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Abstract

The management of coronary artery disease (CAD) includes three important steps; investigations to establish the
disease, and strategies for treatment, and preventive measures. Over the past three decades, the medical community
has witnessed a massive number of different modalities for the management of CAD in its three dimensions.
These management strategies have been evaluated in a large number of prospective and retrospective trials that
eventually resulted in mountain of evidence which probably created more confusion rather than simplicity for the
treating physician. As a result, several guidelines were recommended based on available evidence; nonetheless, the
decisions for CAD management in clinical practice do not necessarily follow these guidelines worldwide. Therefore,
the objective of this article is to methodically simplify the management of CAD in light of recent published evidence.
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Development of CAD

It takes long duration after exposure to the well known risk factors
for CAD prior to its development, giving a chance for prevention [1-
3]. The definition of CAD is a coronary artery that is abnormal in its
function owing to narrowing or obstruction of its lumen leading to
reduction of blood flow with subsequent less blood supply to designated
portion of the cardiac muscle.

From basic understanding of simple physics and hemodynamics,
we know that flow in a vessel is directly related to pressure as well as
the diameter of the vessel and inversely related to resistance [4-6].
Consequently, the reduction in blood flow in patients with CAD is a
result of reduced diameter, increase resistance or relative reduction of
pressure needed for the flow. Factors working on the coronary artery
endothelium are well understood to be mediated by inflammatory
process and in the vast majority of patients with CAD; the process is
rather diffuse affecting longer segments of the diseased coronary artery
[7-9].

Diagnosis of CAD
History of chest pain

Evaluating patients with history of chest pain as a manifestation of
CAD remains challenging, regardless of many insights and innovations
over the past three decades. Obviously, CAD’s chest pain is a product of
reduced perfusion (ischemia) of a certain myocardial segment as a result
of less blood supply facing a demand of the same segment. Therefore,
the typical ischemic chest pain can easily be defined as an exertional
chest pain, relieved by cardiac rest, and has the characteristics of angina.

Furthermore, relief of chest pain after nitroglycerin treatment
does not predict active CAD, as it was found nonspecific for angina
pectoris [10]. Ischemic pain is generally described by patients vaguely
as a discomfort rather than pain nonetheless; it is usually not felt as
stabbing, or sharp pain. It is gradual in onset, however, its intensity may
wax and wane, it radiates to other parts of the body characteristically
to the upper extremities. The duration of the pain is typically used
to classify either angina pectoris if it lasts less than twenty to thirty
minutes, while the duration that lasts longer than 30 minutes is seen in
patients with an acute coronary syndrome (ACS).

Ironically, despite a chest pain that feared to be a manifestation of
CAD, further investigations may point out towards another diagnosis,
as in the vast majority of patients with chest pain, CAD may be entirely
asymptomatic or presenting in symptoms other than chest pain. Silent
ischemia secondary to CAD has been reported to occur in up to 75% of
all patients; however, certain registries have reported lack of chest pain
in one third of patients diagnosed as having myocardial infarction (MI),
presenting with other symptoms such as breathlessness, palpitations,
nausea, vomiting, or syncope [11].

The chest pain as a sole presenting symptom of CAD is no diagnostic
value since it has not proven to be a powerful predictive tool to obviate
the need for at least some diagnostic testing [12].

Electrocardiogram (ECG)

A resting 12 lead ECG is the first investigation in the assessment of
any patient presenting with symptoms suggestive of CAD. It is a non-
invasive, readily available, easy to interpret, and it can provide valuable
information in a very short time. Nonetheless, it may overlook CAD,
particularly, when it is performed during a resting myocardium.

Stress ECG, however, may be performed in patients presenting with
chest pain that proved to be outside the spectrum of acute coronary
syndrome (ST or non ST segment elevation MI, or unstable angina)
with variable sensitivity and specificity. The exercise ECG cannot be
interpreted in the presence of resting ST segment changes (more than
1 mm ST depression at rest), left ventricular hypertrophy (LVH), left
bundle branch block (LBBB), a ventricular paced rhythm, or the Wolff
Parkinson White (WPW) syndrome.

