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COVID-19 lungs in post-mortem
computed tomography

Case presentations

Typical findings in post-mortem com-
puted tomography (PMCT) for coron-
avirus disease 2019 (COVID-19) pneu-
monia are presented referring to three
autopsy cases from the Institute of Legal
Medicine in Hamburg, Germany.

Case 1: Death of an 80-year-old man
in hospital with autopsy-proven sep-
sis as a consequence of a superinfected
COVID-19pneumonia. Noinvasiveven-
tilation was performed. The PMCT was
performed 48h after death and revealed
dorsal ground glass opacities (GGO) and
multiple areas of consolidation in the
pulmonary lobes (. Fig. 1a, b).

Case 2: The 90-year-old woman died in
a nursing home with a positive severe
acute respiratory syndrome coronavirus
type 2 (SARS-CoV-2) test ante-mortem.
The PMCT performed 18h after death
revealed dorsal GGO in the peripheral
segments of the pulmonary lobes as well
as centrilobular nodules and a single area
of consolidation (. Fig. 2a, b). Autopsy
showed COVID-19 pneumonia as direct
cause of death.

Case 3: This is the case of an 89-year-
old man who died of COVID-19 pneu-
monia after intensive care treatment
with invasive ventilation in hospital.
The PMCT, which was performed 8h
after death, showed disseminated GGO
and peripherally accentuated consolida-
tions (. Fig. 3a, b). Autopsy confirmed
COVID-19 pneumonia as cause of death.

Difficulties of lung
interpretation in PMCT

In comparison to clinical CT, the as-
sessment of lung tissue in PMCT, espe-
cially in the dorsal segments, where fluid
accumulation typically occurs, may be
complicated by post-mortem artifacts in
the lungs caused by hypostasis. Further-
more, post-mortem increases in pleu-
ral effusions may mask dorsal findings
[9]. Dorsal hypostasis, which is typically
manifested as milk glass opacity [2], in-

Fig. 18 Post-mortem computed tomography case 1.aAxial CT image (lung section).bCoronary CT
image (lung section)

Fig. 28 Post-mortem computed tomography case 2.aAxial CT image (lung section; blue arrow di-
recting to the area of consolidation).bCoronary CT image (lung section)

creases with time after death [6] high-
lighting thenecessityof fast post-mortem
imaging after death, whenever possible.

Discussion

So far, there is little literature onCOVID-
19 deaths that have been systematically
studied with PMCT. Ducloyer et al. de-
scribeddiffusebilateral crazy-pavingpat-
terns, i.e. GGO in areas of reticular den-
sification of the lungs in one fatal case of
COVID-19 inPMCT[4]. In another case
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with COVID-19 positive PMCT signs,
Leth et al. described GGO and localized
consolidation [10], comparable to the il-
lustrative case series reported here. The
authors own recent study of SARS-CoV-
2-associated deaths fromHamburg, Ger-
many and with post-mortem imaging
also showed these typical patterns: GGO,
consolidations and crazy-pavingpatterns
[9, 14]. Even in the very first COVID-19
deceasedinHamburg,GGOandreticular
changes in the PMCT were already di-
agnosed as being disease-associated lung
changes [7].

However, pulmonary artery em-
bolisms diagnosed at autopsy [5] in
a relevant percentage of COVID-19
deaths could not be reliably delineated
in the native PMCT [9]. To the best
of our knowledge no systematic studies
have yet investigated the possible benefit
of PMCT angiography to overcome this
issue.

More literature exists on clinical cases
with CT imaging in COVID-19, where
bilateral GGO and consolidations are de-
scribed as frequent manifestations in the
lungs [3], with GGO dominating in the
early stages, but increasingly showing
consolidation as the disease progresses
[1, 13, 16]. Changes in lung morphology
over time is also described in lung his-
toarchitecture with changing patterns of
diffuse alveolar damage [12]. Thicken-
ing of interlobular septa and crazy paving
patterns, the reversed halo sign, as well
as changes in airways and vessels are also
describedasoccurringpatterns [1]. Con-
solidations aremore likely to occur in the
peripheral subpleural sections and along
the bronchovascular bundles of the lungs
[15]. According toCarotti et al., synoptic
calculations from various studies on the
frequency of occurrence of various lung
changes in COVID-19 have shown that
GGO occur in 66%, GGO and consoli-
dations occur in up to 47% and in 41%
consolidations are detected [1]. Ye et al.
[15] also identified GGO and consolida-
tions as the dominating changes in the
lungs in COVID-19.

