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Intoduction

Atherosclerosis, the underlying cause of heart attacks, strokes, and peripheral vascular disease, is one of the major killers in the world. The disease develops slowly over many years in the innermost layer of large and medium-sized arteries. It does not usually become manifest before the fourth or fifth decade, but then often strikes with devastating suddenness. Fifty per cent of individuals still die (25 per cent immediately) from their first heart attack; and morbidity from coronary heart disease is significant. The disease has a profound impact on health-care services and on industrial economies.

Progress has been made in identifying the risk factors that predispose to atherosclerosis, its medical and surgical treatment, and the consequences of the disease once it has developed. Cellular and molecular biology have allowed an understanding how risk factors contribute to the process of atherogenesis and are providing the rationale for the development of new and effective treatments; as a consequence the prevalence and mortality from atherosclerosis are decreasing.
Epidemiological examinations, performed in 23 cities of CNS, showed that 23% of males aged 35-39 and 22% of female of the same age suffer from AH and more often with the age ( 25,4% are cases in groups of 55-59 years old). AH is the main factor resulting in mortality in cases with insult and infarction and IHD. Among all the cases with AH 90-95% of patients suffer from hypertensive diseases (HD).

In the USA in 70-th years 60 million of people with high pressure were fixed and only one/fourth (¼) part of adult population had “ideal“ pressure. Coming of these data annually 1250000 of infarctions were registered as well as 650000 coronarogennic deaths and 500000 insults and one third ( 1/3 ) of them were mortal.

All above mentioned determines the importance of HB investigations and increases practical importance of clinical examination of cases with HD. This is of great importance in proving individualized treatment and in prophylaxis.

Hypertensive disease (essential hypertension or primary arterial hypertension) is a widespread disease of not enough studied etiology; the main manifestations of it are: increased arterial pressure combining with regional, mainly cerebral, disorders of vascular tonus, stages in the development of the disease, expressed the dependence of the course on functional condition of nervous mechanism of AP regulation with the absence of the evident cause of connection with the primary organic disorder of any organs or systems.

In the regulation of the level of arterial BP takes part central nervous system (CNS) and first of all the sympathetic nervous system, reninangiotensinaldosterone system, cardiovascular system mostly it resistant and major vessels and kidneys which are responsible for the maintenance of intra vascular liquids volume take part. Disorders of these systems lead to the high blood pressure.
List of abreviation

LDL – lipoproteids of low density

HDL – lipoproteids of high density

IHD – ischemic heart disease

CAD – coronary aretry diseases

ECG – electrocardiogramm

BP – blood pressure

AH – arterial hypertension

MI – myocardial infarction

CHD – coronary heart diseases

AV – atrio-ventricular

RBBB – right bundle branch block

LBBB – left bundle branch block

LAH – left anterior hemiblock

HD – hypertensive disease 

CNS – central nerv system

CHF – chronic heart failure

RV – right ventricle

LV – left ventricle
Atherosclerosis. Ischemic heart disease
Atherosclerosis
Introduction

Atherosclerosis, the underlying cause of heart attacks, strokes, and peripheral vascular disease, is one of the major killers in the world. The disease develops slowly over many years in the innermost layer of large and medium-sized arteries. It does not usually become manifest before the fourth or fifth decade, but then often strikes with devastating suddenness. Fifty per cent of individuals still die (25 per cent immediately) from their first heart attack; and morbidity from coronary heart disease is significant. The disease has a profound impact on health-care services and on industrial economies.

Progress has been made in identifying the risk factors that predispose to atherosclerosis, its medical and surgical treatment, and the consequences of the disease once it has developed. Cellular and molecular biology have allowed an understanding how risk factors contribute to the process of atherogenesis and are providing the rationale for the development of new and effective treatments; as a consequence the prevalence and mortality from atherosclerosis are decreasing.
Epidemiology
The demonstration of coronary heart disease in an individual is taken as a reliable index of the presence of more general atherosclerosis. The highest death rates from coronary heart disease are found in Britain, northern Europe, the United States, Australia, and New Zealand. Death from coronary disease in industrialized countries rose dramatically after the end of the First World War. Rates peaked in the late 1960s in the United States and have since declined rapidly, with a reduction of 45 per cent for all persons. In Britain and the rest of Europe this peak and decline lagged behind the United States by some 10 years, but is now evident. Changes in diet, exercise, smoking, and affluence account for much of this decline. Better medical and surgical intervention has also been important. By contrast, the countries of eastern Europe and the former Soviet Union are showing a marked. increase in the prevalence of coronary heart disease and are now equal to our own . This can be attributed to the influence of the risk factors that have, until recently, operated in the industrialized West.

Substantially lower death rates are found in southern Europe, Latin America, and Japan, but the largest differences exist between the industrialized nations and less-developed countries such as China. The most obvious difference between these groups of individuals is in lifestyle-diet and physical activity-and this must account for much of the differences in risk. This is best examplified by migrants from Japan to Hawaii and in turn to the United States, who adopt the North American lifestyle and then have the same risk of coronary heart disease as those of their host nation.
Etiology
     Most important in pathology is atherosclerosis of the coronary arteries in 90%  of cases. It is supposed that atherosclerosis is a chronic viral disease and clinical picture is conditioned by the generalization of the virus of herpes simplex, often in the background of microbe- viral coalition. Structural and functional changes of vessel walls are one of the preclinical stage of the development of atherosclerosis, the result of combined action of virus on walls of the vessels and  on the system of cholesterol production.  

     Mechanism of athersclerotic mass formation: in the special sights of vessels endothelium penetrates albumin, fibrinogen and lipoprotein of low density (LDL), in sub endothelium cumulates swiftly as compare to the other sights. Penetration of monocytes here (by the action of chemotactic substances, formed of lipoprotein of low density) converts into macrophage. Macrophages engulf oxidized LDL and converts in to foamy cells with high concentration of ethers of cholesterol. These foamy cells damage and thin the endothelium cells. This occurs formation of fat strips with foamy cells, fibrils of collagen and elastin of proteoglycanes. 

     In subendothelial space proliferate smooth muscle cells under the action of thrombocytes factors of generation. This proliferation is accompanied by the synthesis of elements of connective tissues. Liquid particles form extra cellular accumulation between foamy and smooth muscle cells. They separate smooth muscle cells and further degenerate it. As high concentration of oxidized LDL could not be engulfed by the macrophages there fore they damage smooth muscle cell walls. Here lipids, ethers of cholesterol and lysosomal enzymes enter and form atheroma. Blow of atheroma proceed to thrombosis. Atherosclerosis connects with risk factors: hyperlipidemia, hypercholostrolemia, high density lipoprotein (HDL), cigarette smoking, glucose intolerance and diabetes mellitus, hypertension, obesity, decreased physical activity, genetic factors, stress and specialty of behavior, alcohol abusing.   
Pathogenesis

It is now generally accepted that atherosclerosis is developing as a healing response to the repeated vascular-wall injury, and that risk factors operate by promoting chronic cycles of the damage and repair. Oxidatively damaged low-density lipoprotein, the toxins in tobacco smoke, the sheer stress of hypertension, homocysteine, and viruses can all cause endothelial cell dysfunction. The dysfunctional endothelium undergoes a protective response, with the expression of adhesion molecules, growth-promoting substances, and activation of the blood coagulation cascade. Monocytes and T lymphocytes adhere to the activated endothelium and themselves become activated and produce growth factors, cytokines, and chemoattractants. The adherent white blood cells migrate into the arterial intima and smooth muscle cells are recruited from the intima and media. With the repeated rounds of injury and repair, palisades of smooth muscle cells, matrix proteins, lipid-laden macrophages, and T lymphocytes accumulate to form the atherosclerotic plaque.  

LDL has a central place in the pathogenesis of atherosclerosis. It may enter the intima either through the damaged endothelium or, more usually, by transcytosis. In the intima LDL undergoes low grade modification by oxidative free-radicals to form minimally modified LDL (mmLDL). This adheres to the matrix proteins of the arterial wall, where it undergoes more extensive oxidation. Free radicals are produced from macrophages and from NO derived from endothelial cells. This is compounded by the products of tobacco smoke and by homocysteine. Oxidized LDL in the intima is the major ligand for the scavenger receptor, which is expressed in the macrophages that accumulate at the site of vessel wall injury. The accumulation of cholesteryl esters in these cells gives the cytoplasm its characteristic foamy appearance.

Hypertension accelerates atherogenesis by activating genes that respond to hydrodynamic stress, the products of which perturb vascular tone, worsen oxidative damage, and promote smooth muscle cell accumulation.

Advanced atherosclerotic lesions, particularly those with a necrotic fatty core, are susceptible to rupture, with sloughing of their endothelial cap or deep fissuring into the plaque. This leads to platelet adherence and activation of the coagulation cascade. Mural thrombus may progress to vascular occlusion or become incorporated into the atherosclerotic plaque.
Future prospective
The reduction of death rates from coronary heart disease in the latter part of the century can be attributed largely to improvement in lifestyle, particularly diet, exercise, and smoking. The prophylactic use of low-dose aspirin also helps to prevent thrombosis in those with atherosclerosis.

The response of the artery wall to injury, with the cascade of events that leads to the production of growth factors, adhesion molecules, and activation of the coagulation cascade, is now beginning to be understood. This understanding may suggest new ways in which treatment may be improved. An understanding of the central role of oxidized LDL and of the macrophage in the pathogenesis of atherosclerosis points to further improvement through dietary intervention and antioxidant supplementation. For established atherosclerosis, interventional approaches such as balloon angioplasty are plagued by a 30 to 40 per cent restenosis rate. An understanding of the trophic substances that control smooth muscle cell proliferation and recruitment and the process of re-endothelialization should provide tools that diminish this complication and further promote angioplasty for the treatment of atherosclerosis.

Already it is known that the management of risk factors can lead to the regression of atherosclerosis. Early interventions in those in risk should lead to an even more marked decrease in the prevalence of atherosclerosis and perhaps to its virtual disappearance. Simple measures such as the imaging of dysfunctional endothelium may point the way to such intervention.

Ischemic heart disease
Introduction

Of all the chronic diseases, ischemic heart disease (IHD) has been the object of the most detailed epidemiological study. There is now a substantial amount of information on possible causes of the disease and, with a reasonable degree of precision, it is possible to predict its future occurrence; that is, among an apparently healthy adult population we can distinguish those individuals with a high risk from those with a low risk of subsequently developing ischemic heart disease. The highest risk group has risk more than 10 times in comparison with the lowest risk group. We can also identify populations differing risk. This epidemiological knowledge has provided the basis for efforts to prevent ischemic heart disease. This chapter reviews the epidemiology and approaches to prevention, beginning with a consideration of the impact of the disease on the population. Current knowledge suggests that prevention may be possible both for the individual patient and in the community.
Definition
Ischaemic heart disease is the clinical manifestation of coronary atherosclerosis. Atherosclerosis is a focal intimal disease best appreciated by viewing the inner surface of an involved artery opened longitudinally on autopsy. Numerous focal elevated lesions known as plaques can be seen.

The coronary arteries of young subjects of different ages who have died from accidental causes provide information on the development of plaques. The earliest lesions (fatty streaks) are flat yellow dots or streaks on the intima. Each is made up of lipid-filled (foam) cells of monocytic origin, which have accumulated beneath the intact endothelium. Extracellular lipid appears next, followed by smooth muscle cells and the production of increasing amounts of collagen. The process culminates in the formation of the advanced, or raised fibrolipid, plaque. Advanced plaques are the basis for the development of clinical symptoms.
Epidemiology
In most industrialized countries ischemic heart disease is the most common cause of death. In England and Wales 30 per cent of all deaths among men and 22 per cent of all deaths among women are the result of ischemic heart disease.

In recent years, in addition to the approximately 156000 deaths every year in England and Wales, there have been, on average, 115000 hospital discharges with the diagnosis of ischemic heart disease. It should be stressed that in 60 per cent of all fatal myocardial infarctions, death occurs in the first hour after the attack. Most ischemic heart disease deaths, therefore, occur too rapidly be for the treatment  influences to the prognosis.

International differences
There are marked international differences in the rate of occurrence of ischaemic heart disease. For example, in one study in seven countries, among men aged 40 to 59 years initially free of ischaemic heart disease, the annual incidence rate (occurrence of new cases) varied from 15 per 10000 in Japan to 198 per 10000 in Finland. Mortality statistics show a similar picture.  Investigation shows that, even among the industrialized countries, mortality rates vary considerably. Some of the variation between countries is undoubtedly due to differences in the  diagnostic practice and in coding of death certificates, but numerous studies using comparable methods have confirmed that real differences exist in the frequency of the disease. In Europe there is almost a threefold difference between France, Italy, and Spain, on the one hand, and such countries as Finland and the United Kingdom on the other.

As shown below, these international comparisons have played an important part in the search for causes. The experience of migrants suggests that variations between countries are likely to be the result chiefly of environmental or behavioral differences. People who have migrated from a low-risk country (e.g. Japan) to a high-risk country (e.g. the United States) tend to have rates of ischemic heart disease approaching that of the host country.

Classification of IHD (CHD)
1 Angina pectoris 

1. Unstable angina.

1.1 . Primarily occurred angina of exertion.

1.2 . Progressive angina of exertion.
     1.3. Spontaneous angina (angiospastic, variant, Prinzmetal).

      2. Stable angina ( with functional class).

  II. Myocardial infraction

   1. On depth.

  1.1. Transmural (including large-focal, Q- infarction). 

  1. 2. Subendocaridial ( including intramural) .

   2. Course and location. 

   2.1. Acute infraction. 

    a) anterior,

    b) inferior,

    c) others adjusted location,

    d) non-adjusted location.

   2..2. Recurring infarction 

(from 72 hours to 28 days from the first acute infarction ) 

    a) anterior,

    b) inferior,

    c) others adjusted location,

    d) non-adjusted location,

  III. Acute CAD non-adjusted.

   ( sudden coronary death to 6 hours) 
  IV. Chronic CAD:

1.1. Atherosclerotic cardioscletosis.

1.2. Old myocardial infarction.

1.3. Cardiac aneurysm.

1.4. Silent ischemia.

1.5. Syndrome X.

The advanced plaque
Microanatomy

The microanatomy of the advanced plaque is fundamental in the development of ischaemic heart disease. In a coronary artery that has been distended at normal arterial pressures the lumen is circular. Many plaques are situated eccentrically, that is, there is a residual arc of normal vessel wall opposite the plaque. The typical advanced plaque has a core of extracellular lipid, which is encapsulated by fibrous tissue produced by smooth muscle cells; a particularly vital part of the plaque is the fibrous cap separating the core from the lumen. The cap has considerable tensile strength due to the high concentrations of collagen and elastin and is covered by endothelium on its luminal surface.
Clinical features

Many advanced plaques do not cause  symptoms and are angiographically invisible. The insensitivity of angiography is due to vascular remodelling. The artery in this situation has responded to the presence of a plaque by increasing its external diameter, thus accommodating the plaque without compromising the lumen. However, the basic process of atherosclerosis (i.e. lipid accumulation, smooth muscle proliferation, and collagen production) may continue, and cause the individual plaque to increase in volume to a sufficient degree to overcome the remodelling process and cause focal narrowing of the lumen. The plaque now becomes angiographically visible, and when the lumen is reduced by more than 50 per cent by diameter, flow is limited when myocardial oxygen demand rises. This degree of stenosis cannot be compensated for by further falls in distal resistanced to increase flow. The result is stable exertional angina.

A second mechanism for the production of clinical symptoms is that thrombosis complicates an advanced plaque, producing an acute reduction of blood flow and acute myocardial infarction or unstable angina. The third process involved in the production of the clinical symptoms is altered vascular tone. Normal coronary arteries dilate in response to an increase in blood flow; in atherosclerosis the arteries undergo paradoxical vasoconstriction. Such abnormal tonal responses are characteristic both of coronary segments with angiographic lesions, and adjacent segments which ostensibly look normal.

The pathology of angina

Stable angina

Stable angina is caused by segments of stenosis of more than 50 per cent in diameter in one, two, or three of the major coronary arteries. The typical subject with stable angina has well preserved venticular function. The angiographic appearances of the stenoses are that of smooth regular narrowings (type I) and often remain unchanged for long periods, indicating stable plaques. The plaques show different combinations of certain morphological features. They may be concentric, i.e. involve the whole circumference of the vessel wall, or eccentric, i.e. leave a normal segment of vessel wall opposite the plaque. The importance of an eccentric plaque is that vascular tone in the residual normal arterial segment can alter the lumen size. The degree of stenosis thus may vary. Plaques may either be entirely fibrous, or have a lipid core. The lipid core may occupy up to 70 per cent of the entire plaque volume.

There is a very large subject to subject variability in the characteristics of plaques. Some subjects with stable angina have entirely fibrous concentric plaques; these may be those subjects whose disease remains stable for years. Others have a high proportion of lipid-rich plaques, and therefore a higher risk of an acute event. Most subjects with stable angina have a mixture of plaque types. Approximately 50 per cent of subjects with stable angina have potentially variable stenoses in series with fixed stenoses.

Autopsy studies show that up to 40 per cent of subjects with stable angina, even when there is no previous infarction, have a totally occluded artery at some point.  Such a point is the lumen

Unstable angina

Angioscopic and angiographic studies in life supported by necropsy studies show that in the crescendo type of unstable angina there is a non-occluding thrombus projecting into the lumen from an underlying plaque fissure. Angiography then reveals type II stenosis characterized by an irregular outline, eccentric indentation, overhanging edge, and intraluminal radiotransluscent thrombus, which is typical to the culprit lesion of unstable angina and reflects an unstable plaque undergoing thrombosis. The surface of such a plaque at autopsy is covered by platelet-rich thrombus, and distal embolization of small clumps of platelets occurs. These microemboli are associated with focal microscopic myocardial necrosis. The disrupted plaque is characteristic of the more severe cases of unstable angina and, as less severe cases are studied, the association with thrombosis becomes less certain. Altered or enhanced vascular tone at segments of eccentric stenosis is a substantiated alternative mechanism. Why such segments acquire this abnormal tonal behaviour is unclear. One reason is that microscopic platelet deposition of insufficient magnitude to be recognized angiographically or angioscopically has occurred; another is that there has been enhanced inflammatory infiltration of the plaque itself, or in the adventitia. Endothelial dysfunction and altered tonal responses throughout the rest of the coronary vascular bed would potentiate any local spasm.

Examination of atherectomy samples taken from the causative lesions of unstable angina shows a significant increase of the presence of thrombus when compared to samples taken from subjects with stable angina. It is a consistent finding, however, that there are exceptions in both directions, i.e. no thrombus being found in unstable angina and thrombus present in stable angina.

Acute myocardial infarction

Infarction in heart muscle may be regional or diffuse. Regional infarction is further subdivided into transmural and non-transmural (sub endocardial). Diffuse infarction usually consists of a circumferential necrosis of the subendocardial zone and the papillary muscle of the left ventricle. The causes of regional and diffuse infarction are very different. In regional infarction the cause lies in occlusion of the subtending artery, in the vast majority of cases by thrombosis in relation to an atherosclerotic plaque. Diffuse subendocardial infarction is due to a more general failure of myocardial perfusion; it often follows prolonged hypotension and is exacerbated by ventricular hypertrophy and high left ventricular diastolic pressure. Diffuse subendocardial infarction may be superimposed on regional infarction complicated by cardiogenic shock.

Sudden ischemic death

Clinical and pathological studies suggest that two mechanisms are involved in sudden cardiac death with a final common pathway of ventricular fibrillation or asystole. One mechanism is by way of a new acute ischaemic event due to coronary thrombosis or spasm; the other is of a fatal arrhythmia arising in a scarred and/or hypertrophied left ventricle. There is no agreement on the relative frequency of these two mechanisms, and differences in the literature are likely to depend on the selection of the cases examined and the proportion of patients with a previous known history of ischaemic heart disease or prodromal pain. This proportion varies from studies to studies.

Clinical picture of ischemic heart disease includes: sudden death, myocalrial infarction, angina pectoris and heart failure

Angina pectoris

Today angina pectoris is generally defined as a discomfort within or adjacent to the chest, typically provoked by exertion or anxiety, usually lasting for several minutes, alleviated by rest, and not resulting in myocardial necrosis. The exact mechanism by which ischemia produced pain is unclear. It seems that neural pain receptors are stimulated by the accumulated metabolites, by an unidentified chemical intermediary, or by local mechanical stress resulting from abnormal myocardial contraction. 

Beside this common syndrome of what is often termed as classic exertional angina, a variety of other clinical presentation of angina pectoris are describe below, including unstable angina, variant (Printzmetal’s ) angina, and an asymptomatic syndrome known as silent ischemia.
The patient should be instructed to describe the chest discomfort  according to its character, location , radiation, duration  precipitating and alleviating factors, accompanying symptoms , and change in pattern over the past few weeks or days. Some times patients very clearly describe “breathlessness” or tightness in the chest “like a band around the chest”: while describing they commonly places the hand or fist on the sternum (first sign). They may also describe it as a sense of pressure, choking or heaviness in the chest. The pain may be sharp and piercing or discomfort. Sometimes patients negotiate the pain, which may lead to diagnostic mistakes. 

      Location and ration of pain

Most typical localization of pain is substernal area. Often the pain starts in the upper parts of the chest and from here radiates in different directions. In rare cases pain occurs in the left parasternal area. Most common radiations occur as under:

· Left arm along ulnar border

· Left pericardium

· Epigastrium

· Left shoulder

· Lower jaw

· Interscapular region.

    If the patient shows by a finger the location of pain, it is not angina pain. Intensive disorders of heart function, caused by myocardial ischemia are accompanied by severe pain. Pain even in atypical location (only hands, jaw) occurred during physical activity or at rest, indicates angina. Provocation of angina attacks may cause emotional factors, cold season, food intake. Provocation of angina in some patients causes higher physical activities. 

It is pragmatically and clinically useful to classify anginal syndromes as stable and unstable.

Stable angina (classis exertional angina), as the name implies, is described as a relatively constant pattern of pain with regard to its severity and precipitating factors within month. Typically there is exertional chest discomfort of several minutes duration alleviated by rest.  Typically angina is provoked by exertion, especially walking uphill, climbing stairs, vigorous arm work, coitus, or exercising in cold weather (when peripheral vascular resistance is greater). The discomfort may also be provoked by emotion (fear, anger, anxiety), may follow  a meal, or nay occur in lying down  owing to increased vernacular filling pressure, or may occur during sleep (nocturnal angina) perhaps owing to the increased adrenergic output related to dreams. Typically, exertional angina is relieved promptly (within 5 minutes) by rest ; emotionally triggered angina may last longer, both usually are alleviated within 3 to 5 minutes with sublingual  nitroglycerin. For patient with exertional angina, quantitation of the severity of the discomfort by a scale such as that of the Canadian Cardiovascular Society can be useful.

Canadian cardiovascular classification of angina severity

     Class I “Ordinary physical activity does not cause angina, such as walking and climbing stairs. Angina with strenuous or rapid prolonged exertion at work or recreation. 

     Class II “Slight limitation of ordinary activity.  Walking or climbing stairs rapidly, walking uphill, walking or stairs  climbing after more than 500 m, or in cold, or in wind, or under emotional stress, or only during a few hours after awakening. Walking more than two blocks on the level and climbing more than one flights of ordinary stairs in a normal pace and in normal conditions”

     Class III “marked limitation of ordinary physical activity. Walking one to two blocks on the level and climbing one fight of stairs in normal conditions and  normal pace.  Pain occurs during walk over plain area, from 100 to 500m or lifting up to 1st floor”.

    Class IV. Inability to carry in any physical activity without discomfort – anginal syndrome may be the rest “Also characterized pain in rest and high BP, tachycardia, and increased venous pressure are present. Rare pain attacks are not the must signs of the 4th functional class. 

Unstable angina (progressive angina)refers to angina of recent onset (within 2 months) or angina that has begun to intensify or to occur at rest or with a lower level of exertion within the previous 2 months. It is likely that unstable angina represents a point on a continuum between stable exertional angina and acute myocardial infection. 

This term has taken over from crescendo angina, pre-infarction angina, acute coronary insufficiency, and intermediate coronary syndrome. Angina is said to be unstable when it occurs with increasing frequency and severity. The pain is more prolonged and is not quickly relieved by nitrates. It is no longer predictable and comes on at rest with no obvious precipitating factors. It is associated with ST segment depression and T wave inversion on the electrocardiograph. Other electrocardiographic changes may occur, such as the development of transient bundle branch block or ventricular arrhythmias. It may be the prelude to an acute myocardial infarction and is an indication for hospital admission, when differentiation from myocardial infarction may require measurement of cardiac enzymes, which should not exceed twice the upper limit of the normal range.

Variant angina, (spontaneous angina ) First described by Prinzmetal in 1959 this term refers to a rare form of angina induced by coronary spasm. The pain comes on at rest unpredictably and is associated with ST segment elevation on the electrocardiograph. The ST elevation indicates total coronary occlusion. It may cluster in the early morning and raised levels of endothelin have been found in the plasma in patients with Prinzmetal angina during pain. Spasm may not always be relieved by nitrates and can cause arrhythmias or myocardial infarction. In many cases of variant angina coronary spasm is associated with atherosclerotic lesions. Spasm in the presence of angiographically normal arteries is rare. The stimulus which causes spasm is completely unknown. The role of vasoactive substances in altering coronary tone is discussed below. Very occasionally patients appear to have a vasospastic tendency with a history of migraine and Raynaud's phenomenon.

        Duration of pain in any angina, always is more than 1 min and less than 15min. Most common duration is from 2-5 min and up to 10 min in rare cases. Pain attack will be short and slight, if a patient immediately end physical activities and takes nitroglycerine. Without intake of nitroglycerine, pain may be prolonged. Pain attack is more than 15 minutes need hospital treatment, because it may lead to acute myocardial infarction.
Silent ischemia
It is now recognized that ST depression on the electrocardiograph and demonstrable reductions in myocardial perfusion on thallium-201 scanning associated with this may occur in the absence of any cardiac symptoms. This can be documented on 24-h Holter monitoring using FM recording equipment or by exercise testing. Silent ST depression has been found in 2.5 per cent of the male population.

Silent ischemia occurs in patients with chronic stable angina and up to 75 per cent of episodes of ST depression on 24-h Holter monitoring may be silent. Generally the more severe the ST depression the more likely is to be felt by the patient as angina. The frequency of silent ischaemia on the 24-h tape parallels the exercise test results the more positive the exercise test and the worse the exercise tolerance, the greater the incidence of silent ischemia.

Silent ischaemia on Holter monitoring occurs more commonly in the morning. This circadian rhythm is mirrored by the increased incidence of myocardial infarction in the morning, and by the circadian increase in blood pressure in the early morning. It occurs in about 10 per cent of patients following myocardial infarction and has prognostic significance in this group.

Conventional treatment for stable angina reduces episodes of silent ischaemia. &bgr;-blockade reduces the early morning peak of ST depression. Episodes of profound silent ST depression should be investigated and treated as if they were episodes of painful ischaemia. Both represent reductions in myocardial perfusion and have the same prognostic significance.

Syndrome X

This term has been used since 1981 to describe a group of patients with angina, a positive exercise test, and a normal coronary arteriogram. The patients are often middle-aged women. They probably represent a heterogeneous group but the cause of their angina is unknown. There is evidence to suggest that the problem lies with the microvasculature (arterioles less than 10mm in diameter) and that their angina is ischaemic. Vessels of this size cannot be seen on the coronary angiogram. There seems to be an abnormality of coronary flow reserve on effort: possibly due to a failure of dilatation or a diffuse fixed obstruction. Cardiac biopsies have shown abnormal intramural arteries and ischaemia has been shown in some studies with atrial pacing and coronary sinus lactate measurements. Perfusion abnormalities have been seen on thallium 201 scanning. On angiography, abnormally slow flow down the large epicardial coronary arteries is often seen. Abnormalities of both systolic function and diastolic function have been described with abnormal left ventricular filling rates and high end-diastolic pressures. Finally on cardiac biopsies abnormalities in the cellular ultrastructure have been noted with mitochondrial swelling.

It is important that patients with syndrome X are not dismissed as of no consequence. Their angina is genuine and merits treatment. Patients can be reassured that the prognosis is good.

Differential diagnosis

Pericarditis may cause symptoms very similar to those of angina. The pain is more prolonged, not related to effort and has two additional typical features. Pericardial pain is typically postural being relieved by sitting forward, and worse lying down. Second, a “pleuritic” element is common; the pain being worse on deep breathing. The illness is usually associated with other systemic features and a fever.

Oesophagitis can be difficult to distinguish as its pain is also central, radiating up to the throat and back. However, it is often more burning in quality, brought on by stooping, lying down, heavy lifting, and straining. It is like the pain of drinking very hot fluids. It may be associated with acid reflux, a bitter taste in the mouth, and relieved by alkalis. It may start at night on lying down. It is uncommon for oesophageal pain to radiate down the arms. Patients may describe regurgitation and occasionally true dysphagia. Reflux may be induced by vigorous exercise which can make the distinction with angina more difficult. Diffuse oesophageal spasm produces quite severe sudden retrosternal pain which may be relieved by nitrates. This can cause particular diagnostic difficulty, but the pain is not effort-related.

Thoracic root pain is typically asymmetrical, affecting one side of the chest, radiating around from the back. The pain may only be felt in front. It is worse by twisting or lateral flexion of the thorax and is a continuous ache unrelieved by rest. It may be the cause of the atypical symptoms described above. If the thoracic root pain is due to wedge compression of a vertebra (e.g. osteoporosis or malignant disease) there will be associated localized pain over the relevant vertebral body.

Acute pulmonary embolism may cause pleuritic pain, dyspnoea, and haemoptysis if the embolus is small and peripheral. Involvement of the diaphragmatic pleura will produce shoulder tip pain. Large central pulmonary emboli result in extreme anguish, dyspnoea, hypotension, syncope, and a shocked patient, but pain is not a typical feature.

Dissecting thoracic aortic aneurysm produces a particularly severe sudden tearing pain in the central and left chest. It is continuous, unrelieved by rest or position, and often associated with shock. The pain may radiate into the neck, abdomen, and through to the back. Its sudden onset and its severity are its most typical features. A leaking aneurysm may occasionally produce pleuritic pain also, and dissection around a coronary ostium will induce true cardiac pain. The pain may migrate as the dissection extends.

The pain from peptic ulceration may sometimes be confused with angina; it is central, felt in the epigastrium and lower chest, radiating through to the back, may be worse after meals and wake the patient at night. Peptic ulcer pain is episodic, and generally relieved by alkalis. The relation to meals is much closer than anginal pain and ulcer pain is more protracted.

Very occasionally the pain of cholecystitis or pancreatitis may be confused with cardiac pain. The pain of cholecystitis is usually in the right hypochondrium with referred pain in the right shoulder tip. It is associated with nausea, vomiting, and a febrile illness. Acute pancreatitis produces a severe central and upper abdominal pain radiating through to the centre of the back which may be partially relieved by sitting hunched forward.

Diagnostics

General examination of the patient in early stages, never confirm the diagnosis. Some patients with disorders of lipid metabolism may have skin xantomas. Often they are localized on the lower eyelids, and on the internal angle of eye fissure. On the external surface of elbow joint, some patients observed xantelasms- accumulation of cholesterol in form of skin conglomerates. Use of ECG is wide spread all over the world for the diagnosis of angina. ECG also may be done after physical load, for diagnostic purposes. ECG registers objective signs of myocardial ischemia in the form of transitory disturbance of segment ST. For the patients of CHD (CAD) there are no characterized constant changes on ECG, they may appear in physical load ECG tests.

  There are several methods to perform probes with physical loads:

1. Veloergometry- method with gradual increase in physical load with the help of special bicycle.
2. Tridmer- running path with changing of angels.

Indications for the performance of probes with physical load

1. Atypical chest pain syndrome.

2. Nonspecific changes in ECG in the absence of pain syndrome.

3. Disorders of lipid metabolism in the absence of clinical signs.

Pharmacological probes: In some cases there are increase of the load on heart and also the increase the requirements of myocardium in O2 (isoprenalin), which in case of stenosis of coronary arteries causes ischemia of myocardium, and is described on ECG.

Probe with B-adrenoblocker: decrease load on myocardium and requirements of it in O2 too. It leads to the decrease of ischemia signs on ECG; 3rd group drugs causes indirect effect on the tonus of coronary arteries (ergometrin causes spasm, dipiridamol and nitroglycerine – dilation of vessels); glucose and KCl act on the metabolism of myocardium. The most informative probe is with the use of Curantil (cause phenomenon of “inter coronary clean out”- shown on ECG); with isadrin- stimulate B1- and B2- receptors, increase heart rate and ischemia; trans- esophageal heart stimulation; echocardiography- present the functional status of left ventricle of heart and radionuclide method of diagnosis. 

LABORATORY DIAGNOSIS: Mostly following biochemical analysis are done:

1. Analysis of lipid metabolism.

2. Analysis of hemostasis for the diagnosis of prethrombotic status and control of anticoagulation, anti thrombolytic and anti- aggregation therapy. 

3. To mark the enzymes activity of blood (differential diagnosis with myocardial infarction). 

4. Laboratory diagnosis of the accompanied diseases, affecting CHD (diabetes, gout, polcytemia, pancreatitis and cholecystitis.

Management of atherosclerosis

 Once the diagnosis of angina has been made the first stage in management involves alteration of the patient's lifestyle, coupled with drug therapy. If, despite adequate drug therapy and modification of life-style, angina is still unsatisfactorily controlled, coronary angiography with a view to coronary angioplasty or coronary artery bypass surgery is the next step.

Lifestyle changers

Modification of lifestyle is inevitable in patients who have angina and the physician can get an idea of how troublesome the symptoms are to be given up in order to control them. Patients often report to have giving up running, skiing, all sport, gardening, bed-making, and hoovering the house. To the increasing symptoms, cycling, walking the dog, driving, sexual intercourse, and work are added to the list. With medical treatment it should be possible for patients to enjoy all these activities, with the exception of vigorous contact sports and squash, which should be prohibited. Advice should be given in the presence of a partner or a close relative.

The patient must be strongly advised to give up smoking completely from the moment the diagnosis is suspected. Nicotine causes tachycardia and may increase coronary tone. Increased levels of arterial levels of carbon monoxide in smokers reduce myocardial oxygen supply.

