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Abstract

Major challenges for forensic experts include selection
of best effective diagnostic tests in the time sensitive
identification of cause of death to avoid delay in
postmortem examination cases. Sudden cardiac death
due to acute myocardial infarction constitutes a
significant portion of the autopsies that are conducted
by forensic pathologists. Lack of specificity of clinical
and conventional markers causes misdiagnosis and
prevents or delays in the detection. Conventional
biochemical markers like creatine kinase (CK),
myoglobin, and lactate dehydrogenase is no longer a
best choice in the detection, because of their low
specificity to cardiac injury. Recent reports indicate
cardiac troponin as an extremely sensitive biochemical
marker which can detect even microscopic zones of
myocardial necrosis. We herein, review cardiac
troponin as a biochemical marker in autopsy cases of
AMI and its impact on postmortem management that
will lead to guidance for early detection with quick and
reliable diagnostics methods.
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Introduction

AMI is the world's leading cause of morbidity and
mortality’. Sudden cardiac death due to acute
myocardial infarction constitutes a significant
portion of the autopsies that are conducted by
forensic pathologists” 2. It is a disease with a high
rate of misdiagnosis because of less sensitive
conventional markers which causes unnecessary
delay in the diagnosis process in postmortem
examination cases”. Due to limitations of
histopathological findings, it is necessary to establish
diagnostic utility of different biochemical cardiac
markers in biological fluids for postmortem diagnosis
of MI. Since, in an estimate, infarction is not

apparent on gross examination until 12-24 hrs and
light microscopic (H&E) changes are not apparent
before 4-6 hrs*. Historically, coronary artery disease
assessment has been mainly binary, using WHO
criteria of symptoms, electrocardiography, and
biochemical markers”.

Because of these limitations it is necessary to
establish diagnostic utility of different biochemical
cardiac markers in biological fluids for postmortem
diagnosis of MI. Since, myocardial infarction is
accompanied by the release of structural proteins
and other intracellular macromolecules into the
cardiac  interstitium®. CK, myoglobin, lactate
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dehydrogenase, and aspartate aminotransferase
were some of the classical used biochemical markers
for autopsy cases’. But, because of low specificity of
these conventional biomarkers for cardiac injury
search for more specific alternative biomarkers
recently gained momentum.

Recently, the cardiac markers troponin | (cTnl) and
troponin T (cTnT) have become available. Troponin |,
C and T form a complex that regulates the calcium-
modulated interaction of actin and myosin in
striated muscle’. Cardiac troponin | (CTn 1) is more
specific marker, without any cross-reactivity and
never has been found in a healthy population. Also,
its  sensitivity allows detection of even
microinfarction and acute myocardial infarction
much earlier after the onset of ischemia by using a
rapid one-step assay in body fluids in autopsy cases”
10

Biomarkers of myocardial infarction with reference
to Cardiac Troponin:

Biomarkers of myocardial infarction incorporate
cardiac troponin | and T (cTnl and cTnT), CK,
myoglobin, and lactate dehydrogenase. Absolute CK,
lactate dehydrogenase, and aspartate
aminotransferase ought to never again be utilized
for the determination of Ml on the grounds that they
have low specificity for cardiovascular damage and
more particular option biomarkers of necrosis are
accessible. Myoglobin offers confinements with
these markers because of its high concentration in
skeletal muscle. Be that as it may, in light of its little
molecular size and subsequent fast rise in the setting
of myocardial necrosis, it has held esteem as an early
marker of Ml. In any case, this potential advantage
of myoglobin may be decreased with utilization of
enhanced affectability of more up to date troponin
measures™. Albeit total CK is a sensitive marker of
myocardial damage, it has poor specificity because
of its high concentration in skeletal muscle. Due to
its more concentration in skeletal myocytes, the MB
isoenzyme of CK offers an enhanced affectability and
specificity contrasted to total CK. in any case, CK-MB
constitutes 1%—3% of the CK in skeletal muscle, and
is exhibit in minor amounts in intestine, diaphragm,
uterus, and prostate. Thusly, the specificity of CK-MB
may be disabled in the setting of significant damage
to these organs, particularly skeletal muscle. CK-MB
subforms might likewise be utilized as an early rising
indicator of MI™ yet are not utilized today. The
analysis of intense MI obliges discoveries of a
common rise and/or fall of a biomarker, in

conjunction with clinical proof. Since recognition of
intense Ml is imperative to prognosis and treatment,
measurement of biomarkers of necrosis is shown in
all patients with suspected AC. The creatine kinase-
MB isoenzyme (CK-MB) has been a benchmark for
biochemical markers, but diagnostic utility of this
cardiac marker for post-mortem diagnosis of Ml has
not been fully established, as it is not specific for
myocardium and in some cases negative predictive
value obtained. Data are lacking on the new
markers, yet using all of conventional biochemical
marker is inappropriate and expensive.

