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Abstract
Background: ST-segment elevation myocardial infarction (STEMI) remains one of the leading causes of cardiovascular morbidity and

mortality worldwide despite substantial advances in prevention, diagnosis, and reperfusion therapies. Significant regional variations exist in
STEMI epidemiology, risk factor profiles, clinical presentation, treatment strategies, and outcomes. Egypt, as the most populous country in
the Middle East and North Africa region, faces a substantial burden of cardiovascular disease, with STEMI representing a major public health
challenge. Contemporary evidence suggests that Egyptian STEMI patients exhibit distinctive demographic and clinical characteristics
compared with patients from Western countries, including younger age at presentation, higher prevalence of diabetes mellitus and smoking,
delayed hospital presentation, and lower utilization of emergency medical services.

Aim: This review aims to comprehensively evaluate the epidemiology, risk factor distribution, clinical characteristics, contemporary
management strategies, and outcomes of STEMI patients in Egypt. Furthermore, it explores current challenges within the Egyptian healthcare
system and discusses future opportunities for improving STEMI care and reducing cardiovascular mortality.

Available evidence indicates that Egyptian STEMI patients frequently present at a younger age and carry a substantial burden of modifiable
cardiovascular risk factors, particularly smoking and diabetes mellitus. Delayed symptom recognition, prolonged total ischemic time, limited
utilization of ambulance services, and disparities in access to primary percutaneous coronary intervention (PCI) continue to affect treatment
outcomes. Although considerable progress has been achieved through expansion of PCl-capable centers and implementation of guideline-
directed therapies, thrombolytic therapy remains widely utilized in many regions. Recent national registry data have highlighted persistent
gaps in reperfusion strategies and demonstrated higher in-hospital mortality among patients who do not receive timely reperfusion therapy.
Emerging challenges include the increasing prevalence of obesity, metabolic syndrome, and diabetes mellitus, alongside population aging and
healthcare resource constraints.

Conclusion: STEMI continues to impose a substantial clinical and socioeconomic burden in Egypt. Enhanced primary prevention programs,
public awareness campaigns, improved emergency medical service utilization, expansion of regional STEMI networks, and equitable access
to primary PCI are essential for optimizing patient outcomes. Future national initiatives focusing on early diagnosis, rapid reperfusion, and

comprehensive secondary prevention may significantly reduce STEMI-related morbidity and mortality across Egypt.
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Introduction

Cardiovascular disease remains the leading cause of death globally, accounting for approximately one-
third of all deaths worldwide. Among cardiovascular diseases, ischemic heart disease (IHD) represents
the most prevalent cause of mortality and disability-adjusted life years lost. Acute coronary syndrome
(ACS), particularly ST-segment elevation myocardial infarction (STEMI), constitutes one of the most
severe clinical manifestations of coronary artery disease and requires urgent recognition and reperfusion
to preserve myocardial function and improve survival. Despite major advances in pharmacological
therapies, coronary intervention techniques, and preventive cardiology, STEMI continues to contribute
substantially to global healthcare expenditures and mortality rates, especially in low- and middle-income
countries.[1,2]

The pathophysiological hallmark of STEMI is abrupt coronary artery occlusion, most commonly
resulting from rupture or erosion of an atherosclerotic plaque followed by platelet aggregation and
thrombus formation. The resulting interruption of coronary blood flow leads to progressive myocardial
ischemia, irreversible myocardial necrosis, ventricular dysfunction, and potentially fatal complications
if timely reperfusion is not achieved. Consequently, minimizing total ischemic time remains the
cornerstone of contemporary STEMI management.[3,4]

Egypt faces a considerable burden of cardiovascular disease driven by rapid urbanization, population
growth, increasing prevalence of diabetes mellitus, obesity, hypertension, dyslipidemia, and tobacco
consumption. Several studies have demonstrated that Egyptian patients with STEMI differ from patients
in many Western populations, often presenting at a younger age and exhibiting a higher prevalence of
modifiable cardiovascular risk factors. Furthermore, healthcare-system-related challenges, including
delayed hospital presentation, underutilization of emergency medical services, and variability in access
to primary percutaneous coronary intervention (PCI), continue to influence patient outcomes.[5,6]
Although numerous international reviews have evaluated STEMI epidemiology and management
globally, there remains a relative paucity of comprehensive reviews specifically focused on the Egyptian
population. Most available data are derived from single-center experiences or registry-based analyses,
and the existing evidence has not been comprehensively synthesized to provide an integrated overview
of contemporary STEMI care in Egypt.[5,6]

Research Gap

Current literature lacks a dedicated, up-to-date review integrating epidemiological patterns,
cardiovascular risk factors, clinical characteristics, reperfusion practices, treatment outcomes, and future
healthcare challenges among Egyptian STEMI patients. Moreover, the rapidly evolving landscape of
primary PCI networks and contemporary guideline-directed management warrants reassessment of
available evidence.

Aim of the Review

This review aims to provide a comprehensive overview of STEMI in Egypt, focusing on epidemiology,
cardiovascular risk profiles, clinical presentation, diagnostic approaches, contemporary management
strategies, clinical outcomes, and future directions for improving STEMI care nationwide.

ST-segment elevation myocardial infarction (STEMI) remains one of the most important causes of
cardiovascular morbidity and mortality worldwide. Although advances in preventive cardiology, public
health interventions, and reperfusion therapies have resulted in declining STEMI incidence and mortality
in many high-income countries, the burden of disease remains substantial in low- and middle-income
countries. The Middle East and North Africa (MENA) region is currently experiencing an epidemiological
transition characterized by increasing prevalence of cardiovascular risk factors, urbanization, aging
populations, and lifestyle changes that contribute significantly to ischemic heart disease burden. Egypt, as
the most populous country in the Arab world, represents a major contributor to the regional cardiovascular
disease burden and faces unique challenges in STEMI prevention and management.[7,8]

Cuest.fisioter.2024.53(3):7736-7752 7737



Moataz A. Elkot et al. STEMI in Egypt: From Risk Factors to Reperfusion:An Updated
Review of National Evidence Ki

