Arteriosclerosis

This term derives from a Greek word meaning "hardening" or "induration". Pathologists recognize four kinds of arteriosclerotic lesion, which typically occur in combination with each other. The most important is atherosclerosis, (see Image 1 [~223 kb] and Description) which is an almost universal finding in Western adult populations. Arteriolosclerosis is a second common and important type, and exists as two different morphologic forms which have different clinical manifestations. Arteriolosclerosis and a third type, hypertensive arteriosclerosis, will be discussed further in the section on hypertensive vascular disease. A fourth type, medial calcific sclerosis, (see Image 2 [~290 kb] and Description) produces calcification in the media of large arteries in elderly people, and by itself has little pathologic importance

Atherosclerosis

Atherosclerosis has different stages. Two kinds of early lesion are described (although their relation to the full-blown atheromatous plaque is still debated):
(1) Fatty streaks are lesions which begin in children in all (not just Western) populations, and show collections of foamy lipid-laden macrophages and smooth muscle cells just beneath the intimal surface of large arteries.
(2) Diffuse intimal fibrosis is also a change that develops over the first few decades of life in all populations, and may be related to the development of later atheroma. 

The specific lesion of atherosclerosis occurs later as the fibrolipid plaque (see Image 3 [~140 kb] and Image 4 [~272 kb] as well as the Description). Most (but not all) authorities believe that the intimal changes at this stage are not reversible. There is considerable variation between the morphology of different plaques, but in general the intimal surface shows a layer of fibrosis (the fibrous cap) which encloses a zone of fatty, necrotic, and partly calcified debris. (The prefix "athero" comes from a word for "porridge" or "gruel", which describes the gray-tan, crumbly appearance of the plaques lining involved arteries). With special stains, we can show that the fibrous cap contains many smooth muscle cells, which are unusual in that they are elongated and have few myofilaments. Fibroblasts and macrophages are among the other cells in the plaques. 

The next stage in the development of the atheromatous lesion, the complicated plaque, is the one that causes signs and symptoms of disease. Plaques may become confluent and calcified, for example, to produce the "eggshell aorta" that we often see at autopsy. A more important complication is ulceration of the plaque. This may lead to embolization of plaque debris (atheroembolism) and also provides a naked non-endothelialized surface which is a site for thrombosis (see Image 5 [~320 kb] and Image 6 [~168 kb] as well as the Description). The thrombi so formed may be occlusive in themselves, or may detach and cause acute ischemia downstream (thromboembolism). Hemorrhage into plaques can also occur.

Atherogenesis

Theories of the pathogenesis of atherosclerosis began with Virchow 140 years ago and there is still considerable controversy about the mechanisms. The "response to injury" hypothesis, put forward by Ross, argues that an initial, probably microscopic, endothelial lesion leads to locally increased permeability, and also promotes sticking of platelets and monocytes to the intimal surface. These cells liberate growth factors (of which PGDF is probably the most important), causing proliferation of smooth muscle cells. (Smooth muscle cells are the major proliferating cell type in the developing atheromatous plaque). In addition, monocytes have receptors for lipoproteins, leading to deposition of lipid in the plaques. The smooth muscle cells release extracellular ground substances which lead to further enlargement of the plaques. 

This theory has considerable appeal, since it (a) has a morphologic base and is supported by experimental evidence, (b) corresponds with some of the risk factors for atheroma, and (c) incorporates facets of some of the older theories of atherogenesis, such as the lipid infiltration concept. The nature of the primary endothelial injury is not certain in most cases, but could include mechanical and shear forces (as in hypertension, or in areas of turbulent flow), or local endothelial hypoxia (as in cigarette smokers). 

Theories of atherogenesis:

· (i) imbibition (lipid infiltration) (Virchow) 

· (ii) thrombogenic ("encrustation") (Rokitansky) 

· (iii) monoclonal proliferation (Benditt) 

· (iv) response to injury (Ross)

The risk factors for atherosclerosis can be divided into three groups. The first of these are the things that we cannot do anything about: mainly heredity, male sex, and advancing age. The second category is the "deadly quartet" of risk factors which can be changed or at least monitored. These include hypertension, hyperlipidemia (mainly cholesterol and LDL), cigarette-smoking, and diabetes mellitus. The third category is "