Subsequently, forensic medicine needs more
sensitive biochemical markers for the post-mortem
diagnosis of acute myocardial infarction. On the
premise of enhanced affectability and predominant
tissue-specificity contrasted and the other accessible
biomarkers of necrosis, cardiac troponin is the
favored biomarker for the recognition of myocardial
infarction. Rather than CK, cTnl and cTnT have
isoforms that are one of a kind to heart myocytes
and may be measured by assay utilizing monoclonal
antibodies particular to epitopes of the cardiac
form™™. The advantage of cardiac troponin over
different biomarkers of necrosis has been firmly
established in clinical studies. Testing for cardiac
troponin is associated with less false-positive results
in the setting of accompanying skeletal muscle
injury™™", furthermore gives unrivaled segregation
of myocardial damage when the concentration of
CK-MB is normal or minimally increased™™ ** *°.

Additionally, the relationship between increased
concentration of cardiac troponin and a higher risk
of repetitive cardiac occasions in patients with
typical serum concentration of CK-MB has affirmed
the clinical pertinence of recognizing circulating
troponin®®*® . The aim of this review is discuss the
sensitivities and specificities of cardiac troponin T
(cTnT) and heart troponin | (cTnl) in serum and
pericardial liquid for the post-mortem diagnosis of
acute myocardial necrosis (AMI). Recently, cardiac
troponin (cTnl or cTnT) has proven to be nearly
absolute myocardial tissue specificity, thereby
reflecting even microscopic zones of myocardial
necrosis. Therefore, quick and reliable diagnostics
methods for troponin detection may optimize the
use of the time and resources of the autopsy
pathologist and also the chances of misdiagnosis.
Role of troponin in medicolegal autopsy cases and its
future prospects in order for its validation and
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implementation in subjects who had died from
myocardial infarction will be conferred in depth.

Ischemic heart disease is the leading cause of death
in industrialized countries. Sudden death as a result
of cardiac damage is a common cause of acute death
in forensic pathology”>°. Although it is not difficult
to detect typical myocardial lesions using
conventional pathological methods, however
guantitative evaluation of the severity behind
myocardial damage is not an easy task. To meet this
requirement a reliable interpretation through
systematic investigations is necessary which can be
achieved by using a wide spectrum of
pathophysiological markers.  Among  these,
measurement of biochemical marker has become an
important ancillary procedure in determining the
cause and time of death’ . A detail study in the
distribution pattern of biochemical markers in
different body fluids is of great implication in post-
mortem diagnosis, since their distribution depends
upon the location of tissue damage and release
kinetics. Recently, application of biochemical
procedures in forensic pathology is gaining
momentum, because of sudden death associated
with myocardial and ischemic heart disease, which is
often difficult to determine morphologically’*™. In
forensic medicine, there is an urgent need for more
sensitive biochemical markers in post-mortem
diagnosis of acute myocardial infarction (AMI).
Estimation from conventional biochemical markers
from serum can only suggests or suspect the
associated lesion but it can't be confirmed®?%. In
such situation biochemical measurement from
pericardial fluid is the most important choice in
biochemical tests. A comprehensive study involving
a spectrum of traumatic death suggests rise in the
level of troponins in blood serum and pericardial
fluids from various cause of death including
hyperthermia, methamphetamine abuse and carbon
monoxide poisoning.

In normal clinical practice, a few regular biochemical
markers are for the most part utilized for the
determination of myocardial infarction (M) all the
more especially the MB isoenzyme of creatine kinase
(MBCK) and myoglobin. On the other hand, the
specificity of both markers is questionable, since
increase in the estimation of MBCK and myoglobin
might likewise happen in instances of skeletal
muscle damage even without perceivable heart
damage® ™", In the recent years, measuring cardiac
troponins in serum has turned into an entrenched

technique for diagnosing intense ischemic
myocardial infarction and hence has to a great
extent supplanted creatine kinase® *. Troponin
complex comprises of 3 proteins (troponin C, I, and
T), which have regulatory function in the sarcomere.
Troponin C, is indistinguishable in skeletal muscle
and myocardium, yet cardiovascular troponin I and T
(cTnl and cTnT) are sort of not quite the same as
their partners in skeletal muscle. Troponin for the
most part release from injured cardiac myocytes
three hours after ischemic damage, and its rise stay
rose for up to a few weeks. Studies proposes that its
peak concentration can be related with the degree
of injury and hence measuring troponin in serum can
be an important auxiliary method in examining
sudden death*™. In this part the essentialness of
measuring heart troponin (cTn) will be talked about
in connection with after death instances of intense
sudden demise.