Cardiovascular disease is the leading cause of death in Egypt and accounts for a considerable proportion
of national mortality. Similar to other developing countries, Egypt has witnessed a marked increase in the
prevalence of diabetes mellitus, obesity, hypertension, dyslipidemia, smoking, and sedentary lifestyle over
recent decades. These epidemiological changes have been accompanied by increasing rates of coronary
artery disease and acute myocardial infarction. The growing burden of cardiovascular disease places
substantial pressure on healthcare resources and highlights the need for effective preventive and
therapeutic strategies targeting STEMI and other manifestations of coronary artery disease.[8,9]

One of the most distinctive epidemiological features of STEMI in Egypt is the relatively young age at
presentation compared with Western populations. Data from national and regional registries consistently
demonstrate that Egyptian patients experience STEMI approximately 5-10 years earlier than patients in
many European countries. Premature coronary artery disease is particularly important because it affects
economically productive age groups and is associated with greater long-term socioeconomic
consequences. Earlier onset of STEMI in Egypt is believed to be driven by the high prevalence of smoking,
diabetes mellitus, metabolic syndrome, obesity, and other modifiable cardiovascular risk factors that
develop at younger ages.[5,10]

The Egyptian Society of Cardiology conducted one of the largest national STEMI registries between 2016
and 2018 involving 19 cardiac centers with and without PCI capability across Egypt. This landmark study
provided valuable insights into contemporary STEMI epidemiology and revealed significant differences
between Egyptian patients and patients enrolled from other European Society of Cardiology (ESC)
member countries. Egyptian STEMI patients were significantly younger and demonstrated a markedly
higher prevalence of smoking and diabetes mellitus. These findings support the concept that Egypt is
experiencing an accelerated cardiovascular risk profile that predisposes individuals to premature
atherosclerotic disease and acute coronary events.[5]

Smoking represents one of the most influential epidemiological determinants of STEMI in Egypt. Tobacco
use remains highly prevalent among Egyptian males and continues to be a major contributor to acute
myocardial infarction. The high burden of smoking in Egyptian STEMI cohorts mirrors observations from
several developing countries where tobacco control measures may be less effective than those
implemented in many Western nations. The persistence of smoking as a dominant risk factor contributes
significantly to the younger age of STEMI presentation and increases the risk of recurrent cardiovascular
events following myocardial infarction.[5,11]

Diabetes mellitus is another defining epidemiological characteristic of STEMI in Egypt. Egypt is among
the countries with the highest prevalence of diabetes globally, and this trend continues to rise because of
increasing obesity rates, dietary changes, and reduced physical activity. Diabetes accelerates
atherosclerosis, promotes endothelial dysfunction, increases thrombogenicity, and is associated with more
diffuse coronary artery disease. Consequently, diabetic patients frequently present with more complex
coronary lesions, higher rates of multivessel disease, and worse clinical outcomes after STEMI. The
disproportionately high prevalence of diabetes among Egyptian STEMI patients distinguishes the
Egyptian population from many Western cohorts and may partially explain observed differences in
outcomes.[12,13]

Hypertension and dyslipidemia are also highly prevalent among Egyptian patients presenting with STEMI.
These risk factors often coexist with diabetes and obesity, creating a synergistic effect that accelerates
atherosclerotic progression. Recent epidemiological data indicate that metabolic syndrome has become
increasingly common in Egypt, reflecting broader global trends related to urbanization and lifestyle
modification. The clustering of multiple cardiovascular risk factors substantially increases the probability
of premature coronary artery disease and recurrent ischemic events.[14,15]

Sex distribution in Egyptian STEMI populations demonstrates a predominance of male patients, a finding
consistent with international STEMI registries. Men generally experience myocardial infarction at younger
ages than women, partly because of differences in hormonal protection before menopause and higher
prevalence of smoking among males. However, female STEMI patients often present at older ages and
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may exhibit atypical symptoms, potentially contributing to delays in diagnosis and treatment. Recognition
of sex-specific differences remains important for optimizing STEMI care and improving outcomes among
women.[16]

Another notable epidemiological observation in Egypt is delayed hospital presentation following symptom
onset. Timely reperfusion is the most important determinant of myocardial salvage and survival in STEMI.
Nevertheless, many Egyptian patients continue to experience prolonged symptom-to-door times due to
inadequate awareness of myocardial infarction symptoms, transportation challenges, socioeconomic
barriers, and underutilization of emergency medical services. Delayed presentation reduces eligibility for
optimal reperfusion therapies and contributes to increased infarct size, heart failure, arrhythmias, and
mortality.[5,17]

The mode of hospital presentation differs substantially between Egypt and many developed healthcare
systems. Registry data demonstrate that a large proportion of Egyptian STEMI patients arrive at healthcare
facilities through self-transport rather than ambulance services. In contrast, emergency medical service
activation is considerably more common in Europe and North America. Reduced ambulance utilization
delays diagnosis, prehospital triage, and early initiation of reperfusion pathways. Strengthening emergency
medical systems and increasing public awareness regarding ambulance activation represent important
targets for improving STEMI outcomes nationwide.[5,18]

Reperfusion practices also provide valuable epidemiological insights into STEMI care within Egypt.
Although primary percutaneous coronary intervention has become the preferred reperfusion strategy
according to international guidelines, access remains variable across different regions. Urban centers and
tertiary hospitals generally possess greater PCI capability, whereas thrombolytic therapy continues to play
amajor role in many peripheral and resource-limited settings. Consequently, reperfusion patterns in Egypt
reflect both healthcare infrastructure disparities and geographic variation in access to specialized
cardiovascular services.[4,5]

Comparison with international populations further highlights the unique epidemiological profile of
Egyptian STEMI patients. Compared with European cohorts, Egyptians typically present at younger ages
and exhibit higher rates of smoking and diabetes mellitus. Similar patterns have been observed in other
Middle Eastern and South Asian populations, suggesting shared environmental, genetic, metabolic, and
lifestyle influences. These regional differences emphasize the importance of tailoring prevention programs
and healthcare policies to local epidemiological realities rather than relying solely on data derived from
Western populations.[19,20]

