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Introduction:

When a person dies suddenly and unexpectedly, the responsibility to determine the cause of
death often falls to a forensic pathologist (FP). It is therefore not uncommon that a forensic
pathologist is the first to make the diagnosis of a genetic disease. ldentifying these heritable
conditions at autopsy allows for accurate death certification and gives relatives the opportunity
to seek diagnosis and intervention. In this sense, recognizing and diagnosing genetic disease
fulfills the public health mission of most Medical Examiner Coroner (MEC) offices.

In 2013, the National Association of Medical Examiners (NAME) issued a position paper
recommending the retention of a sodium ethylenediaminetetraacetic acid (EDTA) tube of blood
for potential postmortem genetic testing (PMGT) ideally at each autopsy [1]. The subsequent
years have shown marked advances in the diagnostic capabilities and accessibility of PMGT. As
a result, NAME commissioned an expanded position paper to provide medicolegal professionals
with a comprehensive framework for the evolving use of PMGT in death investigation. While
resources vary between jurisdictions, these recommendations will begin to establish uniformity
regarding testing protocols and procedures, including reporting and interpretation of findings,
development of multidisciplinary expert teams, and recommendations for continuing education
and future research.

Methods

The NAME formed a panel of experts from the fields of forensic pathology, genetic counseling,
molecular pathology, and cardiology. This expert panel met, identified topics relevant to
practicing forensic pathologists, and split into smaller writing groups. Literature searches were
performed on PubMed and relevant articles were shared from the authors’ personal collections.
Search terms included postmortem genetic testing, autopsy, cardiomyopathy, channelopathy,
epilepsy, aortopathy, aortic aneurysm, sudden cardiac death, sudden death, forensic pathology,
inborn errors of metabolism, sudden unexpected death in epilepsy (SUDEP), thrombophilia,
sudden unexpected infant death (SUID), sudden infant death syndrome (SIDS), sudden
unexpected pediatric death, and sudden unexplained death in childhood (SUDC). After
assembling the individual sections, the final paper was reviewed and approved by the entire
panel.

Background of DNA and Genetics

Deoxyribonucleic acid (DNA) is the essential informational unit of the cell, composed of an
approximately 3 billion-base pair sequence of alanine, guanine, cytosine and thymine
nucleotides [2] distributed across 46 chromosomes. Human DNA is made up of 20,000-25,000
genes [3]. DNA is also known for its durability, surviving temperatures up to 190C, and has a
postmortem longevity of up to 521 years [4, 5]. Given these qualities, DNA analysis has long
been used in the forensic sciences for identification of decedents, parentage determinations, or
identification of potential perpetrators in criminal cases. Since the advent of DNA sequencing,
scientists have studied genetic variations to understand the mechanisms of human disease and
identify preventative and treatment strategies [2]. Genetic testing in the postmortem setting
therefore not only fulfills the well-established forensic purposes of identification and parentage
but can now shed light on the cause of death.

Types of Genetic Testing
Several types of genetic testing are available. The optimal choice depends on circumstances of
death, suspected disease, sample type available, and cost. Definitions of commonly used




molecular pathology and genetics terms used below are defined for reference in Table 1. A
summary of different types of genetic testing is provided in Table 2.

Biochemical Genetics

Biochemical genetics uses a blood spot card to assess specific biochemical markers associated
with various genetic disorders, such as phenylketonuria (PKU), hypothyroidism, sickle cell
anemia, and cystic fibrosis. Most labs use techniques like tandem mass spectrometry to identify
and quantify the levels of different metabolites in the blood sample. This is the methodology
typically performed for universal newborn screening but can also be used at autopsy [6].

Cytogenetics

Cytogenetics uses karyotype analysis, sometimes enhanced by fluorescence in situ
hybridization (FISH) or spectral karyotyping (SKY) to identify broken, missing, rearranged, or
extra chromosomes. This type of testing is often used to determine a chromosomal cause of
disease like trisomy 13, 18, or 21. Chromosomal microarray analysis (CMA) uses comparative
genomic hybridization or single nucleotide polymorphism arrays to identify microdeletions or
microduplications too small to be visualized with traditional cytogenetics [7, 8].

Next Generation Sequencing (NGS)

NGS technology sequences millions to billions of shorter DNA fragments simultaneously,
providing a much higher throughput capacity than traditional Sanger or pyrosequencing [9]. The
three main options for NGS in the postmortem setting are panel tests, whole exome
sequencing, and whole genome sequencing.

Panel Testing
Panel tests sequence a targeted set of genes for a specific condition(s), which may involve

only a handful or up to several hundred genes. Panels are typically the most affordable
genetic testing option, and return a more manageable amount of data with fewer results of
unknown significance or secondary findings [9].

Whole exome sequencing (WES)

WES sequences the entire protein-coding region, encompassing approximately 1-2% of the
human genome. WES uses a standardized capture method to isolate the coding regions of
an established set of genes - for example the current medical exome is ~4000 genes linked
to human disease. Because of the amount of genetic code that is analyzed, submission of
clinical information on the decedent is typically required and genes with known associations
with the submitted phenotype are analyzed [10, 11]. WES may result in secondary and/or
incidental findings, which are addressed in the “Interpretation of Results” section.

Whole genome sequencing (WGS)
WGS sequences both the coding and non-coding regions of the genome. However, the
analysis of the results is still very focused on the reported clinical presentation of the
decedent and exons are typically isolated informatically. Although WGS with short read
coverage has fewer reads at each location than whole exome sequencing, the lack of




exome amplification leads to more even coverage and, in general, excellent bioinformatic
quality [10]. Reported pathogenic variants are typically still within the coding regions of the
genome, as this is where the most known pathogenic variants are located. WGS offers the
possibility of identifying variants in new, previously unreported genes which may potentially
be disease-causing. However, these variants are unlikely to be reported as “pathogenic”,
and it is unclear if a clinical lab would report these findings. As such, the additional value
over WES may be minimal, depending on the disease of interest [11]. Like WES, WGS may
result in secondary and/or incidental findings, which are addressed in the “Interpretation of
Results” section.

With all forms of NGS-based testing, turnaround times are rapidly decreasing (results may take
only 3 to 4 weeks). For children or young adults, trio exome or trio genome (provided the
biological parents are available and willing to participate) can confirm if a variant is de novo or
inherited from a parent, with de novo variants typically conferring pathogenicity. It is important to
be aware whether mitochondrially-encoded genes are included in the test requested, as this
may require a separate analysis.

