established as a useful tool in post-mortem examina-
tions. While unenhanced PMCT is particularly useful for vi-
sualization of foreign bodies, bone fractures, gas, and fluid
accumulations, it is rather insufficient for soft tissue analysis
[1–3]. In clinical CT images as well as PMCT images, a basic
tissue analysis can be accomplished by measurements of
Hounsfield units (HU) of tissues and organs [6–10]. On the
Hounsfield scale, the radiodensity of distilled water at stan-
dard pressure and temperature is defined as zero HU, and the

radiodensity of air is defined as − 1000 HU [11]. In the living,
different tissues and fluid media possess characteristic HU
magnitudes and ranges [4, 5, 12–14]. The non-pathologic liver
shows in vivo HU values between 50 and 65 [15]. It is known
that liver pathology may alter in vivo liver radiodensity which
translates into altered HU values in CT scans. Liver steatosis,
for instance, decreases liver radiodensity and thereby liver HU
values [15–19]. It appears logical to assume that liver pathol-
ogy such as liver steatosis can also be assessed in post-mortem
computed tomography images by HU measurements.
However, PMCT is vastly different from clinical CT due to
various post-mortem phenomena, such as putrefaction, bio-
chemical degradation and diffusion processes [3, 20]. These
phenomena may alter radiodensity of post-mortem liver tissue
even in a short post-mortem interval of a few days. Thus,
known in vivo HU liver values cannot be simply applied to
PMCT applications. So far, HU values of non-pathologic
livers and liver pathologies have not been analyzed systemat-
ically in PMCT. Hence, post-mortem HU values of non-
pathologic livers and liver pathologies (PMI) are not clarified.
Therefore, the goal of this study was to assess HU values of
livers in PMCT and to evaluate if post-mortem HU values of
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liver pathologies differ to post-mortem HU values of non-
pathologic liver tissue.

Methods

Study population

A total of n = 300 forensic cases were screened retrospective-
ly. All cases underwent post-mortem computed tomography
prior to forensic autopsy during the years 2013 and 2014 at the
authors host forensic institution. Of the 300 cases, those with
either age less than 18 years, traumatic liver damage as well as
autoptic (based on autopsy reports) or radiologic signs of ad-
vanced liver putrefaction (grade II (moderate emphysema) or
grade III (extensive emphysema) of gaseous amounts in liver
parenchyma and vessels according to Egger et al. [21]) were
excluded. Moreover, cases with liver tumors (n = 3) or liver
cysts (n = 4) as well as cases exhibiting exsanguination
(bloodless livers, n = 6) were omitted from the study because
case numbers were too low to allow for statistical analysis.
Thus, of a total of n = 300 screened cases, n = 86 cases were
excluded. Causes of death in the remaining 214 cases that
were analyzed for liver HU values were: sudden cardiac death
(n = 122), myocardial infarction (n = 34), intoxication (n =
28), pulmonary embolism (n = 12), suffocation (n = 6), as-
phyxia (n = 5), hanging (n = 4), and metabolic derailment
(n = 3).

PMCT settings

A Somatom Definition AS 64 (Siemens, Forchheim,
Germany) CT scanner was used with the following settings:
beam energy 130 kV; collimation 64 × 0.6 mm; rotation time
500 ms; image reconstruction was performed with a slice
thickness of 1.0 mm and an increment of 0.7 mm using a soft
tissue kernel (I31 f); the field of view was adapted to the size
of the object. For whole-body CT scanning, corpses in body
bags were placed on the CT table in supine position. The arms
of corpses were left resting beside the torso. All CTscans were
performed native without usage of contrast agent. Use of the
imaging data was approved by the local ethics committee.

Autopsy and histology

Forensic autopsies were mandated by the local authorities.
Autopsies were performed by board certified forensic pathol-
ogists immediately after PMCT. External and internal exami-
nation of corpses was performed according to the
Recommendation of the Committee of Ministers to Member
States of Europe on the harmonization of medico-legal autop-
sy rules [22]. All three body cavities were opened and all
organs were dissected. The liver was dissected into 1-cm thick

slices. Macroscopic appearance of the livers and visible path-
ologic liver findings were noted in autopsy reports. Tissue
specimens for histologic analysis were obtained from each
liver from the right and left liver lobe. In those cases where
focal liver lesions were present, additional specimens of those
lesions were obtained. Standard histologic stainings (hema-
toxylin and eosin (H&E) and chromotrope aniline blue
(CAB, special staining used to highlight fibrosis)) were con-
ducted in each case. Histologic diagnosis was conducted by
board certified forensic pathologists and noted in the autopsy
report. In those cases where liver steatosis was diagnosed, a
grading system based on numbers of hepatocytes with fatty
vacuoles in % was used according to Brunt [23]: grade 0, <
5% non-pathologic; grade I, 5–33% slight steatosis; grade II,
34–66% moderate steatosis; grade III, > 66% severe steatosis.

