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Abstract
Sudden unexpected death due to central nervous system (CNS)-related pathologies though far less common
than cardiac causes still account for a substantial proportion of sudden deaths that occur worldwide. This
review covers the most common causes of sudden unexpected death due to CNS-related pathologies
encountered by forensic pathologists. These include intracerebral hemorrhage, aneurysmal subarachnoid
hemorrhage, ischemic stroke, epilepsy, brain tumors, and infectious causes. Related rare causes are not
discussed and are beyond the scope of this review. The role of neuroimaging and genetic testing
as autopsy ancillary investigations in such sudden deaths is also discussed.
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Introduction And Background
Sudden natural death is one of the intriguing cases seen in forensic pathology. It is defined as natural
unexpected nontraumatic death in apparently healthy individuals occurring instantaneously or in less than
24 hours after the onset of clinical symptoms [1]. It is most often the result of cardiovascular disease, which
was reported to be the cause of sudden death in 56.4%-73% of cases, 58% of which was caused by coronary
artery disease [2-3]. The most common non-cardiac causes of sudden death were epilepsy (23.8%),
intracerebral hemorrhage (23.8%), asthma (16.1%), and pulmonary embolism (12.5%), and the cause of
death was undetermined in 4.3% [3]. Sudden death due to central nervous system (CNS) causes accounted
for 15% of all cases of noncardiac deaths and was one of the most common non-cardiac causes of sudden
death [4].

Some of the notable intracranial causes of sudden unexpected death include intracranial hemorrhage,
ischemic stroke, epilepsy, brain tumors, meningitis, and cerebral abscess (Table 1) [5]. The majority of
sudden natural deaths occur outside hospitals and because neuropathology autopsies are uncommonly
performed, a cardiac cause of death is most often assumed and neurologic causes could be easily missed [4].
A study examined the numbers of sudden neurologic death in apparent sudden cardiac death cases [4]. Of
335 cases, 18 (5.4%) had an acute neurologic cause of death [4]. Identifying cases of sudden neurologic death
carries great significance, as it would provide a better estimation in epidemiological studies in terms of
disease burden and mortality rates.

CNS causes of sudden unexpected death

Intracerebral hemorrhage

Aneurysmal subarachnoid hemorrhage

Ischemic stroke

Epilepsy

Brain tumors 

Infectious causes

TABLE 1: Notable CNS causes of sudden unexpected death

This review covers the most common causes of sudden unexpected death due to CNS-related pathologies

1 1 1 2
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encountered by forensic pathologists. Related rare causes are not discussed and are beyond the scope of this
review. The role of neuroimaging and genetic testing as autopsy ancillary investigations in such sudden
deaths is also discussed.

Review
CNS-related causes of sudden unexpected death
Vascular Malformations 

Vascular malformations constitute one of the causes of intracerebral hemorrhage among others including
brain neoplasms, coagulopathies, and cerebral and venous sinus thrombosis [6]. Arteriovenous
malformations (AVMs) of the brain are abnormal vascular anomalies in which a connection exists between
the feeding arteries and draining veins of the brain linked by an interspersed abnormal intervening capillary
bed - known as a central nidus [7-8]. Clinically, brain AVMs are a well-known cause of death, mostly due to
the resulting intracerebral hemorrhage; however; they can remain asymptomatic for a very long time [8]. In
the pediatric age, ruptured AVMs are considered a rare cause of sudden unexpected death. Cioca et al. report
an exceedingly rare case of sudden non-traumatic death in a previously healthy nine-year-old boy due to a
ruptured AVM of the choroid plexus of the fourth ventricle [7]. Another case by Racette et al. reported the
sudden non-traumatic death of a 14-year-old girl who was previously well, except for mild asthma [9].
Examination of the brain revealed that a ruptured AVM caused an intracerebral hemorrhage [9]. In addition,
Kerhunen et al. reported that brain AVMs were seen in 0.06% of medicolegal autopsies conducted in Helsinki
(five out of 8038 consecutive autopsies) [10]. Clinically, only 12% of AVMs become symptomatic, with
intracerebral hemorrhage being the most common clinical presentation [8]. Other presentations of AVMs
include seizure, chronic headache, and focal deficits not related to hemorrhage [8]. It was reported that
children who have brain AVMs have a worse prognosis than adults and a much higher bleeding tendency [8].

Although the majority of AVMs have a sporadic origin, familial cases have been reported in the literature
[11]. Therefore, a histologic evaluation of grossly unidentified AVMs is of crucial value to surviving family
members of the deceased [12]. It is noteworthy that very small malformations may not be evident on
imaging or gross autopsy examination but rather found on histological examination. Therefore, it is
recommended that forensic pathologists take numerous sections from hemorrhagic areas, including
adjacent brain parenchyma and the choroid plexus [7,12].

Besides AVMs, other vascular malformations of concern include dural arteriovenous fistulas (DAVFs),
cavernous malformations, and developmental venous anomalies (DVAs) [12]. DAVFs are vascular
malformations that consist of abnormal connections between the arteries and veins of the dura mater [8].
They are responsible for approximately 10% to 15% of intracranial vascular malformations and unlike AVMs,
they tend to be acquired and present later in life [12]. Cerebral cavernous malformations (cavernous
angiomas) are clusters of irregular blood vessels lacking muscular or adventitial layers with no brain tissue
present in between, whereas DVAs are persistent embryonic connections between the cortical and deep
venous systems of the brain [8].

Tomcik et al. reported three cases of sudden nontraumatic intracerebral hemorrhage resulting from vascular
malformations of the brain. In the first case, a 14-year-old girl presented with neck pain, headache, and
vomiting of increasing severity [12]. On computed tomography (CT) scan of the brain, she was found to have
an intraventricular hemorrhage with a midline shift [12]. Microscopic examination of the brain revealed a
vascular malformation in the right thalamus and the cause of death was intraventricular hemorrhage [12].
Another case describes a 53-year-old man, a known hypertensive with elevated cholesterol, who was found
dead at home by his wife [12]. Upon examination, it was found that he had a ruptured small cerebellar
vascular malformation with associated intraparenchymal hemorrhage and subarachnoid hemorrhage [12].
Similarly, the cause of death of the last case reported was ruptured cerebellar vascular malformation. In all
reported cases, the vascular malformations were not fully identified grossly but were rather confirmed by
meticulous histologic examination. Hence, it is important for forensic pathologists to thoroughly investigate
the underlying cause of hemorrhage by performing meticulous gross and histologic examinations for a more
accurate assignment of the cause of death.

Cerebral Venous Thrombosis

Cerebral venous thrombosis is a rare cerebrovascular disease, occurring with an incidence of five per
1,000,000 per year [13]. It is defined as thrombosis of the intracranial veins and sinuses. Symptoms tend to
be nonspecific such as headache, nausea, and vomiting, and are likely to be of longer duration rather than
occurring suddenly. The most common but nonspecific symptom of sinus thrombosis is a headache, which
mostly has an insidious onset and increases gradually over time. Etiologies behind CVT are numerous,
including pregnancy, use of contraceptives, hypercoagulable states, and inflammatory and infectious
conditions among others. CVT is often diagnosed late due to its highly variable clinical presentation, and
this is mostly true in patients without known risk factors. CVT has a mortality rate ranging from 30% to 50%;
however, current improved neuroimaging techniques have allowed improved diagnosis of pathologies that
lead to precise intervention to achieve a good prognosis [8,13]. Non-contrast CT performed in an emergency
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setting may suggest the diagnosis of CVT, but magnetic resonance angiography (MRA) or digital angiography
are the most effective techniques to diagnose the condition [8,13]. De-Giorgio et al. reported sudden death
in a 31-year-old woman, a nonsmoker, who was not known to have any medical illness and was not using
any contraceptives [13]. The patient initially presented with a history of intermittent headaches for two
months at the nape of the neck with cervical pain not responding to nonsteroidal anti-inflammatory drugs
(NSAIDs). Subsequently, she presented in an acute-onset comatose state with anisocoria. Head CT scan
suggested the diagnosis of CVT but neither CT angiography (CTA) nor MRA was performed due to her
hemodynamic instability. An autopsy revealed CVT that extended from the confluence of the sinuses to the
right transverse sinus and tip of the superior sagittal sinus, in addition to a thrombus that obstructed the
right internal jugular vein [13]. Screening for other causes such as toxicological or inherited prothrombotic
factors was negative. As a result, spontaneous primary jugular vein thrombosis was the most likely cause of
CVT [13]. One should have a high index of suspicion for CVT especially in young patients who develop an
unusual headache or present with stroke-like symptoms in the absence of vascular risk factors and in
patients with CT evidence of hemorrhagic infarcts [13].