Sample Collection

While some decedents have anatomic findings or clinical histories which immediately indicate a
possible need for PMGT, many lack clear indications at the time of autopsy. Comprehensive
investigation may take months, or even years, before the need for PMGT becomes evident. For
example, a death initially attributed to drug intoxication might only be linked to an underlying
genetic channelopathy after another relative exhibits symptoms. Thus, it is crucial to collect and
store samples suitable for long-term preservation and indefinite retention. Of note, some degree
of DNA degradation can occur over long periods of storage, and with any sample type
(particularly if the conditions of storage are suboptimal). It is therefore optimal for the MEC to
send the sample for PMGT as soon as possible once they have decided to pursue testing.

It is recommended that the autopsy protocol of an MEC office standardize collection of at least
one sample suitable for genetic testing. It is beneficial to pre-emptively establish relationships
with preferred laboratories for molecular genetics, biochemical genetics, and cytogenetics
testing. If testing indications are identified at the time of autopsy, the laboratory can be
consulted immediately to ensure proper collection, storage, and shipping of samples. The
specific needs and resources of the MEC office need to be considered when determining the
standard sample types to collect.

A summary of different sample types is provided in Table 3. The gold-standard sample for DNA
testing is blood saved in a lavender/pink top K2 EDTA tube, which can be stored refrigerated (4
°C) for 4 weeks or less or long-term in a freezer (-20° C or -80 °C) [1]. Other common sample
types include blood spot cards or tissue (either frozen or in RNALater™). Blood spot cards are
easy to prepare, store at room temperature, ship via regular mail, and may be used for
molecular or metabolic testing. However, these cards generally yield lower quantities of DNA
compared to liquid blood or frozen tissue and not all reference laboratories can use them.
Formalin fixed and/or paraffin embedded tissue (FFPE) is typically unsuitable as the formalin



and paraffin fragment the DNA, resulting in poor quality. For decomposed remains, bone
marrow (stored in RNAlater™ or frozen), bone (frozen), or other frozen tissue can be collected
and preserved, although commercial laboratories often have limited experience with
decomposed samples and the suitability of the specimens cannot be guaranteed. All MEC
offices are strongly encouraged to confirm the preferred sample type for their own reference
laboratory.

Cost

The cost of genetic analysis includes sequencing instruments, labor, administration, data
processing and analysis, and clinical interpretation. An indirect cost is the time commitment
required to participate in multi-disciplinary teams to guide the healthcare of the family members
[12]. Since its inception, the cost has significantly decreased due to method refinement,
increased commercial availability, and utilization in both research laboratories and direct patient
care [13]. While insurance can be billed for testing in living patients, insurance companies
typically do not reimburse PMGT. The MEC office may pay for testing, in which case the office
can request the same price offered to a patient for out-of-pocket cost (prices billed to insurances
or institutions are typically inflated). The MEC office may request the decedent’s next of kin, or a
clinician, pay for testing; however, placing a financial burden on the next of kin may
inadvertently disincentivize pursuit of an accurate diagnosis. Recognizing PMGT as an
important forensic tool, some offices are incorporating the cost into their state/jurisdictional
determined budget; the state of Kentucky has passed legislation mandating PMGT in certain
cases of sudden unexplained death [14].

Pre-test investigations

A thorough forensic investigation is essential for proper contextual interpretation of PMGT. This
includes examination of the death scene, interviews with family and/or clinicians, and review of
medical records. Cardiomyopathies, arrhythmia syndromes, or epilepsy may be initially present
as a drug-related death, drowning, or a single car motor vehicle accident. Especially in these
latter two scenarios, if trauma and/or other mitigating factors like intoxication or poor
environmental conditions have been excluded, it is important to consider whether a cardiac
event triggered the incident through careful consideration of the circumstances and family
history [1, 15]. A full autopsy, including histology, toxicology, and vitreous chemistries, is
necessary to exclude specific causes of death and to generate the appropriate differential
diagnosis. Ancillary studies (such as microbiology) or subspecialist neuropathology, pediatric
pathology, or cardiovascular pathology consultation may be needed. Reviewing the decedent’s
medical records and/or interviewing the next of kin may help identify a family history of possible
(or already known) genetic disease. Depending on the ultimate findings from the autopsy and
death investigation (Figure 1), the process of PMGT can be initiated.

Diseases and circumstances in which to consider PMGT

Given the limited resources available to most MEC offices, it is impractical to create strict
guidelines on when to request PMGT. The following conditions, however, should raise concern
for genetic disease. A summary of the following section is in Table 4.




Inborn errors of metabolism

Inborn errors of metabolism (IEM) are a broad spectrum of disorders involving a biochemical
deficiency which causes either deficiency of a necessary nutrient or accumulation of a toxic by-
product. They may be caused by variants in either nuclear or mitochondrial DNA [16-18].
Neonatal screening programs identify many affected infants, yet some are missed because a)
the specific disorder is not included in the screening, b) delayed clinical onset or c) the infant
dies before the results are available [19]. Infants born at home and without traditional medical
care may bypass neonatal screening. The symptoms and onset of IEMs are variable, depending
on the specific deficiency. Some present within hours of birth, while others present in childhood
or even adulthood. The symptoms include hypotonia, failure to thrive, seizures, cardiac
arrhythmias or cardiomyopathies, lactic acidosis, and neuromuscular manifestations. Many
IEMs have been associated with sudden infant death and/or Reyes syndromes. At autopsy,
signs may include cardiomegaly, hepatomegaly, pallor of skeletal muscle, and/or microvesicular
steatosis of the heart, liver, and kidneys [16, 18-22]. Some MEC offices screen all infants and
children for IEM with blood spot card analysis; other offices reserve testing for those in whom
the autopsy findings are suggestive of disease, or those without known neonatal screening
results.

Chromosomal disorders/dysmorphic features

In fetuses or infants with structural abnormalities, chromosomal disorders may be suspected. In
fetuses with normal chromosomal microarray and karyotype, expanded testing with WES was
able to identify a genetic cause in 25% [21]. Trio WGS has also been shown to offer increased
diagnostic yield (11.8%) in fetuses with structural abnormalities who have normal CMA and
WES [22]. Although these studies were performed on clinical cohorts, there is no reason to
suspect the yield would be different at autopsy. Of note, older children and adults may also have
chromosomal disorders or dysmorphic features which were not diagnosed in life and are only
identified at autopsy.

Cardiomyopathy

Heritable cardiomyopathies may be suspected when gross cardiac abnormalities are identified
at autopsy. These include hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy (DCM),
and arrhythmogenic cardiomyopathy/arrhythmogenic right ventricular dysplasia (ARVD) [23-25],
and left ventricular non-compaction (LVNC). The gross and microscopic phenotypes of these
diseases are well-described elsewhere [26-30], but it is important to highlight the widely variable
expressivity and penetrance that cardiomyopathies often demonstrate. In 2023, the Society for
Cardiovascular Pathology issued a consensus document regarding the recommended autopsy
evaluation of sudden cardiac death in the young (SCD-Y, defined as younger than 35 years of
age), including specific procedures and findings. Notably, though, the gross findings in a patient
with cardiomyopathy may be subtle or inconclusive [15]. In these cases, a combined
cardiomyopathy/arrhythmia panel may be considered. Also of note, lymphocytic myocarditis
may be a manifestation of underlying cardiomyopathy or may reflect increased susceptibility to
viral-type myocarditis in the setting of cardiomyopathy [31].

