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Abstract
Diagnosis of sudden cardiac death (SCD) is challenging for
medical professionals. For this reason, to make diagnosis easier for
forensic pathologists, there is a pressing need for the use of biomarkers. This article highlights biomarkers that can be used in the
postmortem diagnosis of SCD.
Cardiac troponins, high-sensitivity C-reactive protein, and creatine kinase-MB have proven to be very useful for this purpose.
Lactate dehydrogenase, myoglobin and tumor necrosis factor α, although useful, are not efficient enough to be included in the list of
biomarkers for the diagnosis of SCD.
Previous studies have shown both positive and negative results
for natriuretic peptides as a biomarker, and further studies are required to confirm its use as a biomarker for diagnosis of SCD in autopsy cases. In living subjects, a multi-marker strategy is useful in
predicting risk of cardiovascular deaths. It is suggested that for the
diagnosis of SCD, a multi-marker strategy may be more efficient.
However, more studies are required to confirm this.

Keywords: Forensic Science, Sudden Cardiac Death,
Biomarkers, Forensic Diagnosis.

امل�شتخل�ص
( حتد ًيا للمخت�صنيSCD( ُيعد ت�صخي�ص املوت القلبي املفاجئ
 وجلعل الت�صخي�ص اأ�صهل لأخ�صائيي الطب، لهذا ال�صبب.الطبيني
 هناك حاجة اإىل ا�صتخدام املُعلِمات احليوية لت�صخي�ص تلك،ال�صرعي
 وعليه تركز هذه املقالة على املعلمات احليوية املحتملة التي.احلالت
.)SCD( ميكن اأن ت�صتخدم يف ت�صخي�ص وفيات القلب املفاجئة
Cardiac اأثبتت بع�ص املُعلمات احليوية مثل تروبنونات القلب
high-sensitivity  وبروتني �صي التفاعلي عايل احل�صا�صيةtroponins
creatine kinase- اأم بي- والكرياتني كينازC-reactive protein
Lactate  اأما اإنزميات الالكتات. اأنها مفيدة جدا لهذا الغر�صMB
 وعامل النخر الورمي،myoglobin  وامليوغلوبني،dehydrogenase
 رغم اأنها مفيدة اإل اأنها غري فعالة،α tumor necrosis factor األفا
مبا يكفي لإدراجها يف قائمة املُعلمات احليوية لت�صخي�ص وحالت موت
كما اأعطت الدرا�صات ال�صابقة نتائج اإيجابية.SCD القلب املفاجئ
 كموؤ�صر،natriuretic peptides واأخرى �صلبية لببتيدات الناتريوتريك
حيوي وهناك حاجة اإىل املزيد من الدرا�صات لتاأكيد ا�صتخدامه كموؤ�صر
 لالأ�صخا�ص الذين على. يف حالت الت�صريحSCD حيوي لت�صخي�ص
قيد احلياة فاإن ا�صرتاتيجية ا�صتخدام عدة معلمات تكون مفيدة يف
 ومن املقرتح اأنه من.التنبوؤ بخطر وفيات القلب والأوعية الدموية
 قد تكون ا�صرتاتيجية،SCD اأجل ت�صخي�ص حالت موت القلب املفاجئ
ا�صتخدام معلمات متعددة اأكرث كفاءة ولذا فاإن املزيد من الدرا�صات
.مطلوبة لتاأكيد ذلك
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1. Introduction

in different postmortem cases. A rise in the level of periph-

Annually, 30% of global mortality, or 17 million

eral cTnT depends on the survival period after the onset of

deaths, occur due to cardiovascular death. This makes it

an ischemic heart attack. Poor sensitivity of cardiac tro-

the leading cause of deaths worldwide. Previous studies

ponin is demonstrated within the first hours of chest pain

show that about 40-50% of all cardiovascular deaths are

[8,9], raising the doubt of its usefulness in cases of SCD

sudden cardiac deaths (SCD) [1]. In daily practice, SCD

due to early myocardial ischemia. However, blood cTnT

is a diagnostic challenge for forensic pathologists. SCD is

levels rise more rapidly in cases of sudden death, because

defined as sudden, natural, and unexpected death due to

of greater myocardial damage than in long survival cases.

cardiac or unknown causes that occurs, if witnessed, within

Studies suggest that elevation in postmortem blood and

1 hour of symptom onset and if unwitnessed, 24 hours af-

pericardial cTnT levels in sudden cardiac death may de-

ter the deceased was last seen alive and functioning nor-

pend on the severity of ischemic myocardial damage which

mally [2,3]. Pathologists do not find it difficult to detect

involves multiple interstitial hemorrhages and necrosis,

myocardial lesions using conventional methods. However,

and also postmortem period for heart and pericardial levels

in the very early stage of infarction, positive pathological

[10]. In 2012, Reichlin et al. [11] developed more sensitive

evidence cannot be detected in cases of sudden death. Di-

arrays for cardiac troponins (cTnTs), which allow detection

agnosis then depends on negative findings excluding other

of myocardial damage as early as 3-4 hours after the onset

causes of death [4-6]. For these reasons, there is a pressing

of chest pain [12].

need for the use of biomarkers in the diagnosis of sudden
cardiac death.

