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A 35-year-old man was found dead by his wife. He was
reported to have had symptoms of a common cold the week
preceding his death. The medicolegal autopsy yielded signs of
central dysregulation (ectasia of the urinary bladder and rec-
tum, dystelectasis of the lungs) together with marked brain
edema and fresh bite marks on the tongue. The cause of death
was presumed to be lethal epileptic seizure. Neuropathologic
examination revealed neuronal nodular heterotopia as well as
discrete lymphocytic meningitis (aseptic meningitis). The death
was most probably caused by the combination of the meningitis
with the occult malformation, leading to a lowered seizure
threshold and subsequent lethal seizure. The morphologic find-
ings of this case are presented, and the probable mechanisms of
death are discussed.
Key Words: Sudden death—Brain malformation—Meningi-
tis—Aseptic—Neuronal heterotopia.

Sudden unexpected death has been defined as death
occurring in a very short interval beginning from the
onset of symptoms, making it impossible for any physi-
cian familiar with the patient to certify the cause of death
with reasonable accuracy. The length of the interval has
been given as long as 24 hours by some authors and as
short as 1 hour by others (1,2).

Intracranial pathologic conditions as a cause of sudden
unexpected death are all too familiar to the forensic
practitioner. Intracranial bleeding (intracerebral hemor-
rhage or spontaneous subarachnoid hemorrhage), infec-
tions (bacterial meningitis), sudden unexpected death in
patients with epilepsy (SUDEP), and tumors are among
the most frequent (3).

Neuronal nodular heterotopia, defined as nodules of
gray matter in an inappropriate location (4), are a fre-
quent finding both in patients with intractable epilepsy
and in normal subjects after careful neuropathologic ex-
amination.

We present the case of a 35-year-old man with clini-
cally silent and occult nodular heterotopia, in whom an
additional benign lymphocytic meningitis led to death
resulting from epileptic seizure.

CASE REPORT

The 35-year-old man worked as a physician in a hos-
pital. He was reportedly in complete good health, apart
from stress at the job and being a heavy smoker. During
the week preceding his death he experienced a common
cold (fever, headaches, malaise, coughing, sneezing). On
the day of his death, he went to bed at about 11 P.M. and
suddenly sat up in bed, leading to his wife’s “impression
of something being wrong.” She went to another room to
call an ambulance. When she came back, the man had
fallen out of bed and was lying on the floor, pulseless and
breathless. Despite cardiopulmonary resuscitation at-
tempts by the emergency physician who arrived some 5
minutes later at the scene, the man died. A legal autopsy
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was initiated by the local authorities and was performed
36 hours after the death.

Autopsy Findings
The body was that of a 35-year-old obese man (body

weight 102 kg, body length 181 cm). Apart from signs of
cardiopulmonary resuscitation (electrodes, vein cannu-
las) no external abnormalities could be seen. Signs of
central dysregulation were present, with ectasia of blad-
der and rectum, pulmonary dysteletasis and edema, and
marked brain edema (fresh brain weight 1720 g). Fresh
bite marks appeared on the tongue. Slight general and
coronary atherosclerosis was seen. Acute infection of the
upper airways was seen, with edema and congestion of
the bronchial mucosa and moderate amount of mucus.
The remaining morphologic findings were completely
unremarkable. Intoxication was ruled out: the blood al-
cohol concentration was 0.00 mg/ml, and toxicologic
analysis failed to detect any drugs or unusual substances.
Histologic analysis of the internal organs yielded no
pathologic findings, especially no signs of myocarditis or
pneumonia. Death was attributed to epileptic seizure, and
the unsliced brain was fixed in formalin for 3 weeks.

Neuropathologic Findings
Macroscopically, signs of marked brain edema with

flattened gyri, compression of the ventricular system,
and prominent temporal and tonsillar herniation were
seen. Around the occipital horns of the lateral ventricles,
nodules of gray matter were seen bilaterally, bulging into

the ventricular lumen, raising the suspicion of sub-
ependymal nodular heterotopia (Fig. 1).

Microscopically, the heterotopia consisted of clusters
of disorderly arranged neurons and glia lining the ven-
tricular wall. The overlying cerebral cortex appeared
normal. Furthermore, there were scanty to moderate lym-
phocytic infiltrates in the subarachnoid space and in the
perivascular spaces surrounding some of the superficial
cortical blood vessels (Fig. 2). Immunohistochemically,
these infiltrates consisted mainly of T lymphocytes in-
termingled with some B lymphocytes. Further immuno-
histochemical studies failed to reveal antigens of herpes
simplex virus type I and II, cytomegalovirus, Epstein-
Barr virus, varicella zoster virus, mumps virus, or human
immunodeficiency virus. No other abnormalities could
be found, in particular no indications of epileptic scars
(hippocampal sclerosis) or other malformations.

DISCUSSION

According to most recent advances in the research of
cerebral cortical development, this extremely complex
process can be subdivided into three general and over-
lapping steps: (1) cell proliferation, which includes neu-
ronal and glial proliferation and apoptosis, (2) neuronal
migration, and (3) cortical organization (5). These mile-
stones of cerebral cortical development provide a frame-
work of both known and yet undescribed malformations,
given that each of the steps has its own unique set of
characteristic malformations.

Disorders of neuronal migration, for example, may
interrupt any of the many complex and interacting pro-
cesses that lead the immature neuron through the devel-
oping hemisphere until it reaches the proper layer of the
mature cerebral cortex (5).