With respect to the pathogenesis of
the lung changes, CT morphological dif-
ferentiation between primary bacterial
pneumonia and bacterial superinfected
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Abstract
Post-mortem computed tomography (PMCT)
is a rapid and noninvasive diagnostic tool for
important contributions to the identification
of pulmonary findings in the deceased with
pneumonia, including cases of coronavirus
disease 2019 (COVID-19). Although computed
tomography (CT) shows a high sensitivity for
pneumonia in living persons, it is relatively
unspecific for COVID-19 pneumonia clinically.
Typical CT findings for viral pneumonia
therefore require confirmation by PCR
tests (polymerase chain reaction tests),
even if lung infections with severe acute
respiratory syndrome coronavirus type 2
(SARS-CoV-2) show characteristic patterns,
most frequently ground glass opacities (GGO)

and a combination of GGO and air space
consolidations.
In the consecutive autopsy series of SARS-
CoV-2 deaths from Hamburg, Germany, the
most frequent cause of death was and still is
COVID-19 pneumonia. Typical findings were
frequently found in the PMCT in SARS-CoV-
2-associated deaths, which were taken into
account when classifying the death as COVID-
19.
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COVID-19-Lungen in der Post-mortem-Computertomographie

Zusammenfassung
Die Post-mortem-Computertomographie
(PMCT) ist ein schnelles und nicht-
invasives Diagnoseinstrument, das einen
wichtigen Beitrag zur Identifizierung von
Lungenbefunden bei Verstorbenen mit
Pneumonie leistet – auch bei Fällen der
Coronaviruskrankheit (COVID -19). Obwohl
die Computertomografie (CT) eine hohe
Sensitivität für Lungenentzündungen bei
lebenden Personen aufweist, ist sie für
eine COVID-19-Pneumonie klinisch recht
unspezifisch. Typische CT-Befunde für virale
Pneumonien bedürfen daher der Bestätigung
durch PCR-Tests (Polymerase-Ketten-Reak-
tion-Tests), auch wenn die Lungeninfektion
mit SARS-CoV-2 charakteristischeMuster

zeigt – am häufigsten Milchglastrübungen
(GGO) und eine Kombination aus GGO und
Konsolidierungen.
In der konsekutiven Autopsieserie von SARS-
CoV-2-Todesfällen aus Hamburg war und
ist die häufigste Todesursache die COVID-
19-Pneumonie. In der PMCT fanden sich bei
SARS-CoV-2-assoziierten Todesfällen häufig
typische Befunde, die bei der Klassifizierung
des Todes als COVID-19 berücksichtigt
wurden.

Schlüsselwörter
SARS-CoV-2 · Milchglastrübungen ·
Lungenmanifestation · Hypostase ·
Konsolidierung

COVID-19 pneumonia is not possible
[11].

In summary, both ante-mortem and
post-mortem imaging allow tracing the
stages of pulmonary manifestation in
COVID-19; ultimately, a “colorful” ra-
diological picture emerges; however,
depending on the severity of the disease,
later stages are more frequently visible
in PMCT, with earlier stages sometimes
also occurring here.

AnadvantageofPMCTisthe low-con-
tact and thus lower-risk option of post-
mortemdiagnosis as an alternative to au-
topsy if the latter is rejected or is not pos-

sible for other reasons. Own experiences
showed a higher percentage of approval
to non-invasive post-mortem investiga-
tions such as PMCT in this pandemic
compared to full autopsy. In SARS-CoV-
2-associated deaths, PMCT can reveal
a ground-breaking finding in determi-
nation of the cause of death if combined
with PCR tests of nasopharyngeal swabs
or it can even serve as a screening tool for
further post-mortem diagnostic modal-
ities. Ideally, PMCT together with a full
post-mortem examination allow a de-
tailed description of pulmonary changes
and to define the ultimate cause of death.

146 Rechtsmedizin 2 · 2021

https://doi.org/10.1007/s00194-021-00462-z


Fig. 38 Post-mortem computed tomography case 3.aAxial CT image (section of the lung).bCoro-
nary CT image (lung section)

An important point not to be over-
looked when assessing lungs with PMCT
compared to clinical CT is the occur-
rence of post-mortem hypostasis in the
dorsal segments [8]. These changes may
mimic pulmonary inflammation, espe-
cially with COVID-19. Provided that
hypostatic areas are not included in the
assessment in PMCT, circumscribed pe-
ripheralmilk glass opacity—mostly com-
binedwithconsolidations—isa landmark
finding that in most cases allows classifi-
cation of viral pneumonia being present
and may have been the cause of death.
This is especially true in cases with doc-
umented advanced pulmonary involve-
ment and symptoms during the clinical
course of a confirmed COVID-19 infec-
tion.
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