The percentage of cTnT degradation shows a pseudolinear relationship with the time since death and can be

Here we have systematically reviewed the different ar-

used to estimate postmortem interval [13]. Degradation

ticles published from 2000 to 2018 for this purpose from

of cTnT is not massive and can be used for other forensic

different databases of PubMed, Cochrane Library, etc.

purposes.

Keywords related to the study aim and included in the

In recent years, studies have proven that in living sub-

search string were: sudden cardiac death, biomarkers, fo-

jects cTnT and cTnIare are very useful in the diagnosis of

rensic diagnosis. However, this article does not focus on

cardiac injury. These gave rise to the thought of investigat-

potential biomarkers that predict SCD, but precisely high-

ing the efficiency of cardiac troponins in the postmortem

lights biomarkers that can be used in postmortem diagnosis

diagnosis of SCD. Later postmortem levels have also prov-

of SCD needed for newer non-invasive technologies.

en to be very useful to support SCD diagnosis in the first 12
hours after death [14]. However, a similar rise in the level

2. Cardiac Troponins (cTn)

of cTnT is seen in cases of death due to multiple trauma

Troponins are contractile muscle proteins. Cardiac tro-

and mechanical asphyxia [12]. Troponin is also detectable

ponins are specific for myocardium found in human car-

in many normal individuals, for instance after strenuous

diac muscle tissue. These are of two types: cardiac troponin

exercise [15]. This leads to a lack of specificity of cTnT

T (cTnT) and cardiac troponin I (cTnI). Normally, traces

in cases of SCD, which can be improved if other causes of

of cTnT and cTnI are not found in blood. Their level rises

death can be ruled out and data extensively analyzed from

very high for a long duration after myocardial injury: cTnI

circumstantial settings and clinical data [16].

for 7-10 days and cTnT for 10-14 days [7]. Cardiac troponins are proven to be biomarkers for myocardial injury
and so are expected to be indicative of sudden death due to
cardiac complications.
Variation in the level of peripheral blood cTnT is seen

3. High-sensitivity C-reactive protein (hsCRP)
In blood, an increased level of CRP is seen in virtually
all types of pathological situations which lead to acute in-
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flammation [17-19]. 12 hours after the onset of inflamma-

39]. These indicate that LDH can be a potential biomarker

tory reactions, elevated levels of CRP can be determined

for diagnosis of SCD in autopsy cases.

in blood [20]. Quantification of CRP in post-mortem blood

Studies showed that LDH is not useful in post-mortem

has been done sporadically [23]. Postmortem CRP values

diagnosis in SCD due to ischemic heart disease [26]. Also,

were compared with CRP values analyzed within 24 hours

in autopsy cases, no significant difference was found be-

before death. It was found that elevated levels of CRP in

tween the level of LHD in SCD and other cases of death

post-mortem blood are a good marker for ongoing inflam-

[14]. In spite of being an efficient biomarker in diagnosis

mation processes before death [24]. These suggest that lev-

of MI, LDH did not prove to be useful in diagnosis of SCD

els of CRP in blood can be used as a biomarker in forensic

in autopsy cases.

diagnosis.
sionally occur in nonelderly patients with epilepsy, psychi-

6. Atrial and Brain Natriuretic Peptides (ANP
and BNP)

atric disorders, or no medical history. Studies were con-

Myocardial natriuretic peptides play an important role

ducted to analyze if values of biomarkers for heart failure

as markers of cardiac strain. The biological response of na-

are associated with that in SUCD [25]. Serum hs-CRP lev-

triuretic peptides is observed in heart diseases and can be

els were found to be useful in diagnosis of SCD.

used to demonstrate cardiac dysfunction even after death

Sudden unexplained cardiac death (SUCD) can occa-

[40].

4. Creatine Kinase-MB (CK-MB)

In 2014, Hashimoto et al. [41] presented a case of SCD

CK-MB is obtained mainly from cardiac muscles and

in a patient with epilepsy. The postmortem serum showed

extra-cardiac tissue in significant amounts. Myocardial

an extremely high N-terminal pro brain natriuretic peptide

damage shows a considerable rise in levels of CK-MB. It

(NT-proBNP) level (3650 pg/mL vs. normal b125 pg/mL).

has two forms: CK-MB2 is a myocardial form while CK-

This was the first report on a high serum NTproBNP level

MB1 is an extracardiac form. A ratio of CK-MB2 and CK-

in sudden unexpected death in epilepsy (SUDEP), indicat-

MB1 above 1.5 is sensitive for diagnosis of acute MI [7]. It

ing heart failure.

is a potential biomarker for the diagnosis of SCD.