Patients often complain of weight gain on giving up smoking but the adverse effects of obesity are trivial in comparison to the benefits that can be expected from giving up smoking. Even so, every attempt should be made to control weight. Its loss often has a major effect on the symptom control and improvement in exercise tolerance, as well as contributing to a reduction in serum concentrations of cholesterol and triglycerides. Very mild exercise after large meals may provoke angina. Once the lipid levels are known more specific dietary advice may be given. Generally a low saturated fat diet is recommended, with high fibre content and plenty of fruit and green vegetables. It is thought that vitamins C and E have an important antioxidant role and may help  to prevent the oxidation of low density lipoproteins in the arterial cell wall.

Alcohol can be continued in moderation but intake should not exceed more than two to three units per day, as it contributes to weight gain and large amounts may increase arterial pressure and can cause a dilated cardiomyopathy.

        Cholesterol level of blood, of all the patients with more than 20 years, should be checked up and further classified all of them in following groups.

1. Normal level of general cholesterol (less than 5.2 mmol/L). They all should be informed about risk of atherosclerosis and CHD. 

2. Restrict level of general cholesterol (5.2- 6.2 mmol/L). Treatment of such patients depends upon the presence of CHD and its risk factors.

A) If he is not ill of CHD, but has a risk  factor, diet is recommended.

B) If he has CHD and presents 2 or more risk factors, diet and medical treatment are recommended in order to LDL level  .

3. High level of general cholesterol (more than 6.2 mmol/L). In this case medical treatment (hypolipidemic drugs) and diet should be.

Work is the single greatest cause for anxiety. Some jobs will have to be given up at least temporarily by law: air-line pilots, air traffic controllers, divers, and heavy goods vehicle drivers. Coronary angiography is necessary for patients with these jobs, however mild their symptoms. Other jobs are clearly unsuitable: e.g. furniture removers, scaffolders, and miners. Redeployment must be considered for individuals with heavy physical jobs, but in the present economic climate this is often impossible. In some cases early retirement is necessary and grasped eagerly by patients with exacting jobs and bad symptoms. It may be a mistake to encourage early retirement for a patient whose angina may subsequently be completely relieved by angioplasty or surgery. It is generally better to defer any decision to or  after this.

Driving in a private car may be continued unless traffic induces angina. Flight as an airline passenger is not contraindicated provided the angina is only mild and and stable. With moderate or severe symptoms flying should be discouraged. The airline medical personnel should be informed, the patient should carry very little luggage and should be well insured for medical treatment abroad. An adequate supply of medication should be taken, with a reserve for any travel delays.

Vigorous competitive sports should stop. Regular daily exercise within the angina threshold should be encouraged with daily walks taking glyceryl trinitrate prophylactically. On cold or very windy days the walks should be postponed. Swimming is allowed if the angina is stable. The patient should not dive, never swim alone, and swim only in heated pools. Scuba diving is prohibited. Sexual intercourse should be discussed, as the subject is often avoided by an anxious patient. It should be encouraged provided that the angina is stable and exercise tolerance is reasonable (e.g. able to climb two flights of stairs without pain). Glyceryl trinitrate prophylaxis may be helpful but both anxiety and/or b-blockade may cause impotence.
 Stable angina of effort
1. Antianginal therapy.

2. Antiaggregation treatment.

3. Correction of lipid level of plasma.

4. Psychopharmacological therapy

5. Extra corporal therapy and therapy with immune modulators.

6. Physical therapy

7. Surgical treatment.

8. Treatment at a health resort.

9. Removal of risk factors.

10. Metabolic therapy.
Basic diet- therapy in atherosclerosis

         Group of experts of European society recommend 7 golden rules of diet- therapy in atherosclerosis. 

1. To decrease mass of general fats in diet;

2. To avoid in diet animal fats, butter, cream and eggs, as they increase lipid level in blood;

3. To use in diet vegetable oils, fishes, chicken etc, as they decrease blood lipid level;

4. To increase use of cellulose and complex carbohydrates (vegetables and fruit);

5. To use vegetable oil instade of butter;

6. To avoid the products with high cholesterol;

7. Decrease in use of salts in diet (3-5 g per day).
Medical correction of cholesterol blood level

      Medical correction is recommended, if 6 months course of diet therapy has no results.

USA national institute of health (in 1984) give following indications for medical treatment:

1. No effect of anti sclerotic diet therapy.

2. Cholesterol level higher than 5.6 mmol/L in patients aged 40 years.

Classification of antiatherosclerotic drugs

1. Drugs, suppressing the absorption of cholesterol in the intestine.

2. Nicotinic acid (Niacin) and its derivatives.

3. Probuchol.

4.  Fibrate and derivatives of fibrous acid.

5. Inhibitors of 3- hydroxymethyl- glutaryl- Co- A- reductase, or statins

Treatment of stable angina

There are following types of anti anginal drugs, leading to rational restore of blood supply to myocardium.

1. Nitrates. 

2. B- adrenoblockers and cordaron.

3. Antagonists of Ca.

4. Activators of K channels. 
Nitrates

a) Dilate coronary arteries

b) Dilate peripheral vessels (veins, arteries) and decrease pre load

c) Improve blood circulation in the area of ischemia

d) Decrease aggregation of thrombocytes

Nitrate of life importance: Nitroglycerin, isosorbide, dinitrate, isosorbide 5- mono nitrate.

           Indications: 

1. Unstable angina.

2. Myocardial infarction (acute period).

3. Vaso spastic angina.

4. Acute left ventricular failure.

 Sublingual glyceryl trinitrate

This is given as a 0.5 mg tablet. The effect lasts about 30&nbsp;min and often produces a transient headache and facial flushing, as well as relief of angina, with cerebral vasodilatation. This is its most limiting side-effect and often deters patients from using it. Some patients feel nauseated after taking it. Patients should be told to spit the tablet out as soon as their angina is relieved, as this will help curtail the headache; swallowing the tablet also inactivates it, as sublingual glyceryl trinitrate, unlike isosorbide preparations is rapidly converted to inactive inorganic nitrite in the liver.

Patients should also be told to renew their supply of sublingual glyceryl trinitrate every months, and to keep the tablets in an air-tight container. Cotton wool or other drugs should not be put in the bottle. Glyceryl trinitrate tablets should produce a very slight burning sensation under the tongue. Patients should be told to take them prophylactically: one taken before exercise often prevents angina completely. They should be warned that taking too many in hot atmospheres will cause postural hypotension and syncope. If the angina is severe glyceryl trinitrate may be chewed to speed up buccal absorption. The tablets are not addictive and tolerance is not a problem in a drug with such a short half-life. Patients should be told that there is no need to limit their use of glyceryl trinitrate, but that they should keep a record of daily consumption. This is a valuable indication of change in the severity of symptoms. Generally not more than three glyceryl trinitrate tablets, or three metered squirts from the spray, should be taken at once. There is a theoretical risk of methaemoglobinaemia with very high nitrate consumption, but this is very rare in clinical practice.

Many patients prefer a glyceryl trinitrate spray to tablets. The spray (in metered doses of 0.4 mg) is quicker and easier to use. Less dexterity is needed in a hurry and the spray is absorbed quicker in the mouth than the tablet. The shelf-life of the spray is longer: about 3 years. A disadvantage for those with headache as a severe side-effect is that the spray cannot be spat out once the angina has been relieved.

Transdermal nitrates

A slow release transdermal nitrate preparation is popular with some patients; 5 or 10mg patches are available and the patch applied once daily. They provide a continuous low plasma nitrate level (0.1 to 0.2 mg/ml), which helps to prevent angina. The patches are waterproof. Patients should be instructed to take them off before going to bed to avoid nitrate tolerance (see below). Alternatively, the patch can be used only at night to help prevent decubitus angina. The patch should be applied to a different part of the skin each day to avoid erythemas. Skin sensitivity is uncommon. Dry, cracked, or ichthyotic skin should be avoided as absorption is then too rapid. If the patient has unpleasant side-effects the plaster is simply removed: a great advantage over oral preparations. The patches are also useful in causing local vasodilatation over peripheral veins to help to obtain and to maintain venous access for intravenous drips.

A 2 per cent nitrate ointment is also available and approximately 1.25 cm of ointment is applied to the skin (equivalent to 8.3 mg) and covered with a dressing. The ointment is rather messier than the patch and exact dosing is impossible.

Buccal nitrates

A buccal form of glyceryl trinitrate is available (1 to 5mg tablets). The tablet is placed between the gum and the upper lip and slowly dissolves. This can be used from one to three times a day, but is particularly useful for preventing nocturnal angina.
Oral nitrates

Isosorbide preparations are available in the mononitrate or dinitrate form. Both should be swallowed and one then rapidly absorbed. First-pass metabolism in the liver of the dinitrate preparation produces the active mononitrate, but a clear advantage in using the mononitrate preparation to avoid this first pass effect has not been proved. Half-life of isosorbide dinitrate is about 4 to h. The drugs can be given three times a day but patients should be told to try and to take their last dose by 6:00 p.m. (provided they do not have decubitus angina) to allow for a nitrate-free period at night to avoid nitrate tolerance. Long-acting preparations are popular and may extend the drugs' action to 12 h. Typical dosing schedules are:

Isosorbide dinitrate 10 to 20mg b.d. or t.d.s. Retard preparations 20 to 40mg o.d. or b.d.

Isosorbide mononitrate 10 to 20mg b.d. or t.d.s. Retard preparations 25 to 60mg o.d. or b.d.

Intravenous nitrates

These are useful for the management of unstable angina and acute left ventricular failure. There is little choice between isosorbide dinitrate (dose 2 to 10mg/h IV) and glyceryl trinitrate (dose 10mgr/min to 400mgr/min). Both will cause hypotension, tachycardia, and headache. Restlessness, nausea, and retching may also occur. Both are incompatible with polyvinyl chloride (PVC) infusion bags or giving sets as the drug is adsorbed and up to 30 per cent of the potency may be lost. Polyethylene tubing is not a problem and a rigid plastic syringe with an infusion pump and a polyethylene tube is satisfactory. Intravenous nitrates are best avoided in pregnancy, hypotensive patients, patients with closed angle glaucoma, and those with severe cerebrovascular disease.

Indications for IV administration of nitrogycerin:

1. Prophylaxis of severe rest angina, especially at night. 

2. For treatment of unstable angina (as peripheral vasodilator).

3. Accompanied diseases of GIT, when oral administration is not possible.

Isosorbide dinitrate (nitrosorbide 10mg) is used in prophylaxis of angina. Isoket and cardiket are used often in treatment. Action occurs after 20-30 min, duration for 3-5 hours. It is prescribed in dose of 10mg, 3-4 times a day, may be used 20mg.may be used to.

Nitrate tolerance

This remains one of the drugs chief drawbacks of oral nitrate therapy, but is not a problem with short-acting sublingual preparations. It is probably due to a depletion of sulphydryl (-SH) groups needed for the production of nitrite ions. It occurs quickly on starting oral therapy (within a few days). It has been shown that repletion of sulphydryl groups with N-acetyl cysteine may help to prevent the  nitrate tolerance but this approach is too unpalatable to be clinically useful. It is preferable to avoid nitrates for a part of the day as described above.

Angiotensin converting enzyme inhibitors do not prevent nitrate tolerance so that nitrate activation of the renin-angiotensin system is unlikely to be the cause of nitrate tolerance.

  Differential use of nitrates

1st functional class (1st FC) preload: If there is load for 4 hours, application of Trinitrolong on gums, if more than 3 hours, Dinitrosorbilong is used.

2nd functional class: Here we use nitrates of long action (orally) sustak, nitrong, and application of gums by trinitrolong, and isosorbide dimononitrate.

3rd FC: Here we prescribe application and long action, isosorbide dinitrate or isosorbide 5- mononitrate. 

4th FC: Prescription of isorbide dimononitrate, application and trans- dermal pathes re used. 
Cyndonimine group (molcidomine- corvaton)

 Mechanism of action:

1. Vaso dilation.

2. Decrease in preload.

3. Improvement of blood flow.

4. Decrease in aggregation.

Indications: 

1. Control of angina in intolerance to nitroglycerin, ½- 1tab sublingual.

2. When combined nitroglycerin with corvaton, duration of action is prolonged in comparison with nitroglycerin. 

3. For prophylaxis purpose used 1 tab 2-3 times in a day. 

    B- Blockers
These drugs, commonly known as b-blockers, are the mainstay of treatment for angina and achieve their effect by reducing two prime determinants of myocardial oxygen consumption: heart rate and myocardial contractility. They also reduce systolic wall stress by reducing afterload and arterial pressure and reduce plasma concentrations of free fatty acids, which may favour myocardial glucose metabolism with relative conservation of adenosine triphosphate.

1. There is no tolerance to these drugs.

2. These drugs cumulate and there fore dose may be decreased after some weeks.

3. These drugs act as antianginal and as cardio protectors.

All B- blockers have similar antianginal effect in optimal doses.

Contraindications to b-blockade in relation to angina

B-blocking agents may provoke left ventricular failure in patients with the borderline left ventricular function and thus increase diastolic wall stress as left ventricular diastolic volume increases. They are contraindicated in patients with a recent history of left ventricular failure; a large heart on chest radiograph or when a third heart sound is present. Blocking b-2 receptors in the lung acute bronchospasm will precipitate in those patients with asthma or chronic bronchitis. B-blockers are generally contraindicated in this group but small doses of a highly cardioselective drug (e.g. bisoprolol or celiprolol) may be tried with the greatest care in patients with mild airways obstruction provided lung function is carefully monitored. Patients with a history of severe asthmatic attacks or chronic bronchitis should never receive b-blocking agents, whether selective or not. A common problem is the patient with angina and intermittent claudication. The angina may be improved by b-blockade but the claudication worsens as b-2 receptor blockade causes peripheral vasoconstriction and peripheral flow is reduced still further by the inevitable reduction in cardiac output caused by beta blockade. Once again a highly cardioselective agent should be tried. Clearly any b-blocker is unsuitable for patients who have peripheral rest pain or gangrene.

Diabetes mellitus is not an absolute contraindication to β-blockade, but great care must be used in patients who are likely to have hypoglycaemic attacks. b-blockade prevents the sympathetic response to hypoglycaemia and muscle glycogenolysis is mediated via b-2 receptors. Thus hypoglycaemia may be prolonged and the reactions to it such as tachycardia and sweating may be masked. A cardioselective agent should be used in diabetic patients.

b-Blockade should be avoided in patients with second or third degree  of atrioventricular block or sinoatrial disease without permanent pacing cover. The drugs should also be avoided in patients with a definite diagnosis of coronary spasm (Prinzmetal's angina) as b-blockade leaves alfa- receptors unimpeded. Patients with Raynaud's phenomenon should receive calcium antagonists rather than b-blocking agents.

b-Blocking agents have a wide variety of ancillary properties some of which are unimportant clinically. The two important ancillary properties are fat solubility and cardioselectivity. Drugs with intrinsic sympathomimetic activity (partial agonist activity) will be less likely to cause a bradycardia at rest. Drugs with strong intrinsic sympathomimetic activity will be less powerful as b-blocking agents. There is a mild reduction in platelet stickiness which is useful in all types of angina.

Fat-soluble agents such as propranolol are useful in the prophylaxis of migraine and are more useful when angina is associated with excessive anxiety. First-pass metabolism occurs with fat-soluble agents and patients with liver disease should be on lower doses of these drugs or switched to a non-fat-soluble agent such as nadolol or pindolol, which are primarily excreted by the kidneys. The dose of these water soluble drugs should be reduced in renal failure.

Cardioselective b-blocking agents primarily block b-1 receptors, with a lesser effect b-2 receptors.

Side-effects

The most common side-effect is fatigue and a profound feeling of lethargy and listlessness. This is most apparent in the first few weeks of therapy as b-blockade results in up-grading of the b-receptors. Fat-soluble drugs can produce bad dreams or nightmares, a lack of concentration, and some patients feel a fall in intellect, although this is rare. Patients with these symptoms should be given non-fat-soluble agents such as sotalol, atenolol, or nadolol. Limitation of exercise tolerance is to be expected, and prevention of the increase in cardiac output on effort results in legs feeling like lead. Cold peripheries are common even with cardioselective drugs. Impotence is common and one of the principle reasons for non-compliance. Exacerbation of bronchospasm, intermittent claudication, and Raynaud's phenomenon has been described above. Increasing dyspnoea on b-blockade may be due to bronchospasm or the development of left ventricular failure. Withdrawal of a b-blocking agent due to a side-effect may result in a brisk deterioration of the patient's angina.

Prescribing
1. Start with small doses, and after 2- 3 days dose should be increased to the optimal anti- anginal effect.

2. Should be prescribed the case of heart rate and BP.

3. After antianginal effect the dose must be decreased gradually. 

4. These drugs are more effective, when combined with nitrates and corvaton.

Calcium antagonists
This is the third group of drugs widely used for the management of angina. There are several cell membrane channels whereby calcium gets into the myocardial or smooth muscle cell. The three principal ones are the sodium-calcium exchange channel, the receptor-operated channel activated by b-1 agonists, and the voltage-dependent channel which opens only on cell depolarization. Calcium antagonists only act on the voltage-dependent channel and reduce the slow calcium current by slowing the rate of calcium entry in phase 2 (the plateau phase) of the action potential. They are grouped into class IV of the Vaughan-Williams classification of antiarrhythmic drugs.

There are at least three types of voltage-gated calcium channel, labelled L, N, and T, by Tsien and colleagues. The main channel in vascular smooth muscle is the L channel. The N channel regulates neurotransmitter release. Exact knowledge of the channels structure is still fragmentary, but depolarization of the channel is thought to open gates in the cell membrane regulated by proteins: the “h” and “m” gates. Some form of voltage sensor must exist in the channel.

There are numerous calcium antagonist drugs with remarkably different structures, which emphasizes our ignorance about the channel's structure. The three most common types of drug in use are the dihydropyridine group (e.g. nifedipine, nitrendipine, nicardipine) the phenylalkylamines (e.g. verapamil, prenylamine, gallopamil) and the benzothiazepines (e.g. diltiazem). Modification of the molecules of these drugs has produced longer acting agents (e.g. amlodipine, felodipine, nisoldipine) and some more specific for particular vascular beds (e.g. nimodipine and the cerebral circulation).

Mechanism of action of Ca antagonists
1. Dilate coronary arteries (due to blockade of Ca channels), remove coronary spasm, improves coronary blood flow and transport of O2 to myocardium.

2. Dilate collateral vessels and improves blood flow through it.

3. Decrease O2 requirements of myocardium due to BP and heart rate decrease.

4. These drugs also have anti atherosclerotic activity.

Indications for calcium antagonists

Calcium antagonists can be used as monotherapy for angina and are particularly useful where b-blockade is contraindicated. They are also useful in the elderly, in whom b-blockade is not always well tolerated. They can be used in combination with b-blockade and synergize usefully with them - each drug tending to cancel out the other's side-effects. The exception is verapamil, which should not be used with b-blockade. Calcium antagonists are the drugs of choice in variant angina (Prinzmetal's angina) and in angina due to syndrome X - microvascular angina.

Drugs which act on peripheral vascular beds (e.g. the dihydropyridines) are helpful in hypertension and occasionally also in Raynaud's phenomenon. Verapamil, with its potent negative inotropic effect, is useful in patients whose angina is due to hypertrophic obstructive cardiomyopathy or hypertension. Nimodipine appears to be the drug of choice in the prevention of vasospasm following subarachnoid haemorrhage. Verapamil has potent effects on delaying conduction in the atrioventricular node. It can be used for the management of atrial tachycardias but its value has been superceded by the advent of adenosine which has a much shorter half life and no negative inotropic action. The newer agent bepridil has both class III and class IV antiarrhythmic actions but its value has yet to be established.

Side-effects

The vasodilating properties of calcium antagonists often produce a facial flush, and sometimes headache and dizzyness. These symptoms tend to decrease within the first few weeks of therapy. Postural hypotension is possible. Gravitational peripheral ankle and shin oedema is common and does not respond well to diuretics. Gum hyperplasia is a less common side-effect. All calcium antagonists cause constipation and this may be their limiting side-effect, particularly in the elderly. Pruritus can occur with any of the agents. Palpitation due to reflex tachycardia is to be expected in those patients on dihydropyridines unless they are also on b-blockade. Some patients notice a diuretic effect with nifedipine. Left ventricular failure may be precipitated by any calcium antagonist (particularly verapamil) if used in patients with poor left ventricular function.

Contraindications to calcium antagonists

These are few of them. These drugs should be avoided in patients with poor left ventricular function if possible, but in difficult cases diltiazem can be tried with care. They should also be avoided in hypotensive patients, in pregnancy and in porphyria. They are contraindicated in second or third degree atrioventricular block, digoxin toxicity, and sinoatrial disease unless covered by a pacemaker. In the management of tachycardias verapamil should not be used in wide complex tachycardia - in case this is ventricular - although it is useful for fascicular tachycardia: if this can be diagnosed accurately. Verapamil should not be used in the acute or chronic management of Wolff-Parkinson-White syndrome , like digoxin, it may rarely accelerate conduction through the accessory pathway. Nifepidine and other dihydropyridines should be avoided in patients with hypertrophic obstructive cardiomyopathy as peripheral vasodilatation will increase the subaortic gradient.

Verapamil undergoes hepatic first-pass metabolism and should not be used in the presence of severe liver dysfunction.

Currently used calcium antagonists are all excreted in breast milk but, in the case of diltiazem and verapamil, the amount is considered too small to be harmful a little bit.

 Choice of agent  

There is little to choice between nifedipine, diltiazem, and verapamil in the management of angina. All three drugs are rapidly absorbed in the gastrointestinal tract, are heavily protein-bound and have similar half-lives requiring three times a day administration. Delayed release preparations are available for all three drugs for once or twice a day administration or alternatively there are different agents with longer half lives, e.g. amlodipine, nisoldipine, or felodipine.

Diltiazem is the most cardiospecific calcium antagonist and causes fewer peripheral side-effects than nifedipine. However, it can result in a pruritic rash which resolves when the drug is stopped. If angina is associated with hypertension or Raynaud's phenomenon then nifedipine is the drug of choice. A 10&nbsp;mg capsule of nifedipine can be chewed for buccal absorption and quick relief of angina. Verapamil should be considered where angina is associated with a vigorous left ventricle or hypertrophic cardiomyopathy.

Potassium channel openers

Opening the potassium channel leads to relaxation of vascular smooth muscle . Nicorandil, a new potassium channel opener, reduces preload and afterload in a similar way to nitrates, but without the problem of tolerance. It can be used in combination with other antianginal agents or as monotherapy. It is well absorbed, only slightly protein bound, with a half life of h. Twenty per cent is excreted as metabolites in the urine.

The starting dose is 10mg twice daily to a maximum of 30mg twice daily. Headache is a common early side-effect. As with calcium antagonists flushing, dizziness, and a reflex tachycardia may occur, and the drug should be avoided in patients with poor left ventricular function.

This group contains Minoxidil, Diasoxid, Kromocaline.

Mmechanism of action
1. They activate K channels and block the admission of Ca in smooth muscle cells, and thus coronary artery dilates.

2. They induce nitrate like effect and dilate coronary artery.

3. They decrease pre- and post- load and thus decrease requirements of myocardium in O2.
Management of unstable angina (treatment program)

1. Control of pain.

2. Removal of myocardial ischemia with the help of anti anginal, B- blockers and Ca antagonists.

3. To decrease risk of myocardial infarction and sudden death with the help of anti coagulants (heparin) and anti aggregation (aspirin) drugs.

4. Balloon coronary angioplastics and aorta coronary bypass. 

Patients with unstable symptoms should be admitted for complete bed rest to a quiet part of the ward with effective electrocardiograph monitoring facilities. They should be lightly sedated and visitors should be restricted. A b-blocking agent without intrinsic sympathomimetic activity, should be supplemented with soluble aspirin 150mg daily. There is evidence from at least three trials that aspirin reduces the incidence of both fatal and non-fatal myocardial infarction in unstable angina. There is no evidence that heparin confers any benefit over and above aspirin, although in patients whose pain is not settling heparin is usually started at 1000u/h to aim to keep the thrombin time 2 to 4 times normal. Although there are doubts about calcium antagonists in this situation most physicians will prescribe one, e.g. diltiazem 60mg thrice daily or nifedipine retard preparation 10 to 20mg twice daily. Nifedipine should not be used in unstable angina unless the patient is also on b-blockade. b-Blockade is avoided if the unstable angina is thought to be of the Prinzmetal type. If the patient does not settle rapidly on this regimen, intravenous nitrates are started, for example isosorbide dinitrate mg/h intravenously increasing up to 10mg/h if necessary. Surprisingly, in spite of the angioscopic evidence of microthrombi at the site of lesions in unstable angina, thrombolytic agents have not yet been shown to have any beneficial effect. When the patient settles with no further rest pain coronary angiography should be performed.

If pharmacological methods fail to control the angina an intra-aortic balloon pump must be considered, as this can improve symptoms quickly. It is rarely used in unstable angina as most patients settle on medical treatment. Cardiac catheterization can easily be performed through the other leg with the intra-aortic balloon in situ as the angiographic catheters easily slip past the balloon. Occasionally the pain does not settle and angiography has to be performed as an emergency. Coronary angioplasty may be necessary for unstable symptoms but the procedure carries a slightly greater risk in the unstable situation as recurrent thrombus forming at the angioplasty site may be a particular problem, despite the use of intravenous heparin given after the procedure.

Coronary arteriography in unstable angina will show significant coronary disease in 90 per cent of patients (of whom about 10 per cent will have left main stem stenosis). Approximately 10 per cent will have angiographically normal arteries.

As platelet activation is thought to play such a vital role in precipitating unstable angina, and as aspirin is such an effective drug, research into other antiplatelet agents continues. Monoclonal antibodies to platelet glycoprotein IIb/IIIa have been developed and trials of these agents in unstable angina have started. The antibody (called at present C7E3) prevents platelet degranulation and the release of thromboxane A2.

Vasospastic angina (spontaneous)

Management
In exacerbation bed regime is recommended. Prescription of nitrates of long action and after pain control, Ca antagonists, anti aggregation drugs, A- blockers in combination of small doses of nitrates should be prescribed. B- blockers are not recommended as they can increase spasm of the coronary arteries.
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MYOCARDIAL INFARCTION
Infarction of myocardium is ischemic necrosis of a site of cardiac muscle arising due to acute uncorrespondence between necessity of myocardium in oxygen and its delivering into coronary arteries.
Epidemiology

Inspite of the progress in prophylaxis the diagnosis and treatment of ischemic heart disease remains a problem as the very extensive cardiovascular pathology. Annually about 1000000 of Americans die from ICD. Besides, in the most part of population ICD causes disorders of the function of the left ventricle and arythmia which results in hospitalization. The data of the World Organization of Health (WHO) about the mortality from ICD in Russia are alarming: the country is on one of the first places in Europe. So 87,5% of cases (men of 47 – 54 ) die from cardiovascular diseases and first of all – from ICD

Etiology and pathogenesis

Mostly MI is related with atherosclerosis of the coronary arteries, which is also accompanied by thrombosis of the coronary arteries. Atherosclerosis is caused by two main factors:

1. Proliferation of the endothelium of smooth muscle cells and further, covered by connective tissues.

2. Deposition of lipids, mostly cholesterol.

Deposition of macrophages in the extremities of the vessels has also an important role in the development of atherosclerosis as they contain biological active substances (protease, hydrolase, and others as receptors of lipoproteins of low density LDL). 

    Thrombocytes have also great role in the development of atherosclerosis, it causes the secretion of thromboxane, A2, and other active substances, and also thrombosis, and thus complicate the progression of atherosclerosis. 

    Risk factors: hyper cholesterolemia, arterial hypertension, diabetes mellitus, obesity, hypodynamic ways of life, smoking, hereditary, and sex (male) and so on. It is to be noted that many of these factors are interrelated with each other as: hypodynamia and obesity and so on. Combination of 3 or more than 3 risk factors, have 3-4 times more chance of MI. 

    Besides atherosclerosis, in 90% of patients with transmural MI the basic cause of the disease, iscoronary thrombosis. These data are received with the help of coronary graphy, but in case of long-term ischemia of the coronary arteries, MI may also be developed. Possible cause of it may be spasm of coronary arteries.

        Transitory disorders of blood circulation, caused by the aggregation of thrombocytes are also of great importance in the development of MI. It leads into the development of soft clots of blood, which may spontaneously undergo thrombolysis. 

   Latest researches show, “80% cases of MI are caused by the sclerosis of the coronary arteries”. Normal coronary arteries are observed in less than 5% of the died patients (transitory thrombosis, spasm of coronary arteries). Often in patients aged less than 35 years, sclerosis is absent. 

   Coronary sclerosis, thrombosis, and spasm of coronary arteries are not the only causes of the development of MI, but it is also related with necessity of myocardium in O2 and other factors. 
Clinical classifications of ischemic heart disease (coronary heart disease CHD)
1. Sudden death (primary heart blockade).

2. Angina pectoris

2.1. Angina of effort

2.1.1 Primarily developed angina of effort.

2.1.2 Stable angina of effort (with indication of functional class from I to IV).

2.1.3 Progressive angina of effort.

2.2. Spontaneous (special) angina.

3. Myocardial infarction (MI).

3.1. Transmural infarction (large sight of necrosis).

3.2. Sub endocardial infarction (small sight of necrosis).

4. Post infarction cardiosclerosis.

5. Arrhythmias (with indication of form).

6. Cardiac failure (with indication of form and stage). 
Clinical symptoms of acute myocardial infarction
According to typical clinical signs of initial stage, myocardial infarction can be classified by 6 clinical types:
1. Pain

2. Asthmatic
3. Abdominal

4. Arrhythmic
5. Cerebrovascular 

6. Asymptomatic.
Pain form of clinical type of MI
In most of the patients the characteristic sign is pain. Usually pain may be differentiated from that in angina pectoris by: duration, severity, localization, and radiation.

 The pain is mostly characterized by following types of pain:

Press or squeeze- like feelings, burning pain, and may be piercing pain.

   Characteristics of pain are also related with intellect of the patient, and therefore the doctor initially says some characteristics pains, so as that the patient was able to choose his variant. Duration of the pain is from 30-40min to hours and some times may be for several days. Pain may be in the form of attacks, and intervals are characterized by the lowering of the intensity of the pain. 

    Pain usually covers large area in the chest, in area of the heart, may be from the right side also, and some times it covers the whole chest and even may be pain in the epigastrium. 

     Pain radiates usually to the left arm, left scapula, neck, rare in both of the arms, inter scapular area, inferior jaw, and epigastric area. In rare cases the radiation only to the right arm, and right scapula is observed. There may also possible radiation into the left leg and testis. 

       There may be mass difficulties in the diagnosis, if the patients feel pain only in the areas of its localization, e.g. pain in the right arm and inferior jaw. Usually intensity of pain and area of radiation is large as compare to that in angina pains. 

         It is to be noted that Nitroglycerine sub lingually, Isosorbide Na, and analgesics have no effects in this case. 
Asthmatic type of MI
Cardinal complaints of the patients are: dyspnoea attacks, breathlessness, and insufficiency of O2. Clinically it seems to be acute left ventricular failure, cardiac asthma, or pulmonary edema. Pain may be absent or insignificant (the patient may not tell the doctor about pain). These types of situations usually occur in the case of secondary MI, in the case of preexisting post infarct cardiosclerosis often with aneurism of the left ventricle and leading into the development of congestional heart failure and further development of infarction in the area of healed tissues, and no pain arises in this case. Asthmatic variant of MI is observed in 20% of patients, often in old aged patients. Concepts of M.Y. Rudi and A.P. Zisko (1981) show that asthmatic MI with pain or without observed by infarction of pappilar muscles of the heart, where also mitral valve failure and quick development of congestion heart failure is observed. 
Abdominal (gastralgesic) type of MI
For this case there is  characterized pain in the upper parts of abdomen with dyspeptic disorders (nausea, vomiting, usually no relief after vomiting). Also observed hiccup, belching (eructation), paresis of the GIT with swallowed abdomen, are and initially may be observed repeated defecation. Pain may radiate into scapula, inter scapular area, and anterior parts of the chest. Abdominal walls are stretched and painful during palpation. Peristalsis is absent, and diaphragm is located higher the standard. Also possible erosion and acute ulcer due to congested mucous membrane of the stomach and intestine, and may also occur bleeding. Diagnosis in this case is very difficult, especially if pain is located in the right hypochondrial area, and the patients have ulcer, bile stone disease, and hernia of the esophageal opening of the diaphragm in their history. 
Arrhythmic type of MI
Disorders of rhythm occur in all of the patients of MI, but in this case the severest arrhythmia does not give basis for the diagnosis of MI (arrhythmic variant). 

     In clinical picture signs caused by arrhythmia are prominent. There may be observed uncommon for the patient, paroxysmal ventricular or supra ventricular tachycardia, or complete AV blockade, in rare cases it is caused by paroxysmal ventricular fibrillation (tachyrrhythmia) or incomplete AV blockade of high level and significant ventricular bradysystolia. Pain in this case is absent or it is relieved with the relief of tachycardia. It may also be accompanied by severe hypotension, arrhythmic shock, or acute congestional cardiac failure. 

Cerebrovascular type of MI
In this case observed dominant signs of the disorders of brain circulation. Often observed syncope, dizziness, nausea, vomiting, and also possible focal neurological symptoms. 

    It is necessary to remember that this type is not only observed in patients of old age.   

      Syncope for short duration, and episodes of tachy- or bradyarrhythmia, conditioned by severe pain are not related to cerebrovascular type of MI. Severe arrhythmias may also cause more serious disorders of brain circulation, which clinically appears to be most serious after the control of pain and arrhythmias. 
Asymptomatic or poor symptomatic MI
It is registered in about 0.9% of the patients hospitalized with MI. Actually asymptomatic MI is more often registered. 

   One of the types of asymptomatic MI is: MI during surgical operations when a patient is under narcosis. After the action of narcosis, the patient have no complaints to doubt the pathology of coronary circulation, only control ECG may show MI, and further observation of the patient confirm the diagnose. 
Clinical features

As stated earlier the attack may be completely unheralded, with the first manifestation being sudden death. However, when patients have been resuscitated from sudden death about three-quarters reveal that they have experienced some premonitory discomfort and may even have informed a physician about this. It is important therefore to take such symptoms seriously and to begin prophylactic treatment with aspirin and β-blockade (if appropriate), pending more definitive investigation. A new onset of angina, or a sudden deterioration of angina often indicates to an evolving thrombus.

