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Abstract
Cardiovascular disease is the leading cause of mortality and morbidity worldwide. The 2011 annual report
from the World Health Organization mentioned that, coronary heart disease and cerebro-vascular disease
which were reported as the top two causes of mortality in 2004, are predicted to remain the major cause of
death in the next 20 years. Coronary heart disease(CHD) and atherosclerosis were once thought to be a disease
of modern humankind linked to modern lifestyle. However, researchers dispute this and has confirmed that
atherosclerosis was common in preindustrial inhabitants too. Further, vascular system studies of mummies
give substantial evidence of atherosclerosis as ancient human disease and clinical syndrome of angina pectoris
existed in ancient Egypt. In 1768 the paper presented at the Royal College of Physicians in London on “Some
account of a disorder of the breast” was an eye opener to medical professionals and later this excruciating
“disorder of breast” was linked to the “hardening of the arteries’’. In the past it was generally believed that
MI virtually always resulted in death and identified in postmortem. In1878, the first case of coronary occlusion
diagnosed during life was described. ECG was used to diagnose the condition in 1912 and the use of current
12-leads ECG became accepted practice since the 1950s. In addition to clinical evaluation and ECG, cardiac
biomarkers play a pivotal role in diagnosis and management of acute coronary syndrome. Aspartate
aminotransferase became the first biomarker used to diagnose and subsequently CK-MB isoenzyme, lactate
dehydrogenase and myoglobin played very significant roles. Troponin is now considered the ‘gold standard’
biochemical test for the diagnosis. The definition, diagnosis, management and prognosis of coronary heart
disease have changed over the decades with the development of medical science and knowledge. It is
therefore interesting to appraise the historical aspect of evolution of CHD definitions and diagnosis. Moreover,
clinicians should have updated knowledge on the evolution of definition, diagnosis, management and
prognosis of this condition.
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INTRODUCTION
the population worldwide that, in 2030, CVD will
become the major cause of deaths, and the
mortality rate will be higher than infectious
diseases such as human immunodeficiency virus

Cardiovascular disease (CVD) is the major cause of
mortality and morbidity worldwide. The 2011
annual report from the World Health Organization
(WHO) highlighted the mortality rate prediction of
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(HIV), tuberculosis, malaria1. Moreover, this report
also mentioned that, among CVD, coronary heart
disease (CHD) and cerebro-vascular disease
(CeVD), which were reported as the top two causes
of mortality in 2004, are expected to continue to
be the major cause of death in the next 20 years1.
Every year around 32 million people suffer from
acute coronary and cerebral events and
approximately 50% of these occur in people with
established CHD and CeVD2. According to a WHO
report on non-communicable diseases in 2018,
17.9 million people die from CVD annually3. As per
WHO report, in 2016 total population in Sri Lanka
was 20 798 000, while there were 143 000 deaths.
About 34% of those deaths were due to CVD3. The
definition of CHD, its diagnosis, management and
prognosis changed over the decades with the
development of science and medical knowledge.
Hence it is interesting to evaluate the historical
aspect of evolution of definitions and diagnosis of
CHD. Moreover, clinicians should have updated
knowledge on the definition of CHD, its diagnosis,
management and prognosis

this review. The information was organized into
relevant
categories
and
subcategories.
Associations and relevance among data sets were
identified and explored in detail and
interpretations were made.
Historical background of Coronary Heart Disease
CHD is initially considered as a disease of modern
human and aetiology was attributed to presentday lifestyle4. Also atherosclerosis is considered by
many to be a modern disease related to modern
lifestyle5. Study done by Thompson et al disputes
this and confirms that atherosclerosis was
common
in four preindustrial inhabitants,
including
preagricultural hunter-gatherers5.
Thompson and team studied 137 mummies from
different geographic locations, with modern
Computed Tomography (CT) Scanning to assess the
degree of vascular calcification5. Calcium is
considered as the universal component of a
mature
atherosclerotic
plaque
and
is
pathognomonic
to
atherosclerosis6.
The
population studied spanned > 4000 years from
ancient Egypt, ancient Peru, the Roman Era,
southwest America and Aleutian Island of modernday Alaska5. Out of the 137 mummies, 47 (34%)
revealed presence of atherosclerosis and authors
concluded that that disease was common in
premodern humans too4,5.

