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Abstract

Introduction/purpose Postmortem computed tomography (PMCT) is a valuable tool for analyzing the death of patients with
SARS-CoV-2 infection. The purpose of this study was to investigate the correlation between PMCT lung findings in autopsy
cadavers positive for SARS-CoV-2 infection and the severity of COVID-19 lung disease by histopathological analysis.
Materials and methods We reviewed chest PMCT findings, paying particular attention to the lung parenchyma, in 8 autopsy
cases positive for SARS-CoV-2. Correlations between chest PMCT and histopathological findings were assessed. Clinical
conditions and comorbidities were also recorded and discussed. The primary cause of death was finally considered.
Results In 6/8 cases, pulmonary PMCT findings were massive consolidation (4/8) and bilateral diffuse mixed densities with
a crazy-paving pattern (2/8). These cases showed severe pulmonary signs of COVID-19 at histopathological analysis. In the
remaining 2/8 cases, pulmonary PMCT findings were scant antideclive ground-glass opacities in prevalent gradient densities
attributed to hypostasis. In 4/8 cases with massive consolidations, important comorbidities were noted. In 6/8 cases with
severe pulmonary histopathological signs of lung COVID-19, autopsy found that the cause of death was cardiorespiratory
failure. In the remaining 2/8 cases, histopathological analysis revealed lung alterations due to edema and some signs of
SARS-CoV-2 infection; the cause of death was not attributed to SARS-CoV-2 infection (Table 1).

Discussion and conclusion Chest PMCT findings correlate with the severity of COVID-19 lung disease at histopathol-
ogy examination. According to our results, there may also be a relationship between cause of death and PMCT findings in
COVID-19, which must be critically analyzed considering clinical antemortem data.

Keywords Postmortem CT - COVID-19 - SARS-CoV-2 - Lung findings - Pulmonary histopathology

Introduction manifestations are respiratory symptoms, ranging from mild
upper-respiratory symptoms to acute respiratory distress
COVID-19 causes a multiorgan disease, with clinical mani- syndrome (ARDS) [1]. Although COVID-19 is usually char-
festations ranging from asymptomatic to multiple organ  acterized by a multiorgan effect associated with hyperacti-
dysfunction syndrome (MODS). The most common clinical ~ vation of the immune system response, it mainly affects the
lungs. Several studies based on autopsy cases have explored
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histopathological findings in SARS-CoV-2 infection [2-5].
The main histopathological features of the lungs include dif-
fuse alveolar damage with the development of hyaline mem-
branes, macrophage activation in air spaces, and thickening of
the alveolar wall [5, 6]. Since the beginning of the pandemic,
X-rays and/or chest computed tomography (CT) have been
proposed as primary diagnostic tools for COVID-19 cases.
Indeed, Kim et al. performed a meta-analysis of 68 studies,
finding that imaging techniques can be even more sensitive
than microbiological tests (in particular, the sensitivity of chest
CT, at 94%, was found to be higher than that of real-time poly-
merase chain reaction (RTPCR), at 89%) [7]. Different CT
patterns of COVID-19 pulmonary affection have been reported
[8—15]. The most typical pulmonary CT findings in COVID-
19 patients according to Karimian et al. [14] are bilateral lung
involvement by ground-glass opacity (GGO) or mixed (GGO
pulse consolidation or reticular) patterns, thickened interlobu-
lar septa, vascular enlargement, air bronchogram, peripheral
distribution, and left and right lower lobe involvement. Com-
plete consolidation of both lungs (indicative of ARDS) has
also been reported in severe and advanced pulmonary COVID-
19 [14]. In addition to the clinical literature, some postmor-
tem CT (PMCT) imaging findings have been reported, though
they are not specific or highly suggestive of lung SARS-CoV-2
infection [16-24]. As a consequence, PMCT imaging has
been proposed as a useful tool for postmortem investigations
in diagnosed or suspected cases of SARS-CoV-2 infection to
augment the numbers of postmortem examinations, especially
in the first wave [25] or more recently as a screening method
for SARS-CoV-2 infection before autopsy [16-22, 24]. In fact,
due to the importance of preautopsy assessment of biologi-
cal risk and the complexity of properly examining COVID-19
multiorgan involvement through sole autopsy, PMCT has been
widely adopted in forensic investigations of SARS-CoV-2 sus-
pected or ascertained-related deaths [16-24], especially during
the first phase of the pandemic.

Nevertheless, both to validate PMCT in COVID-19 cases
and ensure its diagnostic value—particularly when an autopsy
is not performed—it is important to find evidence regard-
ing concordance between data obtained through PMCT
and through traditional forensic autopsy. Therefore, in this
retrospective study, we compared PMCT lung findings and
the presence and severity of pneumonia at histopathological
analysis in forensic cases of COVID-19. A further aim was to
investigate correlation between PMCT lung findings in SARS-
CoV-2-positive cadavers and cause of death (Table 1).