Aneurysmal Subarachnoid Hemorrhage 

Subarachnoid hemorrhage (SAH) is a life-threatening emergency resulting from the extravasation of blood
into the subarachnoid space. The leading cause of nontraumatic SAH is the rupture of an intracranial
aneurysm, accounting for 80% of cases with high morbidity and mortality rates [14]. An intracranial
aneurysm is defined as pathological dilatation of a localized part of an artery in the brain. Most aneurysms
are true aneurysms located in the Circle of Willis and usually arise as solitary lesions [8]. Risk factors
associated with intracranial aneurysmal hemorrhage include cigarette smoking, high blood pressure, heavy
alcohol consumption, and the use of anticoagulants or contraceptive medications [8]. Lindbohm et al.
reported that normotensive patients aged less than 50 years who never smoked and have an unruptured
intracranial aneurysm are at low risk not only for rupture but also for sudden death from SAH [15].
Furthermore, Huang et al. estimated the overall probability of sudden death from aneurysmal SAH to be
12.4% with posterior circulation aneurysms contributing to 44.7% risk as compared to 12.1% for anterior
circulation ones [16]. Moreover, Schievink et al. reported that 27% of patients suffering from ruptured
posterior circulation aneurysms never reached the hospital as opposed to 9% of those with anterior
aneurysms [17]. According to Freytag, 79% of subjects with basilar artery aneurysms died instantaneously
compared to 59% of those with anterior circulation aneurysms [18].

A prospective study examining nontraumatic SAH found that 54% of patients suffered from a ruptured
intracranial aneurysm causing sudden death; 14% of those died before receiving any medical attention while
40% died in the first 24 hours after hospitalization [14]. Additionally, Schievink et al. reported a similar
percentage, which signifies the importance of early detection of aneurysms in preventing the possible risk of
rupture [17].

Clinically, patients with aneurysmal SAH present most frequently with a sudden severe headache followed
by loss of consciousness, nausea, vomiting, and focal neurologic deficits [8,14]. Complications of SAH
include rebleeding and cerebral vasospasm. Rebleeding refers to a second rupture of the intracranial
aneurysm and occurs in about 20% of patients after the initial bleeding and accounts for a 50% mortality rate
[14]. Cerebral vasospasm is defined as narrowing of the arteries in the brain due to vascular spasm, which if
severe enough can lead to stroke or death. Seven out of 10 patients with aneurysmal SAH develop
vasospasm [14]. Rarely, in 10% to 15% of patients with SAH, no aneurysm or AVM is detected by angiography
[19]. In these cases, the source of the bleeding is originating from perimesencephalic veins or capillaries [19].
These cases have a better prognosis than aneurysmal SAH and are less likely to rebleed [19].

Doberentz et al. reported a case of the sudden death of a 25-year-old woman who was diagnosed to have
Alagille syndrome (AGS) [20]. The cause of death was SAH with invasion to the ventricular system resulting
from a ruptured large saccular aneurysm of the terminal basilar artery. In patients with AGS, intracranial
hemorrhage was reported in 14% to 16% of cases [20]. Vascular screening should be carried out in cases
diagnosed with AGS as they have been reported in the literature to cause sudden unexpected death [20].

Cerebral Arterial Dissection

Cerebral arterial dissection (CAD) is one of the causes of stroke. Stroke has been reported as a cause of
sudden death in 3% of cases, constituting the fourth most common cause of sudden death after sudden
cardiac death, sudden death due to pulmonary embolism, and infectious diseases [21]. In 38% of these cases,
no previous medical history was known [21]. When comparing hemorrhagic with ischemic stroke,
hemorrhagic stroke is by far the most frequently reported cause of death in stroke cases, contributing to 94%
of sudden death incidents compared to 6% caused by ischemic stroke [21-22]. Clinically, 19% of patients
present with neurological symptoms one to 24 hours prior to their death, with headache being the most
common complaint [21]. Other symptoms include decreased level of consciousness and weakness or
numbness of the extremities [21].

Matschke reports the interesting finding of CAD in four cases as a cause of sudden death due to ischemic
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stroke in children [23]. Risk factors for ischemic stroke in children include congenital heart disease, sickle
cell anemia, infectious and inflammatory disorders, and primary vasculopathies [23-25]. Yet, in several
patients, the cause remains undetermined [23-24]. CAD has been increasingly identified in current literature
as a cause of stroke [23-28]. It was found that there is a male predominance among children with CAD and
unlike in adults, CAD in pediatric age tends to occur most frequently in intracranial vessels [27]. In cases
reported by Matschke, cerebral infarctions were mainly found in the territory of the middle cerebral artery
(MCA) due to dissection of the left MCA [23]. Childhood CAD carries a poor prognosis with a 33% mortality
rate in anterior circulation arterial dissections and 2% in posterior ones [29].

Epilepsy 

Sudden unexpected death in epilepsy (SUDEP) is defined as sudden, unexpected, nontraumatic, non-
drowning, witnessed or unwitnessed death occurring in an otherwise healthy individual with epilepsy with
or without evidence of seizure in which postmortem examination is unrevealing [30-32]. SUDEP is classified
into definite, probable, and possible. In definite SUDEP, an autopsy has confirmed the absence of anatomical
or toxicological cause of death [30-31]. In probable SUDEP, an autopsy has not been done but the
circumstances of death are strongly suggestive of SUDEP while possible SUDEP describes a situation in
which SUDEP cannot be excluded and should be considered among the explanations of death [30-32].
Patients diagnosed with epilepsy have a nearly 24 times higher risk of sudden unexpected death compared to
the general population [33]. Moreover, patients with chronic refractory epilepsy were shown to have a higher
risk of SUDEP [32].

Despite the extensive literature on SUDEP, the pathophysiology underlying SUDEP remains uncertain, and it
is likely due to more than only one mechanism. Peri-ictal impairment of respiratory function, post-ictal
impairment of brain function, cardiac arrhythmias, and autonomic dysfunction have all been implicated as
mechanisms [34-36]. Most cases of SUDEP are unwitnessed and are infrequently documented, which makes
it difficult to ascertain the mechanism of sudden death. In addition, very few studies include ECG, EEG, or
oxygen recordings during sudden or near-sudden death in epilepsy [36]. However, certain risk factors have
been discussed in the literature that predispose patients with epilepsy to sudden death. An important risk
factor is the presence of generalized tonic-clonic seizures (GTCS). Langan et al. compared the autopsies of
154 SUDEP cases with matched controls and found that the risk of SUDEP is 14 times higher when a history
of GTCS was reported in the previous three months [37]. Hesdorffer et al. report that compared to no GTCS
episodes, having three or more GTCS episodes in the past year carries a 10-fold increased risk for SUDEP
[31]. Other important risk factors for SUDEP include nocturnal seizures, increased seizure frequency,
cognitive delay, young age at epilepsy onset, longer duration of epilepsy, and dementia [31,34]. Studies have
been inconsistent on the potential effect of antiepileptic drugs (AEDs) on SUDEP; however, a recent review
article concluded that AEDs are not associated with increased risk for SUDEP [31]. Additionally, a recent
meta-analysis of randomized controlled trials provided strong evidence that treatment with AEDs increased
seizure control and played a role in the prevention of SUDEP [38].