PMCT HU measurements

The livers in whole-body PMCT datasets were analyzed in
axial view in a commercially available PACS (Sectra
Workstation IDS7 Version 17.1.16.3569, ©2015 Sectra AB
Linköping/Sweden). Regions of interest (ROI) were placed
in the right and left liver lobe in five liver segments on differ-
ent axial slices (Fig. 1). The size of the ROIs was approxi-
mately 1.5 cm in diameter. In cases where focal liver lesions
were visible, those lesions were measured separately. ROIs
were deliberately not placed in visible larger liver vessels.
Measurements were conducted blinded to autopsy results by
a medical student (observer one) who was trained in reading
and HU measuring PMCT liver images by a forensic pathol-
ogist with 10 years of experience in PMCT imaging.
Arithmetic means and standard deviations of liver HU mea-
surements were calculated for each single liver. Each mean
liver HU value was assigned its corresponding histological
diagnosis according to autopsy reports. Focal liver lesions
were separately assigned their corresponding histological di-
agnosis and mean HU values. Liver pathologies found within
the study group were divided into individual groups such as
steatosis, and cirrhosis.

Statistical analysis

SPSS® (Version 23.0) was used to perform statistical analysis.
A series of one-way ANOVAs with post-hoc analysis was
conducted to evaluate significant differences of HU values
of groups with liver hyperemia as well as structural liver pa-
thology and non-pathologic livers. Bonferroni correction was
applied: significant p values < 0.05.

Intra-observer error of HU liver measurements was esti-
mated using a random selection of 20 cases of the study group.
After a time lapse of 2 months, liver HU values were re-
measured in the same PMCT datasets by the same observer
(observer one). Inter-observer error of liver HUmeasurements
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was estimated using randomly selected PMCT images of 20
corpses within the study group. Two observers (observer one
and observer two (radiographer with 7 years of experience in
PMCT)) independently measured HU liver values of the same
PMCT datasets. For assessment of intra-observer error and
inter-observer error the difference between two HU measure-
ment series (observer one vs observer one; observer one vs
observer two) were calculated. A t test for paired samples was
applied to assess the significance of the differences between
measurement series. p values < 0.05 were considered to be
significant.

Results

A total of n = 214 cases (124 male, 90 female, mean age
54.3 years) were measured for their liver HU values.
Measurement of five liver segments was possible in each case.
According to histologic diagnoses, the following groups were
determined: non-pathologic livers n = 64; liver cirrhosis n =
19; liver fibrosis n = 10; liver steatosis n = 121 (grade I (slight
steatosis) n = 61; grade II (moderate steatosis) n = 37; grade III

(severe steatosis) n = 23). Table 1 provides information about
sex, mean age, and mean post-mortem interval (PMI, time
from death to CTscan) for each group. Table 2 gives the mean
HU of non-pathologic livers and groups with structural histo-
logic liver pathology. ANOVA testing showed that HU values
of fibrosis, cirrhosis, as well as moderate and severe steatosis
significantly differed fromHU values of non-pathologic livers
(Table 2). Overlapping of HU value ranges was observed be-
tween fibrosis, cirrhosis, as well as slight and moderate
steatosis. Values below 30 HU and negative HU values were
solely present in cases with severe steatosis (Fig. 2).

Liver hyperemia was observed in a total of 69 cases (n = 29
in non-pathologic livers, n = 23 in steatosis grade I, n = 11 in
steatosis grade II, n = 4 in steatosis grade III, and n = 1 in
fibrotic livers. ANOVA testing showed no significant differ-
ences between HU values of non-pathologic livers without
hyperemia and non-pathologic livers with hyperemia (p >
0.05) as well as between steatosis grade I with hyperemia
and steatosis grade I without hyperemia (p > 0.05). Case num-
bers of hyperemia in steatosis grade II and grade III as well as
in fibrosis and cirrhosis were too low to allow for statistical
analysis.