Several investigators looked at the accuracy of establishing a solid
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result of CAD based on stress ECG among different sets of patients with
an agreement for a positive result. The meta-analysis of the results in
patients with an intermediate pretest risk of CAD revealed an overall
68% sensitivity and 77% specificity [13]. Accordingly, nearly one third
of patients with CAD are missed and one fourth has shown false positive
results. It is important to emphasize that an ischemic myocardium
may generate changes in the electricity detected by an ECG recording.
Hence an abnormal ECG is an indirect way of evaluating reduced
blood flow through the coronary vessels secondary to tight lumen
either due to an obstructive lesion, non-obstructive lesion, or vessel
spasm. Consequently, if the test is positive in a patient with multiple
risk factors of CAD and typical anginal chest pain; a diagnosis of CAD
may be established, however, in that same given patient, a negative test
should not exclude the disease and further evaluation is categorically
indispensable.

Therefore, exercise ECG is a tool that can be used in patients who
are able to achieve an adequate workload (defined as 85% of their age-
predicted maximum heart rate) with an intermediate or high pretest
probability for CAD, but without abnormalities that can interfere with
interpretation of the ECG.

Cardiac biomarkers

CAD has a wide spectrum of manifestations based on the extent
of blood flow reduction; starting with asymptomatic CAD passing
through stable angina, and ending with a catastrophic MI secondary
to complete cessation of blood supply leading to cardiac cell death. The
biochemical characteristics of myocardial necrosis are troponins, and
the myocardial band of creatine kinase (CK-MB). Troponins may be
detected as early as two hours post cardiac injury and last for duration
of up to 10 days. CK-MB level, on the other hand, rises post cardiac
injury in four hours and disappears in 48 hours. Reversible ischemia to
the myocardium has not been shown to elevate troponins; signifying
release of these markers is specific to cardiac cell death (necrosis) and
not ischemia [14].

There are two forms of cardiac troponins: I (¢TnI) and T (¢TnT) both
are considered specific to cardiac necrosis, however, early studies have
demonstrated that cTnl is found only in sera of patients with myocardial
injury in comparison to ¢TnT that is released in undetectable quantities
by first generation assays from skeletal muscle [15-17].

The lack of standardization of different assays in the biochemistry
laboratory caused marked clinical confusion in interpreting the result of
troponins. In the absence of any minor degree of myocardial injury, the
troponins assay should be undetectable [18]. Nonetheless, this particular
matter is not true in clinical practice, as often the case with patients who
present with chest pain and positive troponins, while further evaluation
reveals lack of myocardial injury after wasting considerable efforts and
resources. To solve this problem; it has been recommended that each
biochemistry laboratory should define its cutoffs for each test at the
99th percentile of a normal reference population, and this cutoft value
should be measurable with a coeflicient of variation (CV) of 10% or
less [19].

Cardiac troponins represent an important tool to the clinician in
the diagnosis as well as risk stratification and prognosis of patients with
ACS as a result of CAD with the limitation of a chemistry laboratory’s
reliability. Additionally, cardiac injury is not exclusively caused by
occlusion of blood supply secondary to CAD, as many other reasons
are known to cause myocardial damage.

Myocardial perfusion imaging (MPI)

MPI is an attractive method in evaluating the extent of reduced
perfusion, viability, and the functional capacity of the myocardium in
a patient with CAD particularly, when comparing stress to rest images.
However, MPI is unreliable in patients with LBBB, a paced ventricular
rhythm, patients who are taking digoxin or have LVH due to transient
positive defects in the anteroseptal and septal regions in the absence of
CAD reducing the sensitivity of MPL

Interpretation of MPI may cause uncertainty in the presence
of CAD decreasing test specificity, attributed to image attenuation
artifacts derived from breast tissue, and diaphragmatic attenuation in
obese patients. Newer isotope agents have higher photon energy and
shorter half-life resulting in improved image quality. Moreover, ECG
gated single-photon emission computed tomography (gated SPECT)
acquisition, permitting the simultaneous evaluation of left ventricular
systolic function, myocardial perfusion and the identification of
attenuation artifacts, in the absence of myocardial stunning, has been
shown to improve test specificity [20-22].