Sirbu reported a rare finding of dysembryoplastic neuroepithelial tumor (DNT) in a 25-year-old woman who
was known to have refractory epilepsy [39]. DNT is a low-grade mixed neuronal and glial tumor composed of
oligodendrocytes, astrocytes, neurons, and glyconeural elements [39]. The most frequent presentation of
this tumor is partial seizure followed by signs and symptoms of increased intracranial pressure. In this case,
secondary generalization of seizures caused by the diffuse left temporoparietal DNT has led to the probable
SUDEP [39].

Heterotopias were reported in the literature to be a cause of SUDEP. These are lesions formed of aggregates
of neuronal and glial cells resulting from impaired neuronal migration allowing multiplication of
neuroblasts but preventing their migration from the periventricular region to the cerebral cortex [40-41]. In
a case reported by Matschke et al., a 35-year-old man who was in good health apart from being a heavy
smoker was found lying on the floor unconscious [40]. Autopsy revealed acute infection of the upper airways
with edema and congestion of the bronchial mucosa in addition to fresh bite marks on the tongue [40].
Neuropathologic examination showed bilateral nodules of gray matter around the occipital horns of the
lateral ventricles bulging into the ventricular lumen suggesting a subependymal nodular heterotopia [40].
These lesions had infiltrates of T lymphocytes intermingled with some B lymphocytes on
immunohistochemistry [40]. In addition, further immunohistochemical studies failed to identify multiple
viral antigens [40]. In this case, the patient had subependymal nodular heterotopia and benign lymphocytic
(aseptic) meningitis resulting in an epileptic seizure as the cause of sudden death [40].

Neuroimaging is a very useful tool in discovering structural and functional brain abnormalities that could
identify the underlying mechanism of death and provide markers to identify high-risk patients [42]. For
instance, magnetic resonance imaging (MRI) can demonstrate structural brain tissue abnormalities and
disturbance of functional connectivity, particularly within cortical and subcortical areas. Hence, it would
enable the identification of high-risk patients who are predisposed to SUDEP [42].

Primary Brain Tumors
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The incidence rate of CNS tumors worldwide is approximately 4.63 per 100,000 persons [43]. Globally, in
2016, there were 227,000 documented deaths with a death rate accounting for 3.24 per 100,000 persons [43].
Additionally, in a medicolegal autopsy series, sudden unexpected death due to primary undiagnosed CNS
tumors accounted for 0.02% to 2.1% of cases [44]. The most-reported histological types are neuroepithelial
tissue tumors, which contribute to 28.2% of all primary CNS tumors [45-46]. These include astrocytic,
oligodendroglial, ependymal, and embryonal tumors among others. Among these, astrocytic tumors are
considered the most common type of brain tumor, accounting for more than 38% of all primary CNS lesions
[47]. A review of cases of sudden unexpected death based on the World Health Organization (WHO)
classification system of CNS tumors is provided. A total of 21 cases diagnosed with astrocytic tumors was
reported by Opeskin et al. [47]. In one of the cases, a 20-year-old woman suffering from neurological
symptoms since the age of 11 months was found unconscious at home [47]. The autopsy revealed a diffuse
low-grade astrocytoma (WHO grade II) located in the brainstem, involving the reticular formation, nucleus
ambiguus, and solitary tract [47]. The autopsy on another two cases revealed anaplastic astrocytoma (WHO
grade III), which presented with neurological symptoms before the time of death. Another case describes a
67-year-old man who presented to the hospital with a diagnosed brain tumor a month prior to his death
[45,48]. Similarly, a 36-year-old man presented to the hospital with a headache and other neurological
symptoms prior to death [45,48]. Other astrocytic tumors reported to cause sudden death include two cases
of subependymal giant cell astrocytoma and another two with pilocytic astrocytoma [49-51]. Moreover, 12%
of all cases of sudden unexpected death due to primary intracranial tumors are due to glioblastoma
multiforme (GBM) (WHO grade IV). Riezzo et al. reported a total of 13 cases of sudden death due to
undiagnosed GBM, of which eight had no prior neurological symptoms while the remaining four had
symptoms like headaches and non-specific cognitive or personality changes [44]. The last case was a case of
undiagnosed GBM found in a 10-week-old infant who presented with irritability and vomiting prior to death
[44]. In a case series including 11 cases of undiagnosed primary CNS tumors, seven glial tumors were
reported: one diffuse astrocytoma (grade II), one anaplastic astrocytoma (grade III), one malignant glioma
not otherwise specified, and four GBM (grade IV) [45]. The remaining four cases included one schwannoma,
one pituitary adenoma, and two colloid cysts [45]. The most frequently reported mechanism of death among
the cases was increased intracranial pressure.

Meningiomas are mostly benign meningothelial cell neoplasms, typically originating from the inner surface
of the dura mater and represent 37.1% of all intracranial tumors [46]. Gitto et al. reported a total of 12 cases
with sudden unexpected death occurring due to unrecognized intracranial meningioma [52]. Postmortem
examination reports different etiologies that demonstrate various mechanisms of death in cases of
meningiomas [52]. For instance, peritumoral brain edema, which causes increased intracranial pressure, was
found to be the mechanism of death in a total of five cases [52]. However, three of these cases showed
complications of direct compression to the adjacent structures most commonly the cerebellum and the
brainstem, which are crucial for monitoring metabolic processes and regulating other autonomic nervous
system activities [52].

Pituitary adenomas are the most frequently reported CNS neoplasms, accounting for 16.8% of all intracranial
tumors [46]. They are classified into micro and macroadenomas. Two fatal cases reported by Salami et al.
presented with altered mental status and neurological symptoms in addition to a history of visual loss [53].
Postmortem examination of both cases revealed giant pituitary adenomas [53]. Among the important
complications of pituitary adenomas is pituitary apoplexy, which occurs either because of pituitary tumor
bleeding or compromise of blood supply causing necrosis and swelling [54]. Two cases reported sudden
death due to undiagnosed pituitary adenomas complicated by pituitary apoplexy [53-54]. In both cases, the
postmortem examination revealed a mass with extension to suprasellar regions and adhesions to the
adjacent structures [53-54].

Embryonal tumors are a group of CNS tumors that are highly malignant and classified histologically as
neuroepithelial in origin. Among the common types of embryonal tumors is medulloblastoma, which is a
highly malignant tumor that is seen more commonly in children. Although adult cases of medulloblastoma
account for less than 1% of all adult intracranial tumors, two cases reported sudden death resulting from
adult-type medulloblastoma [55-56]. The first case was a 21-year-old man who was not known to have any
medical illness while the second case was a 28-year-old pregnant woman at the 33-week-gestational period
[55-56]. In children, the incidence rate of medulloblastoma peaks at the age of nine years and younger [46].
Four cases have been reported in the literature where the cause of sudden death was documented to be
undiagnosed medulloblastoma [46,57].