Aortic dissection/aneurysm and connective tissue diseases



Variants in multiple genes are known to confer a highly penetrant risk for aortic dissections, with
or without syndromic features [32]. Syndromes (such as Marfan, Loeys-Dietz, and vascular
Ehlers-Danlos) can cause aortic dissection because of a variant in a single gene which acts in
an autosomal dominant fashion. The external phenotypes of these syndromes can overlap and
be subtle. Furthermore, up to 20% of non-syndromic aortic dissection patients have an affected
first-degree relative, indicating a significant genetic component to etiology even in the absence
of syndromic features [32-35]. The yield of PMGT in the setting of thoracic aortic dissection
and/or rupture has been reported as up to 23.5%, depending on the criteria used for testing [36].
PMGT should be considered when aortic dissection or rupture is identified on autopsy,
particularly if the decedent is under the age of 60, has syndromic features, or has a family
history of thoracic aortic aneurysms, peripheral aneurysms, or sudden unexplained death [37,
38].

Thrombophilias

Pulmonary thromboembolism (PTE) is a relatively common cause of sudden, unexpected death.
Common acquired risk factors include recent trauma or immobilization, pregnancy, obesity, oral
contraceptive (OC) use, and malignancy [39]. In some cases, though, no risk factors are
identified, raising the possibility of hereditary thrombophilia. Functional clot-based assays are
unreliable in postmortem samples, so the analysis is limited to conditions detectable by gene
sequencing - including factor V Leiden and prothrombin G20210A. One study of PTE at an MEC
office identified pertinent mutations in five of thirty-four decedents [40], but two other studies
found low yield and concluded the cost was not justified [41, 42]. In another series, WES
identified causative variants in three anticoagulant genes (SERPINC1, PROS1, PROC) in
13.2% of decedents with idiopathic PTE [43]. Testing for antiphospholipid antibodies
postmortem is controversial, given the different pre-analytical variables compared to tests in
living patients [44]. It is important to note that the presence of an identified risk factor does not
necessarily exclude hereditary thrombophilia. For example, obesity is relatively common, yet a
small percentage of obese people die from PTE. The American College of Medical Genetics
and Genomics (ACMG) has published recommendations for testing in living patients. While
these are not specific for PMGT, the recommendations do support testing in decedents younger
than 50 with unprovoked PTE, recurrent PTE, thromboses of unusual sites (hepatic, portal,
mesenteric, and/or cerebral veins), or PTE in the setting of pregnancy or oral contraceptive use
[45, 46].

Coronary artery disease

Atherosclerosis is a common etiology of sudden cardiac death [24, 47], but premature disease
may indicate familial hypercholesterolemia (FH). There is an estimated prevalence between
1/200 and 1/500 for heterozygous FH, yet many patients remain undiagnosed [48]. The
European Atherosclerosis Society issued a statement in 2013 recommending screening for
individuals with premature atheromatous coronary artery or cerebrovascular disease (less than
60 years of age in women, and 55 years of age in men) [49]. Up to 40% of patients with a
clinical diagnosis of FH do not have an identifiable genetic cause, suggesting a possible
polygenic basis or a role for modifier genes [50]. Screening of family members may be
accomplished by measurement of blood lipid levels, without direct genetic testing of the
decedent.



“Autopsy-negative” or unexplained sudden death

“Autopsy-negative” sudden death means the heart is grossly normal and there are no other
anatomic, microscopic, toxicologic, or investigative findings to suggest another cause of death
[24, 51]. While underlying etiologies of autopsy-negative death do occur outside the brain and
heart, the majority of autopsy-negative deaths can be either attributed to a cardiac etiology or to
sudden unexpected death in epilepsy. Scene investigation and medical history are crucial to
exclude some causes of death which can leave subtle or no findings at autopsy (such as
positional asphyxia or low-voltage electrocution). Genetic variants occur in sudden deaths with
normal and abnormal autopsies [24, 52], but genetic testing can be exceptionally useful in
autopsy negative deaths.

Highly penetrant, monogenetic causes of autopsy negative death fall into three major genetic
categories — cardiac channelopathies, cardiomyopathies, and sudden unexplained death in
epilepsy (SUDEP). Sudden unexpected pediatric deaths also may fall into the category of
autopsy-negative death, and are therefore briefly addressed below (although the underlying
genetic etiologies overlap with those of any autopsy-negative death). The reader is referred to
the NAME book “Unexplained Pediatric Deaths: Investigation, Certification, and Family Needs”
[53] for additional information.

Cardiac Channelopathies and Cardiomyopathies

Cardiac channelopathies and cardiomyopathies are two potential cardiovascular causes
of autopsy negative death. Both of these entities can also fall under the category of
“sudden cardiac death” (SCD). SCD is defined as death within one hour of collapse (or
24 hours of the time last known well, if the death is unwitnessed), and can be due to any
cardiac pathology (including atherosclerosis, hypertension, and valvular heart disease,
which would cause grossly apparent autopsy findings). The highest diagnostic yield for
genetic causes of SCD has traditionally been in people younger than 35 years of age
(SCD-Y). The annual incidence of SCD-Y has been reported between 1 per 100,000
(Veneto, Italy) and 13 per 100,000 (United States military), but most reports document a
rate of approximately 2.5 deaths per 100,000 young people, with a peak in infancy, a
nadir before puberty, then gradually increasing incidence during adolescence and early
adulthood [54-56]. The cardiac channelopathies include long QT syndrome,
catecholaminergic polymorphic ventricular tachycardia (CPVT), Brugada syndrome, and
short QT syndrome [1, 15, 57]. The reported yield of PMGT in these circumstances is
highly variable, between 13% and 27% [47, 51, 58] depending on the population and the
scope of testing. As stated earlier, pathogenic and likely pathogenic variants in
cardiomyopathy genes are well-established findings in autopsy-negative sudden death
series [52], and arrhythmogenic death can precede structural changes. The rate of
“‘normal” hearts has ranged from 6% to 54% in autopsy series [52, 56, 59-63], with one
study showing that expert analysis of post-mortem tissue can reduce overinterpretation
of cardiomyopathic findings [64].

