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Introduction

This case focuses on Mrs B, who had a myocardial infarction (MI) in June of 2010. Particular attention will be paid to those aspects of Mrs B’s case that may have predisposed him/her to a myocardial infarction, and how these were, and have continued to be, minimised by the medical profession. The subsequent discussion will highlight the basic science of myocardial infarction, with particular emphasis on the risk factors predisposing an individual to an MI. These risk factors will then be assessed with regard to Mrs B, with a brief review of the importance of assessing these risk factors in the primary care setting. 

Case Presentation

Mrs B, a 61 year old Asian female, presented on 1st June of this year with crushing central chest pain. Her symptoms initially came on at night over a matter of minutes and she called the on-call GP in the morning when her symptoms had persisted, although the initial pain eased off after a period of time. The pain was in the retrosternal area, with radiation down her left arm. She felt nauseous, sweaty and clammy.  Further details regarding the event are unclear. Mrs B was taken to Bradford Royal Infirmary whereby she was diagnosed with a non-ST elevation myocardial infarction (NSTEMI). Her troponin levels were measured as 30.6, and once immediate treatment had been initiated, angiography and ECG were performed. Angiography demonstrated occlusion of several of her coronary vessels, whilst ECG showed an NSTEMI with left bundle branch block. Mrs X was discharged on 7th June, and is currently on the following medication:

	Medication
	Dose

	Clopidogrel
	75mg

	Eplerenon
	25mg

	Atorvastatin
	80mg

	Bisoprolol
	10mg

	Lansoprazole
	15mg

	Ramipril
	10mg

	GTN spray
	400micrograms/dose

	Insulin
	3ml/1-60 Units

	Amitriptyline
	10mg

	Aspirin
	75mg


Prior to her MI in 2010, Mrs B had a known history of treated hypertension and non-insulin dependent diabetes mellitus (NIDDM), with diabetic retinopathy and neuropathy: Mrs B’s HbA1c level one month prior to her myocardial infarction was 9.8% (a value below 6.5% is recommended1. She also had a previous MI in 1996, and known angina which, prior to her MI was being unsuccessfully treated with GTN spray. Mrs B had previous hypercholesterolaemia, now well controlled with atorvastatin (total cholesterol of 3.4mmols/L as of  8th June 2010). Her sitting blood pressure was 128/68 mmHg and her pulse rate 68 beats per minute on discharge from hospital. As of September 2010, her BMI was 34.96. Owing to her foot ulcers, Mrs B partook in little to no exercise each week and found mobility difficult at times. She reported both exertional dyspnoea on activities such as climbing stairs and dyspnoea on rest at times, both before and after her myocardial infarction.  Mrs B denied any history of alcohol consumption or smoking, and her family history was unknown.  
Anatomy

The heart, lying in the mediastinum with around two thirds positioned to the left of the midline, is a muscular organ, around 12cm long, which pumps blood through the systemic and pulmonary circulation systems, providing tissues with oxygen and other nutrients, and removing waste products2. The heart wall has three separate layers: the epicardium, myocardium and endocardium. The myocardium is muscular tissue responsible for the pumping action of the heart. Myocardial tissue is striated but involuntary like smooth muscle2. 

Coronary Circulation

The coronary circulation supplies the heart with oxygen and nutrients, as diffusion alone from the chambers of the heart would not be rapid enough2. The coronary arteries arise from the aorta and supply the cardiac muscle when the heart is not contracting. Figure 1.1 illustrates in detail the anatomy of the coronary arteries. Multiple anastamoses connect the coronary arteries, providing alternative routes for oxygen delivery even if one coronary artery becomes blocked. From the coronary arteries, blood flows through capillaries and into the coronary veins. 
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Figure 1.1: Anatomy of the heart and coronary arteries3
The heart beats on average 60 to 100 times a minute, and thus has a very high oxygen demand (MVO2 ): this depends upon force of contraction, rate of generation, and frequency of contraction4. The average MVO2 is estimated at 0.097 ± 0.022mL min-1 g-1  for normal subjects5. Reduction in oxygen supply to the heart can drastically reduce the ability of the heart to function adequately, particularly if reduction is greater than the ability of the aforementioned anastamoses to overcome this reduction4. It is generally reported that an occlusion of 50% is enough to lead to hypoxia of the myocardium; when occlusion is greater than 70%, chest pain (“angina pectoris”) may occur, and the risk of damage to the myocardium greatly increases. This interrupted blood flow arises typically, although not exclusively, from the coronary arteries4. If unresolved, this hypoxia may therefore lead to death of the heart tissue, an event known as a myocardial infarction. 