Schwannomas are non-malignant nerve sheath tumors that are usually located in the cerebellopontine
angle, which account for 10% of all benign intracranial tumors [58]. A review of the literature showed two
cases of pregnant women who presented with headache and vomiting and had to be admitted to the
intensive care unit (ICU) but deteriorated to death shortly after [45,58]. The cause of death by postmortem
examination was found to be schwannomas [45,58].

Colloid cysts are benign neuroepithelial tumors accounting for less than 2% of all intracranial masses and
represent 0.001% to 0.009% of cases of sudden unexpected death [59]. A systematic review by Lagman et al.
identified a total of 109 patients with colloid cysts [59]. Eighty-seven of these cases were seen in adults while
18 cases were seen in children [59]. The most common signs and symptoms reported prior to death were
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headache, nausea, vomiting, loss of consciousness, and papilledema. The most frequent mechanism of death
was acute obstructive hydrocephalus [59-61].

Gangliocytomas and gangliogliomas are low-grade neuroepithelial tumors in origin that represent 1.3% of
all CNS tumors [62]. Takahashi et al. reported a case of a 30-year-old man who was known to have cerebral
palsy with a long history of gait disturbance, repeated falling, and strabismus, and had collapsed suddenly in
bed [62]. The autopsy revealed the finding of gangliocytoma located in the medulla oblongata [62].
Moreover, gangliogliomas are neoplastic tumors with a glial component reported to be the cause of sudden
death in several cases in the literature and were found most frequently located in the brainstem [63].

Oligodendrogliomas are relatively uncommon CNS tumors that arise from the oligodendrocytes. These
tumors are rarely reported to cause sudden neurologic death. Manousaki et al. described a case of a 28-year-
old man who was found dead in his apartment [64]. Autopsy of the case concluded the diagnosis of a
hemorrhagic well-differentiated oligodendroglioma [64].

Choroid plexus xanthogranulomas are benign CNS masses that are most frequently located in the choroid
plexus of the lateral ventricle and account for 1.6% to 7% of cases [65]. In a 51-year-old man who was found
dead, postmortem examination revealed the cause of death to be a choroid plexus xanthogranuloma with
resultant intraventricular and subarachnoid hemorrhage [65].

Other primary intracranial tumors reported in the literature to cause sudden unexpected death are
exceedingly rare. They include central neurocytomas, intracranial hemangiopericytomas, meningeal
melanocytosis, intracranial teratoma, and calcifying pseudoneoplasm of the neuraxis (CAPNON).

Metastatic Brain Tumors

Brain metastasis is reported in 20% to 25% of all cancer patients and autopsy findings report intracranial
metastasis to be the cause of death in up to 25% of cases [66]. Lee et al. described a case of a 22-year-old
man who shortly prior to death experienced episodic headaches and later was found lying unconscious by
his friends [67]. Postmortem CT scan showed a prevertebral retroperitoneal mass, a lesion in the right
frontal lobe compressing the right lateral ventricle, and distinct masses in the lung, liver, and kidney [67].
Internal examination revealed a retroperitoneal mass that was diagnosed histologically as a malignant
mixed germ cell tumor with metastatic nodules to the brain, lung, liver, and left kidney [67]. The cause of
death was reported to be increased intracranial pressure due to brain metastasis occurring as a result of
metastatic retroperitoneal malignant tumor [67].

Malignant melanoma is a neoplasm derived from melanocytes. In fact, it is the third most common cause of
CNS metastasis and the five-year cumulative risk of malignant melanoma metastasizing to the CNS was
reported to be 7% [66]. Postmortem examination in a 48-year-old man who was found unconscious on the
bedroom floor showed a neoplastic mass with cerebral and cerebellar hemorrhages along with multiple
cutaneous nevi [66]. Histological and immunohistochemistry analysis confirmed the cause of death to be
metastatic melanoma [66].

Meningitis

Sudden death due to meningitis is rarely reported in the literature. A recent article describes the time and
cause of death in patients with community-acquired bacterial meningitis above the age of 15 years [68]. In a
retrospective study, six (7%) out of 84 patients had sudden unexpected death [68]. Moreover, out of 18
patients suffering from CNS complications, eight were reported dead in less than 48 hours [68].

Cerebral Abscess

Brain abscesses account for approximately 8% of intracranial masses in developing countries [69]. A
ruptured brain abscess into the subarachnoid space was responsible for the sudden death of a middle-aged
man [69]. Two weeks prior to his death, the patient had a history of fever, purulent rhinorrhea, and
headache, indicating that the most likely source of abscess spread was a sinus infection [69]. The autopsy
confirmed the presence of two frontal abscesses as well as abscess exudate found in the left frontal and left
occipital lobes with resultant meningeal inflammation [69]. Microscopically, there were gram-negative rods
and gram-positive cocci clusters [69]. Furthermore, the patient had a history of an atrial septal defect, which
might have predisposed him to paradoxical embolisms and cerebral abscesses [69].

The role of neuroimaging and genetic testing as autopsy ancillary
investigations in CNS-related sudden death
In addition to history and examination, neuroimaging and a molecular autopsy could be beneficial for the
forensic pathologist to conclude the cause of death in cases of sudden death due to CNS causes. For
instance, the most important and sensitive sequences in postmortem brain MRI used in the evaluation of
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intracranial hemorrhage are gradient recall echo (GRE) and susceptibility-weighted imaging (SWI) [70]. On
GRE, hypointensity signifies hemoglobin byproducts and can be appreciated in an acute parenchymal
hematoma [70]. Similarly, hypointensity on SWI characterizes hemorrhage [70]. Careful evaluation of these
sequences will help differentiate hemorrhage from other causes of hyperattenuation on CT such as
calcifications or highly vascular tumors. In a retrospective study involving 57 cadavers conducted to
correlate postmortem forensic neuroimaging with autopsy results, MRI and CT imaging showed a sensitivity
of 63% in the detection of hemorrhages in the white matter [71]. Moreover, postmortem MRI and
postmortem CT were superior to the autopsy in the evaluation of intraventricular hemorrhage [71].
Additionally, regarding the cause of death, brain CT and MRI showed an overall good correlation with
autopsy [71].

A conclusive cause of death could be ascertained in up to 65% of cases after macroscopic evaluation (positive
macroscopic autopsy) [72]. However, for the remaining cases in which an inconclusive autopsy (negative
macroscopic autopsy) is reported, molecular autopsy (postmortem genetic testing) plays a major role. A
molecular autopsy has the potential to improve the diagnosis of sudden unexpected death, which is
especially crucial to surviving family members. One of the most cost-effective techniques in molecular
autopsy is next-generation sequencing (NGS) particularly whole-exome sequencing (WES). WES has the
ability to rapidly analyze the entire coding sequence of the human genome, identifying rare, previously
unknown variants. In one study involving 25 victims of sudden unexpected death, 18 were found to have
mutations potentially causing sudden unexpected death [73]. One drawback of WES is that a great number of
variants must be assessed to identify the potentially causal variant. For this reason, the human phenotype
ontology (HPO) annotation is used internationally for phenotyping rare diseases [74]. A study used, for the
first time, an HPO-based evaluation of WES in sudden unexpected death [74]. It discovered 13 potentially
causative variants but only one was classified as pathologic, which is the homozygous variant in UPB1. This
variant has been recently known to trigger seizures due to b-ureidopropionase deficiency in a recessive
mode of inheritance [74]. Similarly, Assmann et al. reported the same variant in a four-month-old infant
with an acute life-threatening event with febrile status epilepticus [75]. Furthermore, whether a patient
develops neurological symptoms as well as severity is largely determined by the extent of reduction in
enzyme activity caused by the variant along with other environmental factors [74]. Consequently, in many
affected individuals with absent or mild neurological problems, the condition may never be diagnosed [74].
Additionally, postmortem molecular autopsy of SUDEP cases discovered variants in genes encoding for
sodium and potassium ion channel subunits, and 18 genes and four different duplications have been
reported to have a possible link to SUDEP [76].