Criteria of biomarkers for diagnosis of Ml

The criteria for Ml suggested in these and different
guidelines* are focused around the principle that
any dependably detected myocardial infarction, if
brought about via myocardial ischemia, constitutes a
MI. The improvement of more sensitive and specific
biomarkers of necrosis, for example, cardiac
troponin, has empowered location of quantitatively
much smaller area of myocardial damage®.
Additionally, it is likely that future eras of measures
for cardiac troponin will push this utmost
significantly lower. All things considered, based on
the total confirmation to date, the present rules
reflect the predominating accord assumption® that
any dependably detected elevation of a cardiac
troponin is irregular and probably speaks to necrosis.
The additional investigation is obliged to figure out if
present or future generation of assays for cardiac
troponin may detect release of the protein that
happens amid reversible injury because of
myocardial localized necrosis.

Optimal timing of sample acquisition

The ideal timing of sample acquisition for estimation
of biomarkers for the diagnosis of Ml gets from both
properties of the accessible biomarkers and patient
related components, timing and term of indications
with respect to presentation and general likelihood
of ACS. CK-MB starts to increase within 3—4 h after
the onset of myocardial injury and tumbles to typical
ranges by 48—72 h. Cardiac troponin increase with a
time course like CK-MB yet can stay expanded for up
to 4-7 days for cTnl and 10-14 days for cTnT.
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Conversely, myoglobin concentrations begin to
increase as right on time as 1 h after onset of
myocyte damage and comes back to normal inside
12-24 h. In view of this kinetics, the transient ascent
of the serum concentration of CK-MB and cardiac
troponin regularly does not allow recognition of
myocardial necrosis early (1-3 h) and does not help
maximal affectability of these markers until 6 or
more hours after the onset of MI**°. Precise
determination of the timing of symptom onset is
focused around patient reporting and is frequently
clinically exceptionally difficult’’. In this manner,
blood ought to be acquired from patient for testing
at 6-9 h after onset of manifestation to give
satisfactory clinical affectability to distinguishing MI.
early testing of heart troponin or CK-MB, in
combination with myoglobin, may be considered as
an approach to increase early detection of infarction
and to facilitate rapid initiation of treatment™>*

A perfect biochemical marker for diagnosis and
detection of myocardial injury ought to be display in
high concentration particularly in myocardium, and
ought not be introduce in different tissues, even in
trace amounts or under any pathological conditions
>* Likewise, it ought to be release quickly and totally
in light of myocardial injury furthermore ought to
continue in plasma for a few hours however not all
that long, to give a sufficient time to helpful analysis.
The ingenuity for more periods could be of great
interest for routine clinical practice yet not in post-
mortem diagnosis where markers ought to be of free
of impedance as an after effect of post-mortem
interval and from contamination caused by adjoining
tissue  fluids. In  post-mortem examination,
estimation of markers is imperative in light of the
fact that customary histological routines can just
suspect the myocardial lesion yet can't be secured®®
* ¥ Indeed in specific instances of measurable
practice it is hard to diagnose AMI just from
anatomic and pathological observation. In such cases
wide variety of biochemical determinations in blood,
cerebrospinal liquid, vitreous humor, pericardial
fluid, and other body fluids can be much helpful in
solving forensic related medico legal problems *’. In
such cases complementary diagnostic techniques,
such as the determination of biochemical markers in
cadaver fluids, take on a special importance.

Recently, cardiac troponins have picked up
consideration as a specific marker of myocardial cell
injury. European Society of Cardiology and the
American College of Cardiology have recently

recommended that these proteins ought to favored
as specific marker for cardiac injury than the
traditional one>. Measurement of cardiac troponins
has turned into a standout amongst the most
imperative research facility tests now days where
passing can likewise be conceivable because of
intense myocardial damage. The modern troponin
assays are more particular for cardiac damage than
ischemia injury. Indeed cases like cardiomyocyte
necrosis, for  example, myocarditis  and
cardiomyopathies, can likewise be diagnosed in light
of rise in the level of serum troponin. Likewise, it has
been watched that estimation of ¢TnT and cTnl is
more exact than the routine estimation of CK-MB>*
>’ So it has been proposed that these troponin can
be utilized as a part of post-mortem examination as
a qualitative diagnostic test *°. In any case there
ought to be a need of most extreme consideration
when patients experiencing renal failure where
abnormal amounts of cTnT may present™™. Then
again, there is a general understanding that serum
cTnl is a specific marker for myocardial injury and it
has been recommended that cTnl immunoreaction
in autopsied hearts is a sensitive method which can
employ in the diagnosis of early myocardial
infarction > ®°. In their study on cTnT and cTnl
against intense myocardial localized necrosis
reasoned that relying upon their level increased
from 10% to 45% inside an hour to more than 90% at
8 or more hours. Anyway its specificity starts
declining gradually from 87% to 80%, inside 12 hours
after the onset of chest pain for ¢cTnT and 95% in
cTnl level. Along these lines, cTnl has all the
earmarks of being more perfect for the location of
myocardial damage™*" ® %,

