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$%675$&7���Sudden unexpected death is typically diagnosed in infants, children, teenagers, 
and young adults following completion of an autopsy that fails to identify a cause of death or 
when autopsy suggests a potentially genetic cause of death in an individual less than 40, such 
as cardiomyopathy or aneurysm. Such deaths may be a result of genetic abnormalities that 
are unable to be diagnosed by gross or microscopic inspection, but may be detectable by mo-
lecular studies. Unfortunately, the ability to perform postmortem genetic testing is frequently 
hindered by lack of an appropriate specimen following completion of an autopsy. This paper 
provides recommendations developed by the National Association of Medical Examiners with 
the assistance of genetic counselors. The recommendations establish procedures to facilitate 
postmortem genetic testing and DNA banking by health care professionals assisting families 
who have experienced sudden death in young relatives by clarifying proper sample acquisi-
tion and storage. Additionally, recommendations for discussion with surviving family members 
and test planning are provided. The objective of these recommendations is to ensure that 
postmortem samples suitable for DNA banking are retained, allowing at risk family members 
improved detection of potentially treatable genetic diseases.
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The American Heart Association estimates that 
there are approximately 295,000 emergency 
medical services (EMS)-assessed out-of-hospital 
cardiac arrests each year in the U.S., with an es-
timated 92% of these individuals dying prior to 
subsequent hospital discharge when a rhythm 
is recorded during initial resuscitative efforts 
(1). Some studies indicate that in up to 30% of 
these cases in which autopsy is subsequently 
performed, there are no abnormalities found in 
the heart (2). Sudden cardiac death in individuals 
under the age of 40 is often caused by underly-
ing genetic conditions such as long QT syndrome 
or hypertrophic cardiomyopathy. Recent studies 
suggest that genetic testing may help identify 

inherited cardiac disease in either the decedent 
or surviving family as much as 40% of the time 
when young sudden cardiac death (SCD) occurs 
(3, 4). These studies also show that clinical car-
diovascular screening (i.e., electrocardiogram, 
echocardiogram) may identify at risk relatives 
and permits strategies to reduce the likelihood 
of SCD in another family member. Other genetic 
conditions must also be considered with sudden 
unexpected death. However, sometimes genetic 
diagnoses can only be made through testing of 
a deceased individual as a result of decreased 
penetrance and variable expressivity, making it 
GLIÀFXOW��LI�QRW�LPSRVVLEOH��WR�FRQÀUP�D�GLDJQR-
sis in a living relative. Unfortunately, specimens 
acquired at autopsy are often no longer available 
when such testing is considered, as recommenda-
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tions do not currently exist in the United States 
for the saving of samples that are useful for ge-
netic testing and/or DNA banking. Disease spe-
FLÀF�JHQHWLF�WHVWLQJ�UHFRPPHQGDWLRQV�DUH�HYROY-
ing rapidly and are detailed in other references, 
but are beyond the scope of this paper (5, 6). This 
publication establishes recommendations for ap-
propriate specimen collection and retention in 
deaths with medical examiner/coroner (ME/C) 
involvement to facilitate genetic studies when 
appropriate and assist clinicians and genetic 
counselors with their duties.

',6&866,21�$1'�5(&200(1'$7,216

Leadership members of the National Association 
of Medical Examiners (NAME) were approached 
by genetic counselors to consider developing rec-
ommendations for specimen collection and re-
tention to accommodate genetic studies for a de-
cedent and surviving family members. The task 
was delegated to the NAME ad hoc Molecular 
Biology Committee, which worked in conjunc-
tion with genetic counselors. Collaboration con-
sisted of review and discussion of various drafts 
via a series of electronic communications. The 
ad hoc Molecular Biology Committee, with the 
assistance of genetic counselors, then drafted a 
manuscript based upon the proposed recommen-
dations. The proposal was submitted for public 
review by the general NAME membership prior 
to endorsement by the NAME Board of Direc-
tors, with revisions incorporated as deemed nec-
essary. A companion article providing additional 
information about the role of genetic counselors 
can be found in this issue of Academic Forensic 
Pathology (7). The current work represents the 
product of the collaboration, with the following 
recommendations:

1. When to Save a Sample

Ideally, a specimen should be saved in all ME/C 
cases in which an autopsy is performed; howev-
HU��PDQ\�RIÀFHV� IXQFWLRQ�ZLWKLQ�V\VWHPV�ZKHUH�
VSDFH�� HTXLSPHQW�� DQG� ÀQDQFLDO� FRQVLGHUDWLRQV�
will prohibit achieving this practice. At a mini-
mum, samples should be saved from individuals 
40 years of age and younger who die suddenly 
and unexpectedly and whose deaths remain un-
explained at the completion of the autopsy. As 
this determination is usually not known until the 
completion of autopsy and toxicology testing, an 
extra sample can be collected along with other 
routine samples during the autopsy procedure. 
Circumstances that should be considered suspi-
cious for a possible genetic etiology include, but 
are not limited to:

 1) Drowning, particularly in the case of a  
  sober or experienced swimmer;  
 2) Single motor vehicle accidents when no  
  mitigating factors are present (e.g., toxicol- 
  ogy negative, favorable road conditions);  
 3) An unexplained seizure in a young person;  
� ��� &DUGLRP\RSDWK\�RU�DQHXU\VP�LGHQWLÀHG�RQ� 
  autopsy;   
 5) An unexplained death of an individual with a  
  family history of sudden death or inherited  
  heart disease, such as a cardiomyopathy,  
  thoracic aneurysm or known genetic  
  cardiac diagnosis;  
 6) All deaths that are sudden and unexplained  
  where cause of death is not clear at autopsy.