Sudden Unexpected Death in Epilepsy (SUDEP)

In individuals diagnosed with epilepsy or a seizure disorder, sudden unexplained death
in epilepsy (SUDEP) is a possible cause of death when autopsy does not reveal any
competing cause [65]. The mechanisms of death in SUDEP continue to be an area of



investigation. Progressive apnea, bradycardia, and asystole during generalized tonic-
clonic seizures are likely the common pathophysiologic endpoint [66]. However, in
population-based data, patients with epilepsy have an increased risk of all cardiac
arrhythmias, and in a systematic review, rare cardiac ion-channel variants were present
in 11% of SUDEP cases [67-69]. Thus, there is likely an overlap between neurological
and cardiac causes of SUDEP. In addition, some medications used to treat epilepsy
have clinically relevant effects on cardiac repolarization [70]. The full expression of
SUDERP is likely multifactorial.

Sudden Unexplained Pediatric Deaths
Sudden Unexplained Infant Death
Sudden unexplained infant death (SUID) is the sudden and unexpected death of
an infant less than 1 year of age which remains unexplained following a thorough
autopsy and investigation, including scene re-enactment and ancillary testing.
Scene investigation with re-enactment is critical, as it may reveal a specific cause
of death like accidental suffocation or strangulation in an unsafe sleeping
environment. The vast majority of SUID occur during sleep (95%); most have
unsafe sleep factors present. [53, 71, 72]. Even if known risk factors for SUID are
identified during the investigation, these are often insufficient to fully explain the
death and thus the death remains classified as “unexplained” (SUID). These
deaths were formerly called Sudden Infant Death Syndrome or SIDS. As access
to PMGT has increased over the past decades, there have been several potential
genetic causes of SUID identified. These include variants associated with both
cardiac channelopathies and/or epilepsy, although some studies report a higher
rate of potentially pathogenic variants in genes associated with epilepsy,
(especially Dravet syndrome), and a lower rate of pathologic variants in cardiac
genes [53, 73, 74].

Sudden Unexplained Death in Childhood

Sudden unexplained death in childhood (SUDC) occurs in children between 1
and 18 years of age and is a sudden and unexpected death which remains
unexplained following a thorough autopsy and investigation. While rare, it is more
common among males and Black children. Of note, sudden deaths in children
(ages of 1 and 18) are more likely to have an identifiable underlying cause than
sudden deaths in infants (age less than one year), with one study finding 57%
had an underlying cause of death identified and only 43% remained unexplained
[75]. The most common age groups for sudden death in children are 1 year of
age and 14-17 years. Among cases that remain unexplained, the rate of
pathogenic variants in epilepsy and cardiac arrhythmia-associated genes has
ranged from 6% to 25%, depending on the scope of testing and population tested
[47,52, 76, 77].

Other Known or Suspected Genetic Diagnosis

The genetically-mediated diseases included thus far are those most likely to cause sudden and
unexpected death and therefore are more likely to present at forensic autopsy. There are many
other genetic diagnoses and syndromes which could potentially be identified at forensic autopsy



- however, the clinical course is often protracted, and these patients are more commonly
diagnosed during life. These include hereditary cancer syndromes (e.g. Lynch Syndrome,
Hereditary Breast and Ovarian Cancer), chronic kidney diseases (e.g. autosomal dominant
polycystic kidney disease), and many others. If suspected at autopsy, PMGT may help confirm
the diagnosis. At times, the decedent may already have a clinically known or suspected genetic
diagnosis but may pass away before definitive genetic testing is pursued. PMGT may therefore
be the last chance to confirm the diagnosis, and to identify a specific causative genetic variant
[3].

Interpretation of Results

The results of PMGT will report findings according to the five-tier classification system created
by the American College of Medical Genetics and Genomics (ACMG) and Association for
Molecular Pathology (AMP) [78]. The classifications are pathogenic, likely pathogenic, variant of
uncertain significance (VUS), likely benign, and benign (Table 5). Consultation with a clinical
genetics provider (including either or both clinical geneticists and genetic counselors) may help
clarify the significance of the results, particularly in the context of the autopsy findings. Of note,
with WES and WGS there is a possibility of secondary and incidental findings; and as more
genes are tested (expected as one escalates from panel testing to WES and then WGS), the
likelihood increases for obtaining a VUS.

Pathogenic Variants or Likely Pathogenic Variants (P/LP): If identified in a gene linked to the
observed phenotype, P/LP variants provide direct supporting evidence of a genetic contribution
to the cause of death. Referrals for cascade family genetic testing can be made by the MEC,
testing laboratory, or by another clinician involved in the family’s care.

It is important to consider that variants with late-onset or incomplete penetrance may not have
contributed to death. For example, a TTR variant causing late-onset cardiac amyloidosis
(typically after age 65) [79], is unlikely to be the cause of death in a younger decedent without
histologic amyloid deposition. Similarly, adult-onset cardiomyopathy variants found in deceased
infants are likely incidental though the results may inform family care. Pseudogene sequences
can also be misidentified as disease-causing variants by default analysis programs. For
example, one FLNC pathogenic variant is indistinguishable from the pseudogene sequence in
LOC392787 by next-generation sequencing testing [80]. Confirmatory tests are necessary to
ensure that the reported variant is not a pseudogene sequence. Laboratories can be consulted
to understand the methodologies used in these cases.

Variants of Uncertain Significance (VUS): These variants have unclear clinical implications,
either due to insufficient information or due to conflicting evidence. They are a common, often
frustrating, outcome of PMGT, but VUS are not devoid of value. Further studies (such as family
or functional analysis) may clarify their relevance, particularly as clinical research advances.
VUS reporting practices vary by laboratory. Some labs report all, while others report only those
considered “clinically suspicious”. Targeted panel testing often reports VUS in known disease-
causing genes, while WES/WGS testing may detect VUS in genes of unknown relevance to the
cause of death. Cascade testing of family members for a suspicious VUS may be warranted, as
the identification of other affected family members could prompt reclassification; this
assessment is best accomplished with the guidance of a clinical genetics provider. VUS data
can be added to genetic databases used by clinical researchers, and as new evidence becomes
available, a VUSs may be reclassified as either benign or pathogenic. This benefits not only the
affected family but also other unrelated patients who undergo testing in the future [81].



Negative (Benign/Likely Benign Variants (B/LB)): A negative result means only benign or
likely benign variants are identified. While the likelihood of the death being related to a variant in
the genes tested is reduced, it is important to note that B/LB results do not completely rule out a
genetic etiology of cause of death. First degree family members may still need clinical
assessment.