Recently, cardiac troponins have gained attention as
a specific marker of myocardial cell injury. European
Society of Cardiology and the American College of
Cardiology have recently suggested that these
proteins should preferred as specific marker for
cardiac injury than the classical one *>. Measurement
of cardiac troponins has become one of the most
important laboratory tests now days where death
can also be possible due to acute myocardial
damage. The modern troponin assays are more
specific for cardiac damage than ischemia injury.
Even cases like cardiomyocyte necrosis, such as
myocarditis and cardiomyopathies, can also be
diagnosed because of elevation in the level of serum
troponin. Also, it has been observed that
measurement of ¢TnT and cTnl is more accurate
than the conventional measurement of CK-MB ** %,
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So it has been suggested that these troponin can be
used in autopsy as a qualitative diagnostic test *°.
But there should be a need of utmost care when
patients suffering from renal failure where high
levels of cTnT may present °°. However, there is a
general agreement that serum cTnl is a specific
marker for myocardial injury and it has been
suggested that cTnl immunoreaction in autopsied
hearts is a sensitive method which can employ in
the diagnosis of early myocardial infarction >°,%°. In
their study on c¢TnT and cTnl against acute
myocardial infarction concluded that depending on
their level increases from 10% to 45% within a hour
to more than 90% at 8 or more hours. But its
specificity starts declining gradually from 87% to
80%, within 12 hours after the onset of chest pain
for cTnT and 95% in cTnl level. Thus, cTnl appears to
be more ideal for the detection of myocardial
damage“’ 61,62

Recently, monoclonal antibodies against cTnl and
cTnT have as of now been produced that shows
almost no cross-reactivity with their respective
skeletal muscle isoforms™ ®. Both of these marker
give a prevalent specificity in a circumstance where
high level of CK-MB is suspected in giving a false
positive result®. Likewise, a few studies have
obviously exhibited that cTnl and cTnT are better
than other established biochemical measurement if
myocardial damage must be diagnosed in patients
with possible concomitant skeletal muscle damage
>’ As per”’ both markers were associated with a very
nearly outright clinical affectability however the
specificity was insignificantly higher for cTnl* in
their finding proposed a preference for cTnl in
patients with chronic failure or myopathies, if
myocardial damage is suspected. In an alternate
careful investigation Adams et al. observed that
troponin | in the venous blood especially, was
specific for cardiac contusion however its specificity
in the pericardium was not as different as in the
venous blood*> *°. Hence, troponin | has depicted as
having a high specificity with ischaemic myocardial
injuries and in traumatic myocardial injuries
compared with other class of troponin®. It has been
also observed that during biochemical measurement
from pericardial fluid, a statistically significant higher
level was obtained in subjects who died from
myocardial infarction compared to normal death.
However in serum, only cTnl exhibit statistically
significant difference with higher value in the
subjects, who died from myocardial infarctions.

These discrepancies aroused possibly due to their
release from different sites®”®,

Conclusion

In conclusion, based on literature and available
evidences we suggest cTnl measurement as one of
the useful parameter for measuring the severity of
myocardial damage and thus can be implemented in
medico-legal autopsy in forensic practice. We,
therefore propose cTnl measurement as an essential
criterion in patients who died due to sudden acute
death. Thus, by using this procedure it will be
possible to predict cardiac death with almost 100%
accuracy.

Multimarker approach as a future detection
method

Clinical studies have demonstrated that the
consolidated utilization of myoglobin and a more
specific marker of myocardial infarction may be
helpful for the early determination of MI"> "
Multimarker strategies that incorporate myoglobin
have been indicated to distinguish patients with Ml
more quickly than laboratory based determination of
a single marker’> ”*. Advances in our understanding
of the pathogenesis and results of ACS have
animated improvement of new biomarkers and
made the opportunity for an extended part of
different biomarkers and individualization of
treatment’” . Much evidence demonstrates that a
multimarker method, utilizing a pathologically
differing set of biomarkers, includes to biomarkers of
putrefaction for danger appraisal in ACS’. Few
studies have inspected procedures incorporating 2
or more markers notwithstanding troponin” ”’
Additional research assessing this and other
methodologies for consolidating 2 or more
pathologically differing biomarkers will clear up the
suitable clinical part for such a methodology. All
things considered, as new markers and treatments
are found, a multimarker standard utilizing a
combination of biomarkers for risk evaluation and
clinical choice making can possibly enhance results
for patients with ACS’.

Conflict of interest
None declared

References

1. Yang Z, Min Zhou D. Cardiac markers and their
point-of-care testing for diagnosis of acute
myocardial infarction. Clinical biochemistry.
2006;39(8):771-780.

Int J Eth Trauma Victimology 2015; 1(1):25.



10.

11.

12,

13.

Khan 1A, Wattanasuwan N. Role of biochemical
markers in diagnosis of myocardial infarction.
International journal of cardiology.
2005;104(2):238-240.