Conclusions
Sudden unexpected death is one of the important issues in forensic pathology. Sudden death due to CNS-
related pathologies is less common when compared to cardiovascular causes. The CNS-related pathologies
causing sudden death commonly encountered in forensic autopsy practice include vascular malformations,
aneurysmal subarachnoid hemorrhage, epilepsy, brain tumors, and infectious causes like meningitis and
cerebral abscess. Neuroimaging and genetic testing are important autopsy ancillary investigations that help
in the diagnosis of such cases. Besides, a molecular autopsy in such cases helps in the identification of
relatives of the deceased who are at high risk of being predisposed to sudden death from a similar cause, for
instance, SUDEP.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. WHO Scientific Group on Sudden Cardiac Death & World Health Organization. Sudden cardiac death: report

of a WHO scientific group [ meeting held in Geneva from 24 to 27 October 1984]. (1985). Accessed: November
19, 2020: https://apps.who.int/iris/handle/10665/39554.

2. Drory Y, Turetz Y, Hiss Y, et al.: Sudden unexpected death in persons <40 years of age . Am J Cardiol. 1991,
68:1388-92. 10.1016/0002-9149(91)90251-f

3. Puranik R, Chow CK, Duflou JA, Kilborn MJ, McGuire MA: Sudden death in the young. Heart Rhythm. 2005,
2:1277-82. 10.1016/j.hrthm.2005.09.008

4. Kim AS, Moffatt E, Ursell PC, Devinsky O, Olgin J, Tseng ZH: Sudden neurologic death masquerading as out-
of-hospital sudden cardiac death. Neurology. 2016, 87:1669-73. 10.1212/WNL.0000000000003238

5. Itabashi HH, Andrews JM, Tomiyasu U, Erlich S, Sathyavagiswaran L: Forensic Neuropathology. A Practical
Review of the Fundamentals. Elsevier Academic Press, San Diego, CA; 2007.

6. Linn J, Brückmann H: Differential diagnosis of nontraumatic intracerebral hemorrhage . Klin Neuroradiol.
2009, 19:45-61. 10.1007/s00062-009-8036-x

2022 Alotaibi et al. Cureus 14(1): e20944. DOI 10.7759/cureus.20944 7 of 10

https://apps.who.int/iris/handle/10665/39554
https://apps.who.int/iris/handle/10665/39554
https://dx.doi.org/10.1016/0002-9149(91)90251-f
https://dx.doi.org/10.1016/0002-9149(91)90251-f
https://dx.doi.org/10.1016/j.hrthm.2005.09.008
https://dx.doi.org/10.1016/j.hrthm.2005.09.008
https://dx.doi.org/10.1212/WNL.0000000000003238
https://dx.doi.org/10.1212/WNL.0000000000003238
https://www.sciencedirect.com/book/9780120585274/forensic-neuropathology
https://dx.doi.org/10.1007/s00062-009-8036-x
https://dx.doi.org/10.1007/s00062-009-8036-x


7. Cioca A, Gheban D, Perju-Dumbrava D, Chiroban O, Mera M: Sudden death from ruptured choroid plexus
arteriovenous malformation. Am J Forensic Med Pathol. 2014, 35:100-2. 10.1097/PAF.0000000000000091

8. Cognard C, Dörfler A, Forsting M, et al.: Intracranial Vascular Malformations and Aneurysms. From
Diagnostic Work-Up to Endovascular Therapy. Springer-Verlag, Berlin, Germany; 2004. 10.1007/3-540-
30002-3

9. Racette S, Sauvageau A: Brain arteriovenous malformation and its implication in forensic pathology . J
Forensic Sci. 2007, 52:189-91. 10.1111/j.1556-4029.2006.00337.x

10. Karhunen PJ, Penttilä A, Erkinjuntti T: Arteriovenous malformation of the brain: imaging by postmortem
angiography. Forensic Sci Int. 1990, 48:9-19. 10.1016/0379-0738(90)90267-3

11. van Beijnum J, van der Worp HB, Schippers HM, et al.: Familial occurrence of brain arteriovenous
malformations: a systematic review. J Neurol Neurosurg Psychiatry. 2007, 78:1213-7.
10.1136/jnnp.2006.112227

12. Tomcik MA, Gerig NR, Prahlow JA: Sudden death from ruptured intracranial vascular malformation .
Forensic Sci Med Pathol. 2011, 7:185-91. 10.1007/s12024-010-9192-7

13. De-Giorgio F, Peschillo S, Vetrugno G, d'Aloja E, Spagnolo AG, Miscusi M: Cerebral venous sinus thrombosis
due to spontaneous, progressive, and retrograde jugular vein thrombosis causing sudden death in a young
woman. Forensic Sci Med Pathol. 2015, 11:88-91. 10.1007/s12024-014-9633-9

14. Sheikhazadi A, Gharehdaghi J: Survey of sudden death from aneurysmal subarachnoid hemorrhage in
cadavers referred to Legal Medicine Organization of Tehran, 2001-2005. Am J Forensic Med Pathol. 2009,
30:358-61. 10.1097/PAF.0b013e3181bfcd64

15. Lindbohm JV, Kaprio J, Jousilahti P, Salomaa V, Korja M: Risk factors of sudden death from subarachnoid
hemorrhage. Stroke. 2017, 48:2399-404. 10.1161/STROKEAHA.117.018118

16. Huang J, van Gelder JM: The probability of sudden death from rupture of intracranial aneurysms: a meta-
analysis. Neurosurgery. 2002, 51:1101-5; discussion 1105-7. 10.1097/00006123-200211000-00001

17. Schievink WI, Wijdicks EFM, Parisi JE, Piepgras DG, Whisnant JP: Sudden death from aneurysmal
subarachnoid hemorrhage. Neurology. 1995, 45:871-4. 10.1007/springerreference_305410

18. Freytag E: Fatal rupture of intracranial aneurysms. Survey of 250 medicolegal cases . Arch Pathol. 1966,
81:418-24.

19. Alway D, Cole JW: Stroke Essentials for Primary Care. A Practical Guide . Humana Press, New York; 2009.
20. Doberentz E, Kuchelmeister K, Madea B: Subarachnoid hemorrhage due to aneurysm rupture in a young

woman with Alagille syndrome - a rare cause of sudden death. Leg Med (Tokyo). 2015, 17:309-12.
10.1016/j.legalmed.2015.03.004

21. Ågesen FN, Risgaard B, Zachariasardóttir S, et al.: Sudden unexpected death caused by stroke: a nationwide
study among children and young adults in Denmark. Int J Stroke. 2018, 13:285-91.
10.1177/1747493017724625

22. Pekmezovic T, Tepavcevic DK, Jarebinski M, Kostic M, Bumbasirevic L: Trends in mortality from different
subtypes of stroke in the population of Belgrade (Serbia). Clin Neurol Neurosurg. 2008, 110:51-7.
10.1016/j.clineuro.2007.09.010

23. Matschke J: Fatal ischemic stroke due to dissecting aneurysm of the intracranial arteries presenting as
sudden unexpected death in childhood. Am J Forensic Med Pathol. 2010, 31:364-9.
10.1097/paf.0b013e3181fbe45a

24. Williams LS, Garg BP, Cohen M, Fleck JD, Biller J: Subtypes of ischemic stroke in children and young adults .
Neurology. 1997, 49:1541-5. 10.1212/wnl.49.6.1541