Despite considerable progress in cardiovascular care, STEMI continues to be associated with substantial
morbidity and mortality in Egypt. Registry data indicate that outcomes are strongly influenced by
reperfusion status, treatment delays, and availability of contemporary guideline-directed therapies.
Patients who do not receive timely reperfusion experience significantly higher mortality rates than those
treated with primary PCI or effective thrombolysis. These observations underscore the critical importance
of improving STEMI systems of care and expanding access to evidence-based interventions throughout
the country.[5,17]

Future epidemiological trends suggest that Egypt may continue to face a growing burden of STEMI unless
aggressive preventive measures are implemented. Increasing rates of obesity, diabetes mellitus, sedentary
lifestyle, and population aging are likely to contribute to continued growth in coronary artery disease
prevalence. National strategies emphasizing smoking cessation, cardiovascular risk factor control, public
education, and expansion of STEMI networks will be essential for reducing disease burden and improving
long-term cardiovascular health outcomes.[8,9]

Cardiovascular Risk Factors in Egyptian STEMI Patients

Cardiovascular risk factors are the primary drivers of ST-segment elevation myocardial infarction
(STEMI) and represent the cornerstone of both primary and secondary prevention strategies.
Understanding the distribution and impact of these risk factors within the Egyptian population is

Cuest.fisioter.2024.53(3):7736-7752 7739



Moataz A. Elkot et al. STEMI in Egypt: From Risk Factors to Reperfusion:An Updated
Review of National Evidence Ki

particularly important because Egyptian patients frequently present with STEMI at a younger age than
their counterparts in many Western countries. Evidence from Egyptian registries and regional studies
consistently demonstrates a high prevalence of modifiable cardiovascular risk factors, including smoking,
diabetes mellitus, hypertension, dyslipidemia, obesity, and sedentary lifestyle. The clustering of these risk
factors contributes substantially to accelerated atherosclerosis, premature coronary artery disease, and
adverse cardiovascular outcomes.[21,22]

Smoking

Smoking remains the most important preventable risk factor for STEMI in Egypt and is particularly
prevalent among younger male patients. Numerous studies have established a strong association between
cigarette smoking and acute myocardial infarction through multiple mechanisms including endothelial
dysfunction, increased platelet aggregation, enhanced sympathetic activation, oxidative stress,
inflammation, and coronary vasoconstriction. Smoking also promotes oxidation of low-density lipoprotein
cholesterol (LDL-C), accelerates atherosclerotic plaque formation, and increases the likelihood of plaque
rupture and thrombosis.[23,24]

The Egyptian STEMI registry demonstrated that smoking prevalence among Egyptian STEMI patients
was significantly higher than that reported in many European cohorts. This finding is particularly
important because smoking contributes to premature coronary artery disease and explains, in part, the
younger age at STEMI presentation observed in Egypt. Similar observations have been reported
throughout the Middle East and South Asia, where smoking remains a dominant cardiovascular risk factor
among men. Importantly, smoking cessation after myocardial infarction substantially reduces recurrent
cardiovascular events and mortality, emphasizing the need for aggressive smoking cessation interventions
as part of secondary prevention programs.[20,25]

Beyond traditional cigarette smoking, increasing use of waterpipe tobacco (shisha) represents an emerging
public health concern in Egypt and the wider Middle East. Many individuals incorrectly perceive
waterpipe smoking as safer than cigarette smoking despite evidence demonstrating comparable or even
greater exposure to nicotine, carbon monoxide, and toxic substances. Waterpipe smoking has been
associated with endothelial dysfunction, increased arterial stiffness, and elevated cardiovascular risk,
making it an important target for future preventive strategies.[26]

Diabetes Mellitus

Diabetes mellitus is among the most prevalent and clinically significant cardiovascular risk factors in
Egyptian STEMI patients. Egypt is recognized as one of the countries with the highest burden of diabetes
globally, reflecting increasing rates of obesity, urbanization, dietary changes, and reduced physical
activity. Diabetes accelerates the atherosclerotic process through mechanisms involving endothelial
dysfunction, oxidative stress, chronic inflammation, platelet activation, and vascular remodeling.[27,28]
The relationship between diabetes and cardiovascular disease is particularly strong. Previous studies have
demonstrated that diabetic individuals have a cardiovascular risk equivalent to aging by approximately 15
years compared with non-diabetic individuals. Furthermore, diabetes is associated with a two- to eight-
fold increase in cardiovascular events and remains responsible for the majority of deaths among diabetic
patients. Coronary artery disease accounts for approximately three-quarters of mortality among patients
with diabetes mellitus.[29]

Among Egyptian STEMI populations, diabetes prevalence is consistently higher than that observed in
many European cohorts. Diabetic patients often present with more diffuse coronary artery disease,
multivessel involvement, impaired collateral circulation, and greater plaque burden. They also experience
higher rates of heart failure, recurrent myocardial infarction, and mortality following STEMI.
Additionally, diabetic patients may present with atypical symptoms or silent ischemia, potentially delaying
diagnosis and reperfusion therapy.[20,27]

The increasing prevalence of type 2 diabetes among younger age groups raises significant concern
regarding future STEMI incidence in Egypt. Early identification of prediabetes, aggressive glycemic
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control, weight management, and lifestyle modification are therefore essential components of
cardiovascular prevention programs.[30]

Hypertension

Hypertension is one of the most prevalent cardiovascular risk factors worldwide and remains a major
contributor to STEMI burden in Egypt. Chronic elevation of blood pressure promotes endothelial injury,
vascular inflammation, arterial remodeling, left ventricular hypertrophy, and accelerated atherosclerosis.
Hypertension also increases myocardial oxygen demand while simultaneously impairing coronary reserve,
thereby enhancing susceptibility to myocardial ischemia.[31]

Globally, hypertension contributes to millions of cardiovascular deaths annually and represents one of the
most important modifiable causes of stroke, heart failure, and ischemic heart disease. Epidemiological
studies have demonstrated that even modest reductions in blood pressure significantly reduce
cardiovascular mortality and adverse cardiovascular events. Consequently, hypertension control remains
one of the most cost-effective interventions for cardiovascular disease prevention.[32]