METHOD
During the literature search, a variety of search
techniques were used to identify potentially
relevant papers published from 1950 to 2021. The
author conducted his searches manually and used
a variety of sources, including high-impact
journals, libraries (Elsevier ScienceDirect and
Wiley) and internet databases (Medline, PubMed,
ISI, IBSS, and Google Scholar). Additional articles
were found in the reference lists of identified
studies, review articles and meta-analyses. During
the search, the following Medical Subject Headings
(MeSH) and keywords were used alone or
together: Ischaemic heart disease, Acute coronary
syndrome, CHD, biomarkers, historical aspect of
CHD. The author's first study selection was based
on title and abstract screening followed by full-text
screening of shortlisted articles. Letters, editorials,
conference abstracts, and comments were all
eliminated, as were publications in languages
other than English. The articles were then reevaluated for relevancy and duplicate content.
After reading all of the pre-selected publications,
the data abstraction was done. Abstracted details
were noted down in details and it was decided
then which pieces of data have values in writing

In addition to radiological studies on mummies,
several researchers have studied the vascular
system of the mummies histologically7. These
vascular system studies of mummies give ample
evidence of atherosclerosis as ancient human
disease7. Contributions done on this regards by
Czermak (1852), Shattock (1909), Elliot Smith
(1912), Ruffer (1921), Long (1931) and Shaw (1938)
are important evidence of the disease7. In
particular Long examined coronary arteries of a
female Egyptian mummy of the 21th dynasty
which showed calcification of one mitral cusp and
thickening with calcification of coronary arteries7.
The mummy of King Meneptah, a famous Pharaoh
was unwrapped in 1907 by Elliot Smith. He
described “the aorta of King Merneptah was
affected with severe atheromatous disease with
large calcified patches which was confirmed
histologically by Shattock7,8,9.
When there is obstruction to coronary blood flow
patient develops chest pain called angina pectoris.
23
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An ancient medical document known as the Ebers
Papyrus has the following paragraph illustrating
angina pectoris4.

coronary arteries4. In 1910,two Russian clinicians
described five patients with the clinical picture of
acute MI which was confirmed at autopsy4 .

"Shouldst though examine a patient with stomach
disease suffering from pain in the arms, the breast,
and on the side of the stomach, say: ‘Death
threatens." And if though examinst a man for
illness in his cardia, and he has pains in his arm, in
his breast, and in side of his cardia, and it is said of
him: It is due to something entering the mouth it is
death that threatens him. Thou shalt prepare for
him: Stimulating herbal remedies…” 4.

In the past it was generally believed that MI
virtually always leads to death. In1878, Hammer
described a case of a patient in whom thrombotic
occlusion of a coronary artery was suspected. This
was the first case of coronary occlusion diagnosed
during life14,15. Autopsy of this case revealed aortic
valve endocarditis vegetation has blocked the
orifice of the right coronary artery14.In 1910,
Obrastzow and Straschenko described several
cases of MI whom the diagnosis was made during
life. Though post mortem confirmation was not
obtained,
their clinical picture of “status
anginosus” together with breathlessness was quite
consistent16. In 1912, Herrick described 6 patients
with myocardial infarction who died later and
coronary thrombi were detected at autopsy in all
of them16,17.

As such, clinical syndrome of angina pectoris
existed in ancient Egypt. In the 7th century, the
poem written by Qais accurately but incidentally
describe angina pectoris as “My heart is firmly
seized by a bird’s claws; My heart is tightly
squeezed, When Lila’s name flows”. An Arab
cardiologist, Dr.H.A.Hajar Albinali claimed that this
is the first clear and best description of angina in
the history of Medicine4,10. In the 17th-19th century
in Europe, it was customary to refer angina
pectoris to William Heberden4. In 1768 the paper
presented on ”Some account of a disorder of the
breast” at the Royal College of Physicians in
London, was an eye opener to medical
professionals4.

In 1912, James Herrick stressed the need of bed
rest and used ECG to diagnose the condition4,18.
Another milestone of CHD is the invention of
cardiac catheterization. In 1956, the Nobel prize in
Physiology or Medicine was awarded jointly to
three investigators namely, Werner Forssman,
Andre Frederic Cournand and Dikinson Richards
for their discoveries concerning cardiac
catheterization and pathological changes in the
circulatory system4,18 . The introduction of
coronary care unit (CCU) by Desmond Julian in
1961 in Great Britain improved the management of
cardiac patients by reducing the mortality from
30% to 15% in the first hour of evaluation4,19. With
great advancement of cardiovascular research and
experiment a steady decline in CVD mortality over
the late 20th and early 21st centuries was
observed18.