Christenson RH, Azzazy HM. Biochemical
markers of the acute coronary syndromes.
Clinical chemistry. 1998;44(8):1855-1864.
Ghormade PS, Kumar NB, Tingne CV, Keoliya AN.
Diagnostic Efficacy of Cardiac Isoenzyme CK-MB
in Pericardial Fluid for Post-mortem Diagnosis of
Myocardial Infarction. Journal of Indian Academy
of Forensic Medicine. 2014;36(4):391-395.
Burlew BS, Weber KT. Connective tissue and the
heart: functional significance and regulatory
mechanisms. Cardiology clinics. 2000;18(3):435-
442.

Lott JA, Stang JM. Serum enzymes and
isoenzymes in the diagnosis and differential
diagnosis of myocardial ischemia and necrosis.
Clinical chemistry. 1980;26(9):1241-1250.
Swaanenburg JC, Klaase JM, Delongste MJ,
Zimmerman KW, ten Duis HJ. Troponin |,
troponin T, CKMB-activity and CKMB-mass as
markers for the detection of myocardial
contusion in patients who experienced blunt
trauma. Clinica chimica acta. 1998;272(2):171-
181.

Etievent J-P, Chocron S, Toubin G, Taberlet C,
Alwan K, Clement F, Cordier A, Schipman N,
Kantelip J-P. Use of cardiac troponin | as a
marker of perioperative myocardial ischemia.
The Annals of thoracic surgery. 1995;59(5):1192-
1194.

Remmer S, Kuudeberg A, Tonisson M, Lepik D,
Vali M. Cardiac troponin T in forensic autopsy
cases. Forensic science international.
2013;233(1):154-157.

Zhu B-L, Ishikawa T, Michiue T, Li D-R, Zhao D,
Bessho Y, Kamikodai Y, Tsuda K, Okazaki S,
Maeda H. Postmortem cardiac troponin | and
creatine kinase MB levels in the blood and
pericardial fluid as markers of myocardial
damage in medicolegal autopsy. Legal Medicine.
2007;9(5):241-250.

Eggers KM, Oldgren J, Nordenskjold A, Lindahl B.
Diagnostic value of serial measurement of
cardiac markers in patients with chest pain:
limited value of adding myoglobin to troponin |
for exclusion of myocardial infarction. Am Heart
J. 2004;148(4):574-581.

Puleo PR, Meyer D, Wathen C, Tawa CB, Wheeler
S, Hamburg RJ, Ali N, Obermueller SD, Triana JF,
Zimmerman JL, et al. Use of a rapid assay of
subforms of creatine kinase-MB to diagnose or
rule out acute myocardial infarction. N Engl J
Med. 1994;331(9):561-566.

Bodor GS, Porter S, Landt Y, Ladenson JH.
Development of monoclonal antibodies for an

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

assay of cardiac troponin-l and preliminary
results in suspected cases of myocardial
infarction. Clin Chem. 1992;38(11):2203-2214.
Katus HA, Remppis A, Looser S, Hallermeier K,
Scheffold T, Kubler W. Enzyme linked immuno
assay of cardiac troponin T for the detection of
acute myocardial infarction in patients. J Mol Cell
Cardiol. 1989;21(12):1349-1353.

Katus HA, Remppis A, Neumann FJ, Scheffold T,
Diederich KW, Vinar G, Noe A, Matern G, Kuebler
W. Diagnostic efficiency of troponin T
measurements in acute myocardial infarction.
Circulation. 1991;83(3):902-912.

Adams JE, 3rd, Sicard GA, Allen BT, Bridwell KH,
Lenke LG, Davila-Roman VG, Bodor GS, Ladenson
JH, Jaffe AS. Diagnosis of perioperative
myocardial infarction with measurement of
cardiac troponin I. N Engl J Med.
1994;330(10):670-674.

Katus HA, Schoeppenthau M, Tanzeem A, Bauer
HG, Saggau W, Diederich KW, Hagl S, Kuebler W.
Non-invasive assessment of perioperative
myocardial cell damage by circulating cardiac
troponin T. Br Heart J. 1991;65(5):259-264.
Apple FS, Falahati A, Paulsen PR, Miller EA,
Sharkey SW. Improved detection of minor
ischemic myocardial injury with measurement of
serum cardiac troponin I. Clin Chem.
1997;43(11):2047-2051.

Ravkilde J, Horder M, Gerhardt W, Ljungdahl L,
Pettersson T, Tryding N, Moller BH, Hamfelt A,
Graven T, Asberg A, et al. Diagnostic
performance and prognostic value of serum
troponin T in suspected acute myocardial
infarction. Scand J Clin Lab Invest.
1993;53(7):677-685.

Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P,
Peheim E, Ljungdahl L, Goldmann B, Katus HA.
The prognostic value of serum troponin T in
unstable angina. N Engl J Med. 1992;327(3):146-
150.

Hamm CW, Braunwald E. A classification of
unstable angina revisited. Circulation.
2000;102(1):118-122.