Material and methods

A retrospective study was designed by considering a study
population selected through the application of three inclu-
sion criteria and two exclusion criteria. The inclusion

criteria were (i) death during hospitalization (period: March
2020—January 2021) with microbiological evidence of
SARS-CoV-2 infection and clinical diagnosis of COVID-
19, (ii) age older than 18, and (iii) postmortem radiological
data obtained through PMCT. The exclusion criteria were (i)
full forensic autopsy not performed and (ii) presence of mac-
roscopic/microscopic/radiological signs of advanced putre-
faction (postmortem interval higher than 72 h). Time since
death was always known because it was reported by clinical
documentation. Postmortem intervals higher than 72 h were
not considered since, as reported by Egger et al., in these late
stages, postmortem changes (and, in particular, the presence
of gas inside the organs) are particularly relevant and thus
can jeopardize a correct radiological evaluation [26]. Whole-
body PMCT examination was performed using a 16-slice
scanner (Philips Medical Systems, Best, The Netherlands)
with the following parameters: slice acquisition 1.25 mm,
pitch 0.5, rotation time 0.5 s, tube voltage 120 kVp, tube
current-time 400 mAs/rotation. No contrast medium was
administered. Image reconstruction was carried out at a slice
thickness of 1 mm (0.6-mm increment), with soft tissue and
sharp bone kernel. Lung parenchyma alterations on PMCT
imaging were annotated. A full forensic autopsy comprehen-
sive histopathological examination was performed for each
case. Correlations between lung PMCT and histopathologi-
cal findings with particular attention to those suggestive of
lung SARS-CoV-2 infection were assessed. Data regarding
clinical conditions/comorbidities were also collected, and
the primary cause of death was considered.

Results
Study population

The final study population consisted of 8 cases, 5 males and
3 females, whose ages ranged from 36 to 89 years (mean
age: 65 years). With the exception of case 5 (a 47-year-old
man), all subjects had at least one comorbidity: heart disease
(3/8 37,5%), obesity (1/8 12,5%), hypertension (3/8 37,5%),
oncological pathology (1/8 12,5%), lung disease (COPD 3/8
37,5%), diabetes mellitus type 1 (1/8 12,5%), drug abuse
(1/8 12,5), cerebral ischemia (1/8 12,5%), and hypothyroid-
ism (1/8 12,5%). All patients received oxigenotherapy and
invasive or noninvasive mechanical ventilation for at least 2
days. No patients were vaccinated, as the national vaccina-
tion campaign had not been started yet in our country in the
study period (March 2020-January 2021).

Pulmonary PMCT imaging analysis

In 4/8 cases, massive and bilateral consolidations involving
the majority of both lungs were observed (and classified

@ Springer
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as pattern 1) (Fig. 1). In 2/8 cases, bilateral and multifo-
cal ground-glass opacities with internal reticular inter- and
intralobular septal thickening (“crazy-paving pattern”) and
consolidations both with peripheral/subpleural predilection
were found (and classified as pattern 2) (Fig. 2). In the last
2/8 cases, some antideclive areas of GGO in the context of
prevalent gradient GGO in both lungs attributed mainly to
hypostasis were found (and classified as pattern 3) (Fig. 3).

Comparison between PMCT and autopsy findings

In 6/8 cases with patterns 1 and 2 (case nos. 1, 2, 3, 4, 5, 6),
histopathological analysis revealed severe pulmonary coro-
navirus disease represented by different degrees of edema,
hyaline membranes, intra-alveolar hemorrhage, arterial
microthrombi, foci of initial fibrosis and interstitial lympho-
cytic infiltrate (Fig. 4). These features were more severe in
cases of pattern 1. In the remaining 2/8 cases with pattern 3
according to PMCT, histopathological analysis revealed lung
alterations due to edema and some signs of SARS-CoV-2
infection represented by scant hyaline membrane and focal
leukocyte infiltrate (Fig. 5).

Correlation with cause of death

For the 6/8 cases with patterns 1 and 2, the autopsy-ascer-
tained cause of death was cardiorespiratory failure due
to SARS-CoV-2 infection. In the 2 cases of pattern 3, the
cause of death was ischemic heart failure in subjects with
initial lung COVID-19. COVID-19 was indicated (in the
6/8 cases) as the cause of the death combining clinical,
radiological, macroscopic, and microscopic findings and
excluding alternative causes at the forensic examination (as

an ischemic heart failure, certified as the cause of the death
in the remaining cases).