Fig. 1 HU measurements in
PMCT liver images HU values
were measured in PMCT livers
and assigned a corresponding
histological diagnosis. The figure
exemplarily shows HU values of
non-pathologic liver (a), liver
cirrhosis (b), and severe liver
steatosis (c). Histological images
shown were all stained with H&E
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Cases with intoxication and metabolic derailment as cause
of death did not exhibit histologic alterations other than
steatosis, fibrosis, or cirrhosis.

The calculations for inter-observer error and intra-observer
error (Table 3) showed that there was no relevant difference
between two liver HU measurement series conducted by one
and the same observer or two different observers.

Discussion

Liver steatosis, fibrosis, and cirrhosis are common diseases
and thereby often found at autopsy as secondary diagnostic
findings [24]. In unenhanced clinical CT, there are purely
morphological traits by which liver steatosis and cirrhosis
may be diagnosed. Such traits are based on visual organ
changes such as size and shape of the liver and apparent image
radiopacity and contrast changes [17–19, 25, 26]. In
unenhanced clinical CT, severe liver steatosis may present as
organ hypertrophy and noticeable hypo-density compared to
surrounding organs such as the spleen [17–19]. In liver cirrho-
sis, the organ may appear with enlargement of the left lobe and
caudate lobe, irregularity of the external contour of the left
lobe and organ atrophy. Liver cirrhosis may also be accompa-
nied by portal collaterals and ascites [25, 26]. In PMCT, no
systematic studies exist that would confirm these morphologic
signs for deceased persons. Nevertheless, there are few case
reports that described the forenamed morphological criteria of
cirrhosis and severe steatosis in PMCT in a short post mortem
interval [27, 28]. However, those criteria are not obligatory
findings or they may appear to be ambiguous. In such cases,

PMCT HU value measurements may be used as an additional
tool for detection of unspecific liver pathology.

In the current PMCT study, HU values assessed for non-
pathologic livers were in a range between 50 and 70 HU.
Similar HU value ranges are known for non-pathologic livers
in the living [5, 16–19]. To the best of our knowledge, there
are no clinical studies that investigated unenhancedHU values
of liver fibrosis or cirrhosis. Several clinical studies investi-
gated HU values of liver steatosis in unenhanced clinical CT.
In these studies, relevant liver steatosis was diagnosed at
values below 40HU [29, 30]. One clinical CTstudy correlated
different histological grades of liver steatosis with liver HU
values and found mean values of 59.1 HU for slight, 41.9 HU
for moderate, and 25 HU for severe steatosis [15], which are
similar to the post-mortem results of the present study. Hence,
in a short post-mortem interval of few days, post-mortem phe-
nomena such as biochemical degradation and diffusion pro-
cesses as well as beginning putrefaction appear not to alter
liver radiodensity. However, it is likely to assume that longer
post-mortem intervals with advancing putrefaction will alter
liver radiodensity due to gaseous tissue inclusion and tissue
liquefaction. The results of the present PMCT study indicate
that Hounsfield values beneath 50 HU may indicate liver pa-
thology. However, in a range between 30 and 50 HU, the
image reader may not be able to differentiate between moder-
ate steatosis, fibrosis, or cirrhosis based only on HU measure-
ments due to overlapping of HU values. This may be due to
the fact that cirrhosis and fibrosis usually also contain relevant
amounts of hepatocytes with fatty vacuoles as can be observed
in the histology in Fig. 1b. Nevertheless, in cases were mor-
phological PMCT criteria indicating liver pathology are am-
biguous, HU measurements may strengthen radiologic

Table 2 ANOVA testing between non-patholgic livers and liver pathology

Non-pathologic Steatosis grade I Steatosis grade II Steatosis grade III Fibrosis Cirrhosis

Mean HU (SD) 58.32 (8.91) 52.91 (9.82) 45.7 (11.43) 32.44 (13.76) 44.7 (16.31) 50.59 (9.42)

ANOVA
p value

/ 0.07 0.03 0.001 0.02 0.04

Mean HU values and standard deviations of defined liver groups. ANOVA testing was performed between HU values of non-pathologic livers and
groups with liver pathology

Table 1 Study group information

Non-
pathologic

Steatosis grade I Steatosis grade II Steatosis grade III Cirrhosis Fibrosis

n 64 61 37 23 19 10

Age 53.4 60.3 60.4 54.9 63.2 42

Sex (f/m) 38/25 19/43 11/26 11/12 6/13 5/5

PMI (d) 1.4 1.5 2 1.6 1.7 1.3

Sex, mean age, and mean PMI (time from death to CT scan) of defined liver groups
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diagnosis of cirrhosis, fibrosis, or steatosis. Remarkably,
PMCT values beneath 30 HU strongly indicate severe
steatosis because fibrosis, cirrhosis, or moderate steatosis did
not exhibited HU ranges less than 30 in our study.