Heidenreich PA, Alloggiamento T, Melsop K,
McDonald KM, Go AS, Hlatky MA. The prognostic
value of troponin in patients with non-ST
elevation acute coronary syndromes: a meta-
analysis. J Am Coll Cardiol. 2001;38(2):478-485.
Takada A, Saito K, Kobayashi M.
Cardiopulmonary resuscitation does not cause
left ventricular rupture of the heart with acute
myocardial infarction: a pathological analysis of
77 autopsy cases. Leg Med (Tokyo).
2003;5(1):27-33.

Nishida N, lkeda N, Esaki R, Kudo K, Tsuji A.
Conduction system abnormalities in alcoholics
with asymptomatic valvular disease who suffer

Int J Eth Trauma Victimology 2015; 1(1):26.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

sudden death. Leg Med (Tokyo). 2003;5(4):212-
219.

Takada A, Saito K, Ro A, Kobayashi M,
Hamamatsu A, Murai T, Kuroda N. Acute
coronary syndrome as a cause of sudden death
in patients with old myocardial infarction: a
pathological analysis. Leg Med (Tokyo). 2003;5
Suppl 1:5292-294.

Yasuda T, Kawai Y, Ueki M, Kishi K. Clinical
applications of DNase |, a genetic marker already
used for forensic identification. Leg Med (Tokyo).
2005;7(4):274-277.

Coe JI. Postmortem chemistry update. Emphasis
on forensic application. Am J Forensic Med
Pathol. 1993;14(2):91-117.

Maeda H. [Pathophysiochemistry of acute death:
an approach to evidence-based assessment in
forensic pathology]. Nihon Hoigaku Zasshi.
2004;58(2):121-129.

Li DR, Zhu BL, Ishikawa T, Zhao D, Michiue T,
Maeda H. Postmortem serum protein S100B
levels with regard to the cause of death involving
brain damage in medicolegal autopsy cases. Leg
Med (Tokyo). 2006;8(2):71-77.

Dressler J, Felscher D, Koch R, Muller E. Troponin
T in legal medicine. Lancet. 1998;352(9121):38.
Perez-Carceles MD, Noguera J, Jimenez L,
Martinez P, Luna A, Osuna E. Diagnostic efficacy
of biochemical markers in diagnosis post-
mortem of ischaemic heart disease. Forensic Sci
Int. 2004;142(1):1-7.

Ellingsen CL, Hetland O. Serum concentrations of
cardiac troponin T in sudden death. Am J
Forensic Med Pathol. 2004;25(3):213-215.

Luna A, Villanueva E, Castellano M, Jimenez G.
The determination of Ck, LDH and its isoenzymes
in pericardial fluid and its application to the post-
mortem diagnosis of myocardial infarction.
Forensic Sci Int. 1982;19(1):85-91.

Stewart RV, Zumwalt RE, Hirsch CS, Kaplan L.
Postmortem diagnosis of myocardial disease by
enzyme analysis of pericardial fluid. Am J Clin
Pathol. 1984;82(4):411-417.

Lachica E, Villanueva E, Luna A. Comparison of
different techniques for the postmortem
diagnosis of myocardial infarction. Forensic Sci
Int. 1988;38(1-2):21-26.

Burns J, Milroy CM, Hulewicz B, West CR,
Walkley SM, Roberts NB. Necropsy study of
association between sudden death and cardiac
enzymes. J Clin Pathol. 1992;45(3):217-220.
Perez-Carceles MD, Osuna E, Vieira DN, Martinez
A, Luna A. Biochemical assessment of acute
myocardial ~ ischaemia. J  Clin  Pathol.
1995;48(2):124-128.

Perez-Carceles MD, Osuna E, Vieira DN, Luna A.
Usefulness of myosin in the postmortem

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

diagnosis of myocardial damage. Int J Legal Med.
1995;108(1):14-18.

Adams JE, 3rd, Schechtman KB, Landt Y,
Ladenson JH, Jaffe AS. Comparable detection of
acute myocardial infarction by creatine kinase
MB isoenzyme and cardiac troponin I. Clin Chem.
1994;40(7 Pt 1):1291-1295.

Mair J, Morandell D, Genser N, Lechleitner P,
Dienstl F, Puschendorf B. Equivalent early
sensitivities of myoglobin, creatine kinase MB
mass, creatine kinase isoform ratios, and cardiac
troponins | and T for acute myocardial infarction.
Clin Chem. 1995;41(9):1266-1272.

Mair J, Genser N, Morandell D, Maier J, Mair P,
Lechleitner P, Calzolari C, Larue C, Ambach E,
Dienstl F, Pau B, Puschendorf B. Cardiac troponin
I in the diagnosis of myocardial injury and
infarction. Clin Chim Acta. 1996;245(1):19-38.
Alpert JS, Thygesen K, Antman E, Bassand JP.
Myocardial infarction redefined--a consensus
document of The Joint European Society of
Cardiology/American College of Cardiology
Committee for the redefinition of myocardial
infarction. J Am Coll Cardiol. 2000;36(3):959-969.
Jaffe AS, Ravkilde J, Roberts R, Naslund U, Apple
FS, Galvani M, Katus H. It's time for a change to a
troponin standard. Circulation.
2000;102(11):1216-1220.