Among STEMI patients, hypertension frequently coexists with diabetes, obesity, and dyslipidemia,
creating a synergistic increase in cardiovascular risk. Egyptian studies have reported a high prevalence of
hypertension among STEMI patients, particularly among older individuals. Poor awareness, inadequate
treatment adherence, and suboptimal blood pressure control continue to contribute to residual
cardiovascular risk despite availability of effective antihypertensive therapies.[21,33]

The growing prevalence of hypertension in Egypt is closely linked to urbanization, dietary sodium excess,
obesity, physical inactivity, and aging of the population. Strengthening screening programs and improving
long-term blood pressure control are therefore essential for reducing future STEMI incidence.[31]
Dyslipidemia

Dyslipidemia is a fundamental determinant of atherosclerotic cardiovascular disease and plays a central
role in the development of STEMI. Elevated LDL-C promotes cholesterol deposition within the arterial
wall, formation of foam cells, development of fatty streaks, and progression of atherosclerotic plaques.
Conversely, reduced high-density lipoprotein cholesterol (HDL-C) impairs reverse cholesterol transport
and diminishes vascular protection.[34]

Multiple lipid abnormalities contribute to cardiovascular risk, including elevated LDL-C, elevated
triglycerides, increased lipoprotein(a), small dense LDL particles, and low HDL-C concentrations. Recent
evidence suggests that residual cardiovascular risk persists even after substantial LDL-C reduction with
statin therapy, highlighting the complexity of lipid-related risk and the importance of comprehensive lipid
management.[35]

Egyptian STEMI patients frequently exhibit dyslipidemia, often in association with diabetes and metabolic
syndrome. Elevated triglycerides and reduced HDL-C appear particularly common and may contribute to
premature atherosclerosis. Current European guidelines recommend intensive lipid-lowering therapy
targeting LDL-C levels below 55 mg/dL and at least 50% reduction from baseline among patients with
acute coronary syndromes. Achievement of these targets remains essential for reducing recurrent
cardiovascular events after STEMI.[36]

Emerging lipid biomarkers such as lipoprotein(a) have attracted increasing attention because of their
association with premature myocardial infarction and residual cardiovascular risk. Future incorporation of
advanced lipid profiling may improve cardiovascular risk stratification among Egyptian patients.[37]
Obesity, Physical Inactivity, and Metabolic Syndrome

Obesity has reached epidemic proportions worldwide and represents a major contributor to cardiovascular
disease burden in Egypt. Excess adiposity promotes insulin resistance, dyslipidemia, hypertension,
systemic inflammation, endothelial dysfunction, and prothrombotic states, all of which accelerate
atherosclerosis and increase STEMI risk.[38]

Abdominal obesity is particularly important because visceral adipose tissue exhibits significant metabolic
activity and contributes to chronic low-grade inflammation. Waist circumference and waist-to-hip ratio
have emerged as powerful predictors of cardiovascular risk and may provide greater prognostic value than
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body mass index alone.[39]

Physical inactivity further amplifies cardiovascular risk by worsening metabolic health, promoting obesity,
and impairing vascular function. Regular physical activity improves blood pressure control, insulin
sensitivity, endothelial function, lipid metabolism, inflammatory markers, and overall cardiovascular
fitness. International guidelines recommend at least 150-300 minutes of moderate-intensity aerobic
activity weekly to reduce cardiovascular risk.[40]

Metabolic syndrome represents the clustering of obesity, hypertension, dyslipidemia, and impaired
glucose metabolism. This syndrome substantially increases the likelihood of coronary artery disease and
acute myocardial infarction. The increasing prevalence of metabolic syndrome among Egyptians
represents a major challenge for future cardiovascular disease prevention efforts.[41]

Family History and Genetic Predisposition

Family history of premature coronary artery disease is a well-established non-modifiable risk factor for
STEMI. Individuals with first-degree relatives affected by premature coronary artery disease demonstrate
significantly higher lifetime cardiovascular risk compared with those without such history. Family history
reflects a complex interaction between genetic susceptibility and shared environmental influences.[42]
Several genetic polymorphisms have been implicated in cardiovascular risk, including variants affecting
lipoprotein metabolism, inflammatory pathways, coagulation factors, and endothelial function. Although
genetic testing is not routinely used in clinical practice, increasing understanding of genetic determinants
may improve future risk stratification and personalized prevention strategies.[43]

In Egypt, family history frequently coexists with traditional cardiovascular risk factors, suggesting that
inherited predisposition may amplify the adverse effects of smoking, diabetes, hypertension, and
dyslipidemia. Comprehensive assessment of family history should therefore remain an integral component
of cardiovascular risk evaluation.[42]

Emerging and Novel Cardiovascular Risk Factors

In addition to traditional risk factors, growing evidence supports the contribution of several emerging
biomarkers and non-traditional factors to STEMI risk. Chronic inflammation has emerged as a critical
component of atherosclerosis progression and plaque instability. High-sensitivity C-reactive protein (hs-
CRP) is one of the most extensively studied inflammatory biomarkers and has demonstrated predictive
value for myocardial infarction, stroke, and cardiovascular death.[44]

Elevated homocysteine levels have also been associated with endothelial dysfunction, oxidative stress, and
increased thrombogenicity. Hyperhomocysteinemia may contribute to accelerated atherosclerosis and has
been proposed as an independent cardiovascular risk factor in certain populations.[45]

Additional biomarkers including lipoprotein(a), fibrinogen, ferritin, interleukin-6, plasminogen activator
inhibitor-1, and markers of oxidative stress have shown associations with coronary artery disease and acute
myocardial infarction. While many of these biomarkers have not yet been incorporated into routine clinical
practice, they may improve future risk prediction models and identify high-risk individuals who would
benefit from targeted interventions.[37,46]

Psychological stress, depression, sleep disorders, chronic kidney disease, autoimmune diseases, and
environmental exposures have also emerged as contributors to cardiovascular risk. These factors are
increasingly recognized as important determinants of cardiovascular health and may partially explain
residual cardiovascular risk not captured by traditional risk factor assessment.[47,48]

Overall, the cardiovascular risk profile of Egyptian STEMI patients is characterized by a high prevalence
of modifiable risk factors, particularly smoking, diabetes mellitus, hypertension, dyslipidemia, obesity,
and metabolic syndrome. These risk factors interact synergistically to promote premature atherosclerosis
and acute coronary events. Consequently, comprehensive prevention strategies targeting both traditional
and emerging risk factors remain essential for reducing STEMI incidence and improving cardiovascular
outcomes in Egypt.