Discussion

The potential of PMCT in detecting pulmonary alterations
significant for postmortem analysis has been reported before
[27-29]. In the forensic field, PMCT imaging of the lungs
is often used to guide autopsy and enhance diagnostic sen-
sitivity, even when an autopsy cannot be performed [30].
Overall, lung CT is an excellent tool for both clinical and
postmortem investigations because of the natural contrast
caused by air. After death, possible bias is represented by
postmortem changes, particularly by hypostases that usually
appear as GGOs with a frank and declive distribution [27],
in opposition to the GGOs of SARS-CoV-2 that are gener-
ally patchy and scattered. In particular, as shown herein,
PMCT for cadavers with positive nasopharyngeal and oral
swabs showed alterations that can be differentiated by
hypostases. These alterations were represented by massive
and bilateral consolidations involving the majority of both
lungs, identified as pattern 1 (case nos. 1, 2, 3, 4), bilateral
and multifocal ground-glass opacities with a “crazy-paving
pattern” and consolidations both with peripheral/subpleural
predilection classified as pattern 2 (case nos. 5 and 6), and
a few antideclive areas of GGO in the context of hypostatic
GGO in both lungs classified as pattern 3 (case nos. 7 and 8).
Lung PMCT patterns 1 and 2 identified in our study popu-
lation are concordant with the most common findings on
PMCT reported in the literature as the expression of severe
pulmonary COVID-19 [16-24], though a higher prevalence
of massive consolidation and GGOs of both lungs (pattern

Fig. 1 Axial (left) and coronal (right) PMCT images at the level of the thorax, with lung window) in case nos. 1 (a), 2 (b), 3 (¢), and 4 (d) with
pulmonary PMCT pattern 1. Note that all cases show massive and bilateral consolidations involving the majority of both lungs.

@ Springer
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Fig.2 Axial (left) and coronal
(right) PMCT images at the
level of the thorax, with lung
window, in case nos. 5 (a) and 6
(b), with pulmonary PMCT pat-
tern 2. Note that all cases show
bilateral and multifocal ground-
glass opacities with internal
reticular inter- and intralobular
septal thickening (“crazy-paving
pattern”) (arrows exemplar)

and consolidations (arrowheads
exemplar), both with peripheral/
subpleural predilection.

Fig.3 Axial (left) and coronal
(right) PMCT images at the
level of the thorax, with the
lung window, in case nos. 7

(a) and 8 (b), with pulmonary
PMCT pattern 3. Note few
antideclive areas of GGOs
(arrows exemplar) in the context
of prevalent gradient GGOs in
both lungs attributed mainly to
hypostasis (arrowheads). Image
(b) shows the probable copres-
ence of hypostasis and edema.
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Fig.4 Histological findings
associated with PMCT patterns
1 and 2: (a and b) alveolar
damage with hyaline membrane
(hematoxylin and eosin staining,
5% magnification); (c) foci of
initial fibrosis and interstitial
lymphocytic infiltrate (hema-
toxylin and eosin staining, 10X
magnification); (d) oedema,
interstitial flogosis and arterial
microthrombi (hematoxylin and
eosin staining, 40X magnifica-
tion).

Fig.5 Histological findings
associated with PMCT pattern
3: (a) oedema (hematoxylin and
eosin staining, 20X magnifi-
cation); (b and c) few signs

of SARS-COV-2 infection
represented by scant hyaline
membrane and focal leukocyte
infiltrate (hematoxylin and eosin
staining, 5X magnification).

1) was here detected [21, 23, 24]. The same pattern 1, attrib-
uted to advanced COVID-19 pneumonitis in the clinical set-
ting [8—15], can be interpreted as a common final common
pathway in respiratory illness related to severe lung involve-
ment by the pathogen, resembling adult respiratory distress
syndrome (ARDS).

This slight difference might be explained by the different
study populations, reflecting different stages of COVID-
19 affecting the lungs, with diffuse consolidations in both
lungs being similar to ARDS considered in the clinical and

@ Springer

postmortem literature as the expression of more advanced
stages of lung pathology due to SARS-CoV-2 infection
[14, 21, 23, 24]. Pattern 2 of this study (represented by
bilateral and multifocal consolidations and GGO with a
“crazy-paving pattern”), similar to other PMCT studies,
is the most typical imaging alteration of patients who died
by the second week after symptom onset [31]. Finally, in
accordance with previous evidence, pattern 3 (constituted
by unilateral, eventually multifocal ground-glass opacities)
is typical of early stages of COVID-19 [31]. However, none
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of these pulmonary PMCT findings is pathognomonic or has
been reported in other infective and noninfective diseases
[32-35]. Moreover, in early SARS-CoV-2 lung involvement,
the scant and often unilateral GGOs related to COVID-19
might be masked by the above-described classical postmor-
tem changes (gradient densities in dependent lung paren-
chyma due to hypostasis) or even by superimposed different
lung pathologies, such as edema [27] (Fig. 3).