In 18th century, John Hunter, Scottish surgeon and
anatomist was the first in Europe who highlighted
the effect of emotion in precipitating an angina. He
died suddenly after a dispute with a colleague and
the autopsy revealed marked atheroma in
coronary4. However during this period, physicians
showed pathological interest mainly and
continued to illustrate coronary lesions on
pathology specimen without correlating those to
clinical features4. But Edward Jenner (1729-1823)
and Celeb Parry (1755-1822) could link the
excruciating “disorder of breast” to the “hardening
of the arteries”4. Knowledge about atherosclerosis
was growing by this time in Europe. In 1856, Rudolf
Virchow, the “father of pathology”, named the
pathological elements in thrombus within the
vascular system. Since this description, scientists
began to study clinical implications of CHD more
seriously7,11,12,13 .The pathologist Ludvig Hektoen,
in 1879 confirmed that MI is caused by coronary
thrombosis secondary to sclerotic changes in the

Evaluation of diagnosis of acute coronary
syndrome
The term acute coronary syndrome (ACS)
illustrates a range of conditions as a consequence
of acute myocardial ischaemia. It comprises
unstable angina (UA), non-STE-myocardial
infarction (NSTEMI) and ST-elevation myocardial
infarction (STEMI). ACS is often the first
presentation of CHD and frequently presents first
to primary health care physician20.
24
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In 1901, Einthoven introduced a “string
galvanometer” by which the electrical activity of
the heart could be recorded quantitatively. In 1902
Einthoven published the first electrocardiogram
recorded by his string galvanometer. In 1924 for
his invention Einthoven won the Nobel
Prize21,22.The use of current 12-leads ECG with 3
unipolar, 3 bipolar limb leads and 6 unipolar chest
leads became accepted practice since the
1950s21.The temporal changes in ST segment
morphology during myocardial ischaemia and
infarction were first described by Pardee in 192021.
At first, his findings did not gain complete
acceptance. In 1928 the situation was clarified
when Parkinson and Bedford described the serial
ECG changes in acute and healing phase of MI21.

incorporated into the WHO definition of acute
MI24,26.
Cytosolic (soluble) AST (s-AST or s-GOT) and
mitochondrial AST (m-AST or m-GOT) respectively
increased 6.0 hours and 9.0 hours after onset of
chest pain29,30. Fleisher et al first reported
detecting m-AST in the serum from 3 patients with
acute MI. Boyde likewise found this isoenzyme
increased after infarction, reaching peak 24-48
hours later29. In 1957, Fernando De Ritis showed
the value of the transaminase ratio(AST/ALT) in
diagnosis of AMI. Djakpo et al showed that
AST/ALT ≥2 has a strong association with total
coronary occlusion31.
Creatine Kinase and CK-MB

The ECG is the most important tool in the initial
evaluation and triage of patient in whom an ACS is
suspected. Obtaining an ECG by emergency
medical services personnel at the site of first
medical contact with a patient will make a
diagnosis in the majority of patients and allows
early commencement of the management. ECG
will guide the treating physicians regarding
appropriate treatment of a suspected patient with
ACS and its complications. ECG is incorporated into
emergency department triage system in managing
ACS patients23. Like most clinical tests the ECG
gives both false-positive and false-negative results.
A false positive result is exemplified by an
apparently abnormal ECG in normal subjects. False
negative results, on the other hand, occur when
the ECG fails to show evidence of cardiac
abnormality when it is really present. Current 12
leads ECG has limited sensitivity (30-70%) and
specificity (70-100%) in detecting STEMI. The
diagnostic value of ECG was not sufficient to detect
small infarction and all reinfarctions23. Apart from
clinical evaluation and ECG, cardiac biomarkers
play a pivotal role in diagnosing and management
of ACS.

Creatine kinase (CK) is an enzyme that consists of 2
subunits M and/or B. CK has 3 different
isoenzymes; CK-BB,CK-MB and CK-MM32.CK-BB is
present in large quantities in the brain and many
internal organs.CK-MB is the heart specific
isoenzyme and is present in large quantities in
heart muscles but not specific to myocardium as it
is present in skeletal muscles and other tissues33.
CK has 90% sensitivity to diagnose acute MI. It is
released within 12 hours after the onset of
symptoms, peaks in serum at 24-36 hours, and
returns to normal in 48-72hours33.
Elevated total CK activity in MI was detected in
196033.Six-years later it was demonstrated that CKMB isoenzyme activity was found to be a more
specific indicator of myocardial injury than total CK
activity33. Progress of analytical methods led to
development of immunoassays that measure
enzyme concentration instead of activity.
Determination of CK-MBm (CK-MB mass) was
introduced in the early 1990s, and it has gradually
replaced CK-MB activity in the diagnosis of MI. The
recent guidelines for the redefinition of acute MI
recommend the use of CK-MBm as opposed to CKMB activity33.