Pathophysiology of STEMI: From Atherosclerosis to Coronary Occlusion

Understanding the pathophysiology of ST-segment elevation myocardial infarction (STEMI) is
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fundamental to appreciating the rationale behind contemporary prevention and treatment strategies.
STEMI represents the final manifestation of a prolonged and complex biological process involving
endothelial dysfunction, lipid accumulation, chronic vascular inflammation, atherosclerotic plaque
formation, plaque destabilization, thrombosis, and ultimately complete coronary artery occlusion.
Although acute coronary occlusion occurs abruptly, the underlying pathological process often evolves
silently over several decades before becoming clinically evident.[49,50]

Endothelial Dysfunction: The Earliest Stage of Atherosclerosis

The vascular endothelium is a highly active organ that regulates vascular tone, platelet activity,
inflammation, coagulation, and cellular adhesion. Under physiological conditions, endothelial cells
maintain vascular homeostasis through production of nitric oxide (NO), prostacyclin, and other mediators
that inhibit thrombosis and vascular inflammation. However, exposure to cardiovascular risk factors
including smoking, hypertension, diabetes mellitus, dyslipidemia, obesity, and chronic inflammation
results in endothelial dysfunction, which is considered the earliest detectable stage of atherosclerosis.[51]
Endothelial dysfunction is characterized by reduced nitric oxide bioavailability, increased oxidative stress,
impaired vasodilation, enhanced expression of adhesion molecules, and increased vascular permeability.
These changes facilitate migration of inflammatory cells into the arterial wall and promote lipid deposition
within the intima. Importantly, endothelial dysfunction may precede visible atherosclerotic lesions by
many years and predicts future cardiovascular events independently of traditional risk factors.[52]

One of the earliest molecular changes is increased expression of vascular cell adhesion molecule-1
(VCAM-1), intracellular adhesion molecule-1 (ICAM-1), and selectins, which facilitate recruitment and
adhesion of circulating monocytes and T lymphocytes to the endothelium. These inflammatory cells
subsequently migrate into the subendothelial space, initiating the inflammatory cascade that drives
atherogenesis.[53]

Lipoprotein Retention and Formation of Fatty Streaks

The next critical step in atherosclerosis development involves accumulation of atherogenic lipoproteins,
particularly low-density lipoprotein cholesterol (LDL-C), within the arterial intima. Once trapped within
the vessel wall, LDL particles undergo oxidative modification through interactions with reactive oxygen
species, macrophages, and vascular enzymes. Oxidized LDL possesses potent pro-inflammatory
properties and serves as a major stimulus for further leukocyte recruitment and activation.[54]
Macrophages internalize oxidized LDL through scavenger receptors, transforming into lipid-laden foam
cells. Progressive accumulation of foam cells creates the earliest visible atherosclerotic lesion known as
the fatty streak. Although fatty streaks may be observed even in young individuals, progression to
advanced atherosclerotic plaques depends on persistence of risk factors and ongoing vascular
inflammation.[55]

Foam cells produce numerous cytokines, growth factors, and matrix-degrading enzymes that perpetuate
inflammation and promote migration of vascular smooth muscle cells from the media into the intima.
These smooth muscle cells contribute to extracellular matrix production and fibrous cap formation, which
are hallmarks of mature atherosclerotic plaques.[50,56]

Chronic Vascular Inflammation and Plague Progression

Modern understanding of atherosclerosis recognizes inflammation as a central driver of disease
progression. Rather than being merely a disorder of cholesterol accumulation, atherosclerosis is now
considered a chronic inflammatory disease of the arterial wall. Activated macrophages, T lymphocytes,
endothelial cells, and smooth muscle cells participate in a complex network of inflammatory signaling
pathways that regulate plaque growth and stability.[57]

Several cytokines play key roles in this process, including tumor necrosis factor-alpha (TNF-o),
interleukin-1 beta (IL-1pB), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), and
interferon-gamma. These mediators promote recruitment of additional inflammatory cells, stimulate
smooth muscle proliferation, increase oxidative stress, and contribute to extracellular matrix
degradation.[58]
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The importance of inflammation in cardiovascular disease was highlighted by clinical studies
demonstrating that inflammatory biomarkers such as high-sensitivity C-reactive protein (hs-CRP) predict
future myocardial infarction independently of lipid levels. Furthermore, anti-inflammatory therapies
targeting specific cytokine pathways have been shown to reduce cardiovascular events, providing direct
evidence that inflammation contributes causally to atherosclerotic disease progression.[59]
Development of Vulnerable Atherosclerotic Plaques
As atherosclerotic plaques enlarge, their structural composition becomes increasingly important. Not all
plaques possess equal risk for causing acute coronary syndromes. In fact, many severely stenotic plaques
remain clinically stable, whereas less obstructive plaques may suddenly rupture and trigger STEMI.[60]
The concept of the "vulnerable plaque” has therefore become central to understanding acute coronary
syndromes. VVulnerable plaques typically contain:

o Alarge lipid-rich necrotic core.

e Thin fibrous cap (<65 pum).

e Abundant inflammatory cell infiltration.

o Reduced smooth muscle cell content.