Many factors can affect the sensitivity and specificity of perfusion
imaging in identifying CAD such as the location, extent, and degree
of coronary artery stenosis, as well as the pretest clinical likelihood of
CAD. The overall sensitivity of MPI for detecting CAD is in the vicinity
of 90%; ranging from 83% for the detection of single vessel disease to
93% for double vessel disease to 95% for triple vessel disease, while the
overall specificity of MPI is in the region of 70% [23].

More recent trials have established the role of MPI as a noninvasive
modality for risk stratification of CAD, and suitable step in guiding
treatment strategy by either optimal medical therapy (OMT) or invasive
coronary intervention. The dual-isotope imaging approach showed
higher sensitivity and specificity for CAD, however, single-isotope
imaging has several advantages, over dual-isotope imaging; including
flexibility of performing the test as well as easier image interpretation,
making single isotope imaging is the MPI modality of choice [24-26].

MPI has been effectively utilized as a prognostic tool as evidenced
in one large trial (10,627 patients) by survival benefit in patients with
moderate to large amounts of inducible ischemia who underwent
revascularization compared to medical therapy alone, particularly in
higher risk patients [27].

MPI is a useful tool for the assessment of selected patients in
reaching the diagnosis as well as the prognosis of CAD; however, MPI
should not be used as the initial test for CAD risk stratification in
patients who have no contraindications to exercise ECG test.

Computed tomography angiography (CTA)

Coronary artery anatomy may be assessed by non-invasive imaging
such as CTA or magnetic resonance imaging (MRI); however, the
constant motion of the beating heart lashed out, at present, MRI as a tool
of evaluating CAD structurally, despite several attempts to overcome
this obstacle by developing specific software for detecting CAD by MRI,
nonetheless, it may become an important diagnostic tool in the near
future [28,29]. Meanwhile, CTA has been progressively developed and
widely used as a diagnostic tool for patients suspected of having CAD.

Electron beam computed tomography (EBCT) has inferior image
quality compared to multi-slice computed tomography (MSCT),
otherwise known as multi-detector row computed tomography
(MDCT) that has higher spatial but lower temporal resolution than
EBCT with much higher radiation doses.
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MDCT after intravenous contrast agent administration enables
visualization of the coronary arteries with high temporal and spatial
resolution allowing imaging of the beating heart without motion
artifact, particularly after the administration of heart rate reducing
agent (beta blocker) and vasodilating agent (nitroglycerin). The overall
sensitivity for MDCT in detecting CAD has been ranging from 80% to
94% depending on the degree, extent, and location of stenosis, while the
overall specificity may reach up to 97%, with positive predictive value
around 87%, and negative predictive value of 99% allowing it to be a
powerful tool in excluding CAD in patients with low pretest probability
of having CAD [30-42].

Clinically, selecting patients to undergo MDCT remains an
important step in determining the result of the test in ruling out the
presence of CAD. The optimal patient to facilitate scanning and
improve image quality is one who can sustain a breath hold for at
least 15 to 20 seconds, with regular heart rate of less than 60 beats/
minute; as faster or irregular heart rates (such as atrial fibrillation or
frequent premature beats) may interfere with the diagnostic quality of
images. Consequently, MDCT is the modality of choice in excluding
CAD while evaluating patients pre-operatively for cardiac valve
replacement. Clearly, the hazards of high doses of radiation exposure
during acquisition of MDCT have to be considered against the benefits
of having the test [43,44].

Apparently, for the reason that radiation exposure carries a
considerable risk for future medical disorders; MDCT may not be used
as screening tool for healthy individuals. Furthermore, the presence of
calcified coronary vessels in elderly patients may interfere with proper
interpretation of MDCT.

Echocardiography

Echocardiography is the most widely used imaging method in
cardiology. It provides excellent information on morphology and
function of nearly all cardiac structures. In-contrast to other cardiac
non-invasive imaging, echocardiography is performed by, or under the
supervision of, cardiologists making acquisition and interpretation of
images in the hands of the managing physician. Resting trans-thoracic
echocardiography (TTE) may assess the structure and function of
different segments of the cardiac muscle as well as demonstrating
intra-ventricular abnormalities such as a thrombus. Moreover, its
superiority, particularly trans-esophageal echocardiography (TEE),
has been revealed in evaluating patients with suspected proximal
aortic dissection that may present in similar clinical scenario as ACS.
Probably, in the coming future with advances made in the technology of
image acquisition, direct evaluation of coronary vessels may be feasible
in the same fashion as large vessels are being evaluated currently.