There are many patients who describe a non-specific prodromal phase of undue fatigue or shortness of breath before a myocardial infarction. These symptoms are probably caused by a growing of subtotal thrombus which limits the cardiac reserve.

The pain of a typical myocardial infarction is usually central, felt deep behind the sternum as a tightness, crushing or bursting sensation. It is generally perceived to be serious or life-threatening. This can be a useful distinction from the equally severe pain of pericarditis, which does not usually generate the same anxiety. It is useful to ask the patients if they feel that the symptoms are so serious or threatening. The pain may also be felt in the back, between the scapulae, and sometimes only there; it may radiate down the arms to the wrists, most often in the left arm. Radiation to the jaws is also characteristic; this may be the only site of pain. Jaw pain of an oesophageal origin is unusual, and should always arise suspicion.

The pain is often accompanied by nausea and sometimes vomiting, particularly with large transmural infarction., This has been attributed to stimulation of the Bezold-Jarisch reflex, which arises from receptors in the left ventricle, particularly in the inferior or right coronary region. This reflex gives rise to hypotension, bradycardia, and vomiting due to the acute neurogenic gastric dilatation. The efferent arm is vagal, hence the bradycardia. The vagus also has a powerful negative inotropic effect on the left ventricle and it is, together with the reflex bradycardia, which causes the dramatic fall in blood pressure; it is rapidly reversed by intravenous atropine, which can completely transform this picture of shock and circulatory collapse in the early hours of infarction. Sometimes the nausea and vomiting may misdirect the patient to the surgical side of casualty/emergency.

As the ischemic left ventricle becomes immediately stiff, patients may become short of breath due to the raised pulmonary venous pressure. This also produces subclinical (or occasionally clinical) pulmonary oedema, which results in arterial desaturation for up to 48h.

The physical signs may be remarkably few at first so the diagnosis depends largely on the history. A third heart sound may be present, together with signs of autonomic dysfunction due to vagal reflexes as above, or due to sympathetic reflexes causing tachycardia and sweating. A very frequent sign (if looked for) is raised venous pressure. Most commonly this results from increased sympathetic tone to the venous system from baroreceptor sensing the lowered arterial pressure. It may also be the result of right ventricular infarction. In more severe and large infarctions there may be circulatory collapse, hypotension and shock. Because of the vasovagal reflex disturbances outlined above it is best to reserve the term shock to patients whose hypotension (<90mmHg systolic blood pressure), clammy sweating, pallor, oliguria, and mental obfuscation does not respond to atropine. True shock carries a very high mortality of around 80 per cent, whereas the transient shock like the state from autonomic (vagal) dysfunction is not particularly dangerous.
ECG changes
ECG is of great importance in the diagnosis of MI.

   On ECG of the patients with MI may be observed hyperacute T waves, ST elevation, and occurrence of Q waves (transmural infarction). T waves inversion and the development of Q waves follow over hours to days. In non- Q wave (subendocardial) infarction, ECG signs are less specific, e.g. T wave and ST depression. In 20% of the patients with MI the ECG initially may be normal and diagnostic changes appear a few hours later, therefore the serial ECG increases the yield of diagnosis. Interpretation of ECG becomes difficult when there is the bundle branch block or the evidence of previous MI. 

     The ECG changes are best seen in different leads depending on the area of myocardium involved. 

· Anteroseptal infarction changes in leads V1 to V4

· Anterolateral infarction changes in V4 to V6, I, aVL.

· Anterior wall infarction changes in V3 and V4

· Inferior wall infarction changes in II, III and aVF

· Lateral wall infarction changes in I, II, aVL
ECG types of myocardial infarction: on the basis of their associated ECG findings acute MI can be divided into 2 groups:
Q- wave infarction (transmural infarction): in this type of MI pathological Q- waves are developed on ECG. These infarctions result from complete thrombotic occlusion of coronary artery and are manifested on ECG by symmetrically peaked T waves replaced after several minutes by ST segment elevation. 
Non – Q wave infarction (subendocardial infarction): this type of infarction develops from high grade but non-occlusive thrombi (obstruction of coronary artery is not complete). This infarction is associated with ST- segment depression and or T wave inversion without evolution of pathological Q waves. There is also some loss of R waves in leads facing the infarct. 
Significance: the division of Q wave and non- Q wave MI has pathophysiologic and prognostic importance. Patients with Q infarctions in general have a larger risk area of myocardium and have a higher in-hospital mortality rate than patients with non- Q infarctions; however, over the course of the year after infarction, the mortality of non-Q infarction increases, approaching that of Q infarctions. Therefore we can say that initial mortality of Q infarctions is higher than in non- Q infarctions and prognosis of non- Q infarction is better at the time of infarction. 
Examples of ECG changes in different types of myocardial infarction (Figure 1 -2)
Acute myocardial infarction --- the “hyperacute phase”
There are four main features of early myocardial infarction (as per Schamroth): 

1. increased VAT 

2. increased R wave amplitude (!) 

3. ST elevation which is sloped upwards! 

4. Tall, widened T waves (The ST segment often merges with these) 


Figure 1. Acute myocardial infarction --- the “hyperacute phase”.
Note that Q waves are not seen early on. 
Established acute myocardial infarction
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Figure 2. Acute myocardial infarction.
	   
	We now lay great emphasis on ST segment elevation in diagnosing acute MI (In the past, Q waves were remarked on, but as noted above, these are often absent, early on). The features of `full blown' MI may be: 

1. prominent Q waves; 

2. elevated ST segments; 

3. Inverted `arrowhead' T waves. 

Remember our previous warning, that a significant proportion of people having an acute MI will have a normal ECG, so do not rely on any of these features to exclude MI. 


Posterior MI

The trick in diagnosing this is to realize that posterior wall changes will be mirrored in the leads  

opposite to the lesion --- V1 and V2. S we'll see a tall R (corresponding to a Q), ST depression, and upright arrowhead T waves: 
Right ventricular infarction

This occurs in about 1/3 of patients with inferior MI, but is often missed. It would be 
distinctly  unusual in the absence of inferior MI. Sensitivity can be improved by looking at V4R --- V4, but put the lead on the right side of the chest! Look for ST elevation which is higher than that in V1 -- V3. Another suggestive feature is lack of ST depression in V1 with the evidence of MI in the inferior leads (look for ST depression in V2 under 50% of the ST elevation in AVF). 

Non-ST elevation MI
There are no reliable correlates of "subendocardial" or non-ST elevation MI, and the diagnosis is based on the combination of clinical and laboratory criteria (troponin elevation being important).

There may be no ECG changes, or even ST segment depression and/or T wave abnormalities. 

Further investigations

Ejection fraction
An echocardiogram should not delay treatment but can be an extraordinarily helpful tool, particularly if used as a simple portable device to assess the left ventricular wall motion in the emergency room, in cases of diagnostic difficulty where the electrocardiograph is equivocal or where there is old infarction. Like the presence of heart failure a reduced ejection fraction is a powerful index of prognosis, but is not exactly concordant with clinical heart failure. If both a reduced ejection fraction and signs of failure are present we can identify those patients with the worst prognosis.
Chest radiograph
This is generally carried out in the coronary care unit after or during the period of lytic therapy. Only if there is a real suspicion of aortic dissection it should be done before treatment. It is used to assess the presence of pulmonary congestion or diversion of blood to the upper lobes and to give a rough index of heart size (anteroposterior view), or the shape of the heart and aortic knuckle. Aortic dissection may be suspected if the upper mediastinal shadow is wide, although an unfolded aorta may also cause this. Irregularity of the outline of the knuckle, with a linear silhouette with angles, is particularly suspicious. Where suspicion is high magnetic resonance imaging (when available) is at present the most sensitive investigation compared with angiography or computerized tomography scanning.
Blood tests
As soon as possible after admission blood is drawn for routine tests including cardiac enzymes and cholesterol. Cholesterol levels fall rapidly after the onset of infarction and thus may be reassuringly low. The admission cholesterol (if taken) is usually a good approximate guide and worth recording. Otherwise it may be weeks or months before the patients usual cholesterol is reached.

Most laboratories record the serum glutamine oxaloacetic transaminase (SGOT or AST) and the serum creatinine kinase. The myocardial creatinine kinase (CKMB) form is specific to heart muscle and therefore more useful. A rise in the blood concentration of these enzymes usually occurs by 6 hr from the onset, peaks at 24 hr and falls to normal by 3 to 4 days. The height of the peak (which may be missed by infrequent sampling) is a good guide to the amount of myocardial necrosis. Serum lactic dehydrogenase (LDH) is released more slowly and persists longer (2 to 4 days). It is non-specific and may (like non-specific creatinine kinase) come from other sites of damage or injury (e.g. from liver, or from haemolysing red(like non-specific creatinine kinase) come from other sites of damage or injury (e.g. from liver, or from haemolysing red cells). The creatinine kinase enzymes can be fractionated further so that by comparing the ratio of MM and MB subforms it is possible to date the time of onset of infarction. Other, more sophisticated, enzyme tests measure serum myoglobin or troponin. These smaller molecules are released much earlier and may therefore be used to identify infarction on admission when the electrocardiograph is equivocal.
Differential diagnosis
Aortic dissection
The differential diagnosis of myocardial infarction is extraordinarily wide because there are many causes of chest pain. Dissection of the aorta is of prime importance in view of the dangers for this of lytic treatment. Equally or even more painful than myocardial infarction, the pain is usually tearing, reaches an immediate peak and may travel outside the usual boundaries of true cardiac pain, e.g. into the abdomen. The patient can frequently describe the exact moment of the onset, which may be precipitated by some sudden movement to pick up an object, or open a jammed door. Dissection may be suspected when the patient appears shocked but with a blood pressure at relatively normal levels. It is important to look for extravasation of blood, e.g. into the pleura, with the signs of effusion. Absent or unequal pulses are quoted in most books but are noted in fewer than 5 per cent of dissections. When seen later in its course aortic dissection usually gives rise to fever due to extravasation of large quantities of blood; this together with an aortic diastolic murmur (when the aortic root is involved) may lead to the mistaken diagnosis of bacterial endocarditis. (for helpful investigations see below under management)
Thromboembolia of the pulmonary artery 
there may be difficulties in the diagnosis as both of the diseases have similar clinical picture: pain in chest, cyanosis, dyspnoea, rhythm disorders, and syncope. 

      In the acute stage possible formation of Q wave and raised temperature (pulmonary infarction, infarct pneumonia), also leucocytosis and raised ESR are characterized for both of the diseases. 

 In favour of thromboembolia of pulmonary artery such phenomena say: 

1. Conditions of the initiation of the disease (in young patients after severe fractures), in women after complicated delivery, in aged patients after surgical operations, and in patients with thrombosis of the deep veins of the lower limbs and so on;

2. Appearance of clinical and X ray signs of pulmonary infarction or infarct pneumonia with hemoptysis, more significant as compare to MI and cyanosis, especially in the start of the disease, and classical triangle in X rays. 

3. Absence of characteristic signs of MI, changes in ECG and possible signs of the depression of the right parts of the heart.

4. High level of primary iso-enzyme lactatdehydrogenase, alpha-glutamatdehydrogensae, and CK – MB. 
Pericarditis
Pericarditis may pose a difficult differential diagnosis since it combines pain with ST elevation on the electrocardiograph. This ST elevation is usually more widespread than with myocardial infarction, but initially may also be limited to anterior chest leads. The pain of pericarditis is usually less threatening and characteristically is exacerbated by movement such as turning in bed or by swallowing; it may occasionally be felt together with the heart beat. An echocardiogram may help if it shows an effusion together with no abnormalities of regional wall motion. Pericarditis may develop as a complication of myocardial infarction; it usually becomes clinically manifested 24 to 48hr after the onset.

Hypertrophic cardiopathy
It may be accompanied by MI with all its symptoms. Differential diagnosis of these 2 diseases is  needed  in cases, when signs of acute MI are absent on ECG.

  Accurate signs to exclude MI, note the following:

1. Young age;

2. Absence of clinical signs, laboratory data and characteristic ECG dynamics of MI, and stable ECG;

3. Echocardiophy analysis confirm the presence of hypertrphic cardiopathy (hypertrophic sub aortal stenosis) or its non-obstructive variant. It is to be noted that these patients have arterial BP and attacks of angina pectoris in their case history;

Post infarction Dressler’s syndrome
It may be mistaken with exacerbation of MI (in earlier days or months). Usually for the duration of several days clinical picture is significant, to diagnose. One of the differential signs is high affectivity with the use of glucocorticostroids. 
Esophageal and gastrointestinal pain
Esophageal pain, from acid reflux, with or without spasm, may closely mimic the pain of myocardial ischemia. The character and distribution may be identical. A glass of milk or antacid may give instant relief. Trinitrin may relieve both cardiac pain and esophageal spasm, and so is less helpful as a diagnostic exercise.

Other gastrointestinal problems such as gallbladder disease and peptic ulcer may be confusing but are generally separable by an adequate history.
Musculosceletal pain
Musculoskeletal pain may be identified by local tenderness or exacerbation on spinal or rib percussion. Costochondritis (Tietze's syndrome) is not often very confusing.

Unstable angina
Finally, the most obvious differential diagnosis is from unstable angina, or Prinzmetal angina due to spasm and/or a temporary platelet thrombus. Usually the pain of myocardial infarction lasts longer than 20 to 30 min. If it is accompanied by significant ST elevation (say 1 to 2mm in each of two limb leads or 2 mm in two chest leads), then infarction is much more likely than unstable angina (where the occluding thrombus is usually subtotal). If the electrocardiograph shows only T wave inversion or ST depression, the distinction is more difficult and is best achieved by the duration of an episode of constant pain, more than 30&nbsp;min with myocardial infarction. Right ventricular chest leads should be done in all such cases (particularly if the ST depression is inferior) in order to rule out right ventricular infarction, which may easily be missed on a routine electrocardiograph. This carries a prognosis as grave as left ventricular infarction. Prinzmetal angina is very uncommon; it may mimic myocardial infarction. The electrocardiograph may show such extreme ST elevation (anterior or inferior) that the QRS may appear bizarre and wide and be mistaken for the extreme bundle branch block. The diagnosis is often clinched by a rapid response to intravenous or oral nitrates. Although the classic picture is rare, coronary vasospasm, perhaps related to vasoactive substances released from platelets, may be less rare but is hard to document.

Spontaneous pneumothorax
It is accompanied by intense pain, low BP (collapse), tachycardia, dyspnoea with cyanosis and may make mistakes in the diagnosis, especially if it is observed in aged patients, without any relations with physical activities. In typical cases tympanic sound and the absence of respiratory sounds over inflammated area make the diagnosis confirmed.
Management
As outlined above, the first priority is to relieve pain adequately. Surveys have shown that this is often only partially successful and deserves more care and
attention. The use of oxygen has also been described above.

Coronary care units

These were developed mainly to ensure prompt treatment of life threatening arrhythmias, and to monitor the electrocardiograph continuously. There is now less emphasis on prophylactic drug treatment (see below) and more emphasis on prompt defibrillation with high voltage DC current when serious arrhythmia occurs, particularly ventricular fibrillation. Coronary care units also have facilities for temporary pacemaker insertion and for monitoring pressure, both in the pulmonary artery and pulmonary wedge (indirect left atrial pressure) via a Swan-Ganz catheter, or systemic arterial pressure. These methods are not free from morbidity and should be used only when the outcome and treatment is in doubt, and not routinely.
Clinical course

The patient is usually nursed in the semi-sitting position at about 45 degrees. Uncomplicated cases are mobilized progressively from the second day. An average length of stay in hospital is usually 5 to 7 days, but may be shorter when successful reperfusion by drugs or PTCA or, less commonly, surgery has limited the severity of the infarction. The length of stay in the hospital has often been determined more by bed shortages or expense and subsequent pressure on the remaining beds, rather than by any clear medical decision. Nevertheless, early mobilization has been shown to be beneficial both physically and importantly, psychologically.

The uncomplicated patient may spend 1 to 2 days in the coronary care unit and then transfer either to an intermediate care unit (monitored) or to a general ward. Such studies as have been done throw some doubt on the usefulness of intermediate care units, which are expensive and technically demanding.

An approach to treatment of a routine case and possible complications is described later. Here we review more specific measures, first for the acute phase and then for post-hospital therapy aimed to secondary prophylaxis. There is a frighteningly large range of measures which have been shown in large clinical trials to reduce mortality and morbidity. Not all should be used in the same patient and some are not affordable in many health systems. The art of the physician is to tailor the proven therapies to particular patients. There is some room for manoeuvre since audit of current therapy reveals much inappropriate, unproven, and therefore irrational treatment.

Principles of treatment
1. Control of pain attack;

2. Prophylaxis of arrhythmias;

3. Try to maintain circulation in coronary artery (in place of occlusion);

4. Restriction of the zone of necrosis;

5. Treatment of the complications;

6. Psychological and physical rehabilitation.
Control of pain
Mostly used neuroleptoanagesia, based on the combination of high potency synthetic analgesics: Phentanil and neuroleptic Droperidol. Mixture of these drugs- Talamonal: administered IV in dose of 1-2ml (1ml contains 0.05mg Phentanil and 2.5mg Droperidol). This mixture controls the pain of the patients, relief neuromuscular stimulation, and causes drowsiness. 

       Neuroleptanalgesia is used for the prophylaxis and treatment of cardiogenic shock, and also the development of pulmonary edema. 

    Narcotic analgesics are also of great importance in the control of pain. Used Morphine 1ml, 1% solution, Omnopon 1ml, 1-2% solution, Promedol 1-2ml, 1-2% solution. 

 In case of intense pain the administration of narcotic and non-narcotic analgesics should be repeated with short intervals of 20-30 minutes. Most important is observation of the arterial BP, respiration, and heart rate. 

   In case of no pain control, Nitrogen peroxide in mixture with O2 is used. 

If necessary the use of other types of IV narcosis may be (Sodium oxibutirate, Hexenal and others).
Control and prophylaxis of lethal arrhythmias
As known that death in most cases is caused by the primary fibrillation of ventricles, therefore promptly after pain used anti arrhythmic therapy for prophylaxis. In this case common used administration of Lidocain in dose of 400-600mg for 1-2 days is used.
Thrombolytic therapy
It is used for the solution of fibrin thrombus. Fibrinomezin – 8000-10000 units powder in 500ml isotonic solution of NaCl. 

Streptokinase- indirect activator of plasminogen, in 200ml isotonic solution- 700 000-1500 000 units IVI 

  Also streptodecase, urokinase, pro-urokinase, and tissue activator of plasminogen are used.
Anticoagulant therapy
Use of heparin (anti coagulant of direct action) is conditioned by:

1. Heparin control the further formation of thrombi in coronary arteries in zone of MI;

2. Decrease the thrombosis and control the complications of thrombosis.

The administration of 5000 Units of heparin IVI, and further with constant infusion of 32000 Units in 24 hours are recommanded. Duration of therapy with heparin is from 3-7 days. 
Anti aggregation therapy
With heparin at the same time Aspirin is used in dose of 160-325mg daily for several months (up to a year), for the prophylaxis of exacerbation of MI. 

   The presence of contraindications to aspirin used Thiklopedin (Thiklid), in dose of 250mg 1-2 times daily, and Ibustrin 200mg 1-2 times daily are used. 
Nitrates

They decrease the requirements of myocardium in O2, and improve blood circulation in zone of MI. Used nitroglycerin 1%-2ml in 200 isotonic solution of NaCl. 

 Isoket- IV in duration of 3-5 days and further use of nitrate of long action orally- Isosorbide dinitrate 20mg 3-4 times a day are necessary. 
Beta-blockers
They have cardio protective action and also restrict the zone of necrosis of myocardium. Treatment with blockers should be started soon after MI or after 5-7 days. 

Timolol- 10mg 3 times daily

Metoprolol- 100mg twice daily

Propronolol- 180-240mg 2-3 times daily

Athenolol- 50-100mg daily
Metabolic cardio protectors
They improve the metabolism in myocardium, and are able to restrict the zone of ischemia in MI, and improve the functional status of myocardium.

   Glucoso – insulino – Potassium mixture (polarizing mixture): 250ml 10% solution of glucose, 6-8 units of insulin, 4% - 100ml solution of KCl, - once daily IVI.   

  Neoton (phosphocreatinine) - energy supplier for muscular contraction

  Xantinol nicotinate- 150-225mg 3-4 times daily

  Pantothein- 150-200mg 3-4 times daily No.12-15

Anti-arrhythmic therapy

Ventricular fibrillation and tachycardia
Lidocaine
As noted above, early intravenous β-blockade may be useful in the prevention of arrhythmia. When coronary care units were first developed there was too great an emphasis on treatment of even minor arrhythmias, such as runs of ventricular tachycardia (usually with intravenous lidocaine).

The present attitude is towards avoidance of prophylactic use of anti-arrhythmic agents which generally have negative inotropic effects and also may be importantly pro-arrhythmic. This attitude of watchful waiting stemmed from the realization of these adverse effects, but particularly because of an overview of all the randomized trials of the prophylactic use of lidocaine showed that although ventricular fibrillation was reduced significantly, asystole was similarly increased; the balance was an increase in mortality. Furthermore, effective prophylactic suppression of arrhythmia is needed a high dose of lidocaine (3 to 4mg/min), which produced a high incidence of side-effects such as light-headedness, confusion, and other neurological syndromes.

In a well run coronary care unit, ventricular fibrillation is satisfactori and easily treated by DC shock, so the policy now is to avoid prophylactic treatment and use lidocaine only after a patient has experienced ventricular fibrillation. For recurrent ventricular arrhythmia (VF or VT) amiodarone is a useful agent (see below).

Atrial fibrillation and other supraventricular arrhythmias

For lesser but troublesome arrhythmias, such as atrial fibrillation, DC shock is not usually advised as there is a high likelihood of recurrence. Digitalis given intravenously may be toxic and oral digitalization is rather slow to control the rate. If the patient is not distressed it is often possible to wait a few hours for spontaneous reversion. Otherwise the treatment is a matter for individual choice based primarily on familiarity with the agent used, as there are no good trials and very little science to guide one. There are potential problems (pro-arrhythmia) in the use of agents such as quinidine, flecainide, and procainamide  and agents with pronounced negative inotropic effects. Some would use a small intravenous dose of a β-blocker or intravenous verapamil. It may be beter to give intravenous amiodarone 600mg/day by a central venous line; it is probably the most effective agent available, is non-toxic in short-term use and is not noticeably depressant of left ventricular function. Indeed, a recent large trial of oral amiodarone (300 mg/day) carried out in Argentina in over 500 patients in class 3 to 4 heart failure was stopped early because of a 25 per cent reduction in mortality and a significant improvement in the left ventricular function. Occasional instances of pro-arrhythmia (torsades de pointes) have been described. Amiodarone has also been tested after myocardial infarction in randomized trials from the United States, and from Poland, and found to be safe and effective. It may be continued intravenously for the initial few days and then orally, aiming at a long-term dose of around 200mg/day only in those patients in whom arrhythmia recurs.

Lifestyle changes
Smoking cessation
Although changes in exercise activity and diet, and drugs such as aspirin, β-blockade, verapamil, angiotensin converting enzyme inhibitors, and cholesterol lowering drugs may reduce the risk of reinfarction, the degree of benefit is the modest in comparison with that of stopping smoking. This reduces mortality to half within 1 to 2 years-the effect being seen remarkably quickly, suggesting that the mechanism may be by reduction in thrombotic factors, such as fibrinogen. It is very important to make this clear at the time of the infarct, talking to the patient and, it is important, to his or her family as well, as this is the ideal moment to persuade the patient of the absolute need to quit.

Prevention of reinfarction
β-blockators
Large trials with the β-blockers propranalol, metoprolol, and timolol against placebo have shown that β-blockade given for 2 to 3 years after myocardial infarction reduces the risk of reinfarction and of sudden death to 20 to 30 per cent, as well as being highly effective against other arrhythmia and against angina. A varying proportion of patients (around 50 per cent) cannot tolerate these agents because of precipitation or fear of heart failure, fear of exacerbation of asthma or bronchitis, or worsening of intermittent claudication. Verapamil or diltiazem may be useful and equally effective substitutes for these patients.

The mechanism of the reduction in sudden death is probably by prevention of ventricular fibrillation and partly by prevention of cardiac rupture. The mechanism of reduction in reinfarction is less clear. It might be simply by reduction of blood pressure, which would reduce the stress on an unstable plaque, or perhaps reduction in plasma angiotensin, a known growth factor for vascular smooth muscle.

Heart block of any degree is more common with inferior than anterior infarction because the right coronary artery gives rise to the artery to the atrioventricular node and also because vagal reflexes are more likely from this area. It is often transient and does not necessari imply a very large myocardial infarction. When heart block occurs with an anterior myocardial infarction it generally is associated with a very large myocardial infarction and the prognosis is grave. Temporary pacing is therefore generally done only for symptomatic reasons where the low heart rate is clearly compromising the circulation. The prognosis is rarely helped by pacing as in most inferior myocardial infarctions the block is only transient and with anterior myocardial infarction is often fatal because of the size of the infarction, so pacing per se therefore makes little difference. Prophylactic pacing is not advocated for the first or second degree heart block, as placing the wire may compromise lytic therapy; even without thrombolysis a central venous access via the subclavian vein has a significant morbidity from bleeding or pneumothorax.
Complications and consequences of myocardial infarction: prophylaxis
As well as the problem of sudden death, patients are at risk of developing cardiac failure. This may follow from ventricular damage and scarring with subsequent ventricular dilatation. Such remodelling occurs not only in the scar, where it may lead to a ventricular aneurysm, but also in the non ischaemic myocardium. An associated risk is that of rupture (see β-blockade, above). This remodelling is important, leads to a worse prognosis, and can be prevented (see angiotensin converting enzyme inhibition, below).

Heart failure may also be due to surgically correctable conditions such as mitral incompetence, acquired ventricular septal defect, and aneurysm. Post-infarct patients are at risk of reinfarction, and of other vascular complications such as stroke, or peripheral vascular disease which are also preventable.
Pericarditis
This is a quite common complication especially of anterior infarction. It is generally of nuisance value and rarely causes tamponade unless anticoagulant therapy leads to pericardial bleeding. It causes continued pain, which may worry the patient. If this is troublesome it may respond to non-steroidal anti-inflammatory agents or aspirin.

Rarely pericarditis may occur some 3 to 6 weeks, or even later, after myocardial infarction as part of an autoimmune process (Dressler's syndrome). Steroids may be needed for recurrent attacks.
Shoulder-hand syndrome
This is a syndrome of rheumatism-like pain in the left shoulder, with restricted movement, which occurs in the weeks after myocardial infarction. It usually subsides with symptomatic treatment and physiotherapy. It too may be an autoimmune phenomenon.
Calcium entry blockade
No calcium channel blocker has been shown to be beneficial in the first 48h after myocardial infarction. Once the patient has stabilized, verapamil reduces the risk of reinfarction and sudden death (DAVIT-I and II trials) by about 20 to 25 per cent. Verapamil had no overall beneficial effect on patients who had had heart failure in the acute phase-probably because, like diltiazem, it has some negative inotropic effect. The results of diltiazem treatment in the MDPIT trial were less impressive than of verapamil, possibly because of the simultaneous use of β-blockade in a large number of the patients in the MDPIT, but not in any in the DAVIT trials.

Rehabilitation after a myocardial infarction
It is difficult to conduct adequate trials of the benefit of regular exercise after myocardial infarction because the drop-out rate is high and motivation often low. Nevertheless, overviews of the available trials suggest that exercise does reduce the risk of long term, albeit at the expense of a small increase in risk at the time of the actual exercise. Rehabilitation clinics are becoming increasingly popular, partly because they may reduce future risk but mostly because they improve the patient's confidence, and that of their families. They also provide an excellent vehicle to change lifestyles and smoking habits by means of group therapy. Such clinics fulfil an important and previously unmet need. After a myocardial infarction the patient and their family are full of apprehension, uncertainty, and self-doubt. They have many questions, which often go unanswered in a busy outpatient clinic or in the family doctor's surgery.
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INTERPRETATION OF ECG AND DISTURBANCES OF CARDIAC RHYTHM
How the ECG works
When cell membranes in the heart are depolarised, voltage is changed and currents flow. As a human can be regarded as a bag of salt water (with bad attitude), in other words, a volume conductor changes in potential are transmitted throughout the body, and can be measured. When the heart depolarises, it's convenient (and fairly accurate) to represent the electrical activity as a dipole --- a vector between two point charges. Remember that a vector has both a size (magnitude), and a direction. By looking at how the potential varies around the volume conductor, one can get an idea of the direction of the vector. This applies to all intra-cardiac events, so we can talk about a vector (or axis) for P waves, the QRS complex, T waves, and so on. 
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In the above picture, the schematic ECG lead on the right sees the (red) vector moving towards it, shown as a positive deflection in the ECG trace; the lead at 90 degrees to this sees nothing! 

Various events

We assume some knowledge of heart anatomy. Note that the normal heart has, electrically speaking, only two chambers, an atrial and a ventricular chamber. Propagation of electrical activity spreads freely within atria and ventricles, but communication between these two chambers is limited to the AV node. Everyone knows that the P wave corresponds to atrial depolarisation, the QRS complex to ventricular depolarisation, and the T wave to repolarisation of the ventricle. 
The ECG (EKG)
In order to be able to record the myocardial activity, the electrocardiograph needs to be able to detect tiny changes in potential on the body surface. We are talking about signals that are often around 1mV, and may be smaller. In addition, we need some reference point to which we relate the potential changes. 
The 12-lead ECG
Over the years, we have evolved several systems that go to make up the 12-lead ECG (Figures 3-5). These are: 

· Bipolar leads: the reference point is on one limb, the `sensing' electrode (if you wish) is on another limb. The leads are termed I, II, and III. 
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Figure 3. Aithoven’s triangle.
· Unipolar leads: The reference point is several leads joined together, and the sensing lead is on one limb. These leads are conventionally augmented, in that the reference lead on the limb being sensed is disconnected from the other two. 
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Figure 4. ECG leads.
· The V leads, which extend across the precordium, V1 in the fourth right interspace, V2 4th left, V4 at the apex (5th interspace, midclavicular line), V3 halfway in between V2 and V4, and V5 and V6 in the 5th interspace at the anterior and mid axillary lines respectively. 
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Figure 5. ECG leads.
We can visualise the directions of the various leads --- I points left, and aVF points directly down (in a 'Southward' direction). The other leads are arranged around the points of the compass --- aVL about 30o more north of I, II down towards the left foot, about 60o south of I, and III off to the right of aVF. aVR `looks' at the heart from up and right, so effectively it's seeing the chambers of the heart, and most deflections in that lead are negative. 

(a net positive vector in AVR is unusual, and suggests that lead placement was incorrect. If the leads were correctly sited, then think of dextrocardia, or some other strange congenital abnormality). 

It's usual to group the leads according to which part of the left ventricle (LV) they look at (Figire 6). AVL and I, as well as V5 and V6 are lateral, while II, III and AVF are inferior. V1 through V4 tend to look at the anterior aspect of the LV (some refer to V1 and V2 `septal', but a better name is perhaps the `right orientated leads'). Changes in depolarisation in the posterior aspect of the heart are not directly seen in any of the conventional leads, although "mirror image" changes will tend to be picked up in V1 and V2. 
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Figure 6. ECG. 
Paper
ECG paper is traditionally divided into 1mm squares. Vertically, ten blocks usually correspond to 1 mV, and on the horizontal axis, the paper speed is usually 25mm/s, so one block is 0.04s (or 40ms). Note that we also have "big blocks" which are 5mm on their side (Figure 7). 
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Figure 7. ECG voltage. 
Always check the calibration voltage on the right of the ECG, and paper speed. The following image shows the normal 1mV calibration spike (Figure 8): 
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Figure 8. ECG voltage. 

Damping
Note that if the calibration signal is not "squared off" then the ECG tracing is either over or under-damped, and should not be trusted. 
Heart rate
Knowing the paper speed, it's easy to work out heart rate. It's also very convenient to have a quick way of eyeballing the rate, and one method is as follows: 

1. Remember the sequence: 300, 150, 100, 75, 60, 50 

2. Identify an R wave that falls on the marker of a big block

3. Count the number of big blocks to the next R wave. 

If the number of big blocks is 1, the rate is 300, if it's two, then the rate is 150, and so on. Rates in between these numbers are easy to `interpolate'. 

But always remember that in the heart, because we have two electrically `isolated' chambers, the atria and ventricles, that we are really looking at two rates --- the atrial and ventricular rates! It just so happens that in the normal heart, the two are linked in a convenient 1:1 ratio, via normal conduction down the AV node. In ill states, this may not be the case. 

Conventionally, a normal heart rate has been regarded as being between 60 and 100, but it's probably more appropriate to re-adjust these limits to 50 -- 90/min. A sinus tachycardia then becomes at any heart rate over 90, and bradycardia, less than 50. Note that you have to look at the clinical context -- a rate of 85 in a highly trained athlete may represent a substantial tachycardia, especially if their resting rate is 32/minute! One should also be ware of agressively trying to manage low rates in the presence of good perfusion and excellent organ function. 
Classification of cardiac arrhythmias
1. Disorder of impulse formation.

A . Disorder of sinus node automatism.

1.1 Sinus tachycardia.

1.2 Sinus arrhythmia.

1.3 Sinus bradicardia.

1.4 Syndrome of poor sinus node.

B. Ectopic rhythm mainly not connected with the disorder of automatism:  

1. Extrasystole

1.1 Atrial extrasystole;

1.2 Extrasystole from AV junction;

1.3 Ventricular extrasystole.

2. Paroxysmal tachycardia.

2.1 Supraventricular paroxysmal tachycardia.

2.2 Ventricular paroxysmal tachycardia.

II. Disorder of conduction.

2. Atrioventricular blockade:

1.1. Atrioventricular blockade degree I.

1.2. Atrioventricular blockade degree II.

1.3. Atrioventricular blockade degree II.

2. Blockade of His limb bundle.

2.1. Blockade of the right His limb bundle.

2.1.1. Complete blockade of the right His limb bundle.

2.1.2. Incomplete blockade of the right His limb bundle. 

2.2.     Blockade of the left His limb bundle.

2.2.1  Complete blockade of the left His limb bundle.

2.2.2   Incomplete blockade of the left His limb bundle. 

III. Combined disorders of rhythm.

1. Symptom of atria palpitation.
Sinus bradycardia
Bradicardia, where the heart rate is slow (<60 b.p.m.) 

Apart from fit, but otherwise normal individuals, there's a long list of situations where sinus bradycardia occurs, including: 

· hypothermia; 

· increased vagal tone (due to vagal stimulation or e.g. drugs); 

· hypothyroidism; 

· beta blockade; 

· marked intracranial hypertension; 

· obstructive jaundice, and even in uraemia; 

· structural SA node disease, or ischaemia. 
ECG criteria of sinus bradicardia
-   wave P of sinus origin ( positive in I, II, AVF, V4-V6; negative in AVR );

· extension of P-P intervals in comparison with normal;

· differences between P-P intervals are not more than 0,15s;

· correct P-wave alternation and complex QRS in all the cycles;

· presence of unchanged QRS complex.
Sinus tachycardia
Tachycardia, where the heart rate is fast (>100 b.p.m).