25. Ganesan V, Prengler M, McShane MA, Wade AM, Kirkham FJ: Investigation of risk factors in children with
arterial ischemic stroke. Ann Neurol. 2003, 53:167-73. 10.1002/ana.10423

26. Giroud M, Lemesle M, Gouyon JB, Nivelon JL, Milan C, Dumas R: Cerebrovascular disease in children under
16 years of age in the city of Dijon, France: a study of incidence and clinical features from 1985 to 1993. J
Clin Epidemiol. 1995, 48:1343-8. 10.1016/0895-4356(95)00039-9

27. Chabrier S, Lasjaunias P, Husson B, Landrieu P, Tardieu M: Ischaemic stroke from dissection of the
craniocervical arteries in childhood: report of 12 patients. Eur J Paediatr Neurol. 2003, 7:39-42.
10.1016/S1090-3798(02)00138-1

28. Rafay MF, Armstrong D, Deveber G, Domi T, Chan A, MacGregor DL: Craniocervical arterial dissection in
children: clinical and radiographic presentation and outcome. J Child Neurol. 2006, 21:8-16.
10.1177/08830738060210010101

29. Fullerton HJ, Johnston SC, Smith WS: Arterial dissection and stroke in children . Neurology. 2001, 57:1155-
60. 10.1212/wnl.57.7.1155

30. Saetre E, Abdelnoor M: Incidence rate of sudden death in epilepsy: a systematic review and meta-analysis .
Epilepsy Behav. 2018, 86:193-9. 10.1016/j.yebeh.2018.06.037

31. Hesdorffer DC, Tomson T: Sudden unexpected death in epilepsy. Potential role of antiepileptic drugs . CNS
Drugs. 2013, 27:113-9. 10.1007/s40263-012-0006-1

32. Tomson T, Nashef L, Ryvlin P: Sudden unexpected death in epilepsy: current knowledge and future
directions. Lancet Neurol. 2008, 7:1021-31. 10.1016/S1474-4422(08)70202-3

33. Ficker DM, So EL, Shen WK, Annegers JF, O'Brien PC, Cascino GD, Belau PG: Population-based study of the
incidence of sudden unexplained death in epilepsy. Neurology. 1998, 51:1270-4. 10.1212/wnl.51.5.1270

34. So EL: Demystifying sudden unexplained death in epilepsy—are we close? . Epilepsia. 2006, 47 Suppl 1:87-
92. 10.1111/j.1528-1167.2006.00667.x

35. Seyal M: Pathophysiological mechanisms in sudden unexpected death in epilepsy. Current state of
knowledge and future directions. J Clin Neurophysiol. 2015, 32:3-4. 10.1097/WNP.0000000000000158

36. Surges R, Sander JW: Sudden unexpected death in epilepsy: mechanisms, prevalence, and prevention. Curr
Opin Neurol. 2012, 25:201-7. 10.1097/WCO.0b013e3283506714

37. Langan Y, Nashef L, Sander JW: Case-control study of SUDEP . Neurology. 2005, 64:1131-3.
10.1212/01.WNL.0000156352.61328.CB

38. Ryvlin P, Cucherat M, Rheims S: Risk of sudden unexpected death in epilepsy in patients given adjunctive
antiepileptic treatment for refractory seizures: a meta-analysis of placebo-controlled randomised trials.

2022 Alotaibi et al. Cureus 14(1): e20944. DOI 10.7759/cureus.20944 8 of 10

https://dx.doi.org/10.1097/PAF.0000000000000091
https://dx.doi.org/10.1097/PAF.0000000000000091
https://dx.doi.org/10.1007/3-540-30002-3
https://dx.doi.org/10.1007/3-540-30002-3
https://dx.doi.org/10.1111/j.1556-4029.2006.00337.x
https://dx.doi.org/10.1111/j.1556-4029.2006.00337.x
https://dx.doi.org/10.1016/0379-0738(90)90267-3
https://dx.doi.org/10.1016/0379-0738(90)90267-3
https://dx.doi.org/10.1136/jnnp.2006.112227
https://dx.doi.org/10.1136/jnnp.2006.112227
https://dx.doi.org/10.1007/s12024-010-9192-7
https://dx.doi.org/10.1007/s12024-010-9192-7
https://dx.doi.org/10.1007/s12024-014-9633-9
https://dx.doi.org/10.1007/s12024-014-9633-9
https://dx.doi.org/10.1097/PAF.0b013e3181bfcd64
https://dx.doi.org/10.1097/PAF.0b013e3181bfcd64
https://dx.doi.org/10.1161/STROKEAHA.117.018118
https://dx.doi.org/10.1161/STROKEAHA.117.018118
https://dx.doi.org/10.1097/00006123-200211000-00001
https://dx.doi.org/10.1097/00006123-200211000-00001
https://dx.doi.org/10.1007/springerreference_305410
https://dx.doi.org/10.1007/springerreference_305410
https://pubmed.ncbi.nlm.nih.gov/5933816/
https://link.springer.com/book/10.1007/978-1-59745-433-9
https://dx.doi.org/10.1016/j.legalmed.2015.03.004
https://dx.doi.org/10.1016/j.legalmed.2015.03.004
https://dx.doi.org/10.1177/1747493017724625
https://dx.doi.org/10.1177/1747493017724625
https://dx.doi.org/10.1016/j.clineuro.2007.09.010
https://dx.doi.org/10.1016/j.clineuro.2007.09.010
https://dx.doi.org/10.1097/paf.0b013e3181fbe45a
https://dx.doi.org/10.1097/paf.0b013e3181fbe45a
https://dx.doi.org/10.1212/wnl.49.6.1541
https://dx.doi.org/10.1212/wnl.49.6.1541
https://dx.doi.org/10.1002/ana.10423
https://dx.doi.org/10.1002/ana.10423
https://dx.doi.org/10.1016/0895-4356(95)00039-9
https://dx.doi.org/10.1016/0895-4356(95)00039-9
https://dx.doi.org/10.1016/S1090-3798(02)00138-1
https://dx.doi.org/10.1016/S1090-3798(02)00138-1
https://dx.doi.org/10.1177/08830738060210010101
https://dx.doi.org/10.1177/08830738060210010101
https://dx.doi.org/10.1212/wnl.57.7.1155
https://dx.doi.org/10.1212/wnl.57.7.1155
https://dx.doi.org/10.1016/j.yebeh.2018.06.037
https://dx.doi.org/10.1016/j.yebeh.2018.06.037
https://dx.doi.org/10.1007/s40263-012-0006-1
https://dx.doi.org/10.1007/s40263-012-0006-1
https://dx.doi.org/10.1016/S1474-4422(08)70202-3
https://dx.doi.org/10.1016/S1474-4422(08)70202-3
https://dx.doi.org/10.1212/wnl.51.5.1270
https://dx.doi.org/10.1212/wnl.51.5.1270
https://dx.doi.org/10.1111/j.1528-1167.2006.00667.x
https://dx.doi.org/10.1111/j.1528-1167.2006.00667.x
https://dx.doi.org/10.1097/WNP.0000000000000158
https://dx.doi.org/10.1097/WNP.0000000000000158
https://dx.doi.org/10.1097/WCO.0b013e3283506714
https://dx.doi.org/10.1097/WCO.0b013e3283506714
https://dx.doi.org/10.1212/01.WNL.0000156352.61328.CB
https://dx.doi.org/10.1212/01.WNL.0000156352.61328.CB
https://dx.doi.org/10.1016/S1474-4422(11)70193-4