However, later studies showed that natriuretic peptides

Compared with death due to other causes, the highest

were inefficient as a biomarker in diagnosis of SCD. Be-

levels of CK-MB were reported in cases of SCD due to

tween 2006 and 2014, Kentaroet al. [25] conducted a case-

ischemic heart disease [26]. CK-MB was found to be sig-

control study aiming to analyze whether values of bio-

nificantly higher (at least 2.4-fold) compared to the sudden

markers for heart failure are associated with SUCD, and so

cardiac death with death due to other non-cardiac origins

serum concentrations of NT-proBNP were analyzed. How-

[Unclear] [27]. CK-MB proved to be useful in the diagno-

ever, the level of N-terminal pro brain natriuretic peptide

sis of SCD in autopsy cases.

did not show any significance. These suggest further inves-

tigations are required to find the role of natriuretic peptides

5. Lactate Dehydrogenase (LDH)

as a biomarker in the diagnosis of SCD.

Amongst two forms, LDH-1 is myocardial-specific.
A ratio of LDH-1 and LDH2 above 1 is indicative of MI.

7. Myoglobin

LDH levels rise after 24 hours, reach their peak in 3-6 days

Myoglobin is the first cardiac marker to shoot up [Un-

and return to normal after 14 days [7]. Commonly, LDH

clear] after MI. Within 24 hours of attack of acute MI,

and its isoenzymes are productive in the diagnosis of acute

myoglobin reduces to normal levels, as it rapidly gets elim-

MI [27-29]. Studies have shown the usefulness of LDH in

inated through urine [7]. Although myoglobin proved to

post-mortem diagnosis of MI in different body fluids [30-

be a useful biomarker of MI, studies give negative results
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about its efficiency as a marker in diagnosis of SCD [14].

8. Tumor Necrosis Factor α (TNF-α)

den cardiac deaths compared to other non-cardiac origin
deaths. In the SCD group (n=20), cultures were positive
to Escherichia coli (50%; 10/20), Staphylococcus aureus

Tumor necrosis factor is a mediator of acute inflam-

(20%; 4/20), Klebsiellapneumoniae (20%; 4/20), Candida

mation and is seen in high levels before death while the

albicans (15%; 3/20) and Staphylococcus epidermis (10%;

inflammatory reactions are going on. TNF-α is a potential

2/20). The non-cardiac origin death group (n=8) were posi-

biomarker for diagnosis of SCD. However, studies suggest-

tive to E. coli (25%; 2/8). This indicates that positive blood

ed it is not as efficient for diagnosis of SCD [25]. Amongst

culture can be used as a biomarker in diagnosis of SCD.

a number of biomarkers, TNF-α is readily available in the

More research is needed to prove its efficiency.

laboratory and stable in post-mortem samples. However,
it was not found to be significantly different in SCD and
deaths due to other causes.

10. Discussion
Inference obtained from laboratory findings of these
markers greatly depends on the site of sampling from

9. Blood Culture

which the biomarkers are taken using syringes. Because of

Several studies have described the presence of system-

its close proximity to the myocardium, pericardial fluid is

ic infections in life-threatening complications, including

considered to be the most reliable source. It also has higher

SCD [42, 43]. It is suggested that sudden unexpected death

levels of cardiac biomarkers than cerebrospinal fluid, fem-

in infancy (SUDI) is caused by common bacterial toxins

oral blood or iliac venous blood [46].

produced mainly by upper respiratory tract bacteria [44].

There is no gender-related difference for the markers.

Studies have shown that positive blood culture, isolat-

No significant difference has been found in the levels of

ing pathogens, is a marker of systemic infection and in-

biomarkers between cases with and without cardiopulmo-

dicates a high risk of SCD in chronic patients. In 2017,

nary resuscitation [47].

López-Amador et al. [45] conducted a study to explore the

At the time of death, there is breakdown of vital ac-

bacteriological profile of postmortem blood cultures in sud-

tivities due to the effect of autolysis [48], microbial degra-

Table 1- Different biomarkers obtained from cadaveric fluids that are useful for diagnosis of SCD; biomarkers useful for detection of myocardial ischemia, but not useful for diagnosis of SCD; potential biomarkers with unconfirmed usefulness.

Cardiac troponins
High-sensitivity C-reactive protein

Useful for diagnosis of SCD

BIOMARKERS

Creatine kinase-MB
Lactate dehydrogenase
Myoglobin

Useful for detection of myocardial ischemia, but
not useful for diagnosis of SCD

Tumor necrosis factor α
Natriuretic peptides
Dephosphorylated connexin 43 and Jun B

Usefulness is not confirmed
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dation and hemolysis. Redistribution of the cellular com-

strategy proved to be successful in living subjects; how-

ponents takes place along the concentration gradient. For

ever, their use in cadavers has not yet been examined. It

this reason, it is important to note the postmortem interval.

is suggested that for the diagnosis of SCD, a multi-marker

Likewise, stability of cardiac troponins is maintained for

strategy would be more efficient. More studies are required

up to 48 hours [49,50].
Poor sensitivity is noted for biomarkers for the first few

to confirm this.

hours, after which there is an elevation of the biomarkers.
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