« Increased neovascularization.

o Elevated proteolytic enzyme activity.
These features collectively weaken plaque structural integrity and increase susceptibility to rupture under
mechanical stress.[61]
Activated macrophages within vulnerable plaques secrete matrix metalloproteinases (MMPs), which
degrade collagen and extracellular matrix components responsible for maintaining fibrous cap strength.
Simultaneously, inflammatory cytokines inhibit collagen synthesis by smooth muscle cells, further
destabilizing the plaque.[62]
Plaque Rupture and Plague Erosion
Acute STEMI most commonly results from disruption of an atherosclerotic plaque. Two principal
mechanisms have been identified: plague rupture and plaque erosion.[63]
Plaque rupture accounts for approximately 60-75% of acute coronary syndromes. In plaque rupture,
mechanical stress and inflammatory degradation cause the fibrous cap to fracture, exposing the highly
thrombogenic lipid-rich core to circulating blood. This exposure triggers rapid platelet activation and
thrombus formation.[64]
Plaque erosion represents an alternative mechanism responsible for approximately 25-40% of acute
coronary syndromes. In this setting, endothelial denudation occurs without actual rupture of the fibrous
cap. Platelets adhere directly to the exposed subendothelial surface, initiating thrombus formation. Plaque
erosion is more frequently observed in younger individuals, smokers, and women.[63]
Although these mechanisms differ histologically, both ultimately result in acute coronary thrombosis and
myocardial ischemia.[64]
Platelet Activation and Thrombus Formation
Following plaque disruption, exposure of collagen, tissue factor, von Willebrand factor, and other
thrombogenic substances initiates platelet adhesion and activation. Platelets bind to exposed collagen
through glycoprotein receptors and rapidly undergo conformational changes that enhance their
prothrombotic activity.[65]
Activated platelets release adenosine diphosphate (ADP), thromboxane A., serotonin, and numerous
inflammatory mediators. These substances amplify platelet recruitment and aggregation while
simultaneously inducing coronary vasoconstriction. Platelet activation also leads to expression of
glycoprotein I1b/Illa receptors, which mediate fibrinogen-dependent platelet cross-linking and formation
of platelet-rich thrombi.[66]
This process explains why antiplatelet therapy forms the cornerstone of STEMI treatment and why early
administration of aspirin and P2Y 12 inhibitors significantly improves clinical outcomes.[4]
Activation of the Coagulation Cascade
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In parallel with platelet activation, exposure of tissue factor initiates activation of the coagulation cascade.
Tissue factor interacts with factor Vlla, leading to sequential activation of coagulation proteins and
generation of thrombin.[67]
Thrombin plays a central role in STEMI pathogenesis because it:
o Converts fibrinogen into fibrin.
o Activates platelets.
« Enhances inflammatory signaling.
« Stabilizes thrombus architecture.
Progressive fibrin deposition transforms an initially platelet-rich thrombus into a dense fibrin-rich clot
capable of producing complete coronary occlusion.[68]
The importance of coagulation activation explains the beneficial effects of anticoagulant therapies during
acute coronary syndromes and PCI procedures.[4]
Coronary Occlusion and Myocardial Ischemia
Complete thrombotic occlusion of an epicardial coronary artery produces abrupt cessation of myocardial
blood flow distal to the obstruction. Within seconds, aerobic metabolism ceases and myocardial oxygen
deprivation develops. Cellular ATP production falls dramatically, impairing membrane ion pumps and
intracellular calcium regulation.[69]
Early ischemic changes include:
e Loss of myocardial contractility.
e Metabolic acidosis.
e Cellular edema.
o Electrical instability.
If coronary blood flow is restored promptly, these changes remain reversible. However, prolonged
ischemia leads to irreversible myocyte necrosis.[70]
The concept that "time is muscle" reflects the direct relationship between ischemic duration and infarct
size. Consequently, rapid reperfusion remains the most important determinant of myocardial salvage and
survival.[71]
Myocardial Necrosis and Infarct Expansion
Irreversible myocardial injury generally begins after approximately 20-30 minutes of severe ischemia and
progresses from the subendocardium toward the epicardium in a wavefront pattern. Without reperfusion,
transmural necrosis may develop within several hours, producing the classical pathological substrate of
STEML[72]
Necrotic cardiomyocytes release intracellular biomarkers including cardiac troponins and creatine kinase-
MB, which serve as diagnostic indicators of myocardial infarction. The extent of biomarker elevation
correlates with infarct size and prognosis.[73]
Myocardial necrosis triggers a robust inflammatory response involving neutrophils, monocytes,
macrophages, and cytokines. While this response is necessary for removal of dead tissue and subsequent
healing, excessive inflammation may contribute to infarct expansion and adverse ventricular
remodeling.[74]
Reperfusion Injury
Although restoration of coronary blood flow is essential for myocardial salvage, reperfusion itself may
paradoxically contribute to additional injury. Reperfusion injury results from sudden restoration of oxygen
and nutrients to previously ischemic myocardium, generating oxidative stress, calcium overload,
mitochondrial dysfunction, endothelial injury, and inflammatory activation.[75]
Clinical manifestations of reperfusion injury include:
Reperfusion arrhythmias.
Myocardial stunning.
Microvascular obstruction.
No-reflow phenomenon.
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Microvascular dysfunction may persist despite successful opening of the epicardial coronary artery and
remains an important determinant of infarct size and long-term ventricular function.[76]

Contemporary Concepts: The NLRP3 Inflammasome and Targeted Anti-Inflammatory Therapy
Recent advances have identified the NLRP3 inflammasome as a critical regulator of vascular inflammation
and acute myocardial injury. Activation of the NLRP3 pathway stimulates production of IL-1p and IL-18,
amplifying inflammatory responses within atherosclerotic plaques and ischemic myocardium.[77]
Subsequent activation of IL-6 signaling promotes hepatic synthesis of CRP and further propagates
systemic inflammation. These discoveries have transformed understanding of cardiovascular disease and
opened new therapeutic avenues targeting inflammatory pathways.[78]

The landmark CANTOS trial demonstrated that inhibition of IL-1p with canakinumab significantly
reduced recurrent cardiovascular events independent of lipid lowering, providing direct proof that
targeting inflammation can improve cardiovascular outcomes. Similarly, emerging evidence suggests
potential benefits from therapies targeting 1L-6 and other inflammatory mediators.[79]

These findings support the concept that STEMI represents not only a thrombotic event but also the
culmination of chronic inflammatory processes operating throughout the natural history of
atherosclerosis.[80]

In summary, STEMI develops through a complex sequence of events beginning with endothelial
dysfunction and progressing through lipid accumulation, chronic inflammation, plaque vulnerability,
plaque disruption, thrombosis, coronary occlusion, and myocardial necrosis. Contemporary evidence
increasingly highlights the pivotal role of inflammation throughout this process and provides new
opportunities for prevention and therapeutic intervention.