Always consider pain as a possible cause of tachycardia. There's a long list, however: 

· Any cause of adrenergic stimulation (including pain); 

· thyrotoxicosis; 

· hypovolaemia; 

· vagolytic drugs (e.g. atropine) 

· anaemia, pregnancy; 

· vasodilator drugs, including many hypotensive agents; 

· fever 

· myocarditis 

If the rate is almost exactly 150, always make sure that you are not mistaking the atrial flutter with a 2:1 block for sinus tachycardia. 

ECG criteria of sinus tachycardia (Figure 9) 
· wave P of sinus origin ( positive in I, II, AVF, V4-V6; negative in AVR );

· shortening of P-P intervals in comparison with normal;

· differences between P-P intervals are not more than 0,15s;

· correct P-wave alternation and complex QRS in all the cycles;

· presence of unchanged QRS complex.
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Figure 9. ECG criteria of sinus tachycardia.
Sinus arrhythmia and heart rate variability (Figure 10)
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Figure 10. Sinus arrhythmia.
There is normally a slight degree of chaotic variation in heart rate, called sinus arrhythmia. Sinus arrhythmia is generally a good thing, and loss of this chaotic variation is of ominous prognostic significance. Post myocardial infarction, a metronome-like regularity of the heartbeat is associated with an increased likelihood of sudden death, and just before the onset of ventricular tachycardia (or fibrillation), variability is lost! Absence of any sinus arrhythmia suggests an autonomic neuropathy. 
Atrial extrasystoles

These arise from ectopic atrial foci. Commonly, the ectopic beat always arises at about the same time after the sinus beat (Figures 11-12).
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Figure 11. Atrial extrasystoles.
The ectopic beat usually discharges the SA node, so subsequent beats of SA origin are not in synchrony with the previous sinus rhythm. 

If the extrasystole occurs early on, it may find the His-Purkinje system not quite ready to receive an impulse, and a degree of block may be seen. This is termed `aberration'. 

Distinguish between an atrial extrasystole, and an atrial escape beat, where the SA node falters, and a subsidiary pacemaker takes over: 
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Figure 12. Atrial extrasystoles.
(Parenthetically, we didn’t draw the P waves very well in the above strip. Don’t let this put you off from indentifying the underlying rhythm). 
ECG criteria of atrial extrasystol:
· premature appearance of P wave and QRST complex following after it;

· the distance from P wave to QRST complex ( from 0,08 to 0,12s );

· deformation and changing of QRST polarity of P wave of extrasystole;

· evidence of unchanged extrasystolic ventricular QRST complex;

· incomplete compensatory pause.
Supraventricular tachyarrhythmias (SVT)
Irregular SVT
By far the commonest cause of irregular SVT is atrial fibrillation, where the atrial rate is in the region of 450 to 600/min, and the atria really do not contract rhythmically at all. The atrium “fibrillates”, writhing like a bag of worms. The conventional view of the pathogenesis of AF is that there are multiple re-entrant `wavelets’ moving through the atrial muscle, but recent evidence suggests that much AF actually arises from ectopic activity in the muscular cuff surrounding the pulmonary veins where they enter the left atrium. AF is thought to beget further AF through “electrical remodelling” --- electrophysiological changes that are induced in atrial myocytes due to fast rates and the 
consequent calcium loading (Figure 13). 
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Figure 13. Supraventricular tachyarrhythmia.
Note that in the above tracing of AF, the ventricular response rate seems rather slow, so we suspect that AV block has been increased using pharmacological manipulation. In uncontrolled AF, rates of about 130 or more are common (Figure 14). 
Other causes of irregular SVT are: 

· Frequent atrial extrasystoles; 

· Multifocal atrial tachycardia, where there are three or more distinct atrial foci, combined with tachycardia. There is often severe underlying disease (e.g. chronic obstructive airways disease), and in the ICU setting, MAT has a poor prognosis. 

· "Atrial flutter with variable block". 

[image: image13.jpg]



Figure 14. Irregular SVT
Although it looks like atrial fibrillation, the above image actually shows multifocal atrial tachycardia. Note how there are at least three different P wave configurations! 

Regular SVT
Atrial flutter is common. The atrial rate is commonly 300/min, and there is usually a 2:1 block, resulting in a ventricular response rate of 150/min (Figure 15). Other ratios are possible, and sometimes the ratio varies. This rhythm is often unstable, and the heart may flip in and out of sinus rhythm, or there may be runs of atrial fibrillation. 
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Figure 15. Atrial flutter.
In the above ECG the clue is the rate. A rate of 150 should always engender the suspicion of atrial flutter with 2:1 block. 

Probably the commonest cause of regular SVT is AV nodal re-entrant tachycardia. Here, there are generally two ways that electrical depolarisation can enter the AV node from the atrium, a slow and fast `pathway’. A re-entrant circuit can be set up, with impulses moving in a circular fashion, and causing depolarisation of the ventricles at fast rates (up to 200/min or even more). 

Other causes of regular SVT include: 

1. ectopic atrial tachycardia, due to repetitive discharges from an ectopic atrial focus; 

2. AV re-entrant tachycardia, via an accessory pathway, discussed next. 

Accessory pathways
Abnormal, congenital extra pathways between the atria and ventricles are common, and can perforate the electrically insulating fibrous ring that normally separates the atrial `chamber’ and the ventricular one. The most well-characterised is the Wolff-Parkinson-White syndrome. Reasonable (WHO) criteria for the WPW pattern on ECG are (Figure 16): 

1. PR interval under 0.12s 

2. A delta wave 

3. QRS duration of 0.12s (or more) 

4. A normal P-wave axis 

Because depolarisation moves `antegrade’ from atria to ventricles, part of the ventricle depolarises prematurely, and this is responsible for the slurred, initial delta wave. It should be clear that the PR interval will therefore be short, and the QRS duration should be prolonged. Note however that not everyone with an accessory pathway will conduct all of the time down that pathway. Accessory pathways are common, estimated to occur in one to three individuals in every thousand. Symptomatic pathways are far less common. 
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Figure 16. Wolff-Parkinson-White syndrome.
The WPW syndrome is a combination of the WPW pattern, and tachycardias. The tachycardias may be due to impulse conduction down via the AV node and back up the accessory pathway (commonest, called orthodromic tachycardia), the other way around (down accessory pathway, up AV node, termed antidromic tachycardia), or even related to atrial fibrillation. This last cause is ominous, as if the accessory pathway is able to conduct impulses at fast rates, the ventricle may be driven at rates in excess of 200/min, causing collapse or even death. 
Distinguishing causes of SVT
A few pointers are in order. The important thing to look for is the P wave: 

1. If the P is inscribed before the QRS, it's probably an ectopic atrial tachycardia; 

2. If the P is after the QRS, consider orthodromic AV re-entrant tachycardia; 

3. If the P is not seen (and probably lost within the QRS) it's likely to be AV nodal re-entrant tachycardia. 

A few other hints: 

· The baseline ECG is invaluable (may show WPW, for example); 

· It's useful if you can capture onset or termination of the arrhythmia. 
Ventricular extrasystoles

As these arise within an ectopic focus within the ventricular muscle, the QRS complex is wide, bizarre, and unrelated to a preceding P wave. There is usually a constant relationship (timing) between the preceding sinus beat and a subsequent ventricular beat, because the preceding beat influences the ectopic focus (Figure 17)
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Figure 17. Ventricular extrasystol.
The ventricular beat is not usually conducted back into the atria. What happens to the atrial beat that occurred, or was about to occur when the VE happened? Usually, this is blocked, but the subsequent atrial beat will occur on time, and be conducted normally. 

Rarely, the ventricular beat may be conducted retrogradely and capture the atrium (resulting in a P wave after the QRS, with an abnormal morphology as conduction through the atrium is retrograde) (Figure 18-19). The atrial pacemaker is now reset! In the following rather complex tracing, we have a ventricular rhythm (a bit faster than one might expect, perhaps an accelerated idioventricular rhythm) with retrograde P waves, and something else --- some of the P waves are followed by a normal looking `echo' beat as the impulse is conducted down back into the normal pathways). 
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Figure 18. Ventricular extrasystol.
As the intrinsic rate of an ectopic focus often tends to be slow-ish, extrasystoles will tend to arise more commonly with slower rates. In addition, if the rate is varying, extrasystoles will tend to `squeeze in' during long RR intervals. Some have called this the "rule of bigeminy". 
 ECG criteria of ventricular extrasystol
· premature extraordinary appearance of the changed ventricular complex QRS on ECG;

· marked widening and deformation of extrasystolic QRS complex;

· discordantal situation of S(R)-T segment and T wave of the extrasystole to the direction of the main wave QRS complex;

· absence of the complete compensatory pause after ventricular extrasystole. 
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Figure 19. Ventricular extrasystol.
Gradation of ventricular extrasystole (Laun’s classification)
0-without ventricular extrasystole.

1a – rare isolated extrasystoles (less than 30 per hour), less than per minute.

1b – rare isolated extrasystole (less than 30 per hour), more than 1 per minute.

1. – often extrasystoles (more than 30 per hour).

2. – multiformed extrasystole.

4a – repeated extrasystoles.

4b - repeated extrasystoles (group).

3. – early extrasystoles.
Extrasystole from AV conjunction
Extrasystole from AV conjunction is the premature excitement of the heart arising from atrioventricular conjunction.

Ectopic impulse arising in AV conjunction is spread in two directions from top to bottom through conducting system to ventricles and retrogradely from bottom to top through AV node and atrias causing formation of negative P waves.
ECG criteria
· premature arising ( on ECG ) of unchanged ventricular QRS complex; 

· negative P wave in leads II,III and in AVF after extrasystolic complex QRS (if ectopic impulse reaches the ventricles quicker than atrias) or the absence of P wave ( while simultaneous excitement of both ventricles and atrias);

incomplete or complete compensatory pause.
Parasystole
Rarely, the ectopic focus is protected from other influences, and does its own merry thing. This is termed `parasystole', and is detected by noting the unvarying coupling between extrasystoles, and the lack of coupling between the extrasystole
 and sinus beats! In the following trace, note the fusion beats as the normal rhythm and parasystolic rhythm transiently coincide (Figure 20) 
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Figure 20. Parasystolic rhythm.
We’ve put in the above unusual ECG more as a mnemonic than for any other reason. We want you to remember that even with extrasystoles, there is flow of information from the normal rhythm to the ectopic focus. The ectopic focus is therefore modulated by the normal rhythm, and usually occurs at about the same interval from the normal events. Parasystole is unusual. 
Ventricular tachycardia

Three or more ventricular extrasystoles are a bad sign, and are termed ventricular tachycardia (VT) (Figure 21). There is usually severe underlying myocardial disease. Sustained VT (more than about 30 beats) often degenerates into ventricular fibrillation, resulting in death. 
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Figure 21. Ventricular tachycardia.
The above strip shows several characteristic features of VT. Apart from the regular fast rate and wide complexes, we have a few more clues ... clearly, the atrial rate is different from the ventricular rate, and there is dissociation between atria and ventricles --- the P waves occur at any time in relation to the QRS complexes. Even more characteristic of VT is the presence of a fusion beat at the start of the trace --- a QRS complex which is something in between the VT morphology and normal morphology. There is also a capture beat later on, where the P wave has managed to sneak through and transiently take over, resulting in a normally-shaped QRS complex and T wave. 
ECG criteria of ventricular paroxysmal tachicardia
· sudden onset and sudden end of the increased cardiac contractions attack (to 140-250 per minute with correct rhythm ) mostly;

· deformation and widening of QRS complex more than 0,12s with discordantive location of RS-T segment and of T wave;

· presence of atrioventricular dissociation, id est. – complete separation of often ventricular rhythm (complex QRS) and standard atrial rhythm (wave P) with registed sometimes single standard unchanged complexes QEST of sinus origin (occupied ventricular contractions).
Syndrome of poor sinus node
Syndrome of poor sinus node means the combination of Electrocardiographic signs reflecting structural damage of sinus node, its uncapacity to functionate normally as cardiac rhythm agent or supply regular automatic impulses to atrias. It is more often met in such cardiac diseases which cause cardiac ischemia, dystrophy, necrosis or fibroses in the area of sinoatrial node.
ECG criteria
· constant sinus bradicardia with the rate not less than 45-50 per minute ( on the test with the dosage of physical load or after atropine injection adequate increasing of cardiac contraction is absent );

· interruption or stop of sinoatrial node ( long or short ), sinus pauses ( more than 2-2,5s );

· repeated sinoatrial blockade;

· repeated turn of sinus bradycardia ( long pauses more than 2,5-3s ) with paroxysmal fibrillations of atrias or atrial tachycardia ( syndrome of tachycardia-bradycardia ).
VT vs SVT+aberration
Distinguishing between VT, and SVT with aberration is tricky. When in doubt, one should apply synchronised DC countershock, and agonize later. This is especially the case if the patient is haemodynamically unstable. If the patient is haemostable, the rate is slowish (under about 150), then one may have more time. A variety of algorithms have been proposed - Brugada's approach may have merit --- you can explore a web-based version of his algorithm here. 
Ventricular fibrillation
This is a chaotic ventricular rhythm that rapidly results in death. It is often precipitated by a critically timed extrasystole, that occurs during the relative refractory period of the myocardial fibres. Conventional wisdom has it that this results in chaotic, unco-ordinated wavelets of depolarisation moving through the ventricular mass (Figure 22). 
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Figure 22. Ventricular fibrillation.
VF is a dire emergency. If unsynchronised DC countershock is applied within 30s of the onset of VF, there is an approximately 97% chance that sinus rhythm will be restored, and the person will survive. Survival decreases exponentially thereafter, with every minute of delay. 
Ventricular flutter
Ventricular ‘flutter’ is a bizarre sine-wave like rhythm (Figure 23), and usually degerates into ventricular fibrillation. You won’t see it often (or for long). 
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Figure 23. Ventricular flutter.
Axis

The peculiar system we use in electrocardiography is non-Cartesian, and rather arbitrary! We measure the direction of vectors in degrees, and zero is indeed facing `East', but +90o is South, instead of North as it would be in a Cartesian system. You can work out that ± 180o is 'West', and that minus 90o is 'North'. 

We can talk about the `axis' of any ECG depolarisation, but most people when they are talking 'axis' are referring to the mean frontal plane QRS axis (Figure 24). There is a number of ways of determining this, but the following method has the merit of simplicity: 

1. Estimate the overall deflection (positive or negative, and how much) of the QRS in standard lead I; 

2. Do the same for AVF; 

3. Plot the vector on a system of axes, and estimate the angle, thus: 
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Figure 24. Axis.
Note in the above picture that the (abnormal) axis illustrated is negative (“towards the left”) because AVF is negative. 

People tend to faff quite a lot about QRS axis deviations, but they are a fairly blunt-edged tool. Marked right axis deviation (e.g. +150o) may signify significant `right-sided’ heart disease. Left axis deviation is not uncommon in inferior myocardial infarction, and if this is absent, the most likely `diagnosis’ is left anterior hemiblock. (There are several other cause of left or right axis deviation, for example depolarisation via accessory pathways). 

Where the axis is up and to the left (eg. -135o), this is termed a “north west axis”. It is commonly seen in congenital heart disease, dextrocardia, and sometimes in severe chronic obstructive airway disease. 

The T wave axis is much neglected, and may be of value. If the T wave axis is more than about 45 to 60o different from the QRS axis, this is abnormal. Schamroth gives a super mnemonic --- “the T-wave axis moves away from the `region of mischief’”. 

Even the P-wave axis is of use. The normal axis is about +40 to +60o, moving right with chronic obstructive disease. The axis may move left with congenital heart disease, even up to -30o (especially Ebstein’s anomaly). One can also spot an ectopic atrial focus low down in the atrium (`coronary sinus rhythm’) due to the `northern’ shift in axis. 

*{Footnote: One reader pointed out that an axis of -135o could just as well be regarded as being `markedly to the right’. This is a reasonable argument.)
The P wave

Normal atrial activation is over in about 0.10s, starting in the right atrium. A good place to look at P waves is in II, where the P shouldn’t be more than 2.5mm tall, and 0.11 seconds in duration. 

A tall P wave (3 blocks or more) signifies the right atrial enlargement, a widened bifid one, left atrial enlargement (Figure 25): 
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Figure 25. Variants of P waves.
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In V1, another good place to look, depolarisation of the right atrium results in an initial positive deflection, followed by a vector away from V1 into the left atrium, causing a negative deflection. The normal P wave in V1 is thus biphasic. It's easy to work out the corresponding abnormalities with the left or right atrial enlargement: 

There are a few other tips: 

· A qR in V1 suggests the right atrial enlargement, often due to the tricuspid regurgitation! (Observed by Sodi-Pallares). 

· If the overall QRS amplitude in V1 is under a third of the overall QRS amplitude in V2, there is probably RA enlargement! (Tranchesi). 

· A P wave originating in the left atrium often has a `dome and dart' configuration. 



The PR interval (and PR segment)

The PR interval extends from the start of the P wave to the very start of the QRS complex (that is, to the start of the very first r or q wave). A normal value is 3 to 5 `little blocks' (0.12 to 0.20 seconds). It's convenient at this point to discuss blocks.

SA node block

This is a diagnosis of deduction, as no electrical activity is seen. An impulse that was expected to arise in the SA node is delayed in its exit from the node, or blocked completely. A second degree SA block can be `diagnosed' if the heart rate suddenly doubles in response to, say, administration of atropine. If the SA node is blocked, a subsidiary pacemaker will (we hope) take over, in the atrium, AV node, or ventricle.
AV nodal blocks

There are three "degrees" of AV nodal block: 

1. First degree block (Figure 26):

simply slowed conduction. This is manifested by a prolonged PR interval; 
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Figure 26. First degree block.
2. Second degree block:

Conduction intermittently fails completely. This may be in a constant ratio (more ominous, Type II second degree block), or progressive (The Wenckebach phenomenon, characterised by progressively increasing PR interval culminating in a dropped beat --- this is otherwise known as Mobitz Type I second degree heart block) (Digre 27). 
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Figure 27. Second degree block.
3. Third degree block:

There is complete dissociation of atria and ventricles (Figure 28). 
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Figure 28. Third degree block.
Clearly a bad thing, requiring temporary or even permanent pacing. 



The QRS complex
The nomenclature is mildly arcane --- small deflections are reflected using lower case, and larger deflections UPPER CASE. An initial downwards deflection is a Q (or q), any negative deflection after this is an S. An upward deflection is an R. Note that we refer to a second deflection in the same direction by adding a prime, so we have R’, R’’, S’ and so on. We might thus refer to an rSR’ morphology, or whatever. 

Normally, the septum depolarises before other parts of the left ventricle. This is seen as a small initial vector, which in the `septal leads’ (V1 and V2) is a positive deflection, and in lateral leads (e.g. V6) is seen as a small q. This observation is of relevance, as in conditions such as left bundle branch block, where the septum cannot depolarise normally, the lateral (septal) q is conspicuously missing. 

Something of some importance is the time it takes the ventricle to depolarise, often termed the ventricular activation time. We can estimate this from the surface ECG by looking at the time from the onset of the QRS to the sudden downstroke of the QRS. (The fancy name for this sudden downstroke is the `intrinsicoid deflection’). In right orientated leads, a normal VAT is 0.02s, and on the left (e.g. V6) the duration should not exceed 0.04s. 

Hypertrophy and chamber enlargement

Because of the thin-walled nature of the atria, from an ECG point of view, one cannot talk about “atrial hypertrophy” but only about enlargement. Conversely, thickening of the ventricle may result in increased voltages seen on the surface ECG, and we can then discuss “ventricular hypertrophy”. 
Left ventricular systolic overload/hypertrophy (LVH)
The absence of LVH on ECG means nothing, as the features are insensitive. If however they are present, LVH is very likely. Because the criteria were formulated on white males, they are very insensitive in e.g. black women. 
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Figure 29. Left ventricular systolic overload/hypertrophy.
Systolic overload results in increased QRS deflections, with the sum of the S in V1 and the R in V5 or V6 over 35mm indicating hypertrophy (Figure 29). (In the above picture, also note the predominantly negative deflection of the P wave in V1, suggesting left atrial enlargement). A host of other criteria have been proposed. Useful are: 

· R in I over 15mm 

· R in AVL over 11mm 

· Sum of all QRS voltages under 175mm (!) 

T wave axis changes can be predicted knowing Schamroth's rule . 
LV diastolic overload
Features of LVH may be present (as above). Enormous R waves may be seen in left-sided leads, especially with aortic or mitral regurgitation. In contrast to systolic 
overload, where septal q waves in the lateral leads are often diminished or absent, in diastolic overload, prominent lateral Qs are noted. Unlike systolic overload (where the T waves are often inverted), T waves are usually upright, very symmetrical, and somewhat pointed. 

Inverted U waves in V4-6 suggest either systolic or diastolic LV overload. 
RV hypertrophy
A number of ECG abnormalities have been associated with right ventricular hypertrophy. These include: 

· right axis deviation; 

· A tall R wave (bigger than the S) in V1; 

· A `little something' in V1 (an initial slur of the QRS, a small r, or a tiny q). 

· Increased VAT in V1 

· left-sided RS or rS complexes, partial or complete RBBB, or RS complexes in the mid-precordial leads. 
Whenever you see a tall R in V1, consider the following differential: 

· posterior myocardial infarction 

· RV hypertrophy 

· Right bundle branch block 

· Wolff-Parkinson-White syndrome (with an appropriately placed accessory pathway) 

· Other rare causes such as dextrocardia, Duchenne muscular dystrophy, and so on 

· and, of course, incorrect lead placement.
Bundle branch blocks
A broadened QRS complex suggests a bundle branch block, although there are other causes: 
RBBB

Diagnostic criteria for right bundle branch block are somewhat empiric, but useful (Figure 30). Here they are: 

1. Tall R' in V1; 

2. QRS duration 0.12s or greater (some would say, >= 0.14); 

In addition, there is usually a prominent S in the lateral leads (I, V5, V6). 
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Figure 30. RBBB.
RBBB is sometimes seen in normal people, or may reflect congenital heart disease (e.g. atrial septal defect), ischaemic heart disease, cardiomyopathy, or even acute right heart strain.
LBBB
Diagnose this as follows (Figure 31): 

1. No RBBB can be present; 

2. QRS duration is 0.12s or more; 

3. There must be evidence of abnormal septal depolarization. The tiny q waves normally seen in the left-sided leads are absent. (And likewise for the normal tiny r in V1). 

In addition, the VAT is prolonged, and tall, notched R waves are seen in the lateral leads (RR' waves). There is usually a notched QS complex in V1 and V2. 
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Figure 31. LBBB.
Fascicular blocks
Left anterior hemiblock (LAHB) is interruption of the thin anterosuperior division of the left bundle. Suspect it if there is left axis deviation (past -45o) without another cause (such as inferior myocardial infarction, or some types of congenital heart disease or accessory pathways). 

Other features of LAHB include an initial QRS vector which is down and to the right, a long VAT, and several other minor changes. 

LAHB may indicate underlying heart disease, but is much more worrying when associated with other abnormalities (such as PR interval prolongation or RBBB). 

The diagnosis of the left posterior hemiblock is mentioned only to be avoided! 
The ST segment

The junction between QRS and ST

Hypothermia

Besides sinus bradycardia, the most common finding is a prominent J wave (Figure 32). 
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Figure 32. Hypothermia.
In addition, there may be delayed VAT , QRS prolongation, and nonspecific T wave abnormalities, with QT prolongation. Eventually, blocks, ventricular extrasystoles, and finally ventricular fibrillation occur, below 30oC.
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SECONDARY ARTERIAL HYPERTENSION

Definition
Arterial hypertension (AH) is one of widespread cardio-vascular diseases. Epidemiological examinations, performed in 23 cities of CNS, showed that 23% of males aged 35-39 and 22% of female of the same age suffer from AH and more often with the age ( 25,4% are cases in groups of 55-59 years old). AH is the main factor resulting in mortality in cases with insult and infarction. Among all the cases with AH 90-95% of patients suffer from hypertensive diseases (HD).

In the USA in 70-th years 60 million of people with high pressure were fixed and only one/fourth (¼) part of adult population had “ideal“ pressure. Coming of these data annually 1250000 of infarctions were registered as well as 650000 coronarogennic deaths and 500000 insults and one third ( 1/3 ) of them were mortal.

All above mentioned determines the importance of HB investigations and increases practical importance of clinical examination of cases with HD. This is of great importance in proving individualized treatment and in prophylaxis.

Hypertensive disease (essential hypertension or primary arterial hypertension) is a widespread disease of not enough studied etiology; the main manifestations of it are: increased arterial pressure combining with regional, mainly cerebral, disorders of vascular tonus, stages in the development of the disease, expressed the dependence of the course on functional condition of nervous mechanism of AP regulation with the absence of the evident cause of connection with the primary organic disorder of any organs or systems.

In the regulation of the level of arterial BP takes part central nervous system (CNS) and first of all the sympathetic nervous system, reninangiotensinaldosterone system, cardiovascular system mostly it resistant and major vessels and kidneys which are responsible for the maintenance of intra vascular liquids volume take part. Disorders of these systems lead to the high blood pressure.
Risk factors
Excessive body weight is closely correlated with the grate rate of AP in population. In persons growing the weight AP is marked more often than in those whose weight doesn’t change but wile loosing the weight the decrease of BP is reviled. So it is determined that the risk of hypertension development is 6 times higher in stout persons by the beginning of the examination and who was growing weight in comparison with persons with normal weight. Alcohol is considered to be the factor of risk of HD and breaking of BP. Taking in to consideration the fact that smoking takes part in etiopathogenesis of ICD obliterising sclerosis of arteries, of lower extremities, cancer of lungs and others are to be known as harmful habits hardening prognosis of patients with HD. Prolonged limit of physical activity especially in the middle and elderly age may result in different hypertensive syndrome. And vice versa, systemic physical training gives hypotensive effect.

Hypercholesterinemia may cause HD pressing depressive influence of baroreceptors of cynocorotide zone and other aortas. Endocrine disorders predispose HD especially in female in climacter and the development of hypertension is marked in hyperfunction of endocrine gland. Compensatoric increasing of adrenal function is marked in extrogenic and endogenic function of sex glands and this may cause hypertension. Early kidney diseases may be considered as predisposing factors too. It is based on the data received while modern methods of examination are used; they allow to reveal patients, with little urinary syndrome or without it, hidden diseases such as pielonephritis and glomerulonephritis.
Pathogenesis
Modern research works confirm the basic conceptions of pathogenesis (neurgenic) offered by F.I. Lang and A.L. Miasnikov. It is confirmed the many of the structural units of the brain containing alpha- adrenoreceptors may control the activity of the sympathetic nerves and thus control the level of arterial BP. Specific node known as rucleitractus solita, with location of primary synapses of the sino-aortal baroreceptors nerves are rich in nor-adrenaline neurons and have high concentration of nor-adrenaline (epinephrine).

By acting on the alpha- adrenergic receptors of the hypophyso- diencephelon area, nor-adrenaline causes inhibition of the efferent sympathetic activities and thus lowers the arterial BP. The central and peripheral effects of nor-adrenaline have opposite effects: in CNS it works as depressing agent and in systematic circulation as vessel contracting neuro-hormone. Imbalance in the brain system, high and inhibit sympathetic efferent impulses causes the arterial hypertension. One of the causes of the imbalance is biochemical defect of the synthesis of nor-adrenaline. Lower inhibitory function of the central sympathetic neurons in different sights of its way to the centers of longitudinal brain (medulla oblongata) may cause the increased activities of peripheral sympatho-adrenaline system causing the arterial hypertension. 

In initial stages of the disease, increased tonus of the sympatho-adrenaline system cause only the cardiac out put, where the pressure in peripheral vessels is not significant or unchanged, but increases the resistance of the renal vessels, which lead to arterial hypertension. 

It is confirmed that in initial stages of the disease, when the elasticity of the aorta is unchanged occurs the readjustment of the baroreceptors, change of its elasticity and sensitivity. In the further stages (late stages) lower depress effects of the baroreceptors decreases due to the decrease of the elasticity and thickening of the walls of the aorta. 

Central nerve effects (through alpha and beta adrenoreceptors) involve in early stages the renal mechanism. In kidneys neurogenic stimuli causes occlusion and increased production of vaso-constricting substances. Hypertrophy and hyperplasia of juxtaglomerular apparatus undergo the action of enzymes and transfers into angiotensin II causing vaso-constriction. Angiotensin II selectively increases the secretion of aldosterone, which affect mineral metabolism and cause the deposition of Na ions in the vascular walls. Deposition of Na ions causes thickening and edema of the vascular walls. These changes increase the activity of muscular layers of the vessels to the constricting factors. Increased activity of kinin system of kidneys in the period of hypertension disease in the presence of the stimulation of sympatho-adrenaline and rennin- angiotensin systems, is compensatory or seems to be reaction to the hypertension. 

In the period of stabilization of the hypertension disease gradual disease in cardiac out put and in peripheral resistance of the vessels as well as on the vessels of kidneys is observed. 
Classification of arterial hypertension (Tables 1-3)
Table 1. Classification of arterial hypertension by level of arterial pressure, for patients older than 18 years. (JNC VI USA, 1997, WHO 1999)

	Category of blood pressure
	SBP mm Hg               
	DBR mm Hg

	Optimal BP
	Less than 120 and 80

	Normal BP
	Less than 130 and 85

	High-normal BP
	130-139 and 85-89

	The types of hypertension:

I degree

II degree

III degree
	140-159 and 90-99

160-179 and 100-109

180 and more or 110 and more

	Isolated systolic AH
	More than 140 and less than 90


Table 2. Factors influencing on the prognosis used for the stratification of risk.

	Risk factors of cardiovascular diseases.
	The disturbances of organs-targets 
	Clinical conditions accompanying the disease.

	1. Factors for the risk stratification:

●the level of systolic and diastolic blood pressure ( degrees of pressure 1-3 )

●age: males > 55 years

      females > 65 years

●smoking

●Common cholesterol blood level > 6,5 mlmol/l

●diabetes mellitus 

●family cases of early development of cardiovascular diseases.

2. Other factors unfavorably influencing on the prognosis.

●decreased level of cholesterol LPHD

●increased cholesterol level LPLD

●microalbuminuria in diabetes mellitus

●glucose tolerance disturbances

●obesity

●hypodinamia

●increased fibrinogen level in blood

●social-economic group with high risk.

●ethnic group with high risk.

●geographic region of high risk

 
	●hypertrophy of the left ventricle ( ECG, Echo-CG, X-ray)

●proteinuria and/or slight increase of plasma creatinine concentration 

●ultrasound X-ray signs of atherosclerotic carotic, iliac and femoral arteries and aorta disturbances.

●generalized or local constriction of arterial retina. 
	1. Cerebrovascular diseases:

●ischemic insult

●hemorrhagic insult

●transient ischemic attacks

2. Heart disease:

●myocardial infarction

●angina pectoris

3. ●resistant cardiac insufficiency.

4. Diseases of kidneys:

●diabetic nephropathy

●renal insufficiency

5. Diseases of vessels:

●dissecting aneurysm

●disturbances of the peripheral arteries with clinical evidence.

6. Expressed hypertonic retinopathy.

●hemorrhages and exudates.

●edema of optic papilla nerve. 


Table 3. Stratification of risk for the estimation of patient’s prognosis with arterial hypertension.

	Other factors of risk disturbances of organs-targets, associated diseases 
	Blood pressure, mm hydrargium

	
	Stage  I

SBP 140-159

DBP 90-99
	Stage  II

SBP 160-179

DBP 100-109
	Stage  III

SBP > 180

DBP > 110

	1. Without risk factors, disturbances of organs – targets, associated diseases

2. 1-2 risk factors.

3. 3 risk factors and more or/and disturbances of organs-targets or/and diabetes mellitus

4. Accompanying clinical conditions. 
	Low risk

Middle risk

High risk

Very high risk
	Middle risk

Middle risk

High risk

Very high risk
	High risk

Very high risk

Very high risk

Very high risk




Clinical features
Elevated blood pressure is usually asymptomatic until organ damage occurs. Most patients are not aware of this and as a result attribute most concurrent complaints to high blood pressure. In some cases the knowledge that a patient has high blood pressure creates a fertile soil for the growth of functional symptoms. Thus, patients who have been told that they are hypertensive have a much higher incidence of headache than hypertensive patients who are unaware of the fact. In some studies a patient as hypertensive has led to an increased absenteeism from work, although target organ damage had not occurred. It is a common lay fallacy that a patient can recognize when their blood pressure is elevated usually on the basis of such symptoms as plethoric features, palpitations, dizziness, or a feeling of tension. A screening survey carried out in the United States examined the frequency of such symptoms as headache, epistaxis, tinnitus, dizziness, and fainting in healthy subjects. None of these symptoms was more prevalent in subjects with diastolic blood pressures over 100mmHg. However, higher levels of blood pressure may be associated with symptoms even in the absence of obvious target organ damage.
Headache 
The classic hypertensive headache is present on waking in the morning, situated in the occipital region of the head, radiating to the frontal area, throbbing in quality and wearing off during the course of the day. Most headaches in hypertensive patients are tension headaches not directly related to blood pressure at all. Nevertheless, treatment of hypertension reduces the prevalence of headache. How far this is a specific consequence of blood pressure lowering and how far it is due to the reassurance is uncertain. Morning headaches in obese hypertensives may be due to nocturnal sleep apnoea.
Epistaxis
Whilst epistaxis it not particularly associated with mild hypertension, it is more common in moderate to severe hypertension. Where patients present with epistaxis and high blood pressure it is important to dissociate hypertension as a cause of epistaxis from a pressor response to the episode.
Nocturia
This is one of the most frequent consequences of blood pressure elevation resulting from reduction in urine concentrating capacity.
Symptoms associated with target organ damage 

Cardiovascular system
Effort dyspnoea and orthopnoea suggest cardiac failure. Increase in left ventricular mass is associated with decreased compliance and an impaired cardiac output response. This may be manifested as decreased effort tolerance. Angina of effort or claudication suggests superimposed atheromatous vascular disease.