Cina SJ, Li DJ, Chan DW, Boitnott JK, Hruban RH,
Smialek JE. Serum concentrations of cardiac
troponin | in sudden death: a pilot study. Am J
Forensic Med Pathol. 1998;19(4):324-328.

Osuna E, Perez-Carceles MD, Alvarez MV,
Noguera J, Luna A. Cardiac troponin | (cTn I) and
the postmortem diagnosis of myocardial
infarction. Int J Legal Med. 1998;111(4):173-176.
Cina SJ, Brown DK, Smialek JE, Collins KA. A rapid
postmortem cardiac troponin T assay: laboratory
evidence of sudden cardiac death. Am J Forensic
Med Pathol. 2001;22(2):173-176.

Antman EM, Grudzien C, Mitchell RN, Sacks DB.
Detection of unsuspected myocardial necrosis by
rapid bedside assay for cardiac troponin T. Am
Heart J. 1997;133(5):596-598.

Mair J, Artner-Dworzak E, Lechleitner P, Morass
B, Smidt J, Wagner |, Dienstl F, Puschendorf B.
Early diagnosis of acute myocardial infarction by
a newly developed rapid immunoturbidimetric
assay for myoglobin. Br Heart J. 1992;68(5):462-
468.

Antman EM, Grudzien C, Sacks DB. Evaluation of
a rapid bedside assay for detection of serum
cardiac troponin T. JAMA. 1995;273(16):1279-
1282.

Zimmerman J, Fromm R, Meyer D, Boudreaux A,
Wun CC, Smalling R, Davis B, Habib G, Roberts R.
Diagnostic marker cooperative study for the

Int J Eth Trauma Victimology 2015; 1(1):27.



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

diagnosis of myocardial infarction. Circulation.
1999;99(13):1671-1677.

Ryan TJ, Antman EM, Brooks NH, Califf RM, Hillis
LD, Hiratzka LF, Rapaport E, Riegel B, Russell RO,
Smith EE, 3rd, Weaver WD, Gibbons RJ, Alpert JS,
Eagle KA, Gardner TJ, Garson A, Jr., Gregoratos
G, Smith SC, Jr. 1999 update: ACC/AHA
guidelines for the management of patients with
acute myocardial infarction. A report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines
(Committee on Management of Acute
Myocardial Infarction). J Am Coll Cardiol.
1999;34(3):890-911.

Kontos MC, Anderson FP, Schmidt KA, Ornato JP,
Tatum JL, Jesse RL. Early diagnosis of acute
myocardial infarction in patients without ST-
segment elevation. Am J Cardiol. 1999;83(2):155-
158.

Macrae AR, Kavsak PA, Lustig V, Bhargava R,
Vandersluis R, Palomaki GE, Yerna MJ, Jaffe AS.
Assessing the requirement for the 6-hour
interval between specimens in the American
Heart Association Classification of Myocardial
Infarction in Epidemiology and Clinical Research
Studies. Clin Chem. 2006;52(5):812-818.

Adams JE, 3rd, Abendschein DR, Jaffe AS.
Biochemical markers of myocardial injury. Is MB
creatine kinase the choice for the 1990s?
Circulation. 1993;88(2):750-763.

Jaffe AS. New standard for the diagnosis of acute
myocardial infarction. Cardiol Rev.
2001;9(6):318-322.

Heeschen C, Deu A, Langenbrink L, Goldmann
BU, Hamm CW. Analytical and diagnostic
performance of troponin assays in patients
suspicious for acute coronary syndromes. Clin
Biochem. 2000;33(5):359-368.

Pagani F, Bonetti G, Panteghini M. Comparative
study of cardiac troponin | and T measurements
in a routine extra-cardiological clinical setting. J
Clin Lab Anal. 2001;15(4):210-214.

Fredericks S, Murray JF, Bewick M, Chang R,
Collinson PO, Carter ND, Holt DW. Cardiac
troponin T and creatine kinase MB are not
increased in exterior oblique muscle of patients
with renal failure. Clin Chem. 2001;47(6):1023-
1030.

Hansen SH, Rossen K. Evaluation of cardiac
troponin | immunoreaction in autopsy hearts: a
possible marker of early myocardial infarction.
Forensic Sci Int. 1999;99(3):189-196.

Ebell MH, Flewelling D, Flynn CA. A systematic
review of troponin T and | for diagnosing acute
myocardial infarction. J  Fam Pract.
2000;49(6):550-556.