Clinical Characteristics and Presentation of STEMI in Egypt

The clinical presentation of ST-segment elevation myocardial infarction (STEMI) reflects the complex
interaction between patient demographics, cardiovascular risk factors, extent of myocardial ischemia,
infarct location, and healthcare system characteristics. Understanding the clinical characteristics of
Egyptian STEMI patients is particularly important because several studies have demonstrated significant
differences between Egyptian populations and patients from Europe and North America. These differences
influence diagnosis, treatment delays, reperfusion strategies, and ultimately clinical outcomes.[81,82]
Demographic Characteristics of Egyptian STEMI Patients

One of the most consistent observations across Egyptian cardiovascular registries is the relatively young
age at STEMI presentation. Compared with patients from many Western countries, Egyptian patients
frequently develop acute myocardial infarction approximately 5-10 years earlier. This earlier presentation
reflects the high prevalence of smoking, diabetes mellitus, metabolic syndrome, obesity, and other
modifiable cardiovascular risk factors that accelerate atherosclerotic disease progression.[20,81]

The Egyptian Society of Cardiology STEMI registry demonstrated that Egyptian STEMI patients were
significantly younger than those enrolled from other European Society of Cardiology (ESC) member
countries. Premature myocardial infarction has important clinical and socioeconomic implications because
it affects individuals during their most productive years, resulting in long-term disability, reduced quality
of life, and increased healthcare expenditures.[20]

Male predominance remains a characteristic feature of STEMI populations worldwide and is similarly
observed in Egypt. Men generally experience myocardial infarction at younger ages than women, partly
due to higher smoking prevalence and the protective effects of endogenous estrogen before menopause.
However, women presenting with STEMI often exhibit a greater burden of comorbidities, delayed
presentation, and higher mortality rates compared with men.[83]

Symptomatology and Clinical Presentation

The hallmark symptom of STEMI is acute chest pain or chest discomfort resulting from prolonged
myocardial ischemia. Typically, patients describe a retrosternal sensation of pressure, heaviness,
squeezing, constriction, or burning that persists for more than 20-30 minutes and is not relieved by rest.
Pain frequently radiates to the left arm, both arms, shoulders, neck, jaw, or back. Associated symptoms
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commonly include diaphoresis, nausea, vomiting, dyspnea, palpitations, dizziness, and anxiety.[84]
Despite the classical description, clinical presentation varies considerably among patients. Several studies
have demonstrated that a substantial proportion of STEMI patients present with atypical symptoms.
Elderly individuals, women, and patients with diabetes mellitus are particularly prone to atypical
presentations including unexplained fatigue, dyspnea, syncope, nausea, vomiting, abdominal discomfort,
confusion, or generalized weakness.[85]
This observation is especially relevant in Egypt because diabetes mellitus is highly prevalent among
STEMI patients. Diabetic autonomic neuropathy may blunt ischemic pain perception, resulting in delayed
recognition of symptoms and postponement of medical evaluation. Consequently, diabetic patients often
present later and may experience larger infarcts and worse outcomes.[86]
Importantly, absence of chest pain does not exclude STEMI. Studies have shown that a considerable
proportion of patients with acute myocardial infarction present without classical chest discomfort. Such
presentations are associated with delayed diagnosis, reduced likelihood of reperfusion therapy, and
increased mortality.[85]
Symptom-to-Door Time and Healthcare-Seeking Behavior
One of the most important clinical characteristics influencing STEMI outcomes in Egypt is prolonged
symptom-to-door time. The concept of total ischemic time encompasses the interval between symptom
onset and successful reperfusion. Numerous studies have demonstrated that shorter ischemic times are
associated with smaller infarct size, improved ventricular function, and reduced mortality.[87]
Unfortunately, delayed presentation remains common among Egyptian STEMI patients. Several factors
contribute to this phenomenon, including limited public awareness regarding myocardial infarction
symptoms, socioeconomic barriers, transportation difficulties, fear of hospitalization, and underutilization
of emergency medical services. Many patients initially attribute symptoms to gastrointestinal or
musculoskeletal causes, delaying medical consultation.[20]
Registry data indicate that Egyptian patients frequently present directly to hospitals through self-transport
rather than activating ambulance services. This contrasts markedly with healthcare systems in Europe and
North America where emergency medical services play a central role in STEMI triage and early
management. Delayed presentation remains one of the major obstacles to optimal STEMI care in Egypt
and contributes significantly to adverse clinical outcomes.[20,88]
Physical Examination Findings and Hemodynamic Status
Clinical examination remains an important component of STEMI assessment and provides valuable
prognostic information. Although some patients appear hemodynamically stable, others present with
varying degrees of heart failure, cardiogenic shock, arrhythmias, or mechanical complications.[89]
The Killip classification remains one of the most widely used clinical tools for risk stratification following
STEMI:

« Killip Class I: No evidence of heart failure.

o Killip Class I1I: Mild heart failure with pulmonary congestion or S3 gallop.

o Killip Class Ill: Acute pulmonary edema.

« Killip Class 1V: Cardiogenic shock.
Higher Killip class at presentation is strongly associated with increased short-term and long-term
mortality. Most STEMI patients present in Killip class I; however, patients presenting with cardiogenic
shock continue to experience extremely high mortality despite contemporary reperfusion therapies.[90]
Hypotension, tachycardia, elevated jugular venous pressure, pulmonary rales, and peripheral
hypoperfusion indicate more extensive myocardial injury and should prompt urgent hemodynamic
assessment and aggressive management.[89]
Electrocardiographic Characteristics
The electrocardiogram (ECG) remains the cornerstone of STEMI diagnosis and should be performed
within 10 minutes of first medical contact according to contemporary guidelines. STEMI is characterized
by new ST-segment elevation in anatomically contiguous leads reflecting transmural myocardial ischemia
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secondary to acute coronary occlusion.[4]
Typical ECG findings include:

ST-segment elevation at the J-point.