Secondary findings: These are pathogenic or likely pathogenic variants identified in genes
which are sequenced as a part of the testing process, but which are ultimately unrelated to the
primary indication for testing [82]. For example, pursuing WES or WGS in a teenager with
cardiomyopathy may identify a P/LP BRCA gene variant. As these findings still have
implications for biologic relatives, they are also important to communicate to the family. A list of
reportable pathogenic secondary findings has been established by the American Board of
Medical Genetics, determined as those variants which have implications for medical
management [83]. The specific genes recommended to be reported are re-assessed at regular
intervals, though most listed at this time are responsible for inherited cancers and inherited
cardiovascular diseases [84]. Clinical laboratories typically offer an “opt-out” option from
receiving secondary findings for individuals undergoing clinical genomic sequencing. In PMGT,
laboratories may also provide the “opt-out” option to avoid a scenario in which secondary
findings, unrelated to the cause of death, are discovered, and the responsibility then falls to the
MEC to inform the next-of-kin.

Incidental findings: These are findings which are discovered unexpectedly as part of the
genetic testing process (i.e. are not a finding in an intentionally sequenced gene) and are
unrelated to the primary reason for testing. For example, some forms of genetic testing (i.e. trio
sequencing) may reveal non-paternity or consanguinity [82].

Practical Guidelines for Implementation
This section focuses on the collection and management of postmortem specimens for PMGT,
with particular attention to the operations of MEC offices in the United States.

Because of the variable financial resources of MEC offices, it is impractical to require universal
PMGT for any condition. Under optimal conditions, MEC offices would request PMGT when a
cause of death cannot be identified (including SUID, SUDC, SUDEP, potential channelopathies,
and other sudden unexplained deaths, particularly under age 40), suspected cardiomyopathies,
and thoracic aortic dissections or ruptures under the age of 60. At a minimum if a genetic
diagnosis is suspected, the MEC should, wherever possible, save a specimen for testing and
notify the family. Of note, the legal next of kin may not be biologically related to the decedent
(such as a spouse), and if permissible by law the MEC may try to contact first-degree relatives
(parents, siblings, and adult children). This notification may be by telephone call or letter
(although the latter has the benefit of written documentation), and should describe the
suspected genetic condition, and provide contact information for local hospital departments with
clinicians or clinical genetics providers to help coordinate genetic testing and/or screening. It is
reasonable to consider saving DNA samples for up to 1 year after the family has been informed
of the findings, if not longer, depending on the capacity and resources of the offices. If testing or



is not performed, it is best to offer families the option to request the sample for the purposes of
DNA banking (see sample notification letters in Appendix A) before it is discarded.

WES and WGS can improve the likelihood of diagnosis but may require testing of biological
family to correctly interpret results. Given these limitations and the increased complexity of test
interpretation, some MEC offices refer family members to a clinical genetics provider who then
requests the decedent’s samples for testing. This ensures the appropriate test is ordered,
facilitates coordination of the results with ongoing medical care and testing of family members,
and allows any re-interpretation or re-classification of the results to be reported to the clinician
engaged in the ongoing care of the family. Some MEC offices have formed regional referral
systems, connecting families to clinical genetics providers and clinicians who subsequently
request the decedent’s sample for PMGT [85]. Such multidisciplinary systems can be
challenging to establish throughout the United States, given the variability in death
investigations systems and access to specialty medical care. The drawbacks of this approach
include the need to coordinate transfer and send-out of samples when clinically requested and
ensuring that the MEC office receives the results of any testing to update the death certificate
and autopsy report [85]. In addition, if PMGT is not requested by the MEC office, many families
do not follow up for specialized care.

There is a wide spectrum of possible approaches, and the type of testing requested and the
indications for testing will need to vary with the resources of the office. However, it is important
not to allow financial considerations to be the main influence on an office’s approach to PMGT.

Ethical Considerations, Benefits, and Risks

The most direct benefit of PMGT is determining the cause of sudden death, thereby providing
answers to the family and improving death certificate accuracy for national statistics. Also
important, though, is the ability to inform relatives of their own risk for a disease which may or
may not have yet manifested in a distinct phenotype. This can allow access to individualized
care targeted toward prevention of the disease, which may require establishing care with a
cardiologist and/or geneticist, regular physical examination or tests (including
electrocardiograms (ECGs) and/or imaging), initiating treatment or altering monitoring
frequency, patient education, and follow up for continuity of care [12, 86]. As noted, the more
genes that are tested, the greater likelihood of obtaining a “VUS” result, and with WES and
WGS there is a possibility of receiving secondary and/or incidental findings. However, these can
be managed with medical evaluation by a clinician or geneticist to help establish clinical
suspicion for disease. If WES or WGS is pursued, a clinical genetics provider can be enlisted to
aid with the reporting of secondary findings.

In most jurisdictions, the MEC has legal authority to investigate sudden and unexpected death
of unknown cause. This includes performing PMGT without informed consent from next of kin
and including a genetic diagnosis on a document which may be open to public access
(depending on state/regional law). While these two factors have raised some ethical questions
surrounding PMGT, regardless of whether genetic testing is performed a potentially genetic
cause of death will still be reported (i.e. hypertrophic cardiomyopathy) on the death certificate.
Therefore, the benefits of PMGT are not outweighed by the risk of potential disclosure [87, 88].
The family of the deceased should be informed of the genetic analysis results including
pathogenic, likely pathogenic and variants of uncertain significance and given a copy of the



genetic testing report. Individual family members may choose to discuss the results with the
medical examiner but additional evaluation by a clinical genetics provider and/or clinician is
prudent [87].

Results Reporting

Autopsy report

If a heritable or genetic disorder is suspected but PMGT cannot be performed, it is still important
to document this concern. The autopsy report can reflect this information and specifically
describe which disorder(s) is suspected, recommendations to the biological family, and if a
sample was saved for potential genetic testing. Some pathologists include this in an “Opinion” or
“Comment” as part of the report. It is recommended that the specimen collected at autopsy is
made available to the next of kin for independent pursuit of testing, once the MEC investigation
is complete. State laws and regional/local policies may differ in their requirements for release of
specimens, but it is best practice for MEC Offices to facilitate the process whenever possible.
This will allow for quicker testing and earlier diagnosis for an affected family member.

Example: The anatomic and microscopic findings at autopsy are suggestive of hypertrophic
cardiomyopathy (HCM). Immediate biologic family members are encouraged to seek evaluation
from a clinical genetics provider and/or cardiologist. A sample of blood collected at autopsy has
been stored in a frozen EDTA tube and can be released for genetic testing upon clinician
request.

If PMGT has been performed, it is recommended to state this clearly in the autopsy report. In
the event the genetic report becomes separated from the autopsy report, it is important to
describe specifically which test was performed and by which company, as this communicates
the scope of testing to future clinicians. Similarly, the specific variant detected should be listed
(not just the interpretation) to allow for independent interpretation and/or future reclassification.
Because additional information pertinent for clinicians and clinical genetics providers is often
included in the original report of the genetic results, it is recommended that copies of the
autopsy report also contain the original genetics report. Depending on local resources, offices
may consider providing a copy of the original report to biological family members and/or their
clinicians on request for no charge.