Lancet Neurol. 2011, 10:961-8. 10.1016/S1474-4422(11)70193-4
39. Sîrbu CA: Dysembryoplastic neuroepithelial tumor and probable sudden unexplained death in epilepsy: a

case report. J Med Case Rep. 2011, 5:441. 10.1186/1752-1947-5-441
40. Matschke J, Makrigeorgi-Butera M, Stavrou D: Sudden death in a 35-year-old man with occult malformation

of the brain and aseptic meningitis. Am J Forensic Med Pathol. 2003, 24:83-6.
10.1097/01.PAF.0000052107.50237.EB

41. Dubeau F, Tampieri D, Lee N, et al.: Periventricular and subcortical nodular heterotopia. A study of 33
patients. Brain. 1995, 118:1273-87. 10.1093/brain/118.5.1273

42. Allen LA, Harper RM, Lhatoo S, Lemieux L, Diehl B: Neuroimaging of sudden unexpected death in epilepsy
(SUDEP): insights from structural and resting-state functional MRI studies. Front Neurol. 2019, 10:185.
10.3389/fneur.2019.00185

43. Patel AP, Fisher JL, Nichols E, et al.: Global, regional, and national burden of brain and other CNS cancer,
1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18:376-
93. 10.1016/S1474-4422(18)30468-X

44. Riezzo I, Zamparese R, Neri M, et al.: Sudden, unexpected death due to glioblastoma: report of three fatal
cases and review of the literature. Diagn Pathol. 2013, 8:73. 10.1186/1746-1596-8-73

45. Eberhart CG, Morrison A, Gyure KA, Frazier J, Smialek JE, Troncoso JC: Decreasing incidence of sudden
death due to undiagnosed primary central nervous system tumors. Arch Pathol Lab Med. 2001, 125:1024-30.
10.5858/2001-125-1024-DIOSDD

46. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS: CBTRUS Statistical Report:
Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2011-2015.
Neuro Oncol. 2018, 20:iv1-iv86. 10.1093/neuonc/noy131

47. Opeskin K, Ruszkiewicz A, Anderson RM: Sudden death due to undiagnosed medullary-pontine astrocytoma .
Am J Forensic Med Pathol. 1995, 16:168-71. 10.1097/00000433-199506000-00020

48. Vougiouklakis T, Mitselou A, Agnantis NJ: Sudden death due to primary intracranial neoplasms. A forensic
autopsy study. Anticancer Res. 2006, 26:2463-6.

49. Ceauşu M, Dermengiu S, Hostiuc S, Luca L, Buicu CF: Sudden death due to a complicated subependymal
giant cell astrocytoma. Rom J Leg Med. 2014, 22:249-52. 10.4323/rjlm.2014.249

50. Prahlow JA, Teot LA, Lantz PE, Stanton CA: Sudden death in epilepsy due to an isolated subependymal giant
cell astrocytoma of the septum pellucidum. Am J Forensic Med Pathol. 1995, 16:30-7. 10.1097/00000433-
199503000-00006

51. Wilson MP, Johnson ES, Hawkins C, Atkins K, Alshaya W, Pugh JA: Hemorrhagic presentations of cerebellar
pilocytic astrocytomas in children resulting in death: report of 2 cases. J Neurosurg Pediatr. 2016, 17:446-52.
10.3171/2015.10.PEDS1580

52. Gitto L, Bolino G, Cina SJ: Sudden unexpected deaths due to intracranial meningioma: presentation of six
fatal cases, review of the literature, and a discussion of the mechanisms of death. J Forensic Sci. 2018,
63:947-53. 10.1111/1556-4029.13626

53. Salami A, Babatunde T, Ogun O, et al.: Sudden death in giant pituitary adenomas: two case reports with
literature review. Ann Trop Pathol. 2017, 8:47-50. 10.4103/atp.atp_15_17

54. Shields LB, Balko MG, Hunsaker JC 3rd: Sudden and unexpected death from pituitary tumor apoplexy . J
Forensic Sci. 2012, 57:262-6. 10.1111/j.1556-4029.2011.01906.x

55. Vyshka G, Shaqiri E, Ymaj B: Sudden death due to medulloblastoma. BMJ Case Rep. 2010,
2010:bcr1020092378. 10.1136/bcr.10.2009.2378

56. Ventura F, Barranco R, Gentile R, Vergani P: Unexpected and sudden death due to undiagnosed
medulloblastoma in twin pregnancy: a case report. Forensic Sci Int. 2016, 266:e14-7.
10.1016/j.forsciint.2016.08.011

57. Bryant VA, Booth J, Palm L, Ashworth M, Jacques TS, Sebire NJ: Childhood neoplasms presenting at
autopsy: a 20-year experience. Pediatr Blood Cancer. 2017, 64:e26474. 10.1002/pbc.26474

58. Mohammadi A, Jufas N: Sudden death due to vestibular schwannoma: caution in emergent management .
Otol Neurotol. 2016, 37:564-7. 10.1097/MAO.0000000000001004

59. Lagman C, Rai K, Chung LK, Nagasawa DT, Beckett JS, Tucker AM, Yang I: Fatal colloid cysts: a systematic
review. World Neurosurg. 2017, 107:409-15. 10.1016/j.wneu.2017.07.183

60. Cuoco JA, Rogers CM, Busch CM, Benko MJ, Apfel LS, Elias Z: Postexercise death due to hemorrhagic colloid
cyst of third ventricle: case report and literature review. World Neurosurg. 2019, 123:351-6.
10.1016/j.wneu.2018.12.057

61. Wu G, Hammers J: Sudden death of a 22-year-old female attributed to complications of a colloid cyst in the
third ventricle. Am J Clin Pathol. 2019, 152:76. 10.1093/ajcp/aqz114.000

62. Takahashi M, Kondo T, Morichika M, Kuse A, Nakagawa K, Asano M, Ueno Y: Autopsy case of undiagnosed
gangliocytoma in the medulla oblongata complicated with cerebral palsy. Leg Med (Tokyo). 2016, 19:119-21.
10.1016/j.legalmed.2015.07.009

63. Lagares A, Gómez PA, Lobato RD, Ricoy JR, Ramos A, De La Lama A: Ganglioglioma of the brainstem: report
of three cases and review of the literature. Surg Neurol. 2001, 56:315-22. 10.1016/s0090-3019(01)00618-8

64. Manousaki M, Papadaki H, Papavdi A, Kranioti EF, Mylonakis P, Varakis J, Michalodimitrakis M: Sudden
unexpected death from oligodendroglioma. A case report and review of the literature. Am J Forensic Med
Pathol. 2011, 32:336-40. 10.1097/PAF.0b013e3181d3dc86

65. Donelan KJ, Randall BB, Newby PE: A 51-year-old man with sudden unexpected death . Brain Pathol. 2009,
19:151-2. 10.1111/j.1750-3639.2008.00237.x

66. Carlos DH, Marcos VG, Pedro N, Manuela GM, Pedrosa F: Sudden death associated with melanoma brain
metastases. J Pathol Nepal. 2018, 8:1412-5.