Acute blood congestion did not significantly influence liver
HU values of non-pathologic livers which may be explained
by similar HU value ranges of post-mortem blood and non-
pathologic liver tissue [10]. It can be assumed that in structural
liver pathology with significantly lower tissue HU values,
such as severe steatosis, blood congestion may influence HU
values. However, case numbers of acute congested steatosis in
the present study were too low to allow for valid statistical
analysis to verify this thesis.

So far, only few applications for HU measurements in
PMCT have been described in the literature [6, 8–10]. Liver
HU measurements are relatively easy to perform on standard
radiologic workstations and appear to be reproducible in a
post-mortem approach. Some liver pathology such as steatosis
and fibrosis usually affect the whole organ. Hence, to detect
such pathology by means of HU measurements, it is less im-
portant where the measurement field is placed. However, focal
liver pathology such as liver tumors may be regularly missed
by untargeted HU liver measurements since they are usually
hard to detect in unenhanced CT images.

Study limitations: In deceased bodies, the liver is usually
the first organ that is affected by gas accumulations in liver

blood vessels due to putrefaction. Such putrefaction gas accu-
mulations may appear even in shorter post-mortem intervals
of only a few hours depending on body conditions and ambi-
ent temperatures at the time of death [31–33]. As putrefaction
advances, the liver may appear with moderate to extensive
emphysema in PMCT [21]. When placing ROIs for liver
HU measurements in PMCT images, the image reader has to
take care not to positioning ROIs in gas accumulations since
this would falsify HU values and its interpretation. In ad-
vanced putrefied livers exhibiting grade II (moderate emphy-
sema) and grade III (extensive emphysema) of the radiological
alteration index from Egger et al. [21], HU measurements
should not be performed due to tissue gas accumulations. In
PMCT, liver HU measurements may also be affected by beam
hardening effects due to the arms which are usually not lifted
up but resting beside the torso. In the present study setup, we
experienced that if beam hardening effects are indeed present,
there usually are still liver areas left which are not affected and
can be measured. In some cases, however, focal liver pathol-
ogy may be overseen due to arm-related beam hardening ef-
fects. The CT beam energy applied was 130 kVand tempera-
tures of corpses were not assessed prior to PMCT. It is known
that HU values are dependent on beam energy [10, 11, 34, 35].
Hence, HU values presented in this study only account for
beam energy of 130 kV. However, in unenhanced PMCT,
usually beam energies between 110 and 130 kVare being used

Fig. 2 HU values of non-
pathologic livers and liver
pathology. Boxplots depicting
distribution of HU values
(minimum, lower quartile,
median, upper quartile, and
maximum) of non-pathologic
livers and liver pathology. Notice
that least overlapping of HU
values can be observed in severe
liver steatosis

Table 3 Intra- and inter-observer
error Mean HU difference ± SD Min–max HU difference t test p value

Intra-observer 2.2 ± 1.7 0–3.1 0.093

Inter observer 2.8 ± 2.1 0.5–8.2 0.062

Mean differences of HU values between two measurement series of one and the same observer (intra-observer)
and two different observers (inter-observer) within randomly selected 20 cases of the study group (column two).
Minimal and maximal differences of HU values between two measurement series are shown in column 3. T
testing revealed there were no significant differences between inter-observer and intra-observer measurements
series
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for fresh corpses; and in a range of 20 kV, relevant changes of
HU values are not be expected [10, 11, 34]. Temperatures of
fresh corpses scanned in PMCT usually range between 4 and
25 °C. According to Zech et al., relevant alterations of HU
values are not to be expected within that temperature range in
PMCT [10].

Conclusion

PMCT-unenhanced liver HU value measurements may be
used as an additional method to detect unspecific liver-pathol-
ogy. Liver HU values below 30 may specifically indicate se-
vere steatosis.
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