Death certification

In trying to arrive at the cause of death and/or contributing conditions, the certifier integrates all
data from the investigation (circumstances surrounding the death), the family history, the
medical records, the autopsy findings, the microscopic/histologic observations, and any
additional relevant ancillary studies (toxicology/laboratory results) to include postmortem genetic
testing (PMGT); each of these factors are weighed for their relative contributions to the death.
Hence, it is recommended that PMGT results are interpreted within the context of each case.

If PMGT identifies a P/LP variant in a gene related to the cause of death, and the clinical history,
autopsy, and histologic findings are corroborative, then it is advisable for the variant to be
documented on the death certificate. Either part | or part || are appropriate, depending on
whether the gene variant was the main cause of death or a secondary, contributing factor.

If PMGT identifies a VUS, inclusion on the death certificate can only be done with careful clinical
assessment of the context and findings of the individual case. Guidance from expert clinicians
and clinical genetics providers may be helpful in correlating the decedent’s phenotype with the
gene variant, and studies on surviving relatives may help to clarify the pathogenicity of the



variant. VUS results are not uncommon in PMGT, particularly in SUID, SUDEP, and SCD-Y. As
with all deaths, the results of PMGT are interpreted relative to the case information and findings.
Thus, if within the context of the case and in the opinion of the certifier the VUS is considered
likely to be the cause of death, it may be appropriate to include the VUS on the death certificate
[15].

Overall, documentation of PMGT results within certification may improve death surveillance,
ensuring the acquisition of important epidemiologic data and allowing for better understanding of
mortality patterns.

See Appendix B for examples of how to incorporate the results of PMGT on death certificates.

Reporting to the family

PMGT results can be reported to the family with the full autopsy results, preferably with
recommendations for clinical follow-up. While this may be done verbally, providing a written
letter (mailed or emailed) helps document this communication. Ideally, recommendations for
follow up medical screening can be shared with the biological family as well as the primary care
provider for the family (pediatrician for child or primary care provider for older individuals) (see
Appendix A). Because of the risk to other family members, it is best for results to be shared in
a timely manner.

As this can be a time and energy-intensive process, multidisciplinary collaboration, whenever
feasible, is beneficial. PMGT may bring up psychological, emotional, social and interfamilial
challenges. Clinical genetics providers have expertise in medical genetics and psychosocial
counseling and can aid in interpretation of PMGT results and direct screening of relatives. In
addition, they are skilled in providing emotional support, resources, and further obtaining and
assessing medical and family history. Unfortunately, despite existing guidelines, families are not
being referred for follow-up medical screening on a routine basis [89].

A clinical genetics provider in the appropriate subspecialty can help facilitate phenotypic and
genotypic family screening as detailed in the chart below (Figure 1), particularly in the setting of
a VUS result [90]. Thorough evaluation of first-degree relatives requires expert understanding of
the various diseases and their phenotypes and may help to confirm or establish the diagnosis in
the decedent [24, 91, 92].

Additional resources for families may include disease-specific support groups and open
research studies. The next of kin should be given the opportunity to bank any remaining DNA,
or to save and share their family’s member’s sequence data if WES or WGS was done.

Reporting secondary and/or incidental findings

If WES or WGS is performed, secondary and/or incidental findings may be identified. Secondary
findings have implications for the decedent’s relatives, who may be at risk for the condition in
the future. Therefore, additional clinical referrals are indicated for the secondary finding variant
(in addition to any evaluations warranted by the decedent’s phenotype or cause of death). This
is especially important when considering PMGT in children. The majority (60% to 70%) of
sudden deaths under the age of 18 occur in infants [75]. The parents of these children are still in
their reproductive years; if WES or WGS is performed, secondary findings and carrier status
may be identified which can have implications for future pregnancies.




Conclusions and Future Directions

The accessibility of genetic testing is rapidly improving, due to more efficient technology and
decreased costs. To implement PMGT as a routine part of the forensic autopsy will require
increased MEC and consumer education. Creating connections with local hospitals will help
MEC refer families to clinical genetics providers and other medical specialists for follow-up, and
to stay updated on developments in the field. Broad population-based approaches to genetic
testing have already helped to identify pre-clinical or undiagnosed heritable conditions [93].
Additional research is needed to identify more candidate genes for many hereditary diseases,
which will in turn improve the yield of PMGT. Several heritable diseases are now recognized as
being polygenic (influenced by multiple genes, rather than a single-gene trait) [94]. Newer
testing methods and computational tools are also in development, which may further the
identification of new variants and better predict their pathologic status [11, 95].

As the understanding of these diseases expands, the need for PMGT will also expand.
Eventually, the authors of this paper hope that PMGT becomes universally accessible for all
deaths, both natural and unnatural.

Final Recommendations

1. PMGT is becoming increasingly affordable. ldentifying heritable disease at autopsy is
important to enable families to access preventative care. All MEC offices are
encouraged to establish relationships with local or regional hospitals in the event families
need referrals or other expert consultation.

2. MEC offices are recommended to pre-emptively establish relationships with a company
or institution capable of providing PMGT, to include acceptable sample types and
establishing expected costs. MEC should be offered the same price point as “self-pay” or
“out of pocket” patients (or lower).

3. Governing bodies which control budgets for MEC offices should prioritize the inclusion of
adequate funding for PMGT.

4. Itis recommended that a sample for genetic testing is proactively saved during each
autopsy, regardless of whether indications for testing are known at the time. The sample
type and duration of storage will be determined by the needs and resources of the office.
If the MEC investigation is completed without PMGT, it is recommended that the next of
kin be given access to the sample for independent pursuit of PMGT, if requested.

5. Establishing multidisciplinary teams involving forensic pathologists, clinical genetics
providers, and other clinical experts can help to improve the diagnostic potential of
PMGT and improve the screening and care provided to the surviving family.

6. Ideally, the MEC office will attempt to notify families of the potential for hereditary
disease in the setting of premature atherosclerosis, possible inborn errors of
metabolism, sudden and unexplained deaths, cardiomyopathy, suspected
channelopathy, thoracic aortic dissections or ruptures, pulmonary thromboemboli without
associated risk factors, sudden unexpected death in epilepsy, or any other situation
where genetic disease is strongly suspected. Additional resources, such as improved
access to clinical genetics providers and increased administrative support, may be
necessary to accomplish or optimize this.

7. Developers of continuing education for forensic pathologists, medical examiners, and
coroners may consider topics regarding molecular pathology, genetic counseling, and



hereditary diseases, to ensure optimum utilization of resources as the cost and ability of
testing changes over time.
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Table 1: Definitions of Common Genetics Terminology

Term Definition

Read depth The number of times a single base pair is
sequenced by a specific test

Coverage The percentage of the overall genome

sequenced by a specific test

Secondary Finding

A pathogenic/likely pathogenic variant
identified in a gene which is typically
sequenced during the requested testing, yet is
ultimately unrelated to the primary reason for
testing

Incidental Finding

An finding of genetic testing which is both
unexpected and unrelated to the primary
reason for testing

De novo variant

A genetic change occurring for the first time in
the proband/decedent. Does not appear in
previous generations, and is not inherited from
the parents.