We also found a correlation between progression in
the severity of pulmonary alterations on PMCT imaging
of the lungs and the severity of pulmonary alterations on
histopathological analysis. Several papers in the literature
have reported histopathologic findings of lung pathology
related to COVID-19 [36—40]. In particular, Buja et al. [41]
described the three phases of COVID-19 as follows: acute/
exudative, organizing/proliferative, proliferative/fibrotic.
The acute/exudative phase involves intra-alveolar edema
and interstitial widening after day 2, possibly associated
with diffuse and even focal hyaline membranes. In some
cases, it is possible to even note the presence of thrombosis
due to alteration of the coagulation pathway. In the organ-
izing phase, cellular fibroblastic proliferation occurs, with
type 2 pneumocyte hyperplasia and squamous metaplasia.
Hyaline membranes, which appear in the acute phase, start
to disappear and become integrated into the alveolar septa.
In this phase, it is possible to detect residual fibrin. The end
stage of DAD is variable and may be characterized by diffuse
fibrosis. According to current evidence, the main COVID-
19-related histopathological feature is diffuse alveolar dam-
age (DAD), the extent of which varies depending on the
stage and severity of the disease. DAD may be associated
with intra-alveolar exudates, hyaline membrane, pneumo-
cyte hyperplasia/atypia, alveolar edema, and proteinaceous
exudates, with major inflammatory infiltration [36, 37, 40],
possible consolidation with fibroblastic proliferation [38,
42], and/or pulmonary thromboemboli [39, 43]. A recent
study by Romanova et al. [44] reported that for the major-
ity of cadavers (91%) positive for SARS-CoV-2 infection
whereby autopsy determined cause of death to be other than
COVID-19, histopathological analysis of the lungs did not
show DAD.

In our study, histopathological examination showed a
proliferative phase in 6/8 cases with patterns 1 and 2 on
PMCT, corresponding exactly to a more severe pattern of
COVID-19 lung disease. On the other hand, cases 7 and 8
exhibited scant signs of infection, as found in the early stage/
acute exudative phase, corresponding to scant antideclive
peripheral GGO opacities interpreted as initial pulmonary
SARS-CoV-2 involvement on PMCT (pattern 3).

These findings are in accordance with a recently pub-
lished study aiming to describe the chronology of lung his-
topathologic changes in COVID-19 and to correlate them
with antemortem computed tomography patterns [45]. In

this previous study [45], histologic patterns and tomography
categories were associated as follows: early/exudative phase
correlated with predominantly scant and unilateral GGO,
mid/proliferative phase with crazy paving, and late/fibrous
phase correlated with a predominantly consolidation pattern,
more frequent in the lower/middle lobes. In our study, fibro-
sis was found in 3/6 cases with patterns 1 and 2. In accord-
ance with Barisione et al. [45], the detection of fibrosis in
our study population might be explained by the duration of
mechanical ventilation or oxygen therapy.

Regarding cause of death, in the 6/8 cases with patterns
1 and 2, the cause of death was cardiorespiratory failure due
to SARS-CoV-2 infection. In the two cases with pattern 3,
with scant signs of SARS-CoV-2 infection in the lungs by
both imaging and histological analyses, the cause of death
was ischemic heart failure. As a consequence, correlation
between the severity of pulmonary PMCT alterations attrib-
uted to COVID-19 and the final cause of death might be
considered.

This study has several limitations. Undoubtedly, the pau-
city of the cases strongly limits our results.

Moreover, as indicated above, lung PMCT alterations
attributed to COVID-19 are not specific and might be
masked or enhanced by postmortem pulmonary changes
(hypostasis). Nonetheless, the predominant pattern in fatal
COVID-19 cases has been demonstrated in this and previous
studies [18, 22] to comprise massive GGOs and consolida-
tions in both lungs, a pattern clearly distinguishable based on
PMCT findings of pulmonary postmortem changes. Further-
more, the PMCT pattern evidenced in this study might have
been the result not only of DAD caused by SARS-CoV-2
but also of the therapy administered during hospitalization
before death, such as oxygen therapy and invasive or nonin-
vasive mechanical ventilation.

Conclusion

Autopsy and histopathological data related to SARS-
CoV-2 infection remain crucial tools and the gold standard
for the study of cadavers positive for SARS-CoV-2 infec-
tion. PMCT can be considered a viable screening method
for SARS-CoV-2 infection in cadavers [16-22, 24, 46].
Moreover, according to our data, PMCT imaging of the
lungs in SARS-CoV-2-positive cadavers correlates well
with the severity of lung pathology due to SARS-CoV-2
infection evaluated by histopathological analysis. This
suggests that PMCT imaging of the lungs might serve as
a reliable method to attribute cause of death to fatal pul-
monary COVID-19. Although PMCT alone cannot guar-
antee a certain diagnosis of COVID-19 as cause of death,
our data confirm that it is an extremely important tool for
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causal inference in forensic cases, especially when clinical
and microbiological data are also available.
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