Hyperacute T waves.

Reciprocal ST-segment depression.

Development of pathological Q waves.

Progressive T-wave inversion during evolution of infarction.
The location of ST-segment elevation provides important information regarding infarct territory and
culprit vessel.[91]
Anterior STEMI, usually resulting from left anterior descending artery occlusion, generally carries the
worst prognosis because of the large myocardial territory involved. Inferior STEMI is commonly
associated with right coronary artery occlusion and may be complicated by bradyarrhythmias and right
ventricular infarction. Lateral and posterior infarctions are less common but require careful recognition
because their ECG manifestations may be subtle.[92]
Several Egyptian studies have reported anterior wall myocardial infarction as the most common STEMI
subtype, consistent with international observations. Because anterior infarctions often involve larger
myocardial territories, they are associated with higher rates of left ventricular dysfunction, heart failure,
and mortality.[93]
Laboratory Characteristics
Cardiac biomarkers play a crucial role in confirming myocardial injury. High-sensitivity cardiac troponin
(hs-cTn) has become the preferred biomarker because of its superior sensitivity and specificity for
myocardial necrosis.[4]
Following coronary occlusion, troponin levels begin to rise within a few hours, peak during the first 24
hours, and may remain elevated for several days. The magnitude of troponin elevation often correlates
with infarct size and clinical prognosis.[94]
Additional laboratory abnormalities frequently observed among STEMI patients include:

Hyperglycemia.

Elevated inflammatory markers.

Leukocytosis.

Elevated serum creatinine.

Dyslipidemia.

Elevated natriuretic peptides.
Admission hyperglycemia has been associated with increased mortality even among non-diabetic patients
and may reflect heightened neurohormonal and inflammatory activation during acute myocardial
infarction.[95]
Inflammatory biomarkers such as C-reactive protein (CRP), interleukin-6, and leukocyte counts may also
provide prognostic information regarding infarct size, ventricular remodeling, and future cardiovascular
events.[96]
Echocardiographic Characteristics
Transthoracic echocardiography represents an essential imaging modality in STEMI evaluation and should
be performed routinely during hospitalization. Echocardiography provides rapid assessment of ventricular
function, infarct extent, mechanical complications, and alternative diagnoses.[4]
The most common echocardiographic findings include:

Regional wall motion abnormalities.

Reduced left ventricular ejection fraction (LVEF).

Left ventricular dilatation.

Mitral regurgitation.

Right ventricular dysfunction.

Pericardial effusion.
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Left ventricular ejection fraction remains one of the strongest predictors of mortality following STEMI.
Patients with severe systolic dysfunction are at increased risk of heart failure, ventricular arrhythmias,
sudden cardiac death, and adverse ventricular remodeling.[97]
Echocardiography also plays a critical role in identifying mechanical complications such as ventricular
septal rupture, papillary muscle rupture, and free-wall rupture, which require urgent intervention and are
associated with high mortality.[98]
Coronary Angiographic Characteristics
Coronary angiography remains the gold standard for identifying culprit lesions and guiding reperfusion
therapy. Contemporary studies indicate that STEMI most commonly results from acute thrombotic
occlusion of a single epicardial coronary artery, although multivessel disease is frequently present.[99]
Among Egyptian STEMI patients, angiographic findings generally mirror international observations. The
left anterior descending artery is most frequently identified as the culprit vessel, followed by the right
coronary artery and left circumflex artery. Multivessel coronary disease is particularly common among
diabetic patients and those with metabolic syndrome.[100]
The extent of coronary artery disease significantly influences prognosis. Patients with multivessel disease
experience higher rates of recurrent ischemia, heart failure, and long-term mortality compared with those
having single-vessel disease.[99]
Egyptian Registry Findings and Contemporary Clinical Profile
The Egyptian Society of Cardiology STEMI registry provided the most comprehensive contemporary
assessment of STEMI characteristics in Egypt. Several notable findings emerged:

« Egyptian patients were younger than their European counterparts.

e Smoking prevalence was significantly higher.

o Diabetes mellitus was more common.

o Delays from symptom onset to hospital presentation were longer.

o Self-presentation predominated over ambulance transport.

e Primary PCI utilization was lower than in many ESC countries.

« In-hospital mortality was highest among patients who did not receive reperfusion therapy.[20]
These observations emphasize the unique clinical profile of STEMI in Egypt and underscore the
importance of public education, risk factor modification, expansion of primary PCI networks, and
improved emergency medical systems. Addressing these challenges may substantially improve outcomes
and reduce the growing burden of STEMI nationwide.[20,88]
Overall, Egyptian STEMI patients exhibit distinctive demographic and clinical characteristics
characterized by younger age at presentation, a high burden of modifiable cardiovascular risk factors,
delayed hospital arrival, and variable access to reperfusion therapy. Recognition of these characteristics is
essential for developing targeted interventions aimed at improving diagnosis, treatment, and
cardiovascular outcomes throughout Egypt.
Conclusion
ST-segment elevation myocardial infarction (STEMI) continues to represent a major cardiovascular health
challenge in Egypt, characterized by a relatively young age at presentation, a high prevalence of modifiable
risk factors—particularly smoking and diabetes mellitus—and persistent delays in accessing definitive
reperfusion therapy. Contemporary evidence indicates that although substantial progress has been
achieved through expansion of primary percutaneous coronary intervention services and implementation
of guideline-directed therapies, significant gaps remain in public awareness, emergency medical service
utilization, timely diagnosis, and equitable access to advanced cardiovascular care. The distinctive
epidemiological and clinical profile of Egyptian STEMI patients highlights the need for population-
specific prevention and management strategies. Strengthening cardiovascular risk factor control,
promoting early symptom recognition, expanding regional STEMI networks, improving prehospital
systems of care, and ensuring broader availability of evidence-based reperfusion therapies are essential
steps toward reducing STEMI-related morbidity and mortality. Future national initiatives integrating
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prevention, rapid reperfusion, secondary prevention, and cardiac rehabilitation have the potential to
substantially improve cardiovascular outcomes and lessen the growing burden of ischemic heart disease

in Egypt.
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