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Forensic sciences focussed on investigations of unnatural deaths
and crimes have indisputably made significant contribution to advance
medical and pharmaceutical sciences in addition to assisting the
judiciary. Many examples can be cited of scientific discoveries of novel
disorders, causes and mechanisms of diseases, drug toxicity, as well
as effectiveness of therapeutic strategies that are secondary outcomes
of medico-legal autopsies. Significant among them are related to
cardiovascular sciences. Cardiology has notably had immense benefits
from Forensic Sciences, early through autopsy studies and lately from
forensic genetic testing.
The beginning of Cardiology is linked to discovery of circulation
by William Harvey in the 16th century. Harvey’s discovery was
made possible by the lift of ban on medical autopsies. Harvey was a
pioneer in recognizing that clinic-pathologic correlations from postmortem findings are pivotal in gaining anatomical knowledge and
recognizing the basis of clinical symptoms and signs. Andreas Vesalius,
a predecessor of Harvey had noted marked differences between Galen’s
teaching and the real anatomy from observations in dissected human
bodies. He traced the elaborate network of the blood vessels and
accurately described the anatomy of the heart [1]. The significance of
the approach of these two path finders is evident from the observations
that over centuries, there has been no significant decrease in the rate of
unexpected findings detected in either medico-legal autopsies or postmortem studies on patients dying from natural causes in hospitals [2,3].
Autopsy studies have contributed immensely to our understanding
of the anatomical basis of a number of heart diseases. A large number
of heart diseases such as myocarditis, and carcinoid heart disease
were first described during autopsies. Several infections that are not
diagnosed clinically have been detected at autopsy for the first time as
causes for cardiac symptoms and signs [4]. We recognize at present that
influenza and pneumonia can trigger acute vascular events and increase
the risk of myocardial infection. Studies have linked pre-eclampsia, a
major cause of death due to vascular factors to maternal infection. It
was through autopsy studies that Chaga’s disease was recognized as a
cause for cardiomyopathy as well as for sudden death in patients with
asymptomatic infection with T. Cruzi [5,6]. Pathological features of
another tropical problem rheumatic heart disease were clarified through
post-mortem observations. Autopsy studies aided in understanding the
pathogenesis of chronic valve disease, effects of mitral valve replacement
and valve repair as well as the causes for failure of such treatment in
patients with rheumatic valve disease.

Pathogenesis of atherosclerosis is also better understood now, thanks
to a major study under the aegis of World Heart Federation. This multicentric research on Pathobiological Determinants of Atherosclerosis
in Youth (PBDAY) had post-mortem material collected from those
who had suffered fatal accidents and from 18 centres in 15 countries.
This extensive investigation aided in identifying that the rate of
atherosclerosis was higher in patients with high blood pressure, diabetes
mellitus, smoking habits and high alcohol consumption. The study also
revealed that atherosclerotic lesions develop early in life, independent
of race, sex, geographical origin and that the progress to coronary heart
disease is related to ethnic and life style factors [10].
Yet another significant contribution of forensic pathology has
been in discerning the cause of sudden deaths. Autopsies have been
diagnostic tools to establish the cause of death, and the missed diagnoses,
if any, in instances where there has been no clinically identified heart
problem. Sudden deaths due to inherited cardiac diseases in infants
are difficult to diagnose because sudden death is the only first clinical
manifestation. Such diseases are better appreciated currently thanks
to post-mortem genetic analysis, a new tool to identify mutations in
cardiac structural and functional proteins [11]. Cardiac channelopathies
such as long-QT syndrome, Brugada syndrome, catecholaminergic
polymorphic ventricular tachycardia, arrhythmogenic right ventricular
cardiomyopathy/dysplasia and hypertrophic cardiomyopathy are
conditions where genetic testing is reliable for clinical diagnosis [12].
Detection of cardiomyopathies and prediction of the risk of sudden
death is now feasible by early screening of mutation carriers. Be that as
it may, often the cause of sudden and unexpected death in those with
normal hearts remains unexplained [13]. A large number of autopsy
studies are in progress to discover clinically unrecognisable structural
substrates and to elucidate the potential mechanisms of sudden cardiac
death in the absence of any gross structural abnormality or heart defect.
Post-mortem histology has provided evidence of concealed pathological
substrates such as focal myocarditis in a few instances [14]. However,
the cause of sudden cardiac death in young patients with histologically
normal hearts remains a puzzle to be solved [15]. Research related to
sudden cardiac death in infants is also in the stage of infancy and much
progress has to be made for reliable clinical application [16].
Sudden natural deaths are also commonly associated with
identifiable cardiac problems. One example is sudden deaths in patients
with chronic heart failure. The Assessment of Treatment with Lisinopril
and Survival (ATLAS) Trial evaluated the causes triggering sudden
unexpected death in chronic heart failure, at autopsy. The study revealed
that acute coronary events such as coronary thrombus, ruptured

Complex congenital heart diseases such as tetralogy of Fallot,
transposition of the great vessels, tricuspid atresia, hypoplastic left heart
syndrome, coarctation of the aorta, hypoplastic right heart syndrome,
anomalous position of the heart, endocardial cushion defects and
tricuspid valve dysplasias have all been characterized during postmortem examinations [7,8]. Post mortem studies on adults with
congenital heart diseases and who have underwent surgical corrections
could provide novel information and guidance for revision of present
approaches to management of patients with congenital heart defects
[9].