Trio sequencing

This is an option with exome and genome
sequencing. It involves genetic testing of the
proband (decedent) and both biological
parents to identify pathogenic and likely
pathogenic variants, which makes
interpretation of variants easier. For example it
can help to determine if a variantis de novo in
the proband, and can aid interpretation of the
variant’s pathogenicity.

SCD Sudden cardiac death: death within one hour
of the onset of symptoms, or within 24 hours of
the time last known alive (if the death was
unwitnessed)

SCD-Y Sudden cardiac death in the young (less than

35 years of age)




SUID

Sudden unexplained infant death: Death
younger than 12 months of age. When
unexplained despite thorough investigation,
including autopsy and scene re-enactment,
these may be referred to as “SIDS” (sudden
infant death syndrome).

SUDC

Sudden unexplained death in childhood: Death
between 12 months and 18 years of age which
remains unexplained despite complete
autopsy, toxicology, and review of the scene
and medical history

SUDEP

Sudden unexpected death in epilepsy: death in
a patient with epilepsy which is not due to
trauma, drowning, status epilepticus, or other
known causes, but for which there is often
evidence of an associated seizure




Table 2: Comparison of the Types of Genetic Testing

Read Coverage Cost Turn-around- | Advantages/Disa
depth time dvantages
Biochemical N/A
Genetics
Cytogenetics N/A
Targeted (single >500x 10-500 $250-$300 | Days Smallest number
gene or multiple genes of VUS*
ene) panel
gene) p Does notinclude
genes which are
not yet known to
be clinically
significant
Whole Exome >50- Entire $1500- Months Increased
Sequencing (WES) | 100x exome (20- | $3000 secondary
25k genes) findings and VUSs
Whole Genome >30x All genes Most Variable Most VUSs and
Sequencing and non- expensive secondary
(WGS) coding DNA | option findings

*variant of uncertain significance




Table 3: Options of sample types for postmortem genetic testing

Genetic Testing Testing Postmorte Collection Storage Shipping DNA
Type Methods m Samples | Materials yield
Molecular Testing | Panels, whole | Liquid blood | Whole blood 10- | <4°C short Same as High
exome 15 mL, purple term (< storage
sequencing, tube (EDTA) 6months); < -
whole 20° C long term
genome Tissuesin Coin size tissue Room Same as High
sequencing RNAlater in RNAlater temperature 1 storage
week; 4° C one
month; <-20°
C long term
Tissues Coin size tissue <-20°C long Same as High
(without in collection tube | term storage
media)
Buccal Rinse mouth with | Room Same as Medium
swabs water; temperature 2 storage to high
ORAcollecteDx years; frozen
kit long term
Bone In RNAlater, or In RNAlater: Same as Medium
marrow frozen Room storage to high
temperature 1
week; 4° C one
month; <-20°
C long term
Bone Collection tube Frozen Same as Medium
storage to high
Bloodstain Thoroughly dry Room Room Low to
cards on Filter paper temperature temperature medium
(e.g. Watman) indefinite
DNA banking | Collection tube 4°C forupto 12 | Same as Medium
months; long storage to high
term <-20°C
FF/FFPE The last source. Artifacts in results not amenable for
samples confirmation by Sanger sequencing.
Metabolic Testing | Metabolic Bloodstain Thoroughly dry Room N/A
Screening cards on Filter paper temperature
(e.g. Watman) indefinite
Body fluids Collection tubes | <4°C short Same as
(bile, term (< storage
plasma, 6months); < -
urine) 20° C long term
Enzymatic Tissues (liver | Collection tubes | Frozen Same as
Activities or muscle) storage




Cytogenetics Karotyping, Liquid blood | Whole blood 10- 4° C shortterm | Same as N/A
Fluorescence 15 mL, purple (<7 days) storage
in-situ tube (EDTA)
hybridization | Cultured Contact lab for specific requirements
(FISH), tissue cells
microarray
Indications Bloodstain Thoroughly dry Room Low to
unknown cards on filter paper temperature, medium
(e.g. Watman) indefinite
Bone In RNAlater or In RNAlater : Same as Medium
marrow, or frozen room storage to high
bone temperature 1

week; 4° C one
months; <-20°
C long term




Table 4: When to consider postmortem genetic testing (PMGT)

Diagnosis at Autopsy of:
e Cardiomyopathy

e Premature coronary artery disease*
e Under the age of 55 for men, 60 for women.

*May be tested by evaluating lipid levels in biologic relatives.
e Aortic dissection/aneurysm

e Under the age of 60.
e Findings concerning for genetic aortic disease.
e Family history of aortic dissection/aneurysm.

e Pulmonary thromboembolism (PTE)

e Unprovoked PTE under the age of 50, recurrent PTE, PTE in the setting of
pregnancy or hormonal contraceptive use, and/or thrombosis of an unusual
site.

Sudden or Unexpected Death including:

e SUID
e SUDC
e SUDEP

e Autopsy-negative sudden cardiac death (SCD)

Suspected inborn error of metabolism with hypotonia, failure to thrive, seizures, cardiac
arrhythmias or cardiomyopathies, lactic acidosis, and/or neuromuscular manifestations.

Congenital anomalies/dysmorphic features

Family History of:
Sudden death less than age 50
Heart disease less than age 50

Fetal Demise or Stillbirth, especially in the presence of congenital anomalies

Other Known or Suspected Genetic Diagnosis:

e |[f there is a known genetic diagnosis in the family, postmortem testing can help
confirm or rule out the same condition in the deceased.

e Genetic diagnoses and syndromes which are less likely to cause sudden and
unexpected death, but may still present at forensic autopsy (e.g. hereditary
cancer syndromes)



Table 5: ACMG and AMP Classification Guidelines [78]

Classification

Interpretation for the forensic pathologist

Pathogenic

Likely pathogenic

If associated with the phenotype and/or cause
of death identified at autopsy, this variant is
likely to have played a role in the death.

Variant of uncertain significance (VUS)

Significance is uncertain either due to a lack of
evidence or the presence of conflicting
evidence. May or may not be related to the
cause of death; further investigation is needed
for appropriate interpretation. May be
reclassified as pathogenic or benign in the
future with additional data.

Likely benign

Benign

No known pathogenic genetic variants
identified. Note that this does not entirely
exclude a genetic basis for the
phenotype/cause of death identified at
autopsy, as the full spectrum of genes
associated with disease is not fully elucidated
yet.