Triggers for sudden death can include exercise, 
emotional stress (including fright and anger), and 
acoustic stimuli. Overall, a low threshold should 
be observed for saving an appropriate sample. If 
there is a young or sudden death, or a suspicion 
that the death may have a genetic cause, the fore-
sight to save a sample at autopsy can greatly as-
sist with subsequent genetic testing.

2. Type of Sample, Storage, and Retention 

Current NAME Autopsy Performance Standards 
include routine collection and preservation of 
blood, urine, and vitreous specimens (8). Simi-
larly, NAME Accreditation Standards require 
policies for appropriate specimen collection and 
retention (9). However, collection and retention 
VWDQGDUGV� VSHFLÀF� WR� WKH� YDULHW\� RI� LQGLYLGXDO�
testing options available, including genetic stud-
ies, do not exist. For the purpose of potential 
genetic testing and/or DNA banking, an appro-
priate sample is 5-10 mL of blood collected at 
autopsy or as part of an external examination 
that is preserved with K2EDTA (usually a purple 
top tube). If the sample is to be stored short term 
(less than four weeks after autopsy) the sample 
should be kept in a refrigerator (4°C). For stor-
age of months to years, samples should ideally 
be moved to a -20°C to -70°C freezer and remain 
there until they can either be shipped to an appro-
priate laboratory when requested or properly dis-
posed of at the termination of a retention sched-
XOH��6SHFLÀF�VWRUDJH�FRQGLWLRQV�PD\�EH�WDLORUHG�
IRU� D� JLYHQ� GHDWK� LQYHVWLJDWLRQ� RIÀFH� ZKHQ� LW�
WHQGV�WR�UHIHU�VXFK�WHVWLQJ�WR�D�VSHFLÀF�ODERUDWRU\�
based upon that laboratory’s preferences. The 
retention schedule for these specimens should 
provide ample opportunity for families and their 
health care providers to initiate genetic testing 
and/or DNA banking when indicated, but must 
be balanced with the overall capabilities of the 
ME/C facility.
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3. Shipping of Sample

Once a family decides to pursue genetic testing, 
specimens should be shipped directly to the cho-
sen genetic testing laboratory directly from the 
ME/C facility to ensure proper chain of custody. 
When such testing is initiated by an agency out-
side of the investigating ME/C, shipping mate-
rials and costs of delivery should be provided 
through the coordination of the receiving labora-
tory and the requesting health care agency. Once 
a sample is frozen after autopsy, it should not be 
thawed until arriving in the genetic testing labo-
ratory. DNA quality is just as dependent on the 
manner in which a sample is sent as the type of 
sample from which it is extracted. To prevent 
thawing, all frozen samples should be packed in 
a Styrofoam container packed tightly with dry 
ice. Fresh samples may be shipped at room tem-
perature. All samples, frozen and fresh, should 
be packaged according to hazardous material 
guidelines and shipped overnight by a courier or 
reliable shipping company to either a DNA bank 
or clinical genetic testing laboratory according to 
the decision of the family or healthcare profes-
sional.

4. Informed Consent

In the event that the results of genetic testing are 
considered crucial to the accurate outcome of a 
death investigation, the ME/C may elect to pur-
sue testing without family consent according to 
local statutory authority. When not initiating ge-
netic testing, the ME/C should alert family mem-
bers of the potential for a genetic disease and 
recommend consultation with their primary care 
physicians. The informed consent process in sud-
den cardiac death cases can present unique chal-
lenges; therefore, a multidisciplinary approach 
is suggested. A genetic counselor, clinical physi-
cian, or both, can ensure that the family receives 
all of the critical information needed to make an 
informed decision about potential testing. Family 
PHPEHUV�QHHG�WR�EH�QRWLÀHG�UHJDUGLQJ�WKH�RSWLRQ�
for postmortem genetic testing and informed con-
sent for such testing needs to be obtained from 
the family by a professional who is well versed 
in the complexities of this process. Genetic test-
ing may not be reimbursed by medical insurance 
companies in many cases, and therefore it is im-
SRUWDQW�WR�H[SORUH�WKH�ÀQDQFLDO�UHVSRQVLELOLW\�RI�
testing with the family. If genetic testing is not 
SRVVLEOH�GXH�WR�HLWKHU�ÀQDQFLDO�KDUGVKLS�RU�GLDJ-
nostic uncertainty, but family indicates a desire 
to pursue such testing, DNA banking may be a 
PRUH�ÀQDQFLDOO\�UHDVRQDEOH�RSWLRQ�IRU�WKH�IDPLO\�
to pursue. Doing so would provide families the 
possibility of testing the sample in either the near 
future or in the UHPRWH�IXWXUH�DV�VFLHQWLÀF�NQRZO-
edge advances.

