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Introduction
Postmortem CT (PMCT) is an increasingly available and powerful
tool in death investigation with the capacity to significantly
supplement or supplant anatomical dissection in some cases.
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Results
The sensitivity and specificity of PMCT for the detection of fatal meningitis ranged
from 65-75% for all reviewers and within experienced reviewers. Specificity ranged
54.3-88.6% for all reviewers and 65.7-88.6% for experienced reviewers (table 1).
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In 2 cases all reviewers did not identify an indication for dissection in cases that
were found to be meningitis at autopsy and in an additional single case only the
most inexperienced reviewer suggested dissection in a case of meningitis. Between
experienced reviewers, in a single case only the board-certified radiologist identified
an indication for dissection and in another case only the forensic pathologists
identified an indication for dissection, when the radiologist did not suggest
dissection.

One possible application of PMCT is facilitating targeted dissection
of only specific organs in the appropriate context; however, the
ability of PMCT to reliably detect intracranial abnormality in cases of
fatal meningitis is not known and this may have implications for
approaches to targeted dissection.
This study was undertaken to assess the ability of PMCT to detect
intracranial abnormality in cases of fatal meningitis.
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Kappa coefficients ranged from fair (0.273-0.384; most inexperienced reviewer to
other reviewers), moderate (0.487 FP(a) – radiologist), to substantial (0.656 –
FP(a)–FP(b), 0.672 FP(b)-radiologist).

Methods and Materials

Discussion

A search was conducted of all deaths that underwent medicolegal
autopsy at the Provincial Forensic Pathology Unit in Toronto,
Ontario, Canada between January 1, 2013- June 1, 2019 to identify
cases with cause of death containing “meningitis”.
Twenty-three cases were identified. Three cases were excluded as
a postmortem CT scan had not been performed. Control cases were
selected for the remaining 20 cases and were matched for age, sex,
and year of postmortem examination. Controls were selected such
that the cause of death was not evident in the CT head. An
additional 15 control cases were specifically added to introduce
potentially difficult differential diagnoses (such as cases with known
pseudosubarachnoid hemorrhage) as well as add cases to years
and age ranges with minimal representation (so that there were
more than 2 cases in a visually distinct age range, such as pediatric
age). All control cases had undergone full anatomical dissection at
autopsy, including removal and examination of the brain (figure 1).
The PMCT accession numbers for the cases and controls were
placed into a list and the list was randomized.
Four reviewers independently reviewed the CT scans of the head,
categorizing them into 3 categories:
1) normal
2) benign findings – dissection not necessary
3) abnormal – dissection recommended
The reviewers were specifically instructed that the implication of
categorizing a case as either (1) normal or (2) benign findings would
be that the pathologist may not open the calvarium at autopsy. The
reviewers had various levels of experience interpreting PMCT
images. One reviewer was in their first year of practice as a forensic
pathologist and had not previously trained using PMCT. Two
reviewers were practicing forensic pathologists (3 and 9- years in
practice) who self-identified as being comfortable interpreting PMCT
images. The final reviewer was a board- certified radiologist with
extensive experience interpreting PMCT images.
The cause of death as determined by the autopsy was accepted as
the gold standard. Interobserver agreement was determined by
Cohen kappa coefficients between observers. Sensitivity and
specificity of PMCT for the detection of any intracranial abnormality
requiring dissection in cases fatal meningitis was determined for
each reviewer.

Figure 1. Postmortem CT and autopsy findings in cases of fatal bacterial meningitis
compared to PMCT findings in a control non-meningitis case. A – C: PMCT finding of
pseudosubarachnoid hemorrhage-like appearance (arrows) that correlated with purulent
bacterial meningitis at autopsy. A – in addition, a left subdural hemorrhage is evident on
PMCT (arrowheads) and in the autopsy photo. B – in addition, hydrocephalus is evident
on PMCT, likely a result of obstructive phenomenon in this basal-predominant meningitis
case. D: Pseudosubarachnoid hemorrhage in a case of fatal drug toxicity appearing
similar to the meningitis cases (the appearance is the result of a survival interval in the
intensive care unit post-resuscitation with the development of cerebral edema and
increased intracranial pressure).

PMCT is well-suited to detect skeletal trauma, intracorporal gas, and foreign
bodies, but there remain limitations that prevent PMCT from entirely replacing
anatomical dissection in death investigations, depending on the circumstances of
the case and the specific medicolegal questions to be answered. Fatal pathology
and/or injury to soft tissue and organs may not be apparent due to inherent
limitations in the visualization of these processes in non-contrast enhanced
studies. Cardiac, pericardial, lung, vascular, liver, kidney, spleen, and diaphragm
injuries have been reported as often missed [1]. There is a relative paucity in the
literature regarding the use of PMCT in determining natural causes of death.
Available evidence suggests that common natural causes of death such as
cardiovascular disease (myocardial infarction), pulmonary embolism, cancer, and
infectious diseases can be missed if using PMCT alone [2,3].
The current study demonstrates that there is a possibility that fatal meningitis can
be missed using PMCT alone, regardless of the level of training or experience of
the image reviewer. Using a conservative approach, asking reviewers to seek any
intracranial abnormality that they felt should be further assessed by dissection,
such intracranial abnormalities were noted in the majority, but not all, cases of fatal
meningitis, with an overall sensitivity of ~65-75%.

Summary

Reviewer

Sensitivity % (95% CI) Specificity % (95% CI)

FP(a)

75.0 (50.9 – 91.3)

74.3 (56.7 – 87.5)

•

FP(b)

65.0 (40.8 – 84.6)

88.6 (73.3 – 96.8)

•

FP(c)

65.0 (40.8 – 84.6)

54.3 (36.7 – 71.2)

Radiologist 75.0 (50.9 – 91.3)

65.7 (47.8 – 80.9)

•

•

Table 1. Sensitivity and specificity of PMCT for the detection of any intracranial
abnormality requiring dissection in cases of fatal bacterial meningitis.

PMCT is a powerful tool that is increasingly recognized for its capacity to
supplement or supplant traditional anatomical dissection in certain medicolegal
cases
Current forensic autopsy practice may include altering the approach to
anatomical dissection after consideration of the history/circumstances, death
scene information, and findings of PMCT
The current study demonstrates fatal bacterial meningitis may be missed by
review of the PMCT findings alone, with a sensitivity of PMCT between 65-75%
for the detection of any intracranial abnormality requiring dissection in cases of
autopsy proven bacterial meningitis
In the absence of a history to suggest meningitis, targeting anatomical
dissection to exclude opening of the calvarium presents a potential risk of
missing fatal bacterial meningitis
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