67. Lee B, Chan M, Goh R: An unusual cause of headache and sudden death of a young sailor—postmortem
computed tomography and histological findings of a fatal retroperitoneal malignant mixed germ cell tumor.
J Forensic Sci. 2018, 63:1568-72. 10.1111/1556-4029.13703

68. Sharew A, Bodilsen J, Hansen BR, Nielsen H, Brandt CT: The cause of death in bacterial meningitis . BMC
Infect Dis. 2020, 20:182. 10.1186/s12879-020-4899-x

2022 Alotaibi et al. Cureus 14(1): e20944. DOI 10.7759/cureus.20944 9 of 10

https://dx.doi.org/10.1016/S1474-4422(11)70193-4
https://dx.doi.org/10.1186/1752-1947-5-441
https://dx.doi.org/10.1186/1752-1947-5-441
https://dx.doi.org/10.1097/01.PAF.0000052107.50237.EB
https://dx.doi.org/10.1097/01.PAF.0000052107.50237.EB
https://dx.doi.org/10.1093/brain/118.5.1273
https://dx.doi.org/10.1093/brain/118.5.1273
https://dx.doi.org/10.3389/fneur.2019.00185
https://dx.doi.org/10.3389/fneur.2019.00185
https://dx.doi.org/10.1016/S1474-4422(18)30468-X
https://dx.doi.org/10.1016/S1474-4422(18)30468-X
https://dx.doi.org/10.1186/1746-1596-8-73
https://dx.doi.org/10.1186/1746-1596-8-73
https://dx.doi.org/10.5858/2001-125-1024-DIOSDD
https://dx.doi.org/10.5858/2001-125-1024-DIOSDD
https://dx.doi.org/10.1093/neuonc/noy131
https://dx.doi.org/10.1093/neuonc/noy131
https://dx.doi.org/10.1097/00000433-199506000-00020
https://dx.doi.org/10.1097/00000433-199506000-00020
https://pubmed.ncbi.nlm.nih.gov/16821633/
https://dx.doi.org/10.4323/rjlm.2014.249
https://dx.doi.org/10.4323/rjlm.2014.249
https://dx.doi.org/10.1097/00000433-199503000-00006
https://dx.doi.org/10.1097/00000433-199503000-00006
https://dx.doi.org/10.3171/2015.10.PEDS1580
https://dx.doi.org/10.3171/2015.10.PEDS1580
https://dx.doi.org/10.1111/1556-4029.13626
https://dx.doi.org/10.1111/1556-4029.13626
https://dx.doi.org/10.4103/atp.atp_15_17
https://dx.doi.org/10.4103/atp.atp_15_17
https://dx.doi.org/10.1111/j.1556-4029.2011.01906.x
https://dx.doi.org/10.1111/j.1556-4029.2011.01906.x
https://dx.doi.org/10.1136/bcr.10.2009.2378
https://dx.doi.org/10.1136/bcr.10.2009.2378
https://dx.doi.org/10.1016/j.forsciint.2016.08.011
https://dx.doi.org/10.1016/j.forsciint.2016.08.011
https://dx.doi.org/10.1002/pbc.26474
https://dx.doi.org/10.1002/pbc.26474
https://dx.doi.org/10.1097/MAO.0000000000001004
https://dx.doi.org/10.1097/MAO.0000000000001004
https://dx.doi.org/10.1016/j.wneu.2017.07.183
https://dx.doi.org/10.1016/j.wneu.2017.07.183
https://dx.doi.org/10.1016/j.wneu.2018.12.057
https://dx.doi.org/10.1016/j.wneu.2018.12.057
https://dx.doi.org/10.1093/ajcp/aqz114.000
https://dx.doi.org/10.1093/ajcp/aqz114.000
https://dx.doi.org/10.1016/j.legalmed.2015.07.009
https://dx.doi.org/10.1016/j.legalmed.2015.07.009
https://dx.doi.org/10.1016/s0090-3019(01)00618-8
https://dx.doi.org/10.1016/s0090-3019(01)00618-8
https://dx.doi.org/10.1097/PAF.0b013e3181d3dc86
https://dx.doi.org/10.1097/PAF.0b013e3181d3dc86
https://dx.doi.org/10.1111/j.1750-3639.2008.00237.x
https://dx.doi.org/10.1111/j.1750-3639.2008.00237.x
https://www.nepjol.info/index.php/JPN/article/view/20896
https://dx.doi.org/10.1111/1556-4029.13703
https://dx.doi.org/10.1111/1556-4029.13703
https://dx.doi.org/10.1186/s12879-020-4899-x
https://dx.doi.org/10.1186/s12879-020-4899-x


69. Curran C, Nakhasi A, Prochilo G, Kavi T: Sudden death from rupture of cerebral abscess into subarachnoid
space. BMJ Case Rep. 2018, 11:e226743. 10.1136/bcr-2018-226743

70. Morales H: Pitfalls in the imaging interpretation of intracranial hemorrhage . Semin Ultrasound CT MR.
2018, 39:457-68. 10.1053/j.sult.2018.07.001

71. Yen K, Lövblad KO, Scheurer E, et al.: Post-mortem forensic neuroimaging: correlation of MSCT and MRI
findings with autopsy results. Forensic Sci Int. 2007, 173:21-35. 10.1016/j.forsciint.2007.01.027

72. Sanchez O, Campuzano O, Fernández-Falgueras A, et al.: Natural and undetermined sudden death: value of
post-mortem genetic investigation. PLoS One. 2016, 11:e0167358. 10.1371/journal.pone.0167358

73. Suktitipat B, Sathirareuangchai S, Roothumnong E, et al.: Molecular investigation by whole exome
sequencing revealed a high proportion of pathogenic variants among Thai victims of sudden unexpected
death syndrome. PLoS One. 2017, 12:e0180056. 10.1371/journal.pone.0180056

74. Schön U, Holzer A, Laner A, et al.: HPO-driven virtual gene panel: a new efficient approach in molecular
autopsy of sudden unexplained death. BMC Med Genomics. 2021, 14:94. 10.1186/s12920-021-00946-7

75. Assmann BE, Van Kuilenburg AB, Distelmaier F, et al.: Beta-ureidopropionase deficiency presenting with
febrile status epilepticus. Epilepsia. 2006, 47:215-7. 10.1111/j.1528-1167.2006.00391.x

76. Chahal CA, Salloum MN, Alahdab F, et al.: Systematic review of the genetics of sudden unexpected death in
epilepsy: potential overlap with sudden cardiac death and arrhythmia-related genes. J Am Heart Assoc.
2020, 9:e012264. 10.1161/JAHA.119.012264

2022 Alotaibi et al. Cureus 14(1): e20944. DOI 10.7759/cureus.20944 10 of 10

https://dx.doi.org/10.1136/bcr-2018-226743
https://dx.doi.org/10.1136/bcr-2018-226743
https://dx.doi.org/10.1053/j.sult.2018.07.001
https://dx.doi.org/10.1053/j.sult.2018.07.001
https://dx.doi.org/10.1016/j.forsciint.2007.01.027
https://dx.doi.org/10.1016/j.forsciint.2007.01.027
https://dx.doi.org/10.1371/journal.pone.0167358
https://dx.doi.org/10.1371/journal.pone.0167358
https://dx.doi.org/10.1371/journal.pone.0180056
https://dx.doi.org/10.1371/journal.pone.0180056
https://dx.doi.org/10.1186/s12920-021-00946-7
https://dx.doi.org/10.1186/s12920-021-00946-7
https://dx.doi.org/10.1111/j.1528-1167.2006.00391.x
https://dx.doi.org/10.1111/j.1528-1167.2006.00391.x
https://dx.doi.org/10.1161/JAHA.119.012264
https://dx.doi.org/10.1161/JAHA.119.012264

	Central Nervous System Causes of Sudden Unexpected Death: A Comprehensive Review
	Abstract
	Introduction And Background
	TABLE 1: Notable CNS causes of sudden unexpected death

	Review
	CNS-related causes of sudden unexpected death
	The role of neuroimaging and genetic testing as autopsy ancillary investigations in CNS-related sudden death

	Conclusions
	Additional Information
	Disclosures

	References