Stress echocardiography has been proven to be a reliable tool for
the demonstration of myocardial ischemia by showing inducible wall
motion abnormalities that indirectly reflect reduced blood supply
through a diseased coronary artery, as well as the assessment of viable
myocardium. Among different stressors of the heart, dobutamine stress
echocardiography (DSE) has been increasingly used as the preferred
stress method compared to exercise or other pharmacological agents.
Obviously, DSE is contraindicated in the setting of ACS, severe left
ventricular outflow obstruction, severe aortic stenosis, or aortic
dissection. Furthermore, the presence of LBBB or paced rhythm
interferes with proper assessment of left ventricular wall motion
abnormalities due to CAD by DSE hence its efficacy is not well
established in this group of patients.

Technically, DSE is performed by the administration of intravenous

dobutamine in graded three minute doses, starting with a dose of 5 ug/
kg/min, reaching a peak maximum dose of 40 pg/kg/min. Atropine
can be added if 85% of maximum predicted target heart rate for age
is not achieved at the peak dose of dobutamine. Acquisitions of
echocardiographic imaging of the same cardiac segments are obtained
during the final minute of each stage. The overall sensitivity of DSE
was found to be around 80%, while the specificity was approximately
84% based on the extent of CAD stenosis, the amount of myocardium
supplied by diseased coronaries, and the degree of quantitative or
qualitative deterioration in left ventricular wall motion [45-49].
Moreover, the use of contrast echocardiography has been shown to
improve the sensitivity of DSE for detecting CAD [50].

DSE is the stress test of choice in patients with LVH, particularly
when ECG abnormalities of more than 1 mm ST segment depression
preclude exercise ECG, and DSE has been shown to be more sensitive
than MPI in detecting CAD in this set of patients [51].

Coronary Angiography (CAG)

The gold standard test in evaluating CAD remains to be coronary
angiography (CAG); as it provides visualization of the vascular lumen.
In some instances, however, the visualization of coronary vessels is not
complete, and in most of the cases is due to total occlusion of the vessel.

Besides, CAG can miss CAD in patients with diffuse plaque
that is uniformly distributed all over coronary vessel without focal
infringement on the lumen, particularly in relatively small vessel
(lumen diameter <2 mm) with compensatory enlargement. In such a
case, an intravascular ultrasound (IVUS) study will be able to visualize
that kind of lesion [52].

In addition, false positive coronary stenosis may be seen on CAG
images in normal coronary vessel due to spasm that can be easily
normalized by the use of vasodilators, and reproduced by challenge test.

CAG is an invasive test that carries considerable concerns for
morbidity and in rare incidences mortality making one think twice
before proceeding with CAG either for diagnosis of CAD or as
treatment. Complications of CAG may be as a consequence of access
site resulting in hematomas, arterio-venous fistulas, pseudo-aneurysm,
arterial thrombosis, and infection.

Complications may arise from advancement of the catheter leading
to embolic events, stroke, transient ischemic attack (TIA), myocardial
infarction (MI), arrhythmias, and perforation of the heart or great
vessels. Other complications of CAG may be related to radio-contrast
agent resulting in hypersensitivity reactions, anaphylactic shock, or
contrast nephropathy leading to acute renal failure (ARF). Radiation
exposure during CAG carries considerable risk to both patient and staff.

As outlined above, CAG cannot be used routinely in evaluating
patients with suspected CAD; hence patients should be selected
carefully prior to performing CAG. Moreover, knowing the anatomy of
coronary vessels as well as the extent of CAD is only helpful in a certain
group of patients but not all those with CAD.

Treatment of CAD
Optimal medical therapy (OMT)

The wide range of clinical scenarios as a result of CAD can be
simplified by treating patients into two main categories; unstable
patients presenting as acute coronary syndrome (ACS) or stable patients
presenting as chronic angina.
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Patients with chronic stable angina can be safely treated with medical
therapy without percutanous coronary intervention (PCI), provided
that their medical therapy is optimal defined as intensive medical
therapy, a reduction of risk factors, as well as lifestyle modification,
additionally, they should be motivated with evidence of compliance by
reaching the desired targets in their follow up visits. This concept has
been demonstrated in the “COURAGE” trial comparing OMT to PCI
plus OMT in patients with stable angina; the authors concluded in clear
and robust statement: “as an initial management strategy in patients
with stable CAD, PCI did not reduce the risk of death, MI, or other
major cardiovascular events when added to OMT” [53].