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It was through autopsy studies that it was identified that fatal
outcomes in coronary artery disease are a result of rupture of
atherosclerotic plaques and superimposed coronary thrombosis.
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plaque, or myocardial infarction, usually not clinically diagnosed in
patients with heart failure and associated coronary artery disease, were
prevalent in such patients and might be important in triggering sudden
death [17].
Post-mortem studies have also assisted in improving heart transplant
procedures. The Necropsy Heart Transplantation study (NEHTS study)
aimed to identify the discrepancies between clinical cause of death and
autopsy findings in heart transplant recipients. The study reported that
the main discrepancies between autopsy and clinical cause of death
were errors in the diagnosis of causes of dysfunction in the transplanted
organ, acute humoral rejection, cardiac allograft disease, pulmonary
embolism and disseminated intravascular coagulation. The significance
of this study is that major factors with potential for adverse impact in
the survival of patients with heart transplant and clinically undiagnosed
could be discovered [18].
Though rare, marijuana abuse can cause cardiac arrest with
often fatal consequences [19]. Post-mortem toxicological analysis
of patient’s blood reveals the psychoactive secondary metabolite
tetrahydrocannabinol (THC) in the blood of Cannabis sativus or
marijuana abusers, who could die from cardiovascular events such
as arrhythmias or myocardial infarction [20]. Cocaine is another
psychoactive recreational drug which causes sudden death. Coronary
obstructive lesions in patients with cocaine induced ischemic heart
disease were found in an autopsy examination, to be related to coronary
artery spasm, endothelial injury and platelet aggregation [21]. Autopsy
studies on long term cocaine abusers revealed that the mechanisms
of cocaine induced cardiac complications are coronary vasospasm
associated with adventitial mast cell aggregates, coronary thrombosis,
myocardial ischemia and lymphocytic myocarditis [22]. Techniques of
forensic toxicology apart from tracing known recreational drugs such
as cocaine, cannabis and amphetamine products are considered also
useful to identify new substances with previously unknown potential
for abuse. Forensic toxicology tools could be useful to investigate the
cause of sudden unexpected cardiac deaths in teens with no history of
heart disease and no or low risk for heart disease [23].
Valve repair, replacement, coronary arterial by-pass grafting
and implantation of vascular stents and ventricular assist devices
are common surgical procedures employed in the management of
various heart diseases. Forensic pathology provides an opportunity to
recognize short and long term complications that result from failure
of the techniques or issues related to biocompatibility of the implant
materials. Implants retrieved at autopsy can also be analysed to discern
the causes for failure such as physical or chemical degradation. Such
studies have been useful to redesign and develop novel arterial grafts,
vascular stents and valves as well as alter techniques of implantation
of such devices. Medico-legal autopsies are also sources for harvesting
tissues for transplantation; an example is homograft valves for
replacement in patients with valve defects. Post mortem analyses of
homografts retrieved from patients who underwent valve implantation
have aided to improve techniques for valve processing and reduce
chances of immunologic rejection and valve degeneration. Forensic
specialists have led the way to regulate the legal framework necessary
for harvesting hearts for transplantation.
Many pharmaceutical drugs, though validated in clinical trials
before widespread clinical use, often have adverse effects, some fatal [24].
Pharmaceutical forensics is a specialty which investigates the causes for
such adverse effects using samples collected post-mortem and the data
from such research are used to modify the material characteristics of
drug and improve manufacturing processes. Iatrogenic effects which
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account for a large number of deaths from cardiac complications
can also be identified during autopsy examinations. For example
cardiac hypertrophy resulting from the cardiotropic effect of anabolic
androgenic steroids was identified only by autopsy studies [25]. Forensic
pathologists have contributed to the development of several drugs used
for the treatment of coronary artery disease including antithrombotic
drugs.
Cardiotoxicity of some of the poisonous plants and the mechanism
of cardiac toxicity have been understood thanks to forensic analysis.
Medicinal plants such as Cerebera odollum, Atropa belladonna, Datura
fastuosa, Colchicum autumnale have been thus recognized to have toxic
effects [26,27]. The toxic dose causing fatality has also been identified
by post-mortem studies [28].
In summary, there has been a mutually beneficial association
among cardiologists, cardiovascular scientists and forensic pathologists
and scientists. Medico-legal autopsies have revealed unexpected
yet clinically important cardiac lesions. The findings have been
of significant help to improve quality of patient care and advance
cardiology practice. Different branches of forensic science such as
forensic medicine, forensic pathology, forensic pharmacology, forensic
toxicology and forensic genetics have contributed to the growth of
cardiovascular disease biology and invention of novel strategies for
treatment of patients with heart diseases. Certainly much more can be
expected from this collaboration.
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