5. Ethical Issues

Postmortem samples retained during standard 
DXWRSV\�SURFHGXUH�IRU�RWKHU�VSHFLÀF�HYDOXDWLRQV�
such as toxicology should be released for ge-
netic testing if deemed necessary by the ME/C 
or if family indicates they would like to pursue 
such testing on their own, assuming all foresee-
able toxicology testing is completed, that relin-
quishment of the specimen would not hinder the 
death investigation or subsequent legal proceed-
ings, and no alternative specimen was initially 
VDYHG� VSHFLÀFDOO\� IRU� WKLV� SXUSRVH�� )DPLOLHV�
with religious or cultural objections to retain-
ing specimens should be entitled to forfeiture 
of potential genetic testing and/or DNA banking 
at their insistence, depending upon local death 
investigation statutes and the circumstances of 
the death, despite the potential loss of important 
diagnostic material. The National Association 
of Medical Examiners has previously released 
a position statement supporting the retention of 
biological specimens (10). Specimens saved for 
potential genetic testing are only to be used for 
clinical testing and not for research purposes un-
OHVV� SHUPLVVLRQ� WR� GR� VR� LV� VSHFLÀFDOO\� JUDQWHG�
by the appropriate family representatives. Due to 
the delay in receiving genetic test results (usu-
ally four to ten weeks) in suspicious cases, it is 
recommended that relatives be informed of their 
potential risk of sudden death and the availability 
of cardiac evaluation while they await results or 
even prior to consultation, if an inheritable genet-
ic cardiac disease is of valid concern for a given 
sudden unexplained death.

6. Communication

Medical examiners/coroners should notify the 
next of kin and/or the primary care physician/pe-
diatrician of autopsy results as soon as possible if 
a genetic condition is suspected. If possible, it is 
recommended to involve a genetic counselor in 
these cases. Some clinics combine the services of 
specialists such as cardiologists and geneticists. 
+HDOWK�FDUH�SURIHVVLRQDOV�FDQ�ÀQG�JHQHWLF�FRXQ-
selors quickly through various websites, such as 
that of the National Society of Genetic Counsel-
ors, if counselors are not immediately available 
in their practice setting (11). ME/C familiarity 
of recommendations for cardiologists to screen 
at risk relatives for cardiac genetic conditions 
may facilitate discussion between the ME/C and 
family when recommending consultation (5, 6, 
12, 13). Highest sensitivity should be practiced 
in discussion of retained samples with surviving 
family members, but these discussions should 
not be postponed. When testing is performed on 
a decedent’s samples, the results should be made 
available to the ME/C.
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Medical examiners and coroners not only have 
the responsibility of determining cause and man-
ner of death, but also function as stewards of 
public health promotion and monitoring. With 
that role comes a responsibility to collect ad-
equate specimens for genetic disease testing. Al-
WKRXJK�VRPH�RIÀFHV�ZLOO�IDFH�YDU\LQJ�GHJUHHV�RI�
space, equipment, or funding barriers to imple-
ment these recommendations, procedures should 
be created to allow for potential genetic testing, 
ZKLOH�ZRUNLQJ�ZLWKLQ�GHÀQHG�MXULVGLFWLRQDO�VWDW-
utes. Through the collaborative efforts detailed 
in these recommendations, the National Associa-
tion of Medical Examiners strives to provide a 
level of best practice that not only accomplishes 
the mission of death investigation, but also pre-
ventative medicine.

',6&/2685(6
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genetic testing laboratory. Dr. Jentzen provides 
expert testimony and retains consultant fees and 
royalties. Dr. Stacy receives cases from other 
counties for which the fees are billed and tracked 
by the University of Missouri. Dr. Pinckard is the 
Editor-in-Chief of Academic Forensic Pathol-
ogy. 

The opinions and conclusions of this paper have 
been reviewed and approved by the National As-
sociation of Medical Examiners Board of Direc-
tors and as such are endorsed by NAME. These 
opinions and positions are based on a consensus 
of the current literature, knowledge, and prevail-
LQJ� WKHRULHV� RQ� WKLV� WRSLF��$V� VFLHQWLÀF� NQRZO-
edge and experience grow, NAME reserves the 
right to revise or update these opinions. The 
process by which NAME position papers are 
initiated, written, reviewed, and approved is 
publically available at https://netforum.avectra.
com/temp/ClientImages/NAME/2c26a527-f992-
�I����G�������EII����G�SGI��$OO�VFLHQWLÀF�SRVL-
tion papers endorsed by the National Association 
RI�0HGLFDO�([DPLQHUV�DXWRPDWLFDOO\�H[SLUH�ÀYH�
\HDUV�DIWHU�SXEOLFDWLRQ�XQOHVV�UHDIÀUPHG��UHYLVHG��
or retired at or before that time. This work is a 
product of NAME and as such was not subjected 
to Academic Forensic Pathology Journal edito-
rial review.
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