Symptoms associated with the central nervous system

Scotomata suggest fundal haemorrhages or exudates whilst blurring of vision is associated with papilloedema. Failure of concentration and memory is most often a reflection of depression or centrally acting medication. Less commonly it is due to hypertensive cerebrovascular disease. Strokes may be due to cerebral haemorrhage, occlusion of large vessels (atherothrombotic brain infarction) or lacunar infarctions giving rise to minor strokes. Occasionally a lacunar state may be associated with hypertension characterized by progressive pseudobulbar palsy and dementia.
Renal system

Haematuria or haematospermia, if associated with hypertension, is usually seen only in the malignant phase. Renal failure is a late and fortunately now rare complication.
Clinical examination

The objective of physical examination is to assess blood pressure and any consequences of its elevation.
Symptoms associated with the central nervous system
Scotomata suggest fundal haemorrhages or exudates whilst blurring of vision is associated with papilloedema. Failure of concentration and memory is most often a reflection of depression or centrally acting medication. Less commonly it is due to hypertensive cerebrovascular disease. Strokes may be due to cerebral haemorrhage, occlusion of large vessels (atherothrombotic brain infarction) or lacunar infarctions giving rise to minor strokes. Occasionally a lacunar state may be associated with hypertension characterized by progressive pseudobulbar palsy and dementia.
Measurement of blood pressure

Blood pressure can be measured directly from a cannula inserted into the artery. Portable recording devices enable continuous arterial blood pressure measurements to be made with this technique. These are the gold standard for blood pressure measurement and have demonstrated minute-by-minute blood pressure variability and the usual nocturnal fall in blood pressure. However, the invasive nature of this method has confined it to research studies. Routine clinical assessment relies wholly therefore upon indirect techniques, which do not require arterial cannulation. The manual auscultatory method is still the technique universally used. Based on the sounds described by Korotkoff in 1905, and using the air-filled inflatable cuff described by Riva-Rocci in 1897, it has remained fundamentally unchanged for 90 years. The brachial artery is occluded by inflating the cuff above the pressure in which the radial pulse disappears to palpation. Pressure in the cuff is estimated either by a mercury or aneroid manometer. Pressure is then lowered through the valve on the inflating bulb. The point at which sounds return (Korotkoff phase I) is taken as the systolic blood pressure. As the pressure is further lowered the sounds suddenly become muffled (Korotkoff phase IV) and shortly afterwards disappear (Korotkoff phase V). Both Korotkoff phase IV and Korotkoff phase V sounds have been used as estimates of diastolic pressure. Although so frequently employed, auscultatory measurement of blood pressure is often carried out badly: inter- and even intraobserver variability is often unacceptably high. There are a number of important precautions which have to be taken.

Fundal examination
Fundal appearances provide vital information on vascular pathology and prognosis in hypertension. The Keith Wagener classification is still the one generally used clinically although it has some serious shortcomings; most important of these are that grade I and II changes are produced by ageing as well as hypertension.
Grade 1
The light reflex from the arterial wall is increased as a result of thickening.
Grade 2
The arterial light reflex is wider still and gives a rise to a homogenous silver wire appearance. Nipping of the retinal vein occurs largely as a result of the optical effect of the thickened arterial wall preventing visualization of the column of blood within the vein. Thus, the vein appears to taper until it disappears before it is actually crossed by the artery. The vein may also be displaced posteriorly or laterally. Venous obstruction is much less common. Generalized reduction in arterial diameter with a consequent reduction in arterial-to-venous ratio is probably the most sensitive, early phase of elevated blood pressure. Focal arterial narrowing is seen less often usually when an acute rise in blood pressure has occurred.
Grade 3
Lesions may occur singly or in combination.

Haemorrhages

Flame-shaped haemorrhages are more superficial and owe their character to constraints imposed by nerve fibres. Dot and blot haemorrhages are deep to the nerve fibres and so are not limited in the same way. Haemorrhages usually disappear after a few weeks of effective blood pressure control.
Exudates

These are of two types. Hard or waxy exudates represent the end results of fluid leakage into the fibre layers of the retina from damaged vessels often with associated nerve vessel damage. Fluid is resorbed leaving a protein-lipid residue which is slowly removed by macrophages. Soft exudates or cotton-wool patches are aetiologically and ophthalmoscopically quite different. They are usually larger than hard exudates and have a woolly, ill-defined edge. They are not true exudates but nerve fibre infarcts caused by hypertensive vascular occlusion. Unlike hard exudates these lesions disappear within a few weeks of establishing adequate antihypertensive therapy.
Grade 4

Papilloedema is associated with raised pressure in the disc head secondary to severe vascular damage. Venous distension is followed by increased vascularity of the optic disc, which has a pink appearance with blurring of the disc margins and loss of the optic cup. Raising of the optic disc with anterior displacement of the vessels occurs later. The surrounding retina often shows oedema, small radial haemorrhages, and cotton-wool exudates.

Grade III and IV changes are considered to be diagnostics of the malignant phase, requiring urgent assessment and treatment. Attempts were once made to discriminate between accelerated (grade III) and malignant (grade IV) hypertension. It is now clear that the prognosis does not differ between these two grades, so that each retinal appearance should be treated with the same degree of urgency, and the terms accelerated and malignant can be considered synonymous. The presence of significant renal failure carries a much worse prognosis.
Other physical signs
Clinical evidence of left ventricular hypertrophy and a loud aortic second sound usually indicate moderate or severe hypertension. Other physical signs indicate target organ damage in the cardiovascular, renal, or central nervous systems.
Investigations

Concentrations of urea, electrolytes, and creatinine are usually normal in essential hypertension unless secondary renal damage has occurred. Severe hypertension, particularly in the malignant phase, may be associated with elevated plasma renin and aldosterone levels, which may give rise to a modest hypokalaemic alkalosis. Serum sodium is usually low normal or low under these circumstances. This is an important differentiating point from primary aldosteronism, in which hypokalaemic alkalosis is usually associated with a high or high normal serum sodium concentration.

Urinary casts, haematuria and proteinuria usually indicate that hypertension has entered the malignant phase, or reflect primary renal disease.

Electrocardiographic left ventricular hypertrophy indicates the presence of moderate or severe hypertension and is important prognostically when present.

Echocardiography is much more sensitive in detecting the early changes of left ventricular hypertrophy and provides the best independent measure of severity in mild to moderate hypertension.
Types of hypertensive crisises
I type – adrenalovic.

II type – noradrenalovic.

Variants of hypertensive crisises on M.S.Kushakovskyi (1982)

1. Neurovegetative;

2. Watery-salt;

3. Convulsive.

External provoking factors of hypertensive crisises:

1. Phsycoemotional stress.

2. Metereological influence.

3. Excessive taking of table salt.

4. Physical load.

5. Sudden abolition of hypertensive drugs.

Endogennic causes of hypertensive crisis:

1. aggravation of ICD.

2. Cerebrovascular incidents.

3. disorders of urodinamics on adenoma of prostatic gland.

4. aggravation of focal infection.

5. visceral reflexes on moving kidney, swelling of intestines, different colics.

Management of hypertension
Management has three components, assessment, advice (including non-pharmacological therapy) and drug therapy.
Assessment

The initial assessment of the hypertensive patient has three objectives: (1) to establish the diagnosis, i.e. to exclude secondary hypertension; (2) to evaluate the effects of hypertension; and (3) to assess the presence of concurrent disease.
Establishing of the diagnosis
History and examination will provide few positive features. The usually-quoted age of presentation is 35 to 55 years, but this, of course, simply reflects the arbitrarily selected threshold for diagnosis. Hypertension first observed outside this age range, particularly when it is severe, suggests a secondary cause, although more often than not previous blood pressures are not documented. The presence of hypertension in siblings or parents is of modest value. Often a negative family history simply reflects ignorance or failure to diagnose hypertension, particularly in the previous generation. In addition to the course a positive family history can often be obtained fortuitously for a condition of very high prevalence, such as hypertension. Positive indications of a cause for hypertension are of more value, e.g. history of oestrogen-containing contraceptive pill exposure, previous renal disease, or features suggestive of phaeochromocytoma, primary aldosteronism, etc. Where there is no clinical suspicion of secondary hypertension, extensive investigation for a primary cause is unnecessary, because the prevalence of secondary hypertension is so low under these circumstances. Measurement of serum urea, sodium, potassium, and creatinine, urinary microscopy, and dip stick measurement of protein are sufficient. More intensive investigation for renal or adrenal causes should be reserved for situations where there is a clinical suspicion.
Assessment of the effects of hypertension
This provides important information for the evaluation of prognosis and the urgency of treatment. The presence of heart failure, secondary renal failure, grade III or IV fundal changes all indicate the need for urgent treatment. A history of stroke or ischaemic heart disease is not necessary an indication for urgent treatment but may influence timing and selection of therapy. Thus, it is dangerous to attempt to reduce blood pressure to normal in a patient who has sustained a stroke within the previous few days: a history of recent myocardial infarction (in the absence of cardiac failure) would favour the use of &bgr;-blockade, as this class of drug has the additional advantage of reducing the risk of secondary infarction. Examination of the fundi and clinical examination for evidence of left ventricular hypertrophy provide the best evidence of severity of hypertension. Clinical signs of cerebrovascular, coronary artery, or peripheral vascular disease are not necessary measures of the severity of hypertension: they may reflect duration and presence of other risk factors. Fundal changes or left ventricular hypertrophy where present exclude the possibility of white coat hypertension unless another cause for abnormalities can be identified. Unfortunately, neither of these signs is particularly sensitive and the large majority of patients with essential hypertension will show neither unequivocal fundal changes nor clinical left ventricular hypertrophy.

Management.
 The aim of treatment of AP is in maximal decreasing of total risk of cardio-vascular diseases and lethality which leads correction and revealing of all factors of risk. The aim is to reach optimal and normal indexes of AP (<140/90 mm hyd). On expert estimation of the qualities of AP the level 150/90 mm hyd may be used. In young patients and in those with middle age safety and additional use is the state for further decrease of cardiovascular morbidity on the level of AP lower than 130 and 85 mm hyd. More provable the use of further lowing AP (less than 130 and 85 mm hyd) in patients systolic pressure is determined.

Non-pharmacological measures include dietary and behavioural methods. Dietary methods include weight reduction, alcohol withdrawal, sodium restriction, and potassium supplementation. Behavioural methods include physical training, biofeedback and relaxation.
Weight reduction
The epidemiological relationship between weight and blood pressure is reflected in a number of trials, which have shown that dietary weight reduction in obese subjects produces a useful fall in arterial pressure. Even a weight loss of 3kg on average produces a fall in blood pressure of 7/4 mmHg. Most studies have been carried out in overweight individuals. It has still not been established whether weight reduction in patients close to the ideal weight lowers blood pressure.
Alcohol withdrawal
The elevated blood pressures shown by heavy drinkers (more than 6 units of alcohol per day) are lowered by withdrawal. This is not related to changes in weight or electrolyte intake. This useful clinical effect has to be differentiated from the pressor response sometimes exhibited by chronic alcoholics on abstension from alcohol. Blood pressure elevation in this case is associated with increased sympathetic nervous system activity.
Potassium supplementation

Potassium intake is about half that of sodium on the normal Western diet. Doubling potassium intake (i.e. supplementing it by about 80&nbsp;mmmol a day) has a modest blood pressure lowering action of the same approximate order of magnitude as moderate sodium restriction. Indeed, the natriuresis produces by potassium loading may contribute to the blood pressure reduction observed. There is no justification for potassium supplementation as an independent form of treatment for essential hypertension. Advising patients to consume liberal quantities of fruit and vegetables may be justified on general grounds but is likely to have only a very small influence upon blood pressure.
Other dietary maneuvers
Several studies have shown that fish-oils (fatty acids) lower blood pressure in hypertensive patients. The effect only appears to be seen in those whose consumption of fish is low. Olive oil has been shown to have a very small blood pressure lowering effect in some studies but there is little evidence to support a therapeutic effect of other unsaturated fatty acids. Claims have been made for calcium and magnesium supplementation but these are not persuasive and have no place in clinical practice.
Physical exercise

Repetitive isotonic exercise produces a useful fall in blood pressure independently of any fall in weight. Initial trials employed fairly severe protocols, i.e. those that demand oxygen consumption of more than 60 per cent maximum. These produced falls in arterial pressure which, in some cases, exceeded those which would have been expected with a single class of antihypertensive drug. Training exercises of this order of magnitude are clearly not feasible in most hypertensive patients. More moderate exercise in the form of daily jogging or brisk walking is probably sufficient to have a useful effect in lowering blood pressure, as well as improving well-being. All patients should be encouraged to undertake it where this is practical.

Antihypertensive drug treatment
The decision to control hypertension with medication has major implications, not only for the patient, who will probably require lifelong therapy, but also for the agencies which will have to pay for treatment and its supervision. Important decisions have to be made in selecting appropriate patients for drug therapy, choosing the most suitable treatment for them and in monitoring the effectiveness of treatment.
Thiazide diuretics
Thiazide diuretics lower arterial pressure and were used in several of the endpoint trials which demonstrated efficacy at least as far as stroke prevention is concerned. The major concern in their use relates to metabolic adverse effects. These include increased total cholesterol, impairment of glucose tolerance, and hypokalaemia. It has been suggested that these undesirable effects may oppose the beneficial consequences of lowering blood pressure, and thus account for the failure of therapy to have a greater effect on the incidence of myocardial infarction. This is certainly not the case in elderly subjects, among whom diuretics have been associated with a greater reduction in cardiac events mire than ß-blockers in endpoint trials. Comparison of ß-blockers and diuretics in younger subjects has given a rise to more equivocal findings in this context. Two large trials (the MRC and HAPPHY trials) failed to show any difference in outcome between diuretics and beta blockers. However, total infarction in the MRC Trial (i.e. silent plus clinical myocardial infarction) was decreased by ß -blocker treatment only and the MAPPHY trial comparing a cardioselective ß-blocker with diuretics showed a better cardiac outcome in the ß -blocker-treated group. The dose of diuretic used may be an important factor. The earlier trials used very high doses, although the blood pressure dose-response curve of thiazides is flat, so that little antihypertensive efficacy is lost through use of low doses. Metabolic disturbances are, however, minimal or non-existent with low doses (e.g. bendrofluazide 2.5 mg a day). There is no justification for exceeding this, or an equivalent dose.

In summary, low-dose thiazide diuretics are probably preferred the first line treatment in elderly hypertensive subjects. An incidental advantage may be the reduction in osteoporosis that has been demonstrated in some open trials. These agents are contraindicated in non-insulin dependent diabetes mellitus and in gouty patients.

ß-blockers
ß -Blockers were also used in some of the multicentre trials which demonstrated the benefits of treating hypertension. They too have potentially adverse metabolic effects, producing an increase in serum triglycerides and a decrease in high density lipoprotein cholesterol. These effects are seen less with cardioselective agents and not at all in agents with intrinsic sympathomimetic activity. ß -Blockers have the additional advantage of well-demonstrated efficacy in reducing the incidence of a second myocardial infarction in patients who have already sustained one previously. However, their efficacy in primary prevention is still controversial (see above).

ß -Blockers probably remain the first line therapy in younger patients (i.e. below the age of 65) who do not suffer from obstructive airways disease, peripheral vascular disease, or cardiac failure. Their role in diabetic hypertensives is also questionable, as they may mask clinical symptoms of hypoglycaemia and impair recovery by blunting compensatory mobilization of glucose. This particular problem is less evident with cardioselective agents.
Angiotensin converting enzyme inhibitors
These drugs are well tolerated, apart from the relatively high incidence of chronic dry cough (15 per cent). There are two serious side-effects, but these are rare in carefully screened patients.

Hypotension following the first dose of angiotensin converting enzyme inhibitors is occasionally observed in patients with high levels of renin in plasma, usually as a result of previous intensive diuretic therapy. Hyper-reninaemia can also occur in severe and malignant hypertension. In any of these circumstances, if an angiotensin converting enzyme inhibitor is to be given it is essential to start with the lowest available dose and to monitor blood pressure closely for several hours. In patients who have been on low dose diuretic therapy and there is no other reason to suspect major stimulation of the renin-angiotensin system, it is probably sufficient to instruct them to take the first dose before retiring at night.

Acute renal failure may follow the use of angiotensin converting enzyme inhibitors in patients with critically reduced renal blood flow, i.e. bilateral tight renal artery stenosis or renal artery stenosis to a single kidney. Under these circumstances, and when cardiac output is low enough to produce comparably poor renal perfusion, angiotensin II has a preferential effect in causing arteriolar vasoconstriction in the efferent glomerular vessels, therefore maintaining intraglomerular filtration pressure. Blocking formation of angiotensin II removes this compensatory effect, resulting in a drastic fall in glomerular filtration caused by the fall in transglomerular capillary hydraulic pressure.

There are no large endpoint trials of the use of angiotensin converting enzyme inhibitors in uncomplicated essential hypertension. Claims have been made that their usage might have a greater impact than those of other agents on coronary events as a result of beneficial effects upon cardiac mass, insulin resistance and on the basis of an absence of effect on serum lipids. These arguments are theoretical and must be recognized as such. As yet, angiotensin converting enzyme inhibitors cannot be considered routine first line treatment of uncomplicated hypertension. Their major role is in those patients in whom the preferred first-line agents cannot be used or when they have proved unacceptable. Angiotensin converting enzyme inhibitors are, however (together with diuretics), particularly indicated when hypertension is associated with compromised cardiac function, when the evidence for their contribution to an improved prognosis is very strong.
Calcium antagonists
These agents are effective and, like ß-blockers, have added advantages in patients with ischaemic heart disease. The major disadvantage of the earlier dihydropyridine calcium antagonists was sympathetic nervous system activation with headache, sweating, palpitation, and a burning sensation in the skin. Longer-acting agents and slow release preparations have reduced the incidence of these side-effects, although all the dihydropyridine calcium antagonists may give rise to significant oedema. The phenylalkylamine calcium channel blocker verapamil is free from autonomic adverse effects and oedema, but has a significant action upon gastrointestinal smooth muscle, which may cause severe constipation. Verapamil is also contraindicated in hypertensive patients with cardiac conduction disturbances.

This class of drug, like the other newer agents is best considered an alternative to diuretics or ß-blockers when these cannot be used, or are ineffective.
α -adrenoreceptor blockers
These agents are less extensively used as the first line therapy than the other four major classes of drug. The reasons for this are probably historical. The first widely used member of this class (prazosin) gave rise to serious hypotension following the first dose, attributable at least in part to the excessive dose recommended. The longer acting α -blockers (doxazosin and terozasin) are better tolerated although occasional postural hypotension is still seen. Unlike any other class of antihypertensive, α -blockers have a beneficial action upon plasma lipids producing a slight increase in high density lipoprotein cholesterol and a reduction in low density lipoprotein cholesterol. How far this can be translated into reduced incidence of ischaemic heart disease is unknown. α -Blockers provide a reasonable alternative treatment to the preferred first line agents.
Vasodilators

The direct acting vascular smooth muscle relaxant hydralazine was once extensively used as part of the recommended stepped care regime. The main disadvantages were autonomic activation and the development of a lupus-like syndrome in patients with the slow acetylator genotype. This disadvantage, together with the need for multiple daily doses has resulted in the replacement of hydralazine by other agents.

Minoxidil and diazoxide are extremely potent vasodilators which are reserved for patients whose blood pressure is resistant to other medication. The major disadvantages with both these drugs are severe oedema and hair growth, which is a particular problem in dark-haired women. In addition, T wave changes have been observed in electrocardiograms performed during the initiation of treatment with these drugs. This may be due to an increase in cardiac work as a result of generalized vasodilatation. Diazoxide has the added disadvantage of causing glucose intolerance and diabetes in over half of patients treated long term. For this reason it is now rarely used as an oral preparation.
REFERENCES
1. British Hypertension Society Working Party. Management guidelines in essential hypertension: report of the second working party. //British Medical Journal. – 1993. – Vol. 306. – Р.983-987.

2. Blood pressure, stroke and coronary heart disease. Part 2, short-term reductions in blood pressure: overview of randomised drug trials in their epidemiological context. / Collins R., Peto R., MacMahon S., et al.  //Lancet. – 1990. - № 335. – Р.827-838.

3. Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure. Non-pharmacological approaches to the control of high blood pressure. //Hypertension. – 1986. - № 8. – Р.444-467.

4. Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure. The Fifth Report. //Archives of Internal Medicine. – 1993. - Vol. 153. – Р.154-183.

5. Kaplan N.M. Clinical hypertension. - Williams and Wilkins, Baltimore, 1994. – Р.
6. Blood pressure, stroke and coronary heart disease. Part 1, prolonged differences in blood pressure: prospective observational studies corrected for the regression dilution bias. / MacMahon S., Peto R., Cutler J. et al. // Lancet. – 1990. - № 335. – Р.765-774.

7. Medical Research Council Working Party. MRC trial of treatment of mild hypertension: principal results. //British Medical Journal. – 1985. - Vol. 291. – Р.97-104.

8. SHEP Cooperative Research Group. Prevention of stroke by antihypertensive drug treatment in older persons with isolated systolic hypertension. Final results of the Systolic Hypertension in the Elderly Program. //Journal of the American Medical Association. – 1991. - Vol. 265. – Р.3255-3264.

9. Swales J.D., Sever P.S., Peart S. Clinical atlas of hypertension. - Gower Medical Publishing, London, 1991. – Р.
10. Swales J.D. Textbook of hypertension. - Blackwell Scientific Publications, Oxford, 1994. – Р.
11. WHO/ISH. Mild hypertension liason committee. Guidelines for the management of mild hypertension: memorandum from a World Health Organization/International Society of Hypertension meeting. //Journal of Hypertension. – 1993. - № 11. – Р.905-918.

symptomatic arterial hypertension
Introduction

The great majority of patients who are found to be hypertensive, whether in the hospital clinic or in general practice, will have essential hypertension. Nevertheless, a close watch must always be maintained for patients in whom hypertension is caused by an underlying disorder, and this possibility should be considered in the initial evaluation of any new hypertensive patient. Despite their relative rarity, such cases deserve particular attention both because of the importance of establishing the underlying diagnosis, and because in some cases surgery may be curative.

This need for vigilance is especially true in cases where hypertension is suspected to be due to primary renal or renovascular disease. Detection of raised blood pressure or of incidental proteinuria often gives the first clue to underlying renal disease, and in these patients adequate investigation and effective treatment may lessen the progression to end stage renal failure and the need for renal replacement therapy. Greater awareness of the likelihood of renovascular hypertension, especially in the elderly, has led to increased recognition that this condition is frequently a part of the spectrum of atherosclerotic disease that so commonly affects the coronary, cerebral, and peripheral vasculature.

Frequency of renal and renovascular hypertension

Although essential hypertension is very common, only a small proportion of hypertensive patients have underlying renal or renovascular disease. Different series have indicated that the prevalence of renal parenchymal disease is 3 to 4 per cent in unselected hypertensive populations, and that the incidence of renovascular disease varies between 5 per cent and less than 1 per cent. Estimates of this kind are inevitably affected by the degree of selection of the group of subjects studied and, in particular, the strictness of the criteria and investigations employed to confirm or exclude underlying renal or renovascular disease, and the vigour with which these are pursued.

Viewed from the reverse perspective, how frequently does hypertension accompany renal or renovascular disease? This question is difficult to answer precisely in the case of renovascular disease because of a relative dearth of large-scale studies that have routinely employed renal angiography, but there is no doubt that patients with mild or moderate renal arterial narrowing frequently remain normotensive. However, virtually all patients with severe renal impairment become hypertensive. When renal failure is a complication of diseases such as diabetes or systemic sclerosis, in which microvascular pathology is prominent, hypertension is frequent and develops early in the course of the renal disease. Hypertension also commonly accompanies glomerulonephritis, especially mesangiocapillary glomerulonephritis, focal glomerulosclerosis and immunoglobulin A nephropathy. It is relatively less common when renal failure arises from tubulointerstitial disease, but is an early feature in polycystic kidney disease, often developing when renal function remains normal.
Classification of arterial symptomatic hypertensions
1. Renal genesis.

1.1 Parenchymatous and interstitial diseases of kidneys:

· glomerulonephritis;

· chronic pielonephritis;

·  diabetic glomerulosclerosis;

·  amyloidosis;

· hydronephrosis;

· postradiative nephrosclerosis. 

1.2 Renovascular pathology:

· atherosclerosis of renal artery;

· fibroma;

· an ocular dysplasia;

· aortoarteriitis,

· vasculites;

· endarteritis;

· thrombosis;

· embolia;

· aneurism of renal artery;

· atresia and hypoplasia of renal arteries;

· arteriavenous fistulas;

· stenosis and thrombosis of veins;

· hematoma;

· trauma of kidneys vessels;

· neoplasms;

· pressing renal arteries.

1.3 Congenital anomalies of kidneys and urinary ducts:

· polycystosis;

· dystopy of nephroses;

· pathologically mobile kidney;

· anomaly of urinary bladder, urethra and ureter;

1.4 Secondary affection of kidneys in tuberculosis, bacterial metastasises and diffusive diseases of connective tissue (system lupus erithematises, system scleroderma, nodous periarteritis.)

1.5 Primary urine stagnation (Liddle’s syndrome and Gordon’s syndrome.)

2. Endocrine hypertensions:

2.1 The disease of paranephroses:

· affection of medullar layer (pheochromocytoma, tumor of chromaffin cells, situated outside of paranephroses, cancer);

· affection of cortex layer (disease (syndrome) of Iceng-Kusheng, primary aldosteronism, congenital adrenal hyperplasy.) 

2.2 Toxic goiter.

2.3 Acromegaly.

2.4 Climacterial hypertension.

2.5 Hypothyreosis.

2.6 Hypercalciemya.

3. Hemodynamic hypertension.

3.1 Atherosclerosis of aorta.

3.2 Constrictive affection of carotid and vertebrobasilar arteries.

3.3 Coarctation of aorta.

3.4 Aortal valves insufficiency.

3.5 Complete A-V block.

3.6 Hypertensions on the background of hyperkinetic circular syndrome (juvenile sporting at an anemia.)

3.7 Ischemic and stagnant hypertensions (at circulatory insufficiency, chronic obstructive diseases of lungs, mitral defect of heart ).

3.8 Rheological hypertension ( at erythremya ).

4. Neurogene hypertensions:

4.1 Vascular diseases and brain tumours.

4.2 Inflammatory diseases of CNS ( encephalitis, meningitis, poliomyelitis, diencephalic syndrome );

4.3 Trauma of brain;

4.4 Polyneurites.

5. Special forms of secondary hypertensions.

5.1 Salt and alimentary hypertensions (with the excessive use of salt, with the using of substances, rich of tyramine – some kinds of a cheese and marks of red vine.)

5.2 Medicamental hypertension.

Etiology
Renal hypertension
The frequency with which hypertension occurs in renal disease has assumed added importance because of the large body of evidence now available that shows that development of hypertension creates a vicious circle, hastening the progression of renal failure. Although much of the evidence has come from experimental studies, retrospective clinical reviews have confirmed that the rate of progression of renal insufficiency is greater when diastolic pressure is above rather than below 90&nbsp;mmHg, even in those patients receiving antihypertensive therapy.

It is commonly assumed that hypertension in renal disease is primarily due to salt and water retention as renal function declines. Inadequate excretion of sodium and water, resulting in intravascular hypervolaemia, undoubtedly provides a simple rationale for hypertension in renal disease, but it is also likely that the increase in body sodium content that occurs in renal failure also promotes hypertension through other, more subtle, mechanisms, such as the stimulation of increased production of endogenous inhibitors of the sodium-potassium adenosine triphosphatase pump. Another frequent finding in patients with renal disease and hypertension is that plasma renin levels are inappropriately high, especially when assessed in relation to hypervolaemia and sodium retention. This probably arises because the normal feedback suppression of renin secretion from juxtaglomerular cells is impaired in the diseased kidney.

It could therefore be argued that hypertension in renal disease may be virtually completely accounted for by a combination of volume overload and inappropriate renin system activation. The reality is more complex than this; many uraemic patients show no relationship between blood pressure and blood volume, plasma renin activity, or the product of the two. Evidence from direct recording of efferent sympathetic nerve outflow now indicates that sympathetic activity is increased in hypertensive dialysis patients, and has suggested also that the abnormal sympathetic drive may be triggered by an afferent reflex arising in the scarred failing kidneys, as sympathetic tone is normal in nephrectomized patients. Abnormalities of the vasodilator nitric oxide pathway may also contribute to renal hypertension, a possibility supported by observations that up to nine-fold increases in circulating levels of endogenous inhibitors of nitric oxide synthesis occur in uraemic patients.

Renovascular hypertension

The initiating factor in renovascular hypertension is the development of stenosis of one or both renal arteries, the two most common causes being atheromatous disease and fibromuscular dysplasia. Other much rarer causes of renovascular hypertension include dissecting aneurysm of the aorta, renal arterial thrombosis or embolism, abdominal trauma, neurofibromatosis, postradiation fibrosis and Takayasu's arteritis.

Hypertension in renovascular disease arises because underperfusion of the kidney leads to activation of the renin-angiotensin system, which in turn causes the initial elevation of pressure. Animal models involving renal artery clipping (Goldblatt hypertension) suggest that when there is stenosis of a sole functioning kidney, hypertension subsequently becomes dependent on the volume and sodium retention, and plasma renin may then return to normal or low levels. When there is moderate unilateral stenosis, plasma renin levels may gradually decline towards normal, but they remain elevated when the stenosis is severe. In established human renovascular hypertension basal peripheral plasma renin is elevated in most patients, though by no means in all.

Clinical diagnosis of renal and renovascular hypertension
Definition

Most discussions of hypertension in renal disease avoid the question of the definition of hypertension in this setting; such definitions are notoriously arbitrary in any context. The current World Health Organization recommendations give the threshold for drug treatment of essential hypertension as 160/95 mmHg. This cut-off for hypertension is simple and easily applicable, though clearly it cannot take account of factors such as the variation of blood pressure with age, the effect of the observer on measured blood pressure, and the presence or absence of other risk factors for cardiovascular disease. An alternative operational approach is to define hypertension as the blood pressure above which morbidity and mortality are unequivocally increased over time. Although controlled trials of the benefit of treatment of hypertension in renal disease are still awaited, there is a strong case for regarding blood pressures of above 140/95 mmHg or even 140/90 mmHg as being too high.

Clinical features 
What clinical findings in a hypertensive subject should raise the suspicion that there may be an underlying renal cause? This may be either a primary renal disease or a renovascular disorder, and it is not usually possible to make the distinction on initial clinical assessment. The presence of any of these indicates the need for the further assessment and investigation, although the predictive value of any one alone is low. For example, abdominal bruits are often absent in patients with known renovascular disease, and are often heard in patients with generalized atherosclerotic disease, but are not necessarily due to specific renal arterial narrowing.
History
When taking the history a background of familial renal disease, especially adult polycystic kidney disease, Alport's syndrome or other hereditary nephropathy should be specially confirmed or excluded. Symptoms suggestive of active renal or urinary tract disease, such as gross haematuria, urine frothing (proteinuria), or dysuria may have been noticed. Those due to progressive chronic renal failure, such as polyuria and nocturia, are of limited use, as patients normally become aware of these only when renal function has declined to less than 50 per cent of normal. Presentation with hypertension in an adolescent or young adult should always arouse the suspicion of underlying renal disease, or another form of secondary hypertension such as adrenal adenoma or phaeochromocytoma. Equally, hypertension arising over a short space of months in late middle age in a patient known to have been previously normotensive should bring to mind the possibility of acquired atherosclerotic renovascular disease.

These considerations apply also to previously well-controlled patients with essential hypertension, in whom blood pressure becomes more severe or refractory to treatment. Essential hypertension is a risk factor for vascular disease and acquired secondary renovascular disease is a relatively frequent complication. Life-long cigarette smokers are especially prone to these renovascular complication of essential hypertension, as for other forms of vascular disease. It is also well known that angiotension converting enzyme inhibitors such as captopril, enalapril, and lisinopril may cause an acute deterioration in renal function when severe renovascular disease is present. The basis of this response and its diagnostic use are discussed further under the investigation of renovascular disease, but the occurrence of a significant increase in serum creatinine within 7 to 14 days of commencing converting enzyme inhibitor therapy should always bring to mind the possibility of occult renovascular disease.
Physical examination
It is unusual on general physical examination to obtain evidence of underlying renal disease. Occasionally large kidneys may be palpated, indicating polycystic disease or possibly hydronephrosis. Features of systemic disease, such as systemic lupus erythematosus, may be obvious. Nephropathy is a late complication in diabetes, and it is therefore unlikely that renal impairment in a hypertensive patient will be due to undiagnosed diabetes. Occasionally, hypertensive patients present with evidence of gross obstructive uropathy or with the pallor, foetor, and anaemia of advanced uraemia, making the diagnosis obvious.

Careful evaluation of the cardiovascular system is essential when renal or renovascular hypertension is suspected, or is known to be present. Clinical assessment of intravascular (elevated jugular venous pressure) and extravascular (pulmonary and peripheral oedema) hypervolaemia is obligatory, because of the importance of salt and water retention in the pathogenesis of renal hypertension. A relatively detailed examination for evidence of major vessel vascular disease is also required, in view of the frequency with which renovascular disease is associated with coronary artery disease, peripheral vascular disease or both. This should include careful palpation of peripheral pulses and carotid, abdominal and femoral ausculation for vascular bruits.

An abdominal or epigastric systolic bruit is itself of low predictive value for renovascular disease, as such bruits are relatively common over the age of 50 or 60 years. Continuous or systolic-diastolic abdominal bruits, on the other hand, are rare but when present strongly indicate renovascular hypertension. In the Indianapolis experience, such a bruit was heard in only 0.5 per cent of patients with essential hypertension, but in 39 per cent of patients with renovascular hypertension.