Furthermore, the quality of life (QoL) in patients with stable CAD
treated with OMT was evaluated by QoL analysis and was shown that
OMT without routine PCI rapidly improved the patients' Seattle Angina
Questionnaire (SAQ) scores for physical limitation, angina frequency,
and overall QoL [54].

Recommendations have been clear in several guidelines to start
with OMT in patients with stable CAD, however, clinical practice has
gone out of line in centers with facility for PCI utilizing invasive strategy
over OMT due to the pressure and fear of medico-legal litigation that
has been cleared by unequivocal evidence to support OMT as an
initial treatment. Nonetheless, PCI remains an option for patients with
persistent symptoms despite OMT, provided that treatment targets have
been achieved in terms of lifestyle intervention as well as lipids and
other CAD risk factors [55].

It is essential to point out that OMT remains a powerful tool
in the treatment toolbox for patients with CAD. OMT should
include an antiplatelet therapy, beta blocker agent, calcium channel
blocker agent, angiotensen converting enzyme (ACE) inhibitor, or
angiotensen receptor blocker (ARB), isosorbide mononitrate, alone
or in combination according to the clinical variables of each patient.
Additionally, patients have to permit aggressive therapy to lower low-
density lipoprotein (LDL) cholesterol to a target level of 70 mg/deciliter
(1.8 mmol/liter), stop smoking, and exercise on daily basis. Above
all, patients should be assured that OMT is mandatory for secondary
prevention of CAD, and the addition of PCI to OMT did not create any
significant difference neither in mortality nor prevention of MI.

Percutanous coronary intervention (PCI)

As outlined above, there is no evidence that PCI has survival benefit
or prevent MI in patients with non-acute coronary artery syndrome
compared with medical therapy. Chronic stable CAD is a diffuse
disease process, making it more likely to respond to systemic treatment
such as medical therapy compared to local therapy using PCIL. On the
other hand, PCI has definite survival benefit over medical therapy in
patients with ACS or those who present with cardiogenic shock when
performed by skilled operators in timely approach.

Early intervention relied mainly on balloon dilation (angioplasty),
however, due to failure rate to maintain target vessel lesion patent, and
to reduce target vessel revascularization (TVR); the use of stent was
introduced to overcome such problem [56-60].

The different types of stents as well as technical aspects of the
procedure of PCI are beyond the scope of this article. Nonetheless, early
referral to a cardiac center with PCI facility is a definite necessity in
patients with CAD presenting with ACS. The referral has to be as early
as possible for maximum myocardial salvage. However, one should
always weigh the risk of referral to the benefit of PCI, particularly;
other medical therapy such as fibrinolytic (thrombolytic) agents or

glycoprotein IIB/IIIA inhibitors and other therapeutic agents are
readily available in most centers without PCI facility.

Surgical coronary revascularization

Coronary artery bypass grafting (CABG) has been the procedure
of revascularization of choice prior to the introduction of PCIL
Improvements in CABG since its introduction in 1968 included off-
pump CABG, smaller incisions, enhanced myocardial preservation, use
of arterial conduits instead of venous grafts, and better postoperative
care have reduced mortality, morbidity, and rates of graft occlusion [61-
66].

Meta analyses of several trials comparing CABG versus PCI
in patients with multivesse]l CAD has documented insignificant
superiority of CABG regarding survival, however, definite reduction in
TVR with no verdict on which procedure should be the standard of care
in treating such patient [67].

More recently, clear evidence shows that in patients with more
severe CAD, and especially those with diabetes as well as patients of 65
years or older, CABG is superior in terms of survival and freedom from
future intervention [68,69].

It remains a major concern about the availability of skilled cardiac
surgeons as well as cardiac interventionists in order to provide the
standard revascularization of care presented in the medical literature.
Moreover, there are many limitations in clinical trials to draw concrete
conclusions such as short duration of follow ups as well as drop out
of treated patients in the final analysis that may give rise to false
impression; hence medical care is ever changing.