Figure 1. Sample Workflow for Postmortem Genetic Testing
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Appendix A: Sample notification letters

1. Addressed to family/next of kin:

We are so sorry for the recent sudden loss of [DECEDENT’S NAME].
We are concerned that a genetic disorder may be present in your family.

We recommend you share this information with your primary care physician. We also
recommend biologic relatives (siblings or children) be seen by a cardiologist for clinical
evaluation for heart disease.

We have identified that [BLANK] is a local cardiologist who specializes in irregular heart rhythms
and sudden death who can evaluate adults in the family:

BLANK, MD

ADDRESS

PHONE NUMBER

We are also sending a letter to [decedent’s primary care provider], in case they know of a closer
pediatric cardiology clinic.

Genetic testing has been sent for [DECEDENT’S NAME], and we will contact you when results
are available.

We will mail you this information as well so you can share it with your doctors.

2. Addressed to Primary Care Provider:

Dear [PROVIDER]

On behalf of the [ME/C OFFICE/HOSPITAL], we would like to notify you that your patient, NAME
AND DOB], passed away suddenly and unexpectedly on [DATE]. At this time the autopsy is still
pending. The final death certificate and autopsy report may not be available for several months
due to the time required to complete all necessary diagnostic tests. [If known, add additional family
history, autopsy findings, circumstances]. We are concerned about this family.

Based on current Heart Rhythm Society guidelines (attached) family members should be referred
for cardiac evaluation including siblings and parents. If you are in touch with this family or the
sibling are under your care, it is important they be seen as soon as possible for an echocardiogram
and EKG by a cardiologist who is knowledgeable about inherited heart disease. We are sending
this information directly to the parents as well.

We have identified that [BLANK, ADDRESS, PHONE NUMBER] can see the siblings for cardiac
screening and refer the parents for cardiac screening.

[IF A PEDIATRIC DEATH]:



In, addition, this case will be reviewed by child death review and we invite you to attend this review
with the goal of decreasing the number of deaths in children. It would benefit this committee, if
you as the provider, would bring any significant information relevant to the care of the child to your
patient’s review.

Once the autopsy of your patient is finalized, the program would like to invite you to attend the
case review. A member of the SUID and SDY committee will be contacting you to discuss the
importance of your attendance in the upcoming weeks.

Please save the date, as your patient will be reviewed at one of the following dates:

DATE
DATE

*Each case review is approximately 30 minutes, your attendance at the entire case review is not

necessary *

Sincerely,

BLANK



Appendix B: Suggested Wording for Cause of Death Statements with Genetic Test
Results

Case #1:

A 35-year-old man was found deceased in bed after a night light alcohol consumption with
roommates. Per roommates and family, he engaged in social alcohol use, occasional vaping, and
no illicit drug use. Full investigation, autopsy, microscopy, and toxicology (BAC 0.032%; Vit EtOH
59 mg/dL,; caffeine positive) was performed. Autopsy identified transmural fibrofatty replacement
of right ventricular wall with thinning of the compact zone. No injuries or other potentially lethal
natural diseases were noted. A panel of genes associated with arrhythmia and cardiomyopathy
identified a pathogenic variant of PKP2. Death was certified as:

Part I. Cause of Death
A. Arrhythmogenic cardiomyopathy.
B. Pathogenic PKP2 gene variant.

Manner of Death: Natural.

Case #2:

A 19-year-old man was found unresponsive supine in bed. Medical history significant for epilepsy,
first diagnosed at age 7, with his last grand mal seizure two days prior. History of poor medication
adherence, and old filled bottles of prescription antiepileptic medications were on scene. Full
autopsy, including specialist neuropathology evaluation of the brain, and toxicology was
performed.  Autopsy showed moderate pulmonary edema and a tongue contusion.
Neuropathology revealed subcortical band heterotopia; toxicology was remarkable for the
absence of anti-epileptic medications. Genetic analysis for genes associated with epilepsy and
brain malformations identified a likely pathogenic variant in DCX. Death was certified as:

Part I. Cause of Death
A. Epilepsy
B. Subcortical band heterotopia.
C. Likely pathogenic DCX gene variant.

Manner of Death: Natural

Case #3:

A 23-year-old man collapsed while playing basketball and was unable to be resuscitated. He had
sustained no physical injuries and was not struck at any time during the game. In the preceding
months he had complained of occasional lightheadedness and “palpitations”, but this was
attributed to poor sleep quality. A full investigation including autopsy, toxicology (caffeine positive)
and microscopy was performed. At autopsy the heart was markedly enlarged with asymmetric
hypertrophy of the interventricular septum (left ventricle: 1.2 cm, interventricular septum: 1.5 cm).
White fibrous endocardial thickening was noted in the left ventricle outflow tract. The coronary
arteries were unremarkable in course and were without atherosclerosis. Microscopic analysis
showed myocyte hypertrophy with interstitial and perivascular fibrosis, conspicuous dysplastic
small intramyocardial arteries, and prominent myocyte disarray in the interventricular septum.
Genetic analysis for genes associated with arrhythmia and cardiomyopathy identified a variant of



uncertain significance in MYH7. The biologic relatives were contacted and encouraged to see a
cardiologist and genetic counselor. Copies of the test results were sent to the relatives, and to the
clinicians they opted to see. Because of the uncertain nature of the MYH7 variant, death was
certified as:

Part I. Cause of Death
A. Hypertrophic cardiomyopathy.

Manner of Death: Natural

Case #3, continued:

Months later, the clinical team caring for the family of the decedent contacts you. Based on the
results of cascade testing of family members, in association with cardiac imaging studies, they
will be reclassifying the MYH?7 variant as “likely pathogenic”. The death certificate is amended to
read:

Part I. Cause of Death
A. Hypertrophic cardiomyopathy.
B. Likely pathogenic MYH7 gene variant.

Manner of death: Natural

Case #4

A 17-month-old white male with a medical history of mild developmental delay and recent febrile
seizure (anamnestic) was found unresponsive in a playpen and was pronounced dead in the
home by EMS. Autopsy showed mild pulmonary edema; specialist neuropathologic examination
showed features suggestive of cerebral and hippocampal dysgenesis. Postmortem blood and
cerebrospinal fluid cultures were non-informative, and respiratory viral panel on a
nasopharyngeal swab was negative. Toxicology was unremarkable.

Postmortem genetic testing was performed, using two separate panels to include epilepsy-
focused and cardiac-focused causes of sudden death. The cardiac-focused sudden death
molecular analysis showed a heterozygous, likely pathogenic variant in the DSP gene. This
variant was not considered to be contributory to the cause of death, because affected carriers
live into adulthood before the onset of symptoms.

Cause Of Death: Sudden unexplained death in childhood
Manner Of Death: Natural