A further reason for careful cardiovascular assessment is the frequency with which cardiovascular complications arise in both renal and renovascular hypertension. Careful optic fundoscopy is necessary to assess the severity of microvascular disease. The degree of left ventricular hypertrophy requires equally careful assessment; this should be by echocardiography rather than electrocardiogram, if possible, in a view of its greatly enhanced sensitivity in quantifying left ventricular dimensions.
Initial investigations
The importance of simple first-line investigations cannot be overemphasized. Dipstick testing at the initial assessment will show whether or not proteinuria or haematuria are present. The presence of either makes it essential to perform urine microscopy to look for granular or cellular casts, which if present indicate underlying renal disease. Urine should be cultured to exclude intercurrent infection as a cause of proteinuria or haematuria. Blood biochemistry is routinely performed, and may show elevation of urea and creatinine concentrations. Many cases of hypertension arising secondary to underlying renal disease are first detected in this way. Full blood count may show a normochromic anaemia if renal impairment is well established.

Twenty-four-hour urine collection, apart from enabling determination of creatinine clearance, gives reasonably accurate quantitation of protein excretion. Although proteinuria is quite common in moderate and severe essential hypertension, it rarely exceeds a total of 1g in 24h. Proteinuria is virtually always present in renal or renovascular disease. In bilateral renovascular disease up to 3 or 4g in 24h may be found, but heavy proteinuria, greater than this level, usually indicates underlying glomerular disease and may be accompanied by an overt nephrotic syndrome.

When the clinical history and initial investigations in a newly diagnosed hypertensive patient have raised the suspicion of an underlying renal cause, further investigations must be carried out to confirm or rule out this possibility, and to enable a specific diagnosis. Renal ultrasound, the first of these, should be performed whether the provisional diagnosis is of renal parenchymal or renovascular disease. Thereafter, the more specialized investigations and the principles of management of these two forms of renal hypertension differ. Those for intrinsic renal disease will be considered first, and those for renovascular hypertension subsequently.

Investigation of renal hypertension
Renal ultrasound
Renal ultrasound is rapid, readily performed, non-invasive and generally available, and should be the first specific test performed in any patient with suspected renal hypertension. It may give a firm diagnosis of polycystic kidney disease or obstructive uropathy. It will show whether the kidneys are reduced in size or have parenchymal thinning, suggesting established chronic renal disease. In addition, it will show whether the two kidneys are of unequal length, increasing the likelihood of renovascular disease. If an inequality of more than 1.5 cm in length is found, or the there are other strong pointers to renovascular disease such as a continuous abdominal bruit or evidence of atheromatous disease elsewhere, further investigations for renovascular disease are indicated.
Intravenous urography

Rapid sequence intravenous urography has been the traditional screening test to confirm or exclude renal causes of hypertension. The physiological basis of its application in renovascular disease is the delay which the stenosis imposes on the rate at which the contrast dye reaches the tubules, and the increased tubular reabsorption of water and electrolytes occurring in the ischaemic kidney. Pictures taken at 1-min intervals for 5min show a delay in first appearance of the nephrogram, and subsequent increased density of the pyelogram phase, together with asymmetry of kidney size. The sensitivity and specificity of the test are imperfect, being 80 per cent and 85 per cent, respectively, for unilateral renovascular disease and less if bilateral disease is present. For these reasons it is increasingly being replaced by isotope renography or newer imaging techniques for the initial investigation of renovascular disease, though whether or not these offer a true advance in diagnostic sensitivity remains controversial.

The intravenous urogram remains invaluable in the diagnosis of chronic pyelonephritis with renal scarring, which is the most common cause of hypertension in patients aged under 20, and it is also essential when renal ultrasound has shown dilated pelvicalyceal systems, indicating obstructive uropathy. Plain abdominal films taken in conjunction with the intravenous urogram will show the presence of nephrocalcinosis or of renal stone disease, which may lead to unilateral obstruction and hypertension.
Renal biopsy
Renal biopsy is an invasive investigation with appreciable morbidity and mortality, and it should be undertaken only in those patients with hypertension and suspected renal disease who have proteinuria, and in whom renal size is within normal limits but renal function is impaired. Moreover, there should be a genuine likelihood that confirmation of a specific histological diagnosis will enable improved management. Biopsy is not indicated when a diagnosis has already been made by alternative means such as the intravenous urogram.

Renal biopsy is often invaluable in determining whether renal impairment in patients with accelerated phase hypertension is a consequence of damage from malignant hypertension itself, or whether an underlying primary renal disease is the precipitant of the accelerated phase. This distinction has a major bearing on outcome; in a Japanese survey of 69 patients presenting with accelerated hypertension and renal impairment, renal survival was 60 per cent after 5 years in patients with underlying essential hypertension, and only 4 per cent over 18months in patients with chronic glomerulonephritis.

Any of many different forms of specific renal disease may cause secondary renal hypertension, and do so in some cases before renal function is appreciably impaired. Five are common: the most common cause of all of severe renal impairment leading to endstage disease is now diabetic nephropathy, which is the diagnosis in 34 per cent of all patients undergoing dialysis treatment or transplantation in the United States, and it is becoming so frequent as in the largest European countries. The other major causes of progressive renal failure and of renal hypertension are chronic glomerulonephritis, chronic pyelonephritis and interstitial nephritis, polycystic kidney disease, and bilateral renovascular disease, including microvascular ischaemic nephropathy associated with essential hypertension. 

Treatment of renal hypertension

Early and effective treatment of renal hypertension is essential, both because hypertension will accelerate progressive renal disease and because of the high risk of later cardiac and vascular complications in these patients. In practice, optimal control of hypertension may be very difficult to achieve. Patients with renal failure are often particularly resistant to antihypertensive therapy and may require a combination of several different agents to achieve even passable blood pressure control. Antihypertensive therapy in renal failure is also complicated by the possible risks of drug accumulation, and by an increased incidence of adverse effects when clearance is primarily by renal excretion.

Hypertension in acute renal disease

The majority of cases of acute renal failure arise when hypotension secondary to shock, sepsis, or another insult results in sudden and severe renal hypoperfusion, leading to acute tubular necrosis. Hypertension is not a feature of established acute tubular necrosis, even in patients who have developed sodium retention and hypervolaemia. However, it can develop in any acute intrinsic renal disease which may lead to uraemia, such as acute interstitial nephritis or rapidly progressive glomerulonephritis. Why hypertension should be so a prominent feature of acute glomerulonephritis when it is absent in other causes of acute renal failure is not known. It may develop early in the course of the disease, which is characterized by gross haematuria, oliguria, and peripheral and periorbital oedema. The increase in blood pressure may be rapid and severe, sufficient to cause the malignant phase or the neurological manifestations of hypertensive encephalopathy, with mental slowing, coma and generalized seizures. Acute glomerulonephritis is now relatively rare in the United Kingdom and occurs mainly in children. Complete recovery is usual, and the long-term outlook for renal function and blood pressure is good, but a significant proportion of elder children and adults develop acute nephritis progress to chronic renal failure and persistent hypertension.

Renin-secreting tumours

Benign haemangiopericytomas (reninomas) in the kidney may contain cells resembling those of the juxtaglomerular apparatus, and are a very rare cause of potentially curable hypertension. Renin secreted from the tumour results in increase in plasma renin, angiotensin II, and aldosterone with an accompanying hypokalaemic alkalosis. Hypertension is often severe, and most frequently arises in the second to fourth decade, affecting males and females equally. The tumours are usually small, and are easily missed on angiography. Diagnosis of this extremely rare condition may be supported by demonstration of elevated renin activity in the renal venous blood on the affected side. The response to surgical removal of the tumour is excellent.

A similar syndrome may result from hypersecretion of renin from Wilms' tumour (nephroblastoma), from renal cell carcinoma or from extrarenal tissues such as pancreatic, pulmonary, hepatic, or fallopian tube carcinoma. The incidence of hypertension in patients with renal cell carcinoma ranges from less than 10 per cent to 50 per cent. Measurement of peripheral plasma renin or renal venous renin ratios have proved of little help in predicting blood pressure response to surgery in these cases.
Renal vein rennin ratio
A number of screening tests for renovascular disease have depended on the assumption that there should be an increase in renin secretion from the affected kidney, or that there should be functional effects of activation of the intrarenal angiotensin system within the stenosed kidney. For many years renal vein renin concentration has been measured both to aid diagnosis of renovascular hypertension and to attempt to predict the outcome of surgery. The technique is invasive, involving bilateral catheterization and sampling from each renal vein, and the adjacent vena cava above and below the origin of the vein. A renal vein renin ratio of 1.6 or greater is taken to be positive, and diagnostic accuracy may be improved by the sodium restriction or the captopril administration, thereby increasing the renin secretion. Although this test, in one form or another, has shown a specificity of 90 to 95 per cent in different series, it has a poor sensitivity, as between 30 and 60 per cent ofshown a specificity of 90 to 95 per cent in different series, it has poor sensitivity, as between 30 and 60 per cent of patients with renal vein renin ratios below 1.6 have been found to benefit from the invasive treatment. Further difficulties arise when the renovascular disease is bilateral, or when segmental areas of renal ischaemia are present. This approach has now fallen into the relative disfavour, with the advent of non-invasive tests employing the captopril stimulation of the renin system, together with improved methods of imaging of the renal vasculature.
Captopril challenge test
This test is based on observations that blocking the renin-angiotensin system in renovascular disease by the angiotensin II analogue saralasin or by converting enzyme inhibition causes an exaggerated increase in peripheral plasma renin activity. The mechanism of this effect is not defined, but it may be a response to an acute fall in distal tubular sodium and chloride delivery to the macula densa. The test is simple, involving measurement of plasma renin activity before and 60min after oral administration of 50mg captopril. Initial experience involving retrospective analysis in 246 patients claimed remarkable sensitivity of 100 per cent and specificity of 98 per cent. The test was considered to be valid in bilateral renovascular disease, but inaccurate when renal function was impaired. Subsequent prospective evaluations of the captopril test have had mixed success, confirming a high sensitivity, but a limited specificity of 80 to 90 per cent.

Isotope renography
Captopril renography is an alternative and increasingly widely used approach to the diagnosis of renovascular hypertension. Original renographic techniques employing I-hippuran to compare renal blood flow in affected and unaffected kidneys gave a high incidence of false positive results in patients who were subsequently proved to have essential hypertension. Hence, for a time isotopic renography fell out of favour. Renewed interest in this approach arose from observations that acute administration of a converting enzyme inhibitor caused an often dramatic fall in glomerular filtration in the stenosed kidney, presumed to be secondary to loss of angiotensin II-dependent efferent arteriolar vasoconstriction, together with a compensatory increase in filtration on the contralateral side. These opposing effects may be clearly demonstrated by split renal function isotopic studies.

To perform captopril renography, Tc-diethylenetriaminepenta-acetic acid (DTPA) uptake, a measure of glomerular filtration rate, and/or I-hippuran uptake, a measure of renal blood flow, are documented before and 60min after a 25mg oral dose of captopril. When functionally significant stenosis is present, diethylenetriaminepenta-acetic acid uptake is decreased, indicating a fall in glomerular filtration rate, whereas hippurate secretion is delayed, seen as a prolongation of mean parenchymal transit time. With use of a variety of diagnostic criteria, an impressive specificity of 100 per cent combined with a sensitivity of 80 per cent have been reported with captopril renography for identification of functionally significant stenosis, defined by a hypotensive response to subsequent dilatation of the stenosis by angioplasty, together with correction of the renogram abnormality.

Despite the high specificity and reasonable sensitivity reported for these tests in experienced hands, their acceptance is by no means universal. The low prevalence of renovascular disease in the unselected hypertensive population means that the tests are unsuitable for general screening. With a sensitivity even as high as 95 per cent, only one unselected hypertensive patient in ten or more undergoing arteriography as a result of positive captopril renography would prove to have renovascular disease. For these reasons screening of all patients is not recommended. The predictive value of these dynamic tests is improved considerably if they are reserved for patients with clinical clues suggesting renovascular disease; even so, it may be argued that in such cases the only means of obtaining an unequivocal answer as to whether or not renovascular disease is present to perform angiography is necessary.

Renal angiography
Renal angiography will identify and localize renal arterial lesions and is currently the only way of determining whether they appear anatomically suitable for angioplasty or reconstructive surgery. It cannot predict whether there will be a functional improvement after intervention. The aorta and its branches should be visualized, as well as the renal vasculature. Good quality images are usually obtained by employing intra-arterial digital subtraction angiography; those obtained by intravenous digital subtraction angiography (DSA) often do not yield sufficient detail.

Renal angiography carries a risk of radiocontrast-induced acute renal failure (contrast nephropathy), those at most risk being patients who are volume-depleted or have diabetic nephropathy. There is also a significant morbidity from local haemorrhage, and mortality may approach 0.1 per cent. For these reasons, newer non-invasive imaging techniques, at present still under evaluation, may prove of great use in the future. The two most promising are spiral computerized tomographic scanning of the renal arteries, after prior intravenous contrast injection, and magnetic resonance imaging the renal vasculature, which is totally non-invasive.

Treatment of renovascular disease
Progression of untreated renovascular disease
The decision whether or not to attempt to correct a stenosis will be influenced by the likelihood that the lesion is functionally important, and by the probable pattern of progression if left untreated. In the majority of patients with a renal arterial stenosis of 75 per cent or greater, hypertension is improved by correction of the stenosis, although not necessary cured. Currently minor stenoses of less than 50 per cent are usually treated conservatively, but the practice of preventativecorrection of even these lesions is increasing. The purpose is primarily to minimize the future risk of ischaemic renal failure. This risk is significant, as the natural history of untreated atherosclerotic disease is one of continuing progression. The Cleveland clinic series showed that nearly 40 per cent of patients with a 75 per cent to 99 per cent stenosis developed complete occlusion within a mean period of 2 years of follow-up. Progressive disease was even found in a third of patients who had stenosis of less than 50 per cent. Development of progression was, predictably, related to deterioration in renal function and reduction in kidney size, but effective antihypertensive therapy had little effect on rate of progression. Progression of this degree of severity is much less of a problem in fibromuscular disease, though it has been observed in half or more of patients in some series, with occasional total occlusion.

Although it is not possible to predict which patients are at greatest risk of progressive stenosis and occlusive disease with loss of renal function, useful additional information on the potential antihypertensive benefit of intervention may come from the therapeutic response to converting enzyme inhibition. Several series have shown that the long-term (6 to 8 weeks) hypotensive response to these drugs in patients with renovascular disease may be predictive, as it was closely correlated with the subsequent blood pressure fall in response to correction of the stenosis by reconstructive surgery or by percutaneous renal angioplasty.
Management
If reconstructive surgery or angioplasty is not considered appropriate, treatment with antihypertensive agents is required. Diuretics should be used with caution in these patients, as in unilateral disease volume depletion with accompanying hyponatremia and hypokalaemia is not uncommon, as a consequence of pressure natriuresis in the unaffected kidney. Calcium entry blockers have been established to be safe and reasonably effective treatment in renovascular hypertension; β-blockers are an acceptable alternative, unless there is associated severe peripheral vascular disease.
Renal function impairment associated with converting enzyme inhibitors
Converting enzyme inhibitors should be used with caution in patients with renovascular disease. They are very effective in reducing blood pressure (through their suppression of angiotensin II formation) but they carry the risk of causing a marked fall in glomerular filtration rate. The mechanism, already discussed, is commonly attributed to acute loss of glomerular filtration pressure, which is dependent on efferent arteriolar vasoconstriction when renal perfusion is impaired. It is now widely recognized that deterioration in renal function may occur with converting enzyme inhibition when severe macroscopic disease is present. It is less well known that these drugs may cause similar acute renal dysfunction in renal microvascular disease, such as hypertensive nephrosclorosis, even when major vessel disease is absent.

The risk of this complication is increased by volume depletion or excessive diuretic therapy, and irreversible loss of renal function has been described in 15 per cent of a group of patients with hypertension or congestive cardiac failure and intrarenal arteriosclerosis in whom renal function declined in association with converting enzyme inhibitor therapy. Animal studies have also suggested that, when renal perfusion is impaired by arterial clipping, long-term converting enzyme inhibition may lead to renal atrophy. These concerns can lead to major difficulties in the management of patients with ischaemic cardiomyopathy and severe congestive failure, for whom converting enzyme inhibition is the treatment of choice, but who also have renal impairment from accompanying atherosclerotic renovascular disease.
Pheohromacytoma
Pathology
Phaeochromocytomas arise in chromaffin tissue, and their anatomical distribution closely parallels the sites where this tissue is present at the time of birth. These tumours, like the normal sympathoadrenal tissue, are of neuroectodermal origin. The term phaeochromocytoma reflects the dusky colour of the cut surface of the tumour, whereas the term chromaffin refers to the brownish colour caused by contact with dichromate salts, which oxidize the catecholamines. Much has been written about pathological differences between extra-adrenal phaeochromocytomas at various sites, but this is not relevant to clinical practice except as a possible explanation for the failure of some head and neck phaeochromocytomas to accumulate the noradrenaline analogue used as a radionuclide in scanning, as discussed later.

The pathogenesis of phaeochromocytomas is not known, but in some patients, mainly those with associated abnormalities such as the multiple endocrine neoplasia (MEN) type 2 syndrome or in von Hippel Lindau syndrome (VHL), the tumour is familial. The genes for both these disorders have been identified and may shed light also on the origin of sporadic phaeochromocytoma. If the analogy with some other endocrine tumours is correct, it is to be expected that a mutation or genetic recombination leads to an oncogene being driven by a catecholamine activated promoter.

Most phaeochromocytomas are benign. However, the pathologist can rarely provide a clear distinction between benign and malignant phaeochromocytomas. On the one hand, benign tumours can appear to be invading the capsule of the tumour, which is often ill-defined, whilst on the other, malignant tumours may show no mitoses because of their slow rate of division.
Clinical features

Hypertension is the most common form of presentation of phaeochromocytoma in clinical practice, but other presentations include unexplained heart failure or as part of multiple endocrine neoplasia, or other rarer associated genetic diseases. In the last groups of patients, the diagnosis is made by screening of patients with or without specific clinical features of a phaeochromocytoma. In the hypertensive patients, a spontaneous history or direct enquiry will usually reveal at least one of a group of characteristic symptoms. The most common are headache, sweating, and palpitations. Less frequent are episodes of pallor, a feeling of “impending doom” and paraesthesiae. Examination rarely reveals useful signs, but an exception is a Raynaud's-type of discoloration over the extremities and the larger joints in the limbs. This is due to ischaemia and occasionally progresses to atrophic ulceration over pressure points.

Occasionally phaeochromocytomas can present with a dangerous syndrome, due to acute haemorrhage and infarction of the tumour. This gives rise to a unique combination of the features of retroperitoneal haemorrhage and intermittent hypertension, which is pathognomonic but even prompt recognition of the diagnosis is not always sufficient to save patients presenting with this particular crisis. At the other extreme, it should be emphasized that not all patients with a phaeochromocytoma, even those with quite large tumours causing severe hypertension, have any specific symptoms, and we advocate screening, therefore, of all patients presenting in one of the ways listed above.

Many of the symptoms of phaeochromocytoma can be readily ascribed to the expected effects of the catecholamine excess, and disappear rapidly on initiation of appropriate treatment. Some remain more difficult to explain, including the sweating whose control in healthy subjects is usually ascribed to cholinergic sympathetic innervation. Because large tumours secrete principally noradrenaline, even when arising within the adrenal gland, tachycardia is usually only modest, and can be replaced altogether by reflex bradycardia when episodes of hypertension are triggered by release of noradrenaline alone. I have once treated a cardiac arrest with phentolamine when the arrest call was for an episode of apparent asystole that was in reality severe sinus bradycardia triggered by an arterial pressure of over 300/160. In a few patients, catecholamine excess can cause myocardial necrosis which is probably due to a mixture of α-receptor mediated vasoconstriction and a β-receptor direct toxic effect on the cardiomyocytes. These are rare presentations and it is important to recognize that clinical features are usually less impressive than expected, possibly because the adrenoceptors have been down-regulated by years of exposure before the diagnosis is first entertained. Indeed, hypertensive patients who complain of symptoms suggestive of excess catecholamines are more likely to be found suffering side-effects of a vasodilator drug activating the baroreflex than to have a phaeochromocytoma.
Diagnosis

The diagnosis is usually not difficult once the possibility has been entertained, but it is important to exclude the diagnosis in patients who have clinical and/or biochemical features of catecholamine excess, due to sympathetic overactivity and not a phaeochromocytoma. There are two distinct questions to ask when considering the diagnosis. The first is, “Does the patient have a phaeochromocytoma?”  the second is, “Where is it?”. The tests required to answer the first question are mainly biochemical, whereas the second is answered by radiological investigation. A golden rule, which saves countless false positives and negatives, and therefore a large number of unnecessary investigations and sometimes operations, is that the first question should be answered before proceeding to the second. No single radiological investigation is sufficiently accurate to detect more than 80 to 90 per cent of phaeochromocytomas, whilst computed tomography scanning in particular is sufficiently sensitive to detect small non-functional adenomas in the adrenal gland that should not lead to further investigation in the absence of biochemical abnormalities.

The symptoms of a functioning phaeochromocytoma are remarkably variable and may be absent; to avoid missing the diagnosis, therefore, it is reasonable to screen many patients presenting with hypertension, a few with unexplained heart failure, and even fewer of those with the MEN or VHL syndromes. Although the diagnosis is often postulated in other patients with isolated features of catecholamine excess, e.g. patients without hypertension but complaining of palpitation, headaches, sweating, or panic attacks, the chance of such patients having a phaeochromocytoma is very, very small. In a 15-year period during which I have investigated more than 100 phaeochromocytomas, and investigated more than a thousand patients referred with a possible phaeochromocytoma, none has proven to have phaeochromocytoma in the absence of the three conditions listed at the start of this paragraph.

The next question is how screening should be performed. There is no single perfect or “best” test. It is important to recognize the diversity of analyses in use, quite different from the position for most standard endocrine analyses, and reflecting the difficulty of achieving an entirely reliable method in routine laboratories. The specialized laboratories tend to be those which carry out a large number of catecholamine estimations for research studies. Our own practice is to use 24h urine vanillylmandelic acid as the initial screen in most patients, supplemented when necessary with the specialized catecholamine analyses. An advantage of a 24-h urine screen is that a single plasma measurement can miss the very occasional phaeochromocytoma with truly episodic secretion, whereas 24-h urine samples integrate the products of secretion over 24h. An entirely normal 24-h urine vanillylmandelic acid measured in a good hospital laboratory is most unlikely in the presence of a phaeochromocytoma; indeed, the normal urinary vanillylmandelic acid probably reflects the incompetence of the laboratory rather than failure of the phaeochromocytoma. Conventionally, patients are asked to avoid vanilla containing foods during the collection, for assay of vanillylmandelic acid and to undertake three collections in order to exclude the diagnosis of phaeochromocytoma. Both of these precautions are unnecessary in the majority of patients. Because patients with phaeochromocytoma have become relatively insensitive to the effects of catecholamines, a patient with “significant” hypertension (diastolic BP >100mmHg) requires a several-fold elevation of catecholamine secretion to develop hypertension. Although the vanillylmandelic acid is not proportionally elevated, for the reasons discussed earlier, the elevation is still sufficient to ensure an abnormal vanillylmandelic acid result provided this is correctly measured. A vanilla-free diet is unnecessary because the dietary contribution to vanillylmandelic acid excretion is small compared to that derived from noradrenaline, and is unlikely to push the vanillylmandelic acid excretion into an abnormal range.

Vanillylmandelic acid results which are less than twofold above the upper limit of normal cannot usually be considered pathognomonic of phaeochromocytomas. Most patients whose urine contains more than this will prove to have a phaeochromocytoma, and a threefold elevation is almost always diagnostic. The patients therefore who need further biochemical analyses are those with less than twofold elevation of vanillylmandelic acid excretion, of whom only a very small proportion (less than 5 per cent) will have a phaeochromocytoma. Here, the single most helpful investigation is the plasma catecholamines. In most patients with a phaeochromocytoma, the plasma noradrenaline will be at least twofold elevated, whereas in most without a phaeochromocytoma, a single resting plasma noradrenaline will often be normal.
Suppression tests
If the urinary vanillylmandelic acid analysis, together with assay of resting plasma noradrenaline does not resolve, whether or not the patient has a phaeochromocytoma, there are two further useful investigations. The most widely used is a pharmacological suppression test, in which physiological elevations of noradrenaline release are temporarily suppressed by administration of either the ganglion-blocking drug, pentolinium, or centrally acting α 2-agonist, clonidine. The former is more widely used in the United Kingdom and has three advantages: (1) it is most effective at suppressing noradrenaline release in the problem patients namely those with elevated sympathetic nervous activity but without a phaeochromocytoma; (2) it suppresses also release of adrenaline from the adrenal medulla; and (3) it has a short half-life (of approximately 20min) so that the test can be completed in the outpatient clinic. Clonidine has the supposed advantage of suppressing release of noradrenaline even when the basal level is normal, but in practice when this is the case a suppression test is rarely necessary; the exception is in patients being screened for phaeochromocytoma because of associated tumours (usually medullary carcinoma of the thyroid) in the multiple endocrine neoplasia syndrome; even here, pentolinium is more helpful, as a characteristic of these patients is that the only plasma catecholamine to be elevated may be adrenaline, whose secretion is very sensitive (in non-phaeochromocytoma patients) to pentolinium but not to clonidine.

The protocol for the pentolinium test requires that patients' renal function is ascertained prior to the test, as pentolinium is entirely excreted by the kidneys. We have not used pentolinium in patients with a serum creatinine level greater than 150mmol/l. Patients should rest supine for 15 to 30min before the test. Plasma catecholamines are measured in two samples taken 5min apart from an intravenous cannula, and in two further samples taken 10 and 20min after an intravenous bolus of pentolinium 2.5 mg. They should remain supine for a further 60min, and their erect arterial pressure should be checked before they are allowed to leave the clinic. A normal response to pentolinium is a fall of both plasma noradrenaline and adrenaline concentrations into the normal range or by 50 per cent from baseline. It should be noted that, since ganglion-blocking drugs are less effective at low rates of sympathetic nerve discharge, there may be little fall in plasma catecholamine values when the basal levels are already within the normal range.

It is helpful to measure plasma catecholamines even in patients with unequivocal elevation of their 24-h urine vanillylmandelic acid as the adrenaline level is a most useful clue to the location of the phaeochromocytoma. Modern assays have established that it is exceptional for extra-adrenal phaeochromocytomas to secrete adrenaline (because of the lack of cortisol stimulation). Most adrenal phaeochromocytomas do secrete adrenaline, although the proportion of noradrenaline to adrenaline is reversed from that in normal subjects. The plasma sample may also be assayed for dihydroxyphenyl glycol, the deaminated metabolite synthesized principally in sympathetic nerve endings. It has been shown that the ratio of dihydroxyphenyl glycol to noradrenaline is reversed from normal (more dihydroxyphenyl glycol than noradrenaline) in patients with phaeochromocytoma, allowing an alternative method to a suppression test for distinguishing patients with borderline noradrenaline results.
Localization of phaemochromas
Although a major clue can be provided by measurement of plasma adrenaline, CT scanning is the method of choice, as 90 per cent of phaeochromocytomas arise in the adrenal. This form of imaging has revolutionized localization of phaeochromocytoma because the adrenal is easy to visualize as it is so well differentiated from its surrounding fatty tissue. In addition, the type of abnormality in the adrenal will influence the Hounsfield units of the adrenal image, permitting the radiologist to distinguish cortical tumours such as a Conn's tumour from medullary tumours. Phaeochromocytomas are also usually larger than Conn's tumours, and may appear non-homogeneous because of areas of haemorrhage and infarction. These differences should, however, be regarded as largely academic as diagnostic mistakes will be made if the differentiation between these tumours is attempted radiologically rather than biochemically. It should also be emphasized that both these tumours account for a minority of adrenal tumours identified by computerized tomography, the majority of which are non-functional adenomas of no significance.

While modern computed tomography is capable of whole body imaging at high resolution, it is preferable to withhold computerized tomography for extra-adrenal phaeochromocytomas until the radiologist can be given some clue as to where to concentrate. In about 85 per cent of patients, this can be achieved by radioisotope scanning, using the iodinated analogue of noradrenaline, m-iodobenzylguanidine. The former is more sensitive but also more expensive, and may be misinterpreted if users are unaware that normal adrenal glands also accumulate m-iodobenzylguanidine. There is a case for undertaking m-iodobenzylguanidine scanning in addition to computed tomography, even for patients found to have an adrenal phaeochromocytoma, to identify extra-adrenal secondary deposits when tumours are malignant, and because there may be coexisting adrenal and extra-adrenal phaeochromocytomas.

If these investigations fail to localize a phaeochromocytoma diagnosed by biochemical assays, the next step is to undertake selective venous sampling. In this procedure, about 25 samples of blood are collected under fluoroscopic guidance from various sites in the vena cava and the veins which drain into it, for estimation of catecholamine concentration. An arterial sample taken at the end of the procedure is invaluable for interpreting the results, as it enables sites with a positive veno-arterial difference to be readily detected. Albeit invasive in the strict sense, venous sampling is free of significant hazard and it is not necessary to monitor the arterial pressure or pulse rate during the procedure. It is important, however, that the radiologist is not tempted to undertake a venogram of the phaeochromocytoma, since this can cause immediate infarction of the tumour with release of the stored catecholamines and catastrophic consequences. The procedure is more helpful in the diagnosis of phaeochromocytoma than of other endocrine tumours because of the very short half-life of catecholamines in the circulation (about 1min) such that most is removed during one passage round the circulation, and the concentration at the tumour site is usually several fold greater than concentrations elsewhere. This procedure should not usually be used for adrenal phaeochromocytomas because the concentration of catecholamines is much higher than elsewhere in veins draining normal adrenals and because computed tomography scanning should have already rendered their imaging unnecessary.

The place of angiography has been much diminished but not entirely removed by computed tomography scanning. As phaeochromocytomas are vascular tumours, they provide a good tumour blush, and angiography should resolve equivocal computed tomography scans. This procedure in contrast to that of venous sampling can provoke an outpouring of catechols. Patients must be fully α-and preferably also β-blocked prior to angiography, and their blood pressure pulse rate and ECG monitored during the procedure with phentolamine and practolol readily available to treat sources of arterial pressure or tachycardia.

In some centres, magnetic resonance imaging may be tried before angiography to determine the nature of lesions of doubtful significance on computed tomography. However, the semi-infarcted nature of some phaeochromocytomas can make it difficult to interpret magnetic resonance scans, and in our experience magnetic resonance has so far helped only with a few head and neck phaeochromocytomas which were not detected by m-iodobenzylguanidine or computed tomography scanning.
Other investigations
It is important to check blood glucose in every patient as there may be α-mediated inhibition of insulin release prior to effective treatment. All patients should be screened for an associated medullary carcinoma of the thyroid by a plasma calcitonin estimation. There is no need routinely to measure other neurotransmitters which may be cosecreted with the catecholamines. However, unusual symptoms may indicate the measurement of a gut peptide screen.

The very rare patient who cosecretes adrenocorticotropic hormone will be detected by measurement of plasma electrolytes revealing the characteristic from the typical gross hypokalaemia of the ectopic adrenocorticotropic hormone syndrome; because adrenocorticotropic hormone release may be inhibited by noradrenaline prior to initiation of α-blockade, it is important to re-check the electrolytes after a few days of α-blocking treatment.

Treatment

The definitive treatment is surgical removal of the tumour or tumours. Even the small number of phaeochromocytomas which can be recognized to be malignant preoperatively (e.g. by the presence of bone or liver metastases) may still benefit from resection of the primary tumour. The task for the physician is to make the surgery safe. The mainstay of medical treatment is α-blockade, but not all patients - especially those without elevated plasma adrenaline levels - require β-blockade. The objective of this treatment is not solely control of blood pressure but also the expansion of blood volume, which is always reduced in phaeochromocytoma patients. The α-blocker of choice is phenoxybenzamine. The principal reason for this choice is that it is an irreversible blocker, which actually destroys the α-receptor by alkylation. More modern α-blockers, such as prazosin, doxazosin, and the mixed α- and β-blocker, labetalol, cause competitive blockade, which can be overcome by a surge of noradrenaline release from the tumour. An additional advantage of phenoxybenzamine is that it will block both α1- and α2-receptors. Blockade of the latter is considered disadvantageous in essential hypertension since the main α2-receptors outside the central nervous system are presynaptic and may serve a useful role in damping neuronal release of noradrenaline, whereas in phaeochromocytoma patients α2-receptor blockade may be advantageous because a small population of extrasynaptic α2-receptors mediate direct vasoconstriction by circulating (non-neuronal) catecholamines. The diabetogenic effect of catecholamines is also an α2-mediated response.

The starting dose of phenoxybenzamine is 10mg twice daily. The effect of irreversible antagonists is cumulative, and the effect of the drug - and each subsequent dose increment - takes several days to reach maximum. It is reasonable to aim for a diastolic blood pressure between 90 and 100mmHg during treatment, and to admit patients for 5days preoperatively, during which time the dose is increased until there is at least a 10mmHg postural fall in blood pressure and little if any variability in arterial pressure.

The need for β-blockade is indicated by tachycardia, which may become apparent only after treatment with phenoxybenzamine. Lower doses of β-blocking drugs are necessary than generally used in the treatment of hypertension. It is usually better to use a selective β1-selective agent so that the peripheral vasodilatation mediated by β2-receptors is not affected. The reason for using as low a dose as possible is that immediately upon removal of the phaeochromocytoma, there may be a period of hypotension despite the preoperative preparation that has been outlined. This hypotension is due to the withdrawal of any α-mediated vasoconstriction, and should normally be offset by the ability to mount a tachycardia. It is important to note that if hypotension does occur, it should not be treated with pressor agents; the correct treatment is by volume replacement, supplemented if necessary by β-agonists and, extremely rarely, by angiotensin as a vasoconstrictor.

The treatment of malignant phaeochromocytomas remains uncertain and unsatisfactory. As is the case for many endocrine cancers, the rate of growth is usually slow. The prognosis for affected individuals can, however, vary between the extremes of local recurrence at intervals of many years, and rapid demise sometimes precipitated by surgery. These tumours are not particularly sensitive either to chemotherapy or to radiotherapy, although the variability of response may still make a course worth trying. There has been interest in the use of therapeutic doses of miodobenzylguanidine, as a mean of targeting high doses of radioactivity to the tumour, and some patients show considerable regression after such treatment. Long-term results are less certain. If the primary tumour has been removed or debulked, it is rare for the pharmacological effects of the tumour to be the principal problem. High doses of phenoxybenzamine are greatly preferable to α-methyltyrosine, which is occasionally used as an inhibitor of noradrenaline synthesis, but which also depletes noradrenaline in the brain, causing sedation and depression.
Coarctation of aorta
Although a congenital narrowing may occur at any point in the thoracic or abdominal aorta, most coarctations are found beyond the left subclavian artery and either above or just below the ductus arteriosus.