Nonetheless, at present time we should adopt the evidence
presented to us that CABG, as compared with PCI, is associated with
a lower rate of major adverse cardiac or cerebrovascular events among
patients with three-vessel CAD, diabetics with multi-vessel disease, left
main disease as well as elderly patients with CAD and should therefore
remain the standard of care for such patients.

Prevention of CAD

It is ironic that with the rapid economic development people turn
to lead easy and sedentary lifestyle, the price of which is paid in terms
of diseased human bodies as a result of CAD. Al-Nozha et al. explored
the prevalence of CAD its risk factors in a community based national
study that has revealed an increase in the prevalence of CAD and its risk
factors in Saudi Arabia: an example of a population with a rapid change
towards sedentary lifestyle [70-75]. Clearly, obesity and its corollary
medical disorders: such as hypertension, the metabolic syndrome, and
diabetes mellitus are the main risk factors for CAD. They are principally
due to easy lifestyle with less exercise and more tasty but unhealthy food
intake. Sedentary lifestyles are not the only cause of CAD otherwise
patients with active life should not develop CAD. Nonetheless, current
evidence supports the reversal of the development of CAD and its risk
factors by adopting preventive measures the whole mark of which is less
eating and more exercise [76-80].

Moreover, it is important to emphasize that prevention should focus
on younger healthy children primarily to prevent the development of
CAD (primary prevention) and its risk factors [81-86]. However, there
is still beneficial outcome from secondary prevention in controlling the
progression of CAD and its risk factors [87-95].

Vascular inflammation plays a pivotal role in the development of
atherosclerosis and CAD. Inflammation may affect the endothelium
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of the epicardial coronaries in a diffuse pattern or more commonly
involves certain parts of the vessels producing focal lesions. It has
been shown by several epidemionological studies that exposure to risk
factors that are known to increase the risk of developing CAD can be
altered by modifying the reversible risk factors as preventive measures
to CAD [96-97].

Prevention may be enforced through community health education
to implement individual responsibilities at early age to avoid obesity,
cigarette smoking, keeping normoglycemic and normotensive states
at all times as well as maintaining an LDL level in the desirable range
according to the presence or absence of CAD risk factors.

Physical inactivity is a well-established risk factor for CAD and is
associated with a twofold increase in the development of CAD [98]. It
is not just obesity that causes the increase of risk for CAD in physically
inactive individuals, as we understand that caloric expenditure by
excessive physical activity does not exceed by any means the basal
metabolic rate in physically inactive individuals. It is basically visceral
obesity and waist hip ratio that is likely to be affected by physical
activity in addition to other factors probably related to reduction in the
components of the metabolic syndrome.

MI is the catastrophic event on the scale of CAD and it is clear
that the activation of unstable plaque precipitates the infarction by
formation of an occluding thrombus on the surface of the ruptured
plaque [99]. Hence, aggressive medical therapy aiming at reversal of the
plaque should be our target in achieving secondary prevention of CAD.

Summary

As risk factors for CAD are on the rise due to current sedentary
lifestyle that matches transformation towards industrialization
throughout the world; the prevalence of CAD is obviously has to
increase. Moreover, our understanding of various presentations of
CAD, along with the continuous improvement in diagnostics, may have
been the main reason behind variability in the management of CAD;
both diagnosis as well as treatment.

Angina or typical ischemic chest pain as a presentation of CAD
needs simple evaluation at first to determine whether it is acute or
chronic, and if acute is it stable or unstable. Easily, the answer can
be made using EKG and cardiac biomarkers when appropriate. For
patients with ACS and elevated cardiac biomarkers; treatments have to
be instituted on an emergency basis, with an aim for revascularization.
While patients without elevated cardiac biomarkers during the initial
12 hours of assessment, may require further form of stress testing to
confirm the presence of CAD and initiate OMT.

Diabetic patients with multi vessel CAD as well as those with
triple vessel disease should choose CABG as the revascularization
option of choice according to the expertise of the available cardiac
surgery center as compared to PCI. OMT remains an important step
in the management of patients with CAD irrespective of the choice of
revascularization chosen. Nonetheless, prevention of CAD remains to
be major health issue.
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