Atheroma Formation

The most common cause of MI is atheroma with a superimposed thrombus or plaque haemorrhage6. Atheroma typically begins with the formation of a fatty streak, an elevation of the intimal lining consisting of macrophages with lipid contained inside. This process is precipitated by various risk factors, as described below, which cause damage to the endothelium, leading to irritation of the vessel. If untreated, an inflammatory response is initiated, with cytokine chemotaxis also occurring6. This leads to the formation of fibrous cap atheromas, a layer of fibrous tissue covering a lipid centre (see Figure 1.2). This plaque formation also contains various other cells, such as foam cells, macrophages and collagen, all of which are involved in further development of the plaque6. If the endothelium and fibrous cap rupture, the necrotic centre is exposed and a clotting response occurs, with platelets and clotting proteins activated. This can lead to thrombus formation and narrowing of the artery. If mild, the artery may remodel itself and expand, minimising the effect of the stenosis6. If occlusion is severe, occurs in several vessels or an emboli formed from the thrombus occludes a smaller vessel, the hypoxic process outlined above leads to a myocardial infarction. 

[image: image2.png]Cut-section of artery

oarn artery vall

Macrophage cel

Cholesterl deposis

Red blood cll

Macophage foam cel

Fat deposis

FADAM.




Figure 1.2: Cross-section of an atherosclerotic artery7
Despite this clearly defined aetiology, tracking the progress of atheroma has proven more difficult than anticipated. Coronary angiography is the mainstay of clinical diagnosis, but it has been shown that it is composition of atheroma, rather than the size, that is a prognostic factor for rupture: the majority of lesions causing MI demonstrate less than 50% vessel occlusion8. Other investigative procedures have been used, including ultrasound, MRI and PET scan, with electron beam computed tomography (CT) showing strong correlation between calcification and risk of MI. Future research aims to expand on these imaging procedures, to aid the tracking of atheroma8.
Epidemiology

The true incidence of myocardial infarction in the UK is difficult to accurately determine, with many studies giving different estimates9. Incidence is thought to be around 600/100,000 for men, and 200/100,000 for women in those aged between 30 and 69 years10: rates then even out in post-menopausal women9. Myocardial infarctions vary in severity depending on the level of ischaemia, but there is an approximate 13% 30-day mortality rate11, with mortality 1.28 times higher in women. The ratio of males:females is thought to be 1.63:111. 

The average age of individuals suffering from myocardial infarction has increased over the years, from 64 in 1975 to 69 in 199511. 

Risk Factors

Despite the plethora of research papers regarding myocardial infarctions, unsurprisingly there has never been a definitive answer found to what exactly causes an MI and how to prevent it. Instead, there are a number of factors that work in tandem that predispose to and increase the risk of infarction occurring. Some, such as smoking and cholesterol levels, are known to play an important role and are monitored as part of both primary and secondary prevention in a primary care setting. Others, including some gene loci, may play a lesser role in the primary setting. The most significant, and best documented, are outlined below, although this is by no means a comprehensive list. 

Smoking 

Smoking, and in particular, the tar and toxins within cigarettes, is thought to be the most significant risk factor for heart disease, accounting for around 40% of cases12. Smoking has been found to significantly increase the risk of atheroma, and also decreases the oxygen carrying capacity of blood due to the presence of carbon monoxide, thus making a hypoxic episode more likely12. Smoking cessation has been found to substantially reduce the risk of coronary heart disease, and thus is heavily promoted as part of both primary and secondary prevention schemes for coronary heart disease in the primary care setting10. 

Hypercholesterolaemia

Although cholesterol and lipids were found to play an important role in atheroma formation as early as the 19th century, it is only recently that the pathogenesis of cholesterol in atheroma formation was understood more clearly. In particular, low-density lipoproteins (LDL-C) are responsible for the transportation of triglycerides and the deposition of cholesterol in vessels2, increasing the risk of atherosclerosis and therefore MI. The mechanism behind this is not fully known, but it is thought it could relate to high circulating cholesterol increasing membrane thickness and decreasing malleability, making damage more likely6. Alternatively, theories have also been put forward suggesting the formation of endothelial-damaging free radicals from the oxidisation of LDL by macrophages6. 