Preductal coarctation usually presents with heart failure in infancy and is commonly associated with a patent ductus arteriosus (which allows blood to enter the lower aorta from the pulmonary artery) and a variety of other cardiac defects, particularly ventricular septal defect and malformation of the mitral valve. Postductal coarctation tends to be less severe and approximately 20 per cent of cases are diagnosed for the first time in adolescents or adults.

Coarctation of the aorta is more common in males and is sometimes a feature of Noonan's and Turner's syndromes. There is a bicuspid aortic valve in at least 50 per cent of patients and this may lead to aortic valve disease in later life. The condition is also associated with cerebral artery aneurysm.
Clinical features

In young adults coarctation of the aorta is usually asymptomatic and the first clue to the diagnosis is often the discovery of hypertension or an abnormality on a routine chest radiograph. Occasionally the condition presents with a serious complication such as infective endocarditis, which may occur at the site of the coarctation or, more commonly, on an associated bicuspid aortic valve. Cerebral haemorrhage may be due to the rupture of a cerebral artery aneurysm or uncontrolled hypertension.

Older patients may present with heart failure attributable to aortic valve disease, hypertension, or premature coronary disease. Aortic dissection and aortic aneurysm are also recognized features and may reflect generalized arterial disease or intrinsic fragility of the ascending aorta. These complications account for the substantial reduction in life expectancy observed in untreated coarctation of the aorta.
Physical signs
Hypertension in the upper limbs is almost invariable in adults and there is often a greatly exaggerated rise in blood pressure during exercise. The lower limbs are sometimes underdeveloped and the femoral pulses are absent or weak and delayed. Occasionally there is a strong femoral pulse due to well developed collaterals, but even then it is usually possible to detect radiofemoral delay by simultaneous palpation of the radial and femoral pulses.

Collateral vessels in the back muscles are often palpable and may even be visible. The apex beat is forceful due to left ventricular hypertrophy and there may be a systolic thrill in the suprasternal area.

Auscultation may reveal an ejection systolic click if there is an associated bicuspid aortic valve, accentuation of the aortic component of the second heart sound due to hypertension, and an atrial or fourth heart sound due to the presence of left ventricular hypertrophy.

Murmurs may arise from the aortic valve, the coarctation itself, or arterial collaterals and it may be difficult to distinguish one from another. There is often an ejection systolic murmur over the base of the heart reflecting turbulence at the aortic valve, and occasionally aortic regurgitation (due to severe hypertension or associated aortic valve disease) gives rise to an early diastolic murmur at the left sternal edge. Turbulence at the coarctation produces a widespread systolic murmur that is often best heard over the back, where there may also be systolic or continuous bruits arising from the collateral vessels.
Investigations

The electrocardiogram may show left ventricular hypertrophy but is of little help in diagnosis. In contrast, the chest radiograph usually shows subtle but pathognomonic changes. Dilatation of the aorta on either side of the coarctation gives the aortic knuckle a characteristic “3” configuration. Notching or erosion of the inferior margins of the posterior ribs is caused by progressive dilatation of the intercostal arteries and is usually visible in older children and adults.

The coarctation and associated pre or post stenotic dilatation of the aorta may be visualized by two-dimensional echocardiography (from the suprasternal notch), angiography, computerized tomography scanning or magnetic resonance imaging. Echocardiography is also a valuable means of evaluating any associated aortic valve disease. The pressure gradient across the stenosis can be measured by Doppler echocardiography or catheterization but is critically dependent on the degree of collateral flow into the lower aorta and must therefore be interpreted in conjunction with the relevant clinical and anatomical information.
Management
Surgical repair (resection with end-to-end anastomosis or subclavian flap aortoplasty) has been shown to improve life expectancy and reduce blood pressure and is usually advisable in all patients with significant coarctation. Early postoperative complications include paradoxical hypertension, mesenteric ischaemia and paraplegia due to infarction of the spinal cord. The perioperative mortality for elective surgery in adults is less than 1 or 2 per cent in most centres.

Balloon angioplasty is a safe and effective alternative treatment for both native coarctation and recoarctation. However, the long-term results of balloon dilatation are unknown and there is concern that angioplasty may be followed by a high incidence of recoarctation and aneurysm formation.

Patients who have undergone coarctation repair require careful medical surveillance because they may encounter significant cardiovascular morbidity and mortality in later life. The long-term prognosis appears to be inversely related to the extent and duration of preoperative hypertension; hence early repair is usually advisable.

Residual or recurrent hypertension is common after repair and may require drug therapy. Exercise testing is a useful mean of evaluating blood pressure control in these patients. Relapse is due occasionally to recoarctation, which requires further intervention. Premature death is frequently due to rupture of an aortic or cerebral aneurysm, or heart failure (related to persistent hypertension, recoarctation, aortic valve disease, or coronary artery disease).

All patients with coarctation remain at risk of developing infective endocarditis and therefore require appropriate antibiotic prophylaxis.
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Acute and chronic heart failure
Introduction
        Heart failure is the most serious complication of organic heart disease  and other organs (lung, liver, kidney) too. About half of patients die within 4 or5 years after this diagnosis; among the group with advanced heart failure, 50 % or more die within 1 year. Aging patients have more risk for developing heart failure, especially after acute myocardial infarction. There are 32% patients of 60-70 years with acute myocardial infarction have clinical sings of chronic heart failure. Lethality in these case  is form 20 to 35% .  

   Among the male of 60 without CAD on detail instrumental research of cardiovascular system by physical tastes first sings of heart failure was found in 11.5% cases. About 40 to 50 % of deaths among heart failure patients occur suddenly. 

    Premises facts are conditioned necessity of studing diagnosis, treatment and preventive measures of heart failure. 
Definition
“Heart failure” is an unfortunate term. It has negative connotations for the patient and describes imprecisely several different clinical situations. Left and right heart failure are quite distinct clinical syndromes, although they frequently coexist (biventricular failure). Historically, heart failure has been further subdivided on the basis of presumed pathophysiological mechanisms into: (1) “forward” or “backwar” heart failure, depending on whether congestion or organ underperfusion was the predominant clinical feature; (2) “congestive” or “non-congestive” depending on the presence or absence of oedema; and (3) “high-output” or “low-output” These subdivisions are not proved to be particularly useful. A more recent and more useful classification is dependent on the predominant pattern of  the left ventricular dysfunction, being it systolic, diastolic, or mixed. Whatever the complexities of the ventricular pathophysiology that initiates events, a well-recognized clinical pattern is identifiable as “heart failure” one which has proved a useful description of a complex clinical syndrome for many years.

The pertinent features of any definition of heart failure (of which there have been several) are of such clinical picture is: (1) initiated by a reduction in effective cardiovascular (usually left ventricular) functional reserve; (2) associated with symptoms either at rest or on an unexpectedly low level of exertion; and (3) associated with characteristic pathophysiological changes in many disparate organ systems. The last can include biochemical, hormonal, metabolic, or functional alterations. Simple terms heart failure is a syndrome in which a reduction in the left ventricular function causes pathophysiology which produces symptoms and exercise limitation.

A clinical picture similar to that of heart failure can develop when ventricular function itself is normal, but where there is an extreme volume or pressure overload on the ventricle. These include volume overload conditions such as endotoxic high-output shock, severe anaemia, arteriovenous fistulae or shunts, and pressure overload conditions such as acute hypertensive crisis or prosthetic heart valve occlusion. It is probably more useful clinically and for research purposes to separate these from cases where the initiating cause is a reduction in ventricular function.

Acute and chronic heart failure
It is conventional, because of differences in assessment and management, to separate acute and chronic heart failure. Both are, of course, different stages of a single disease process, and in the clinical course of a patient with chronic heart failure acute exacerbations may be common, often described as “acute decompensation” or “acute on chronic” heart failure. Acute heart failure usually has a dramatic clinical presentation, with an acutely dyspnoeic patient demonstrating visible signs of cardiovascular insufficiency such as tachycardia, pulmonary or peripheral oedema, and underperfusion of systemic organs. Chronic heart failure, by contrast, can be a subtle disorder, which, if gradual in onset, can be missed by both patient and physician. The salient features are the initiating and persisting left ventricular dysfunction, and the pathophysiological changes in other organs which produce symptoms and which limit exercise. In severe chronic heart failure a chronic persistent state of circulatory insufficiency can exist with pulmonary and peripheral oedema and symptoms and signs of distress even at rest.

Heart failure or cardiac failure is the pathophysilogic condition in which the heart as a pump is unable to meet the metabolic requirements of the tissues for blood.

  The term heart failure is often used as a synonym for myocardial failure, emphasizing the impaired performance of the heart as a muscle and as a pump; myocardial failure often leads to heart failure, but circulatory compensatory mechanisms can delay or even prevent progression to failure of the heart as a pump.  If also a rationale for medical treatment is provided. 

  The expression circulatory failure is even more general than the term heart failure. Circulatory failure refers to the inability of the cardiovascular systerm to perfuse the tissues adequately. This definition encompasses an abnormality of the circulation responsible for the inadequacy in tissue perfusion, including alterations in blood volume, vascular tone, and heart. Subsequent chapters deal with syndromes in which the cause of circulatory compromise lies elsewhere, such as in abnormalities of the heart valves or pericardium or inappropriate heart rates. 

  Congestive heart failure is the state of circulatory congestion resulting from heart failure and its compensatory mechanisms. Congestive heart failure is defined in contradistinction to the more general term circulatory congestion , witsh is simply circulatory overload caused by excess blood volume from cardiac failure or from noncardiac cause, such as overtransfusion of anuria. 
Epidemiology
Heart failure is a common condition with an estimated incidence of 20 to 30 per thousand per year and a prevalence overall of about 1 per cent. The prevalence increases in frequency with increasing age, reaching 30 per cent in the over-80 year olds. The ageing of the population in industrialized societies is leading to more elderly people and as a result heart failure is increasing as a major health care cost. Paradoxically, improvements in the management of acute myocardial infarction and chronic coronary heart disease has led to more heart failure, as more survived people to develop heart failure later in life.

Because of its multiple debilitating symptoms, heart failure is a frequent cause of both acute hospital admission and long-stay residential care. It is the most common diagnosis on discharge from hospital in the United States in people over the age of 65, and the second most common overall. It is also the one with the greatest rate of re-admission to hospital and the most expensive single diagnosis of the US diagnosis-related groupings. Heart failure is a feature of the clinical condition of approximately 5 per cent of patients in hospital at any one time. It is therefore of major importance in the health economics of developed countries.
Etiology

Heart failure is a clinical syndrome, not a single diagnosis; it can have a number of separate causes. In Western industrialized societies the most common are ischaemic heart disease, hypertension, and idiopathic dilated cardiomyopathy. The Framingham study suggested that hypertension, especially when complicated by left ventricular hypertrophy, was by far the most common antecedent of heart failure; but most recent intervention trials have included a preponderance of patients whose heart failure was secondary to ischaemic heart disease and, in cross-sectional studies in the community, hypertension is cited as a relatively minor cause of heart failure. This change has been attributed to better detection and treatment of hypertension, but may also reflect re-labelling when, for example, in a hypertensive patent who later develops coronary disease and then heart failure, the initial hypertension may either never have been detected or superseded in the clinical picture by coronary artery disease. Some cases of hypertension may develop a dilated poorly functioning heart with an eventual normalization in arterial pressure; such cases may be diagnosed as idiopathic dilated cardiomyopathy, the only clue to the true underlying cause being greater than expected left ventricular hypertrophy.

In industrialized societies, previously common causes such as nutritional deficiency disorders or chronic complications of rheumatic valvular disease are now rare. In less developed societies infective causes still underlie the majority of cases. Particular disorders may be common in individual societies and these should always be borne in mind in assessing a patient from these regions. These include Chagas' disease in Central and Southern America, iron overload in certain tribes in southern Africa, and nutritional deficiency states in the world poorest countries.

1. Affection of the myocardium: 

 a) primarily ( myocarditis, dilated cardiomyopathy),

 b) secondary ( atherosclerotic and postinfarction cardioscletosis, hypo-and-hyperthyroidism, diffuse connective tissue disease).

2. Hemodynamic changes: 

a) by pressure ( mitral, aortic and tricuspid  and pulmonary artery stenosis , hypertension pulmonary and systemic circulation) 

 b) by volume (mitral, aortic and tricuspid  and pulmonary artery regurgitation and ventricular setpal defect) 

c) combination -by volume and pressure  (combined valvular heart disease). 

3. Abnormalities diastolic filling of ventricles (constrictive pericarditis, cardiac tamponade)  

  Volume overload is generally tolerated better than pressure overload. 

Causes of heart failure

Physiologic mechanisms producing heart failure include

1) increase preload ( increase volume)- mitral, aortic and tricuspid  and pulmonary artery regurgitation and ventricular setpal defect

2) increase afterload  (increase pressure)- mitral, aortic and tricuspid  and pulmonary artery stenosis , hypertension pulmonary and systemic circulation

3) reduce myocardial contractility- myocarditis, dilated cardiomyopathy, atherosclerotic and postinfarction cardioscletosis, hypo-and-hyperthyroidism, diffuse connective tissue disease. 

Factors that  can precipitate the development of heart failure by acutely stressing the circulation include(1) dysrhythmias, (2) systemic and pulmonic infection, and (3) pulmonary embolism. 

Pathogenesis
Inadequate adaptation of the cardiac myocytes to increased wall stress in order to maintain adequate cardiac output following myocardial injury (whether of acute onset or over several months to years, whether a primary disturbance in myocardial contractility or an excessive hemodynamic burden placed on the ventricle, or both), is the inciting event in CHF. 

Most important among these adaptations are the (1) Frank-Starling mechanism, in which an increased preload helps to sustain cardiac performance; (2) myocardial hypertrophy with or without cardiac chamber dilatation, in which the mass of contractile tissue is augmented; and (3), activation of neurohumoral systems, especially the release of norepinephrine (NE) by adrenergic cardiac nerves, which augments myocardial contractility and the activation of the renin-angiotensin-aldosterone system (RAAS) and other neurohumoral adjustments that act to maintain arterial pressure and perfusion of vital organs. In acute heart failure, the finite adaptive mechanisms that may be adequate to maintain the overall contractile performance of the heart on relatively normal levels become maladaptive when trying to sustain adequate cardiac performance. 

The primary myocardial response to chronic increased wall stress includes myocyte hypertrophy and remodeling, usually of the eccentric type. The reduction of cardiac output following myocardial injury sets into motion a cascade of hemodynamic and neurohormonal derangements that provoke activation of neuroendocrine systems, most notably the above-mentioned adrenergic systems and RAAS. The release of epinephrine (E) and NE, along with the vasoactive substances endothelin-1 (ET-1) and vasopressin (V), causes vasoconstriction, which increases afterload, and, via an increase in cyclic adenosine monophosphate (cAMP), causes an increase in cytosolic calcium entry. The increased calcium entrers into the myocytes augments myocardial contractility and impairs myocardial relaxation (lusitropy). 

The calcium overload may also induce arrhythmias and lead to sudden death. The increase in afterload and myocardial contractility (known as inotropy) and the impairment in myocardial lusitropy lead to an increase in myocardial energy expenditure and a further decrease in cardiac output. The increase in myocardial energy expenditure leads to myocardial cell death, resulting in heart failure and further reduction in cardiac output, thus starting an accelerating cycle of further increased neurohumoral stimulation and further adverse hemodynamic and myocardial responses as described above. 

In addition, the activation of the RAAS leads to salt and water retention, resulting in increased preload and further increases in myocardial energy expenditure. Increases in renin, mediated by decreased stretch of the glomerular afferent arteriole, reduced delivery of chloride to the macula densa, and increased beta1-adrenergic activity as a response to decreased cardiac output, results in an increase in angiotensin II (Ang II) levels and, in turn, aldosterone levels. This results in stimulation of release of aldosterone. Ang II, along with ET-1, is crucial in maintaining effective intravascular homeostasis mediated by vasoconstriction and aldosterone-induced salt and water retention. 

Some evidence indicates that local cardiac Ang II production, with a resultant decrease in lusitropy, increase in inotropy, and increase in afterload, leads to increased myocardial energy expenditure. In this fashion, Ang II has similar actions to NE in CHF. 

Ang II also mediates myocardial cellular hypertrophy and may promote progressive loss of myocardial function. The neurohumoral factors above lead to myocyte hypertrophy and interstitial fibrosis, resulting in increased myocardial volume and increased myocardial mass, as well as myocyte loss. The increase in myocardial volume results in myocyte slippage, which also results in further increases in myocardial volume and mass. These features, namely the increased myocardial volume and mass, along with myocyte loss, are the hallmark of myocardial remodeling. This remodeling process leads to early adaptive mechanisms, such as augmentation of stroke volume (Starling mechanism) and decreased wall stress (Laplace mechanism), and later, maladaptive mechanisms such as increased myocardial oxygen demand, myocardial ischemia, impaired contractility, and arrhythmogenesis. 

As heart failure advances and/or becomes progressively decompensated, there is a relative decline in the counterregulatory effects of endogenous vasodilators, including nitric oxide (NO), prostaglandins (PGs), bradykinin (BK), atrial natriuretic peptide (ANP), and B-type natriuretic peptide (BNP). This occurs simultaneously with the increase in vasoconstrictor substances from the RAAS and adrenergic systems. This fosters further increases in vasoconstriction and thus preload and afterload, leading to cellular proliferation, adverse myocardial remodeling, and antinatriuresis with total body fluid excess and worsening CHF symptoms. 

Both systolic and diastolic heart failure result in a decrease in stroke volume. This leads to activation of peripheral and central baroreflexes and chemoreflexes that are capable of eliciting marked increases in sympathetic nerve traffic. While there are commonalities in the neurohormonal responses to decreased stroke volume, the neurohormone-mediated events that follow have been most clearly elucidated for individuals with systolic heart failure. The ensuing elevation in plasma NE directly correlates with the degree of cardiac dysfunction and has significant prognostic implications. NE, while being directly toxic to cardiac myocytes, is also responsible for a variety of signal-transduction abnormalities, such as down-regulation of beta1-adrenergic receptors, uncoupling of beta2-adrenergic receptors, and increased activity of inhibitory G-protein. Changes in beta1-adrenergic receptors result in overexpression and promote myocardial hypertrophy. 

ANP and BNP are endogenously generated peptides activated in response to atrial and ventricular volume/pressure expansion. ANP and BNP are released from the atria and ventricles, respectively, and both promote vasodilation and natriuresis. Their hemodynamic effects are mediated by decreases in ventricular filling pressures, owing to reductions in cardiac preload and afterload. BNP, in particular, produces selective afferent arteriolar vasodilation and inhibits sodium reabsorption in the proximal convoluted tubule. BNP inhibits renin and aldosterone release and, possibly, adrenergic activation as well. Both ANP and BNP are elevated in chronic heart failure. BNP, in particular, has potentially important diagnostic, therapeutic, and prognostic implications. 

Other vasoactive systems that play a role in the pathogenesis of CHF include the ET receptor system, adenosine receptor system, V, and tumor necrosis factor-alpha (TNF-alpha). ET, a substance produced by the vascular endothelium, may contribute to the regulation of myocardial function, vascular tone, and peripheral resistance in CHF. Elevated levels of ET-1 closely correlate with the severity of heart failure. ET-1 is a potent vasoconstrictor and has exaggerated vasoconstrictor effects in the renal vasculature, reducing renal plasma blood flow, glomerular filtration rate (GFR), and sodium excretion. TNF-alpha has been implicated in response to various infectious and inflammatory conditions. Elevations in TNF-alpha levels have been consistently observed in CHF and seem to correlate with the degree of myocardial dysfunction. Experimental studies suggest that local production of TNF-alpha may have toxic effects on the myocardium, thus worsening myocardial systolic and diastolic function. 

Thus, in individuals with systolic dysfunction, the neurohormonal responses to decreased stroke volume result in temporary improvement in systolic blood pressure and tissue perfusion. However, in all circumstances, the existing data support the notion that these neurohormonal responses accelerate the downward spiral of myocardial dysfunction in the long term. 

In diastolic heart failure, the same pathophysiologic processes to decreased cardiac output that occur in systolic heart failure also occur, but they do so in response to a different set of hemodynamic and circulatory environmental factors that depress cardiac output. 

In diastolic heart failure, altered relaxation of the ventricle (due to delayed calcium uptake by the myocyte sarcoplasmic reticulum and delayed calcium efflux from the myocyte) occurs in response to an increase in ventricular afterload (pressure overload). The impaired relaxation of the ventricle leads to impaired diastolic filling of the left ventricle (LV). 

An increase in LV chamber stiffness occurs secondary to any one of the following 3 mechanisms or to a combination thereof: (1) a rise in filling pressure (ie, movement of the ventricle up along its pressure-volume curve to a steeper portion, as may occur in conditions such as volume overload secondary to acute valvular regurgitation or acute LV failure due to myocarditis); (2) a shift to a steeper ventricular pressure-volume curve, occurring most commonly as a result of not only increased ventricular mass and wall thickness, as observed in (a) aortic stenosis and (b) long-standing hypertension, but also in (c) infiltrative disorders such as amyloidosis, (d) endomyocardial fibrosis, and (e) myocardial ischemia; and (3) a parallel upward displacement of the diastolic pressure-volume curve, generally referred to as a decrease in ventricular distensibility, usually caused by  the extrinsic compression of the ventricles. 

Whereas volume overload, as observed in chronic aortic and/or mitral valvular regurgitant disease, shifts the entire diastolic pressure-volume curve to the right, indicating increased chamber stiffness, pressure overload that leads to concentric LV hypertrophy (as occurs in aortic stenosis, hypertension, and hypertrophic cardiomyopathy) shifts the diastolic pressure-volume curve to the left along its volume axis so that at any diastolic volume ventricular diastolic pressure is abnormally elevated, although chamber stiffness may or may not be altered. Increases in diastolic pressure lead to increased myocardial energy expenditure, remodeling of the ventricle, increased myocardial oxygen demand, myocardial ischemia, and eventual progression of the maladaptive mechanisms of the heart that lead to decompensated heart failure.
Pathophysiology
Structural changes
Structural changes in the heart are common, both of macroscopic and microscopic levels. The clinical picture usually includes enlargement of the left ventricular cavity (with the exception of diastolic dysfunction and restrictive or constrictive cardiomyopathies). The shape of the ventricle also changes becoming more spherical. This can occur quickly after an initial myocardial infarction via a passive process of stretching of the infarcted territory (infarct expansion) or more slowly over a period of weeks to months in a process termed “remodeling” A similar change in shape is seen in dilated cardiomyopathies but not in the restrictive cardiomyopathies. The more spherical shape of the “remodeled” and enlarged ventricle increases the stress of the myocardial wall and may thereby worsen myocardial ischaemia. Change in shape may also disrupt the complex conformational changes which normally occur during the isovolumic contraction phase in which the apex of the ventricle constricts in a twisting motion and pushes the blood into the base of the ventricle. Where the ventricle is already spherical at rest this intraventricular redistribution of blood during isovolumic contraction is not possible and the net effect is a reduction in the efficiency with which the blood is ejected.

Cardiac enlargement has long been known to be an adverse prognostic sign, even when estimated crudely as cardiothoracic diameter on chest radiograph. More precise measurements of the internal dimensions of the left ventricle by echocardiography have confirmed the prognostic value of cardiac enlargement in patients recovering from a myocardial infarction, even when accounting for the size of the myocardial infarct. Prevention of the late remodelling process was the theory behind the use of angiotensin-converting-enzyme inhibitors given early after myocardial infarction. These agents have been shown to reduce ventricular size and to reduce late mortality if given between 2 and 14&nbsp;days after the infarction, but not if given intravenously within the first few hours. Whether this beneficial effect is directly related to any reduction in ventricular remodelling is not, however, known.

Changes of the microscopic level

The failing heart also shows alterations in cardiac structure of microscopic and ultrastructural levels. There is an increase in the collagen content of the extracellular matrix, a process thought to be in part related to increased wall stress and in part due to neurohormonal activation, particularly of aldosterone. This change reduces ventricular wall distensibility and may affect the efficiency with which active restorative forces can assist the diastolic filling process. As a result this microscopic structural change may help explain the frequent coexistence of systolic and diastolic functional deterioration in an enlarging ventricle in chronic heart failure.

The enlargement of the ventricle is associated with a thinning of the ventricular wall and, as there is believed to be no increase in the total myocyte population there must be a realignment of the intercellular attachments between individual myocytes. This process whereby there is a continual breaking and reforming of cell-to-cell junctions to allow remodelling has been called “cell slippage” although exactly how this occurs has not been established. There are changes in the microscopic structure of the failing ventricle with a reduced number of tight junctions between myocytes.
Functional abnormalities
Overall circulatory function
The description of an objective measurement of systolic function in intact humans has proved difficult. In simplest terms the left ventricle is a pump which generates both pressure and flow. It has a theoretical operating range from a pure pressure generator to a pure flow generator, although it always functions as a mixed pump. The function of this pump can be described in terms of the kinetic and potential energy it imparts to the blood ejected each beat, or in terms of the average power output of the circulation (flow times mean pressure drop) assuming the left ventricle is the only significant power source in the circulation. Thus overall ventricular function can be described as cardiac output times the pressure drop across the systemic circulation, a quantity described as cardiac power output. Cardiac power output is well-preserved at rest, even in severe heart failure. The maximal reserve of cardiac power output is reduced progressively as heart failure progresses, and a significant reduction in maximal power output during inotropic stimulation is a poor prognostic sign. However, the measurement of cardiac power output tells us little of the mechanisms underlying any reduction in ventricular performance. This may be due reduced ventricular filling, or emptying, or to wasted myocardial power such as in aortic stenosis. Attempts have been made, therefore, to define the components of ventricular function in attempt to explain the nature of a reduced overall circulatory function and to assist in monitoring a patient's clinical course and the response to treatments.
Systolic dysfunction
Systole can be defined either clinically as the ejection phase between mitral valve closure and aortic valve closure, or in terms of ventricular dynamics as the phase of contraction of the myocytes within the ventricle. These two definitions do not coincide, for there is a period of isovolumic contraction at the onset of ventricular systole in which myocyte contraction generates a pressure increase within the ventricle and a conformational change in its shape but during which no blood is ejected. Similarly, during the latter phase of ventricular ejection the blood is flowing passively from the left ventricle and the myocardial elements may already be relaxing.

In clinical practice, systolic dysfunction is most easily recognized by direct haemodynamic measurements showing a reduced peak rate of pressure rise within the ventricle (positive dP/dt maximum), an increased filling pressure (left ventricular end-diastolic pressure, LVEDP) or by indirect measurement of ventricular volumes. If there is a reduction in myocardial contractile function an enlargement of the ventricle will develop in which a greater preload will enhance ventricular emptying via the Frank-Starling mechanism. As a result the ventricle will operate at an increased end-diastolic and end-systolic volume. This can be measured by pressure and volume estimations for instance by ventriculography (either radiographic or radionuclear) or echocardiography. Although not a direct measure of ventricular performance, ejection fraction, being the fractional emptying of the ventricle with each beat, carries information about ventricular volumes and global ventricular function. It has been shown to be an important predictor of longevity in heart failure, independent of other measures of severity, and it has the advantage of simplicity. However, it is a poor predictor of the severity of symptomatic limitation in these patients. At the most simple level, systolic heart failure can be recognized by signs of cardiac insufficiency in the presence of an enlarged ventricle. Clinically it is most conveniently estimated as left ventricular ejection fraction.

Diastolic dysfunction

Diastole is the opposite to systole, the period of filling of the ventricle or the period of relaxation of the myocyte. Objective measurements of diastolic function are, however, more problematic than of systolic function. Whereas systole occurs rapidly and in one action, diastole is complex, with an initial rapid and active ventricular recoil producing rapid filling of the ventricle, then a period of relative stasis as atrial and ventricular pressures equilibrate, followed by a second period of ventricular filling produced by the effects of atrial contraction. These processes are affected by many factors including heart rate, atrioventricular delay, atrial contractility, active myocardial recoil, passive ventricular wall stiffness, and the efficacy of ventricular systole and the residual end-diastolic volume and pressure within the ventricle. As a result of all these interacting factors, it is not surprising that no simple measure of diastolic function has been developed, and those measures that have been used clinically are affected profoundly by systolic function and heart rate. Diastolic functional disturbance is, however, important, as there are cases of definite clinical heart failure, in which the patient has a small heart with normal or even increased left ventricular ejection fraction, and in whom the only demonstrable abnormalities of ventricular mechanics are those related to diastolic filling. These may include increased filling pressures, delayed pressure fall within the ventricle and a greater than normal dependence on the effects of atrial contraction for ventricular filling. Such cases form the minority of cases of heart failure (estimates vary from a few percent to about one-fifth of cases) but are seen with increasing frequency in older patients in whom senile myocardial fibrosis occurs more frequently as the major pathology underlying the heart failure. Other, rarer, causes include hypertrophic cardiomyopathy, infiltrative conditions such as amyloid heart disease, and the acute effects of ischaemia or the chronic effects of advanced hypertrophy in response to hypertension.

Diastolic dysfunction can be quantified by a variety of measurements: haemodynamic, echocardiographic, radionuclear, or ventriculographic. The most commonly employed are the rate constant of isovolumic relaxation of the ventricle during early diastole (tau), the early to late peak filling velocity ratio (E/A) across the mitral valve on Doppler echocardiography, and the peak rate of ventricular filling on radionuclear gated acquisition (MUGA) scans in end-diastolic volumes per second. None of these parameters is independent of the loading conditions of the ventricle, nor of atrioventricular delay and heart rate, nor of the effect of systolic dysfunction. Pure diastolic dysfunction is rare, as indeed is pure systolic dysfunction, as the two are almost inseparably interdependent. One can speak, however, of cases where the heart failure is predominantly due to systolic or diastolic impairment of the ventricle, and the simplest separation is via the size of the end-diastolic volume; if large, systolic dysfunction is likely to be the major abnormality; if small, diastolic. As will be discussed in later chapters, this differentiation is important because of differing effects of treatment, in particular vasodilators which may be less useful in diastolic dysfunction because of the requirement for high ventricular filling pressures in this condition.

Classification
Types of heart failure are often categorized according to five features: 

1. duration:  acute and chronic;

2. initiating mechanisms; 

3. the ventricle primarily affected;

4. the clinical syndrome;

5. the underlying physiologic derangements. 

According to the first point there are: acute right ventricle failure, acute left ventricle failure , acute biventricular failure, and chronic heart failure. 

The New York heart Association ( NYHA) functional classification is typically used to express the relationship between onset  of symptoms and degree of physical exertion

New York heart Association patient classification guidelines

Class I                  Asymptomatic with ordinary physical exertion

                             There are two sub stages 

Class IA               Ventricular hypertrophy, no circularoty disorder at rest

Class IB               Transient circulatory disorder on exertion
Class II                Symptomatic with ordinary physical exertion

Class III              Symptomatic with less than ordinary physical exertion

Class IV              Symptomatic at rest
Classification of chronic heart failure

( Vasilenko Strazheko)

Stage I              Dyspnea, palpitation, light cyanosis, fatigue on exertion.     

                          No hemodynamics and organs’ function changes at rest. Earning  

                         capacity is decreased

Stage II           Significant, long –term, with hemodynamic disorder like  

                        congestion in pulmonary and systemic circulation and organ  

                        function disorder at rest. Earning capacity is decreased. There are 

                         two sub stages: A- not significant hemodynamic disorder 

                        (congestion in lever); B- significant hemodynamic disorder –

                        peripheral edema, congestion in lung, liver till hepatomegaly.

Stage III        Ending dystrophic stage with constant hemodynamic disorders,

                      Inconvertible metabolic changes 

Clinical manifestation of heart failure
The sings and symptoms of heart failure depend on which ventricle has failed and on the severity and duration of failure. The picture in left vernacular failure is dominated by symptom pulmonary congestion ad edema. By contrast, right ventricle is dominated by sings of systemic venous congestion and p    edema. Weakness, fatigue, and effort intolerance are common right and left ventricular failure as well as biventricular failure. 
Left Ventricular Failure (chronic)

Dyspnea, or the sensation of difficulty in breathing, is the most common manifestation of heart failure. Dyspnea results from the increased work of breathing produced by pulmonary vascular congestion, which reduces lung compliance. Increased airway resistance also contributes to dyspnea. Just as a spectrum of pulmonary congestion exists, ranging from pulmonary venous congestion to interstitial edema and finally to alveolar edema, dyspnea presents in progressively more serious forms.  Dyspnea on exertion represents an early presentation of left heart failure. 

Orthopnea, or dyspnea in the recumbent position, is caused primarily by the redistribution of blood volume form the dependent portions of the body to the central circulation. Reabsorption of interstitial fluid from the lower extremities contributes further to the pulmonary vascular congestion. This early symptom of CHF may be defined as dyspnea that develops in the recumbent position and is relieved with elevation of the head with pillows. As in the case of orthopnea, the change in the number of pillows required is important.

Paroxysmal nocturnal dyspnea, or sudden awakening with dyspnea, is precipitated by the development of interstitial pulmonary edema. It is a more specific manifestation of left ventricular failure than either dyspnea or orthopnea. Attacks of paroxysmal nocturnal dyspnea usually occur at night. This symptom of CHF is defined by a sudden awakening of the patient, after a couple hours of sleep, with a feeling of severe anxiety, breathlessness, and suffocation. The patient may bolt upright in bed and gasp for breath. Bronchospasm increases ventilatory difficulty and the work of breathing and is a common complicating factor of paroxysmal nocturnal dyspnea. On chest auscultation, the bronchospasm associated with a CHF exacerbation can be difficult to distinguish from an acute asthma exacerbation, although other clues from the cardiovascular examination should lead the examiner to the correct diagnosis. Both types of bronchospasm can be present in the same individual.

Hemoptysis may result form bronchial vein bleeding secondary to venous distention. 

Distention of the left atrium or pulmonary vein may lead to esophageal compression and dysphagia, or difficulty swallowing. 

A nonproductive cough may also occur secondary to the pulmonary congestion, especially in the recumbent position. 