FIG. 1. Occipitomedial right with nodular mass of ectopic
grey substance (white arrowhead) bulging into the ven-
tricular lumen (Elastica-van-Gieson).

FIG. 2. Subarachnoid space between two adjacent gyri
showing moderate lymphocytic infiltrates H & E; original
magnification 10�.
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Neuronal heterotopias are malformations that result
from disorders of neuronal migration, allowing multipli-
cation of neuroblasts but preventing or arresting their
migration from the periventricular region into the later
cerebral cortex (6). They consist of aggregates of neu-
rons and glia that form a nodular, bandlike or ribbonlike
mass of gray matter in an appropriate location (4–6).
Heterotopias may be single or multiple, unilateral or
bilateral. They can be located just beneath the ventricular
lumen (subependymal), in the deep white matter (sub-
cortical), or even in the arachnoid (marginal glioneuro-
nal) (5). They can be associated with accompanying
malformations of the overlying, corresponding cortex.
The genetic basis of some rare familial forms of hetero-
topias have been elucidated (7–9); however, most cases
appear to be sporadic (6). In animal models of heteroto-
pia, orthodromic and antidromic neuronal connections
between the heterotopia and overlying neocortex and
hippocampus can be found. Furthermore, both the hete-
rotopia and the overlying cortex show altered excitatory
and inhibitory neurotransmitter receptor units, an in-
crease in intrinsically bursting neurons, and prolonged
depolarization potentials (10), findings that help explain
the fact that heterotopias can produce epilepsy in animal
models and in humans.

The term “aseptic meningitis” was coined long ago to
describe a clinical syndrome of meningeal inflammation,
in which common bacterial agents could not be identified
in the cerebrospinal fluid (11). With newer and more
sophisticated techniques, many pathogens, mostly viral,
have been associated with this syndrome. Nowadays, the
term is used to describe a syndrome of fever, headache,
and meningeal irritation together with moderate lympho-
cytic pleocytosis in the cerebrospinal fluid. Implicit in
the definition is the absence of signs of involvement of
the brain (encephalitis) or spinal cord (myelitis), which
in turn underlies the benignity of the illness in the over-
whelming number of cases (11). Depending on the
amount and sophistication of diagnostic methods used,
members of the family of enteroviruses can be detected
in 75% to 90% of all cases with aseptic meningitis
(12,13).

According to the morphologic findings in our case, this
35-year-old man had both bilateral subependymal nodular
heterotopia and benign lymphocytic (aseptic) meningitis.
The cause of the meningitis could not be elucidated, but
because most of the rarer forms of aseptic meningitis (her-
pes simplex virus type I and II, cytomegalovirus, Epstein-
Barr virus, varicella zoster virus, mumps virus, and human
immunodeficiency virus (11)) could be ruled out by immu-
nohistochemistry, the infectious agent in our case could
well have been a member of the family of enteroviruses (for
which no antibody exists).

Seizures are not considered as part of the clinical
spectrum in lymphocytic meningitis without involve-

ment of the brain proper (no encephalitis). As for the
necessary lowering of seizure thresholds, the gray matter
has to be affected by the inflammatory process (14,15).
Heterotopias are a relatively frequent finding in un-
selected patients with epilepsy, e.g. 10% in the series of
Meencke and Veith (16), and epilepsy is a rather com-
mon symptom in patients with symptomatic heterotopias,
e.g. 82% in the series of Dubeau et al. (6)). Therefore, it
seems justified to conclude that the clinically silent hetero-
topias in our case might very well have lowered the seizure
threshold to a point at which any other disturbance in the
dynamics of the neuronal network (14) led to the terminal
lowering of the threshold that did indeed cause the lethal
seizure. All findings in this case strongly suggest the men-
ingitis as being this additional disturbance.

In our opinion, the patient in this case could not be
classified as a SUDEP case, because in all definitions the
diagnosis of epilepsy, meaning recurrent unprovoked
seizures, is mandatory (17,18). In the history of this man
there were no indications of recurrent seizures, and it
seems reasonable to assume that he himself, as a doctor,
would have easily recognized the symptoms of a seizure.

Retrospectively, we believe that the man in our case
experienced a provoked or acute symptomatic seizure
because it occurred in close temporal relationship with
an acute meningitis. Judging from the history given by
the wife, a registered nurse, who witnessed the man
sitting up in bed and giving her the impression of “some-
thing being wrong,” the seizure could at least initially
have been a partial one (given that no tonic and/or clonic
movements were noted by her). Finally, the partial sei-
zure obviously generalized secondarily, with the fresh
tongue bites as the strongest indicator for this event.

The issue concerning the actual terminal cause of
death resulting from seizure has not yet been solved.
Central apnea is known to occur in seizures (19,20), and
this would very well explain the signs of central dys-
regulation in our case. Other theories draw attention to
the arrhythmogenic epileptic death, because seizures are
known to potentially induce malignant cardiac arrhyth-
mias (21,22).

Our case cannot contribute further to this debate, but
it underlines once more the importance of meticulous
investigation and analysis of unexplained deaths. This is
especially true for neuropathologic studies, which we rec-
ommend be done in all cases of unexplained death with a
suspected intracranial cause, because only the analysis of
the formalin-fixed brain by an experienced neuropatholo-
gist is capable of detecting even the slightest morphologic
cause of sudden unexplained death (23,24).
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