Evolution of Biomarkers in acute coronary
syndrome

Lactate dehydrogenase and its isoenzymes
Elevated activity of serum lactate dehydrogenase
(LDH) in MI was first detected in 195634. In 1973,
Cohen et al demonstrated that a rise in the
LDH1:LDH2 above 1 was seen in all their patients
with MI, but not in patients with angina pectoris
who did not have evidence of MI35. According to
Roe et al rise in the LDH1:2 more than 1 confirms

Aspartate aminotransferase
Aspartate aminotransferase (AST) became the first
biomarker used in the diagnosis of acute
MI24,25,26.In 1954,elevated activity of AST was
reported in patients with MI27,28.AST was
extensively used in the 1960s and was
25
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the diagnosis of MI35. Wagner et al demonstrated
90% sensitivity and 95% specificity when they used
the LDH 1:2 in combination with CK isoenzymes35.

In 1946 Bailey in a letter to Nature first described
the Tn complex, but it was the work by Ebashi et al
that showed the contraction of striated muscle and
not smooth muscle was regulated by a special
protein complex, now known as the Tn located on
actin filaments41. The Tn complex consists of 3
subunits; TnC, TnI and TnT32,42.

Following MI. An increase in serum LDH activity can
be observed within 6-12 hours and reaching
maximum at about 48 hours and it remains
elevated for 4-14 days before decreasing to normal
levels. LDH assay played very significant role in the
diagnosis of acute MI for two decades, and were
included as one of the diagnostic criteria to rule
out acute MI by the WHO in 197024,26.

There are commercially developed antibody assays
specific for cTnT and cTnI, but such assays have not
been developed for cTnC due to lack of cardiac
specificity42. It is important to note that there is
misunderstanding that troponin elevation is
secondary only to myocyte injury and necrosis But
elevated cTn has been observed in many other
clinical conditions24,26,43, 44,45.

Myoglobin
Myoglobin is a cytoplasmic haem-protein with
molecular weight of 17,800D. It involves in O2
binding, transport and storage of O2 in red muscles
(skeletal and cardiac). In 1956, it was
demonstrated that myoglobin was released after
an acute MI. Later with the introduction of
automated myoglobin analyses, it became possible
to use myoglobin as an early marker for the
detection of an acute MI in daily practice33.
Myoglobin appears in the blood earlier after
myocardial injury than any other marker available
so far33,36. In 1994 Bhayana showed myoglobin is
superior to CK-MB mass and TnT for ruling out
acute MI within 3-6 hours of symptom onset33.
Within 6 hours after the symptoms onset, the
overall diagnostic sensitivity and specificity ranged
from 77-97% and 90-97.9% respectively33.

TnT assays
In 1989, Katus et al introduced a specific enzymelinked immunosorbent assay (ELISA) method using
2 monoclonal antibodies for the detection of cTnT
in serum46. In the ‘first generation’ TnT assay, only
the capture antibody was completely cardiac
specific. But, results showed only 78% of detected
antibody was cardiac specific47. This assay had
about 1-2% cross reactivity with skeletal muscle
TnT48. So the ‘first generation’ test could give falsepositive results in patient with severe skeletal
muscle injury.
Later, a cardiac specific ‘second generation’ TnT
assay using double monoclonal antibody
technique was developed49. This assay was faster
and the cross reactivity with human skeletal TnT
was reduced to virtually zero.

Troponin
Troponin (Tn) is a highly sensitive biomarker of
myocardial injury and has been used extensively in
hospitals for the diagnosis of acute MI and risk
stratification of patient with ACS37,38,39. Since the
initial first generation assays, fifth generation highsensitivity Tn (hsTn) assays have been developed
and are widely used at present24,26.The third
universal definition of MI defines acute MI as
evidence of myocardial necrosis in a patient with
the clinical features of acute myocardial ischaemia,
and defines the 99th percentile of cardiac Tns as the
decision value for acute MI24,26,40. The cardiac Tns
are now considered the ‘gold standard’
biochemical test for diagnosis of acute MI41.
Clinical assessment,12-lead ECG and cardiac Tn I or
T form the diagnostic cornerstones of patients with
acute chest pain24, 26.

Though bovine cardiac TnT was used as standard
material in ‘first’ and ‘second generation’ TnT
assays, in the ‘third generation’ TnT assay,
standard material has been changed to a
recombinant human cardiac TnT50,51. Cardiac TnT
assays improved over the time, which have
lowered their detection limits and functional
sensitivities.
TnI assays
As cardiac troponin is expressed only in
myocardium, theoretically it causes minimal
problems in the detection of MI. In 1987, Cummins
et al introduced a radioimmunoassay method to
detect cTnI in serum52. Later, Bodor et al
developed a double monoclonal enzyme
26
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immunoassay53. At present, there are several
monoclonal-antibody based assays for cTnI, unlike
for cTnT.
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