Conversely, high-density lipoproteins (HDL-C) transport cholesterol to the liver for hepatic metabolism, reducing the deposition of cholesterol in vessels. Both low levels of high-density lipoprotein (HDL-C), and high levels of low-density lipoprotein (LDL-C) have been found to substantially increase the risk of a myocardial infarction. Large scale extensive studies such as The Framingham Study advocate the importance of measuring individual lipoprotein levels, as opposed to a total cholesterol level, as this may miss those individuals with high LDL but low HDL13. 
Current NICE guidelines dictate the importance of statins for all patients with a 20% or greater 10-year risk of cardiovascular disease, or those with clinical evidence of cardiovascular disease10. Perhaps surprisingly, in their role as a secondary prevention, statins have been proposed to alter the quality of the fibrous cap, improving stability, as opposed to quantitatively increasing the dimensions of artery lumen diameter10. Mrs B, although her 10-year risk of cardiovascular disease was not documented, would likely have a risk of at least 20%, due to her previous history, co-morbidities and other precipitating factors. She had been prescribed a statin previously, which controlled both her total cholesterol and LDL levels effectively.
Obesity

It is well documented that obesity, as defined by a BMI equal to or greater than 30, increases the risk of cardiovascular disease 10. This risk is due to two separate mechanisms; obesity itself predisposes to other pathologies including diabetes mellitus, metabolic syndrome and hypertension all of which increase the risk of myocardial infarction, whilst being obese itself increases the risk of MI: obesity increases the stress placed on the myocardium, with an increased prevalence of left ventricular hypertrophy in particular6. This increases the oxygen demand of the heart, and thus the risk of infarction, if stenosis occurs.

Research has indicated that BMI may not be the most accurate indicator of cardiovascular risk, with the INTERHEART study advocating the use of waist-to-hip ratio in assessing someone’s risk14. BMI was found to be a poor indicator in those with a history of hypertension, and in certain ethnic groups, including South Asians such as Mrs B. In comparison, waist-to-hip ratio was found to be a strong indicator across all subtypes14. This study, using a larger population (over 12,000 myocardial infarctions) and a case control basis, proved to have stronger statistical significance than those previous studies advocating the use of BMI over other prognostic methods. What is more, it is found that South Asians, such as Mrs B, tend to have a higher prevalence of central obesity, itself an adverse factor for myocardial infarction14. The figure below shows both the higher waist-hip ratios and waist circumferences in South Asian individuals, but also the unreliability of attributing results found using BMI to those with other measures: for whilst female Bangladeshis in England demonstrated the second lowest BMI, they had the highest proportionate waist-hip ratio, which as demonstrated from the data above, is a more powerful prognostic indicator14. 
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Figure 1.3: Obesity indicators in various ethnicities14
Whilst current NICE guidelines advocate the use of BMI in assessing cardiovascular risk in the primary care setting10, such research clearly has important indications for future practice, and it may be that a transition occurs toward these new indicators. 

Genetics

Despite initial optimism, it has long been established that there is no simple genetic causation for myocardial infarction: instead Mi defines the complex trait in that there is a relationship between genetic and environmental factors15. Despite this, a significant proportion of recent research has focussed on the search for genetic polymorphisms that may be significant in predisposing toward MI. These genes can be involved in several aspects of the pathogenesis of myocardial infarction; these include lumen diameter, predisposition to thrombosis, myocardial oxygen demand and the genetics of other predisposing factors as mentioned above15. 

A number of genome wide association studies (GWAS) and linkage studies have been carried out, and found several candidate genes and single nucleotide polymorphisms (SNPs)15. Despite this, these mutations are rarely found in greater than 2-3% of the population at risk, and there has been no significant breakthrough as yet15. Nevertheless, the area of genetics remains one of the most promising for future development, and a number of long-term studies have been proposed to continue with GWAS and linkage analysis in wider ranging case-control experiments. 