Development of rales as a result of pulmonary fluid transudation is characteristic of heart failure; initially, rales are audible over the lung vases because of the effects of gravity. 
Acute left ventricular failure (acute pulmonary edema)
In an episode of acute left ventricular failure, pulmonary venous and capillary pressure increase abruptly to levels exceeding plasma oncotic pressure, with consequent rapid accumulation of edema fluid in the interstitial spaces and alveoli. Interstitail pulmonary edema leads to an increase in the respiratory rate and tends to produce alveolar hyperventilation and respiratory alkalosis. Hypoxemia also occurs commonly because of imbalances between the alveolar ventilation and alveolar blood flow. Symptoms of pulmonary edema may begin with a nonproductive cough, with wheezing, or with frank dyspnea. Apart form tachyphea and possibly evidence of underlying heart disease on physical examination, few physical sings may be present initially. Later, as a free fluid accumulates in distal airways, rales become audible as the lung bases and extend upward accompanied by bronchi as the episode progresses. In severe acute pulmonary edema, the patient is typically pale, sweating, cyanotic, gasping for breath, and sometimes productin pink of blood-tinged frothy sputum. Development of rales as a result of pulmonary fluid transudation is characteristic of heart failure; initially, rales are audible over the lung vases because of the effects of gravity. Later, rales are audible upper of the lungs. 
Right Ventricular and Biventricular Failure.
Isolated right ventricular failure is uncommon in adults and is usually consequence of cor pulmonale secondary to intrinsic lung disease or, on occasion, chronic volume overload from a congenital intracardiac left-to-right shunt. Right ventricular failure is encountered most often as a complication of left ventricular failure. In the presence of elevated right heart filling pressure, neck veins and distended and fill from below. Hepatic enlargement and tenderness to gentle palpation result from passive congestion, and manual compression over the lever causes further distention of the neck veins ( hepatojugular reflux). Other gastrointestinal symptoms, such as anorexia, fullness, or nausea, may result from hepatic and intestinal congestion. 

Peripheral edema develops secondary to fluid accumulation in the interstitial a spaces, The edema is initially apparent independent regions of the body and is the greatest at the end of the day; nocturia, or diuresis at night, may occur, lessening the degree of fluid retention. Advanced failre may be associated with the development of ascites or anasarca . Although the sing and symptoms of fluid accumulation in the systemic venous ciruit noted earlier are classically considered to be secondary to right heart failure, the earliest manifestation of systemic congestion are usually caused by fluid retention rather than overt right heart failure. All the manifestations of described here are typically preceded by weight gain,which simply reflects the retention of sodium and water.

Hydrothorax (pleural effusion) Hydrothorax is most commonly observed in patients with hypertension involving both systemic and pulmonary systems. Hydrothorax is usually bilateral, although when unilateral, it is usually confined to the right side of the chest. When hydrothorax develops, dyspnea usually intensifies because of further reductions in vital capacity.

Cardiomegaly nonspecific finding, cardiomegaly nonetheless occurs in most patients with chronic heart failure.Notable exceptions include heart failure from acute myocardial infarction, constrictive pericarditis, restrictive cardiomyopathy, valve or chordae tendineae rupture, or heart failure due to tachyarrhythmias or bradyarrhythmias.

Pulsus alternans occurs most commonly in heart failure due to increased resistance to LV ejection, as occurs in hypertension, aortic stenosis, coronary atherosclerosis, and dilated cardiomyopathy. It is usually associated with an S3 gallop, signifies advanced myocardial disease, and often disappears with treatment of heart failure.

Cardiac cachexia  is found in long-standing heart failure, particularly of the RV, because of anorexia from hepatic and intestinal congestion and sometimes because of digitalis toxicity. Occasionally, impaired intestinal absorption of fat and (rarely) protein-losing enteropathy occur. 

Clinical assessment

The assessment of a patient with heart failure requires a careful history and examination both on initial presentation and when assessing progress and response to treatment. Confirmation of heart failure can be aided by chest radiograph, echocardiography, and, in selected cases, cardiac catheterization, radionuclide ventriculography and other imaging modalities. Invasive haemodynamic monitoring has a role in the assessment of acute severe heart failure.

Cardiopulmonary exercise testing with respiratory gas analysis can help to establish the cause of symptoms in patients with coexisting heart and lung disease and can establish whether the heart failure is causing the symptoms limiting the patient. When the respiratory exchange ratio (carbon dioxide produced per unit oxygen consumed) exceeds 1.0 muscle metabolism has become anaerobic indicating that a point of limiting cardiac reserve has been approached. If it does not exceed 1.0 at peak exercise then the true cardiac limitation cannot be assessed. Significant hypoxaemia and/or hypercapnia on exercise is rare in non-oedematous chronic heart failure, and when present suggests the limiting pulmonary or a right to left shunt.

Regular assessment of the severity of heart failure is usually by taking a history of symptomatic limitation and clinical examination. The occasional use of chest radiography, echocardiography, and cardiopulmonary exercise testing can also help. Repeated haemodynamic monitoring has little role in the management of chronic heart failure. Whether monitoring levels of plasma noradrenaline or atrial natriuretic peptides would materially assist in clinical management is uncertain. Certainly regular assessment of clinical biochemistry is essential.

Lab Studies
CBC count: This study aids in the assessment of severe anemia, which may cause or aggravate heart failure. Leukocytosis may signal underlying infection. Otherwise, CBC counts are usually of little diagnostic help.

Electrolytes 

Serum electrolyte values are generally within reference ranges in patients with mild-to-moderate heart failure before treatment. However, in severe heart failure, prolonged, rigid sodium restriction, coupled with intensive diuretic therapy and the inability to excrete water, may lead to dilutional hyponatremia, which occurs because of a substantial expansion of extracellular fluid volume and a normal or increased level of total body sodium. 

Potassium levels are usually within reference ranges, although the prolonged administration of diuretics may result in hypokalemia. Hyperkalemia may occur in patients with severe heart failure who show marked reductions in GFR and inadequate delivery of sodium to the distal tubular sodium-potassium exchange sites of the kidney, particularly if they are receiving potassium-sparing diuretics and/or ACE inhibitors.

Liver function tests 

Congestive hepatomegaly and cardiac cirrhosis are often associated with impaired hepatic function, which is characterized by abnormal values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactic dehydrogenase (LDH), and other liver enzymes. 

Hyperbilirubinemia, secondary to an increase in both the directly and indirectly reacting bilirubin, is common. In severe cases of acute RV or LV failure, frank jaundice may occur. 

Acute hepatic venous congestion can result in severe jaundice, with a bilirubin level as high as 15-20 mg/dL, elevation of AST to more than 10 times the upper reference range limit, elevation of the serum alkaline phosphatase level, and prolongation of the prothrombin time. Both the clinical and the laboratory pictures may resemble viral hepatitis, but the impairment of hepatic function is rapidly resolved by successful treatment of heart failure. In patients with long-standing heart failure, albumin synthesis may be impaired, leading to hypoalbuminemia and intensifying the accumulation of fluid. 

Fulminant hepatic failure is an uncommon, late, and sometimes terminal complication of cardiac cirrhosis.

Imaging Studies
Chest radiography

Chest radiographs are very helpful in distinguishing cardiogenic pulmonary edema (CPE) from other pulmonary causes of severe dyspnea. Classic radiographic findings demonstrate cardiomegaly (in patients with underlying CHF) and alveolar edema with pleural effusions and bilateral infiltrates in a butterfly pattern. The other signs are loss of sharp definition of pulmonary vasculature, haziness of hilar shadows, and thickening of interlobular septa (Kerley B lines).

Echocardiography

This is the easiest and least-expensive method of determining LV function, both systolic and diastolic. Echocardiography is also the easiest and least-expensive method of determining the presence of valvular heart disease, LV wall thickness, chamber sizes, presence of pericardial disease, and regional wall motion abnormalities that may suggest ischemic coronary artery disease as the cause. Echocardiography is very reliable in diagnosing the cause or causes of heart failure.Transesophageal echocardiography is particularly useful in patients who are on mechanical ventilation or morbidly obese and in patients whose transthoracic echocardiogram was suboptimal in its imaging. It is an easy and safe alternative to conventional transthoracic echocardiography and it provides superior imaging quality compared to conventional transthoracic echocardiography.

Other Tests
Arterial blood gases

ABGs usually reveal mild hypoxemia in patients who have mild-to-moderate heart failure. ABGs are more accurate than pulse oximetry for measuring oxygen saturation. Patients with severe heart failure may have signs and symptoms ranging from severe hypoxemia, or even hypoxia, along with hypercapnia, to decreased vital capacity and poor ventilation.

Electrocardiography

The presence of left atrial enlargement and LV hypertrophy is sensitive (although nonspecific) for chronic LV dysfunction. ECG may suggest an acute tachyarrhythmia or bradyarrhythmia as the cause of heart failure. ECG may aid in the diagnosis of acute myocardial ischemia or infarction as the cause of heart failure or may suggest the likelihood of prior myocardial infarction or presence of coronary artery disease as the cause of heart failure. ECG is of limited help when an acute valvular abnormality or LV systolic dysfunction is considered to be the cause of heart failure; however, the presence of left bundle branch block (LBBB) on an ECG is a strong marker for diminished LV systolic function

Management
Medical therapy of heart failure focuses on 3 main goals: (1) preload reduction, (2) reduction of systemic vascular resistance (afterload reduction), and (3) inhibition of both the RAAS systems and vasoconstrictor neurohumoral factors produced by the sympathetic nervous system in patients with heart failure. The first 2 goals provide symptomatic relief. While reducing symptoms, inhibition of the RAAS and neurohumoral factors also results in significant reductions in morbidity and mortality rates. 

Preload reduction results in decreased pulmonary capillary hydrostatic pressure and reduction of fluid transudation into the pulmonary interstitium and alveoli. Afterload reduction results in increased cardiac output and improved renal perfusion, which allows for diuresis in the patient with fluid overload. Inhibition of the RAAS and sympathetic nervous system results in favored vasodilation and reduction of neurohumoral vasoconstrictors, thereby increasing cardiac output and reducing blood volume and myocardial oxygen demand. Patients with severe LV dysfunction or acute valvular disorders may present with hypotension. These patients may not tolerate medications to reduce their preload and afterload and may require inotropic support to maintain adequate blood pressure. Patients who remain hypoxic despite supplemental oxygen or who demonstrate severe respiratory distress require mechanical ventilation, in addition to maximal medical therapy.

Outline of treatment of chronic congestive heart failure

1. Restriction of physical activity

a. Discontinue strenuous sports and heavy labour.

b. Discontinue full-time work or equivalent adtivity, introduce rest periods during the day. 

c. Confine to house.

d. Confine to bed or chair.

2. Restriction of sodium intake

a. Eliminate salt shaker at table (Na= 1,6-2,8 g) 

b. Eliminate salt in cooking (Na= 1,2-1,6 g)

3. Digitalis glycoside.

a. Usual maintenance dose.

b.  Maximum tolerable dose.

4. Diuretics:

a. Moderate diuretics 9 e.g., thezieds.

b. Loop diuretics ( furosemide).

c. Loop diuretics and distal tubular ( potassium-sparing) diuretc.

5. Vasodilators:

a. Captopril, enalapril, or combination of hydralazine and isosorbide dinitrate.

b. Intensification of oral vasodilator regime.

c. Intravenous nitrprusside.

6. Other inotropic agents: dopamine, dobutamine, amrinone

Non-pharmacological treatments
Patient education
Patients and their families are often confused and bewildered by the term heart failure. Alternatives such as “weak heart” “congestion” or “large heart” may be better in giving the correct impression as to the nature of the condition. It can be extremely useful for the long-term adherence to treatment recommendations to spend some time explaining to the patient and spouse some simple physiology of left ventricular dysfunction, the body's compensatory mechanisms and, why these lead to symptoms and signs which the patient may have already noted. The patient will then be much more aware of the need for diuretics and vasodilators, and the effects of alterations in fluid and salt intake, or intercurrent illness, for instance. This could improve control of oedema and lessen the frequency with which a patient needs to attend outpatient clinics or be admitted for stabilization. Simple measures such as information on low salt diets, fluid restrictions, and the monitoring of daily weight at home can significantly improve long-term management of heart failure.
Rest and exercise
There is a very good evidence in acute heart failure, or in an acute decompensation in chronic heart failure, that bed rest can improve renal blood flow and the response to diuretics. This is presumably via a reduction in the level of stimulation of the sympathetic and renin-angiotensin systems. Thus admission to hospital for a few days rest is a common treatment for heart failure, and one with a very long history. Initial enthusiasm for the benefits of longer periods of bed rest (weeks to months) as a management strategy for chronic heart failure and cardiomyopathy have not been borne out; in fact this practice is accompanied by the considerable and well-known complications of prolonged bed rest. On the contrary benefits have been shown from exercise training in carefully selected patients with chronic heart failure. Improvements are seen in exercise tolerance, skeletal muscle, and respiratory function and in autonomic balance. This raises the possibility that profound physical deconditioning may be contributing to some of the pathophysiological changes described in the sections above. In a patient with stable chronic heart failure, with no evidence of exercise-induced ventricular arrhythmias regular exercise should be encouraged rather than prohibited.
Diuretics
By increasing urinary excretion of salt and with it water, diuretics reduce cardiac preload and thereby the symptoms and signs of congestion. Most diuretic agents, with the exception of spironolactone, influence renal tubular reabsorptive mechanisms in relation to their concentration in the tubular fluid which they reach largely by the organic ion transport mechanisms in the proximal convoluted tubule. Because of strong protein binding, loop agents and thiazides do not enter tubular fluid by glomerular filtration in significant amounts. The efficacy of a diuretic in individual cases depends therefore not only on the inherent potency and site of action of the drug, but also critically on renal perfusion and tubular function as well as the antinatriuretic neurohumoral factors associated with heart failure, these latter commonly enhanced by previous drug therapy. In the presence of heavy proteinuria, protein binding of diuretics in tubular fluid may also limit their efficacy.

When fluid retention is mild but requires relief, one of the benzothiadiazine agents should be of the first choice. There has been a tendency since the more potent “loop” agents became available to prescribe these potentially dangerous drugs unnecessarily. The hazards of extreme hypovolaemia, of aggravating any tendency to urinary retention, and of serious electrolyte disturbance are less with thiazides, agents which inhibit sodium transport in an area just proximal to the distal convoluted tubule. Inhibition on this site, where sodium is reabsorbed without water, impairs maximal urinary dilution, but the excretion of free water is not completely inhibited since the diluting site in the ascending limb of the loop of Henle is not affected. In maximal effective doses, the thiazide diuretics are capable of inhibiting reabsorption of some 5 per cent of the filtered load of sodium, quite enough for many patients with cardiac oedema. The dose-response curve of thiazides is flat, with little difference between small and large doses. Most thiazides affect urinary salt excretion for some 8 to 10h but some, like chlorthalidone, last for as long as 24 to 36h.

The response to thiazides and other diuretics is characterized by an initial increase in sodium and water excretion, resulting in net negative sodium balance, provided dietary sodium intake remains constant. Within several days, activation of neurohumoral and intrarenal compensatory mechanisms results in re-establishment of equal sodium intake and excretion but with the desired diminution in body water, extracellular volume, and the right atrial pressure.
Complications
Prolonged treatment with loop agents or thiazides induce hyperuricaemia and may cause gout. Hyperglycaemia and overt diabetic ketoacidosis can be provoked by thiazides particularly, and the risk appears greatest in the elderly. The modest hyperlipidaemia associated with thiazides may not be sustained during prolonged treatment, and is of doubtful significance. Hypercalcaemia is increasingly recognized as a consequence of thiazide treatment, which should be considered as a possibility before full investigation is begun to seek other causes. Thiazides are also associated with hypersensitivity reactions including photosensitive skin rashes, thrombocytopenia, and acute interstitial nephritis. Hypokalaemia and alkalosis are easily recognized and treated, but hyponatraemia represents more of a problem and, until recently, hypomagnesaemia has not been sufficiently recognized.
Potassium-sparing diuretics
Spironolactone, amiloride, and triamterene all act on the distal nephron at the site of potassium secretion, promoting modest increases in sodium excretion but a very significant inhibition of potassium secretion. Spironolactone is a true antagonist of aldosterone, competing for its cytosolic receptor and has no effect after bilateral adrenalectomy. Effective doses range from 25 to 400mg daily and depend on the degree of aldosteronism present. Treatment with spironolactone stimulates increased formation of renin, angiotensin, and aldosterone so that dose requirements may increase. Gastrointestinal side-effects of nausea and abdominal discomfort complicate higher dosage and prolonged use of the drug is remarkably commonly complicated by the development of gynaecomastia which may be unilateral or bilateral. The onset of action of spironolactone is delayed for a full 24 to 72h.

Triamterene and amiloride also act on the distal nephron to inhibit sodium reabsorption and potassium secretion. They are not antagonists of aldosterone, but block luminal sodium channels directly. Triamterene is rather less potent and less well tolerated by patients than is amiloride, which is perhaps the best of the three distally acting agents for general use. Just as effective in conserving potassium and excreting sodium as spironolactone, it is free of the unpleasant side-effects of gynaecomastia. Effective doses range between 5 and 20mg daily.

The addition of spironolactone, triamterene, or amiloride to thiazides or “loop” agents augments sodium excretion and reduces potassium loss, but to a variable degree between patients depending on haemodynamic factors and the activity of the renin-aldosterone system. It is not safe to assume potassium homeostasis without regular checks of plasma levels, particularly in the first 1 to 2 weeks after their introduction.

Given alone, triamterene, spironolactone, or amiloride are of little value, except perhaps in the oedema of liver cirrhosis in which natriuresis needs to be more than usually slowly induced, and hyperaldosteronism probably plays a more large role in aetiology than it does in cardiac or nephrotic oedema.
Resistant edema
A small minority of patients exists in whom sodium restriction, bed rest, and combinations of loop agents, thiazides, and potassium-conserving distal acting drugs fail to control fluid retention. This problem arises particularly when cardiac failure or oedema co-exists with impaired renal function. In this setting thiazides are of limited use as sole agents, their efficacy being greatly reduced as glomerular filtration rate declines to 30ml/min or lower, and distally acting potassium sparing diuretics should be avoided because of the risk of serious hyperkalaemia. In such cases, metolazone in place of standard thiazides has been shown to be remarkably effective when combined with a loop agent, even in the presence of renal failure. Indeed its addition may produce an excessive natriuresis and it is often wise to begin with a small dose, e.g. 2.5 to 5mg on alternate days, increasing if necessary to a maximum dose of 20mg per day.

The use of drugs which reduce cardiac afterload, of which the angiotensin converting enzyme (ACE) inhibitors are most effective, may increase cardiac output, renal perfusion, and thus initiate diuresis which once begun tends to continue. Some patients are resistant even to these measures, and in extreme cases angiotensin converting enzyme inhibition may result in an acute fall in glomerular filtration rate, oliguria, and uraemia secondary to inhibition of angiotensin-mediated efferent arteriolar tone. Withdrawal of the angiotensin converting enzyme inhibitor in such cases usually restores renal function, although in occasional cases when severe intrarenal microvascular disease is present, renal impairment caused by angiotensin converting enzyme inhibition may be irreversible.

When fluid retention persists despite therapy, there is a need to decide whether to increase the dose of angiotensin converting enzyme inhibitor or of a diuretic at first. Cold extremities and a rise in blood urea concentration above 20mmol/l (blood urea nitrogen (BUN) over 60mg/100 ml) indicates predominance of poor cardiac output, probably best treated by the introduction of or an increase in angiotensin converting enzyme inhibition or other methods of decreasing afterload, together with a reduction in diuretic dose. When blood urea concentrations are below some 12 to 18mmol/l (BUN 36 to 54mg/100 ml) and the extremities are warm, it may be more effective to increase the dose of diuretic at first.

The diuretic resistance which may occur in heart failure is in part explained by the activation of neurohumoral systems, most of which - the renin-angiotensin system, arginine vasopressin, the sympathetic nervous system - act to increase renal sodium reabsorption. It appears that these effects override that of cardiac secretion of atrial natriuretic peptide, which is also greatly enhanced in heart failure. Although trials of infusion of atrial natriuretic peptide itself in heart failure have been relatively disappointing, initial results with inhibitors of neutral endopeptidase (E-24.11) which increase atrial natriuretic peptide concentrations by inhibiting its degradation, are encouraging. The natriuresis achieved with this approach is most pronounced in states of hypervolaemia, when endogenous atrial natriuretic peptide concentration is elevated, and it has the theoretical advantage of not causing hypokalaemia or renin-angiotensin system activation, in contrast to conventional diuretics.

In some cases of advanced heart failure there may be delayed, or inadequate absorption of loop agents due in part to intestinal oedema and therefore a failure to achieve the concentrations in plasma necessary to provide critical amounts of diuretic in the tubular fluid for natriuresis to occur. Higher blood levels can then be achieved by the use of bolus doses of diuretics given intramuscularly or intravenously. More effective and more comfortable for the patient is a slow infusion of the drug given intravenously by a low volume pump delivering the total 24-h dose in 100ml or less of 5 per cent dextrose. Remarkably low total doses may be effective given this way; for instance 40 to 80mg of furosemide may induce diuresis when 500mg given by mouth is ineffective. Patients resistant even to this manoeuvre are rare indeed, and it is doubtful whether the underlying cardiac disorder is then worthy of more drastic measures of support, but there are advocates for the use of “ low dose” dopamine, peritoneal dialysis, or haemofiltration. Good indications for such approaches must be vanishingly rare.

Digitalis glycoside

Most haemodynamic benefits of the drug follow from two basic actions on the heart: modification of electrical events in the pacemaker and conducting system, which may slow heart rate and stabilize some rhythm disorders, and modification of the mechanical properties of the muscle, which thereby augments the force of myocardial contraction. Manifestations of failure may regress as a result&mdash;excess filling pressure may be relieved, diuresis promoted, and heart size reduced. The effect on cardiac output is inconsistent, reflecting the complexity of the mechanisms that control it.
Preparations of digitalis
1.Digitalis leaf (digitalis folium) is now of mainly historical interest. Until recently it was available in tablet form as prepared digitalis (BP), consisting of the powdered leaves of Digitalis purpurea, and contains a number of glycosides, of which digitoxin is probably the most important.

2.Digitoxin (Digitaline Nativelle) is a purified glycoside, available as tablets usually of 100mg. The solution for injection is no longer available in the United Kingdom.

3.Digoxin (Lanoxin; Diganox) is a glycoside obtained from Digitalis lanata, available as tablets usually of 62.5, 125, or 250mg, as an elixir containing 50mg/ml, and as a solution for injection containing 250mg/ml.

4.Medigoxin (Lanitop) is b-methyl digoxin, available in some countries as tablets of 100mg and as a solution for injection containing 100mg/ml.

5.Ouabain (Strophanthin-G) is another naturally occurring glycoside&mdash;usually from the seeds of Strophanthus gratus&mdash;that should be used only by intravenous injection as absorption from the gut is unpredictable. Solutions contain 250mg/ml. Haemodynamic effects occur somewhat more rapidly than with digoxin. Elimination is also faster (plasma half-life of approx. 18h) and mostly renal. It is no longer available in Europe.

The most popular oral agents are digoxin and digitoxin, but with marked regional preferences for one or the other. For parenteral use most physicians use digoxin. Though choice of glycoside depends primarily upon the prescriber's familiarity with them, clinical considerations may also influence the balance between the relative advantages and disadvantages of the various agents.
Vasodilators
When vasodilator therapy for heart failure was first introduced in the early 1970s it was greeted with enthusiasm and optimism. The then recent availability, simplicity, and safety of invasive haemodynamic measurements in the clinical setting had allowed a greater appreciation of the importance of factors other than contractility, especially loading conditions, in the determination of cardiac output. It also made possible the measurement of the acute effects of vasodilators in counteracting the marked vasoconstriction found to be present in many patients with heart failure.

The ensuing two decades have witnessed some tempering of that early zeal; indeed it is mainly due to the introduction and subsequent extensive clinical experience with angiotensin converting enzyme inhibitors that a more balanced view of what can and what cannot be achieved by vasodilators now prevails.

Classification of vasodilators

The best classification of vasodilators for clinical purposes would be one based on mechanisms and site of action. Incomplete information on mechanisms, however, together with clinical convenience has led to the adoption of a simpler descriptive classification based on relative actions on arteries or veins or various combinations of these effects.

Vasodilators in common clinical use

Nitrates

Hydralazine

ACE inhibition

Angiotensin II

Calcium antagonists

Angiotensin receptor antagonist

Renin inhibitor

Neutral endopeptidase inhibitors

Prognosis
In severe heart failure where patients are symptomatic at rest (NYHA class IV) the prognosis is very poor, with a survival rate of 1 year or less. The prognosis remains considerably reduced even in mild heart failure (class II to III), with a mortality rate of 20 to 30 per cent per year. Although major treatment advances have been achieved in mild, moderate, and even severe heart failure, these have led to only a very partial correction of the excess mortality associated with this condition.

Prognostic factors and markers
Many separate parameters have been described as having prognostic value in patients with heart failure. It is important to differentiate between those that have a direct functional link to increased mortality, and those that merely reflect a worse prognosis, without themselves being involved in the mechanism. It can be dangerous to base treatments on the supposition that improving an adverse prognostic feature will improve outlook. The treatment can improve the marker but have either a neutral or even a detrimental effect on survival.

The presence of non-sustained ventricular tachycardia on Holter monitoring is a sign of an increased probability of mortality from sudden death. Class I antiarrhythmic agents can reduce the frequency of ventricular tachycardia, and as a result they have been suggested for this purpose in heart failure. The Cardiac Arrhythmia Suppression Trial (CAST), a randomized controlled trial of three such agents in left ventricular dysfunction, showed that, despite reducing the frequency of ventricular arrhythmias, there was an increased rate of sudden death, presumably due to some proarrhythmic effects. Similarly a low ejection fraction is an adverse prognostic sign in heart failure, and it was expected that agents which improve ejection fraction should increase survival. Positively inotropic oral agents, such as milrinone (a phosphodiesterase inhibitor), in controlled studies increase ejection fraction but with a reduced survival. Thus we should never use the justification for treatment of improving a risk marker unless we have proof that in so doing we improve survival. The only justifications for treatment are to slow the progression of the underlying disease, to relieve symptoms which trouble the patient, or to use agents proved to improve survival.

Specific prognostic indicators
These can be grouped into several relatively independent features. The most important factors are: (1) the extent of the left ventricular dysfunction; (2) the degree of functional limitation; (3) the electrolyte disturbance; (4) the degree of neurohormonal or autonomic dysfunction; and (5) certain electrophysiological or electrocardiographic indicators of ventricular arrhythmogenesis. There are also general factors such as age or the presence of second diseases. It has not been established whether estimation of these predictive variables materially improves patient management.
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Test control 
1. The earliest pathologic charge apparent in the coronary blood vessel in the development of coronary atherosclerosis is  :

A). fibrous encapsulation of eh lesion

B). fatty streaks in the adventitia

C). fatty streaks in the intima

D). accumulation of eh beta-lipoprotein in the media

E). none of the above

2. Major modifiable risk factors for coronary atherosclerosis disease include all the following except:

A). hyperlipidemai

B). hypertension 

C). family history

D). cigarette smoking 

E). stress

3. Optimal serum LDL cholesterol levels should be no- greater than what level to reduce the risk of coronary atherosclerosis:

A). 50 mg/dl

B). 120 mg/dl

C). 160 mg/dl

D). 200 mg/dl

E). 220 mg/dl

4. A form of angina is which there is ST segment elevation is : 

A). Preinfarction angina 

B). Prinzmetal’s angina

C). Dressler’s angina

D). Unstble angina

E). Stable angina

5. Which of the fallowing changes does not usually occur before or during an attack of angina pectoris:

A). an increase in blood pressure

B). a decrease in heart rate

C). an increase in myocardial oxygen demand 

D). an increase in left vernacular end-diastolic pressure

E). a decrease in myocardial wall compliance

6. In the normal heart, how many times can coronary blood flow increase above resting level?

A). 1 to2

B). 5 to 6

C). 8 to 10

D). 15 to20

E). 25 to 30

7. A decreased risk of developing coronary heart disease is believed to be associated with and elevation of : 

A). LDL

B). HDL

C). VLDL

D). chylomicrons

E). all correct   

8. In untreated familial hyperchlestorolemia the probability of developing premature atherosclerosis before age 50 years is approximately:

A). 10 %

B). 30 %

C). 50 % 

D). 70 %

E). 80 %

9. Patters of types of hyperlipoproteinemias associated with premature atherosclerosis include with of the following (more than one answer may be correct)?

A). I

B). II

C). III

D). IV

E). V  

10. Initial treatment of primary hyperlipidemia will most likely include all the following measures,  except :

A). restriction of alcohol 

B). restriction of saturated fats 

C). clofbirate

D). weight reduction 

E). restriction of salt


11. “Inspective” arterial hypertension is:

A). arterial pressure elevation of 200/120 mm hyd;

B). sharp elevation of arterial pressure as the result of emotional reaction on physical examination;

C). easily arresting in treatment of hypertension;

     D). when arterial pressure always is decreasing while examination;

E). when arterial pressure is increased in domestic conditions.

12. Mark the levels of systolic and diastolic arterial pressure corresponding to hypertensive disease of grade I ( in mm hydrargium );

A). 130-139 and 85-89;

B). 140-159 and 90-99;

C). 160-179 and 100-109;

D). more than 180 and 110;

E). less than 130 and 85;

13. Mark the levels of systolic and diastolic arterial pressure corresponding to hypertensive disease of grade III:

A). 130-139 and 85-89;

B). 140-159 and 90-99;

C). 160-179 and 100-109;

D). more than 180 and 110;

E). less than 130 and 85;

14. A sign of hypertrophy of the left ventricle can’t be:

A). increased, raising apical pushing;

     B). ectopy of cardiac dullness to the left;

     C). accent of tones II on the pulmonary artery

D). hard intensive pulse;

E). accent of tones II on the aorta;

15. Pathogenetic mechanisms of arterial hypertension are all besides:

A). stress, increasing of sympatic nervous system reactivity;

B). decreasing of depressor systems activity;

C). increasing renine angiotensive systems activity;

D). increasing of amount of water and sodium ( natrium ) in arterial walls;

     E). arteriosclerotic narrowing of coronary arteries;

16. Factors which are not the risk factors for the development of hypertensive disease:

A). excessive taking of table salt;

B). smoking, alcohol;

C). excessive body weight ;

D). low physical activity;

E). insufficient vitamin diet;

17. Point the character of heart affection in hypertensive disease:

A). myocarditis;

B). endocarditis;

C). pericarditis;

D). hypertrophy of the left ventricle, cardiac insufficiency;

18. Point 4 groups of medical preparations of the first series to treat hypertensive disease;

A). beta-adrenoblocators;

B). diuretics;

C). inhibitors APF;

D). calcium antagonists;

E). sympatomimetics;

19. What statement is right:

A). B-blockators increase the rate of cardiac contractions;

B). Combining of hypertension and hypertrophy of the left ventricle increases the risk of sudden death and arythmia;

C).  Nifedipine is from groups of B-adrenoblocators;

     D). verapamil is administered in bradicardia;

E). inhibitors APF slowly blockate calcium channels;

20. What statement is right:

A). Angina pectoris – prickling pain on the apex of the heart.

B). Angina pectoris – intensive compressive pain during 1-1,5 hr.

C). Angina pectoris – pain in the chest behind breastbone during 5 - 10 min. 

D). Angina pectoris – pain in the left side of the chest on the height of breath.

E). Angina pectoris – pain above the base of the heart increasing on body movement.

21. ICD is, besides of…

A). myocardial affection in coronary blood flow disorder

B). disorder of equilibrium between coronary blood flow and the need of myocardium

C). affection of pericardial bursa

D). stenosive cardiosclerosis of coronary arteries

E). spasm, thrombosis of coronary arteries

22. For IV functional class of angina pectoris is not typical

A). pain behind the breastbone on small loads

B). attacks appear while walking (less than 100m)

C). attacks appear while going upstairs (more than one floor) 

D). attacks in rest

E). attacks due to the increased oxigeon intake of  myocardium

23.  Which are not unstable ICD?

A). ICD for the first time appeared

B). progressive ICD

C). Princemetal’s ICD

D). III functional class of ICD

E). IV functional class of ICD

24. What four statements are right?

A). the attack of angina pectoris is reveled with nitroglycerine

B). the attack is arrested quicker while standing or while sitting

C). nitroglycerine arrests the attack in 20 min

D). general condition in ICD is not damaged

E). the ICD attack may be accompanied by vegetative symptoms

25.  Atypical manifestation of ICD of tension are:

A). pain only in the area of irradiation

B). pain behind breastbone or on the left side of breastbone

C). heartburn while rapid walking

D). attack of IV-V fingers

E). attacks of edema on physical load

26. Indications for medical hypolipidemic therapy are:

A). unefficiency of antiatherosclerotic diet during three months 

B). unefficiency of antiatherosclerotic diet not less than 6 months

C). cholesterin level in blood not more than 5,6 mmol/l for persons older than 40 

D). cholesterin level in blood – 3,5 mmol/l

E). in excessive body weight

27. The aims of antianginal therapy are:

A). prophylaxis of myocardial infarction

B). limit of time to be hospitalized 

C). arresting of ventricular extracystols

D). prophylaxis of ICD

E). elevation of capacity to work

28. During the attack of ICD findings of ECG are the following: (2 answers)

A). arising of deep and wide Q wave

B). horizontal or oblique depression of ST segment

C). wave P in II lead is of highly amplitude 

D). wave QS

E). arising of negative T wave

29. For myocardial infarction are typical: (4 answers)

A). prolonged intensive pains

B). anginosive status may be

C). disorder of cardiac rhythm and conduction

D). arresting by taking 2 tablets of nitroglycerine

E). promedol is effective

30.  CAD is all except : 

A). affection of myocardium on disturbance of coronary flow

B). imbalance between requirement and supple for oxygen by the myocardium 

C). affection of pericardium 

D). stenotic cardiosclerosis of coronary arteries

E). spasm and thrombosis of coronary arteries 

Etalons of answers:

1-A; 2-B; 3-A; 4-C; 5-C; 6-E; 7-C; 8-B; 9-A; 10-A; 11-E; 12-E;13-E; 14C; 15-B;16-B; 17-A; 18-D; 19-D; 20-D; 21-A; 22-C; 23-C; 24-A; 25-B; 26-D; 27-E; 28-E; 29- A; 30- E
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