Adams JE, 3rd, Bodor GS, Davila-Roman VG,
Delmez JA, Apple FS, Ladenson JH, Jaffe AS.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Cardiac troponin I. A marker with high specificity
for cardiac injury. Circulation. 1993;88(1):101-
106.

Mair J. Cardiac troponin | and troponin T: are
enzymes still relevant as cardiac markers? Clin
Chim Acta. 1997;257(1):99-115.

Gerhardt W, Katus H, Ravkilde J, Hamm C,
Jorgensen PJ, Peheim E, Ljungdahl L, Lofdahl P. S-
troponin T in suspected ischemic myocardial
injury compared with mass and catalytic
concentrations of S-creatine kinase isoenzyme
MB. Clin Chem. 1991;37(8):1405-1411.

Hamm CW. New serum markers for acute
myocardial infarction. N Engl J Med.
1994;331(9):607-608.

Katus HA, Haller C, Muller-Bardorff M, Scheffold
T, Remppis A. Cardiac troponin T in end-stage
renal disease patients undergoing chronic
maintenance hemodialysis. Clin Chem. 1995;41(8
Pt 1):1201-1203.

Cina SJ, Thompson WC, Fischer JR, Jr., Brown DK,
Titus JM, Smialek JE. A study of various
morphologic variables and troponin | in
pericardial fluid as possible discriminators of
sudden cardiac death. Am J Forensic Med Pathol.
1999;20(4):333-337.

Cairns JA, Missirlis E, Walker WH. Usefulness of
serial determinations of myoglobin and creatine
kinase in serum compared for assessment of
acute myocardial infarction. Clin Chem.
1983;29(3):469-473.

Grenadier E, Keidar S, Kahana L, Alpan G,
Marmur A, Palant A. The roles of serum
myoglobin, total CPK, and CK-MB isoenzyme in
the acute phase of myocardial infarction. Am
Heart J. 1983;105(3):408-416.

Hoberg E, Katus HA, Diederich KW, Kubler W.
Myoglobin, creatine kinase-B isoenzyme, and
myosin light chain release in patients with
unstable angina pectoris. Eur Heart J.
1987;8(9):989-994.

Ohman EM, Casey C, Bengtson JR, Pryor D,
Tormey W, Horgan JH. Early detection of acute
myocardial infarction: additional diagnostic
information from serum concentrations of
myoglobin in patients without ST elevation. Br
Heart J. 1990;63(6):335-338.

Brogan GX, Jr., Friedman S, McCuskey C, Cooling
DS, Berrutti L, Thode HC, Jr., Bock JL. Evaluation
of a new rapid quantitative immunoassay for
serum myoglobin versus CK-MB for ruling out
acute myocardial infarction in the emergency
department. Ann Emerg Med. 1994;24(4):665-
671.

Kontos MC, Anderson FP, Hanbury CM, Roberts
CS, Miller WG, Jesse RL. Use of the combination
of myoglobin and CK-MB mass for the rapid

Int J Eth Trauma Victimology 2015; 1(1):28.



73.

74.

diagnosis of acute myocardial infarction. Am J
Emerg Med. 1997;15(1):14-19.

Newby LK, Storrow AB, Gibler WB, Garvey JL,
Tucker JF, Kaplan AL, Schreiber DH, Tuttle RH,
McNulty SE, Ohman EM. Bedside multimarker
testing for risk stratification in chest pain units:
The chest pain evaluation by creatine kinase-MB,
myoglobin, and troponin | (CHECKMATE) study.
Circulation. 2001;103(14):1832-1837.

Morrow DA, de Lemos JA, Sabatine MS, Murphy
SA, Demopoulos LA, DiBattiste PM, McCabe CH,
Gibson CM, Cannon CP, Braunwald E. Evaluation
of B-type natriuretic peptide for risk assessment
in unstable angina/non-ST-elevation myocardial
infarction: B-type natriuretic peptide and
prognosis in TACTICS-TIMI 18. J Am Coll Cardiol.
2003;41(8):1264-1272.

75.

76.

77.

Sabatine MS, Morrow DA, de Lemos JA, Gibson
CM, Murphy SA, Rifai N, McCabe C, Antman EM,
Cannon CP, Braunwald E. Multimarker approach
to risk stratification in non-ST elevation acute
coronary syndromes: simultaneous assessment
of troponin |, C-reactive protein, and B-type
natriuretic peptide. Circulation.
2002;105(15):1760-1763.

Morrow DA, Braunwald E. Future of biomarkers
in acute coronary syndromes: moving toward a
multimarker strategy. Circulation.
2003;108(3):250-252.

Baldus S, Heeschen C, Meinertz T, Zeiher AM,
Eiserich JP, Munzel T, Simoons ML, Hamm CW.
Myeloperoxidase serum levels predict risk in
patients with acute coronary syndromes.
Circulation. 2003;108(12):1440-1445.

Int J Eth Trauma Victimology 2015; 1(1):29.