Mrs B is of South Asian ethnicity, which puts her at the highest risk of heart disease in the UK14. This could be due to a variety of factors, both medical and social: many genes have been identified that confer risk in Asian populations, whilst Asians are also known to suffer from higher levels of predisposing co-morbidities such as diabetes mellitus and hypertension. Asian individuals living in the UK also tend to have a lower socio-economic status, undertake less exercise and smoke more, all of which increase social risk factors16. Mrs B required a translator to converse with any English speaking staff, which may limit resources and information she is able to acquire in the community regarding healthcare. However, Mrs B lived in Bradford, an area well accustomed to providing surfaces for non-English speaking individuals. Research has suggested that South Asians are 70% less likely than Caucasians to report to A&E within 3 hours of symptom onset following myocardial infarction, as exemplified by Mrs B’s case16 .
Diabetes

One of the key risk factors regarding Mrs B’s case could be her poorly controlled NIDDM. Diabetes is known to accelerate the formation of atherosclerosis and also increase the risk of thrombus formation, both of which would predispose Mrs B to a myocardial infarction17. High levels of lipid within the blood increase the risk of damage to vessels, and research has also indicated that those fibrous caps with a higher proportion of lipid within have an increased risk of rupture17. 
The ongoing longitudinal Framingham study into coronary heart disease has indicated that high total cholesterol level is not an indicator itself for increased risk of MI18. However other co-morbidities, such as hypertension, are found in association with diabetes mellitus. In addition, several of the complications of diabetes mellitus worsen the prognosis of MI, if not the incidence itself: the increased prevalence of autonomic neuropathy in DM is thought to eliminate the presence of ‘early warning signs’, along with increased myocardial oxygen demand and increasing coronary vascular tone, thus reducing blood flow17. Additionally, individuals with diabetes mellitus have a decreased perception of pain and therefore may be less aware of initial symptom presentation17. This may be particularly relevant in the case of Mrs B, who initially felt chest pain at night but waited until the morning to call the on-call GP. 

As with many of the predisposing factors for MI, the presence of diabetes mellitus also increases the risk of other co-morbidities. In Mrs B’s case, she had recurrent foot ulcers, reducing her mobility. As a result, she was obese and partook in little exercise, both in themselves independent risk factors for heart disease. 

Hypertension

Mrs B had well-controlled hypertension prior to her MI, with a sitting blood pressure reading of 128/68 mmHg. This would have reduced Mrs B’s risk of cardiovascular events, as hypertension is known to be a serious risk factor for both heart failure and myocardial infarction19. The exact aetiology of this is not clear, but there are a variety of mechanisms that are likely to play an important role. These include the common transition from hypertension to left ventricular hypertrophy, high prevalence of diastolic dysfunction, an increased predisposition to arrhythmias (which are in themselves risk factors for myocardial infarction), and the complex interplay between angina and hypertension19: patients with angina have a high rate of hypertension, and the same is true for the opposite. This is because hypertension leads to increased afterload, with an increase in left ventricular pressure. This leads to a decrease in coronary blood flow during the diastolic stage of the cardiac cycle. This decrease can lead to angina, and if untreated, can progress to ischaemia20 . 

However Mrs B’s low readings may not be as beneficial as first thought. Treating hypertension was initially thought to reduce the risk of MI21. However, despite the high prevalence of antihypertensive treatments in the primary care setting, the incidence of coronary heart disease has failed to decrease since the advent of these medications. Indeed, a “J-curve relationship” has been found with treated hypertension; both above and below the optimal diastolic level of 85-90 mmHg the incidence of death from MI increases, suggesting aggressive treatment of hypertension may itself be harmful21. This is thought to be due to failure of antihypertensive treatment to readjust the autoregulation of myocardial blood flow that is initially altered by hypertension. This leads to an imbalance in oxygen supply and demand, particularly in the subendocardium: perfusion decreases to dangerous levels, leading to ischaemic changes and thus infarction of myocardial tissue21. 

Conclusion

With myocardial infarction being the archetypal complex trait, there is a significant area of research to be mined involving investigation into further genetic and environmental factors. This case report is by no means definitive regarding the risk factors for MI. Areas as diverse as infectious agents and blood groups are currently being investigated, but conclusive correlation proves difficult to determine. 

In several aspects, Mrs B’s case encompasses the key risk factors surrounding MI. Yet, as demonstrated by her smoking status and gender, it is rare for any one individual to perfectly fit the template of a high-risk MI patient, again emphasising the complex nature of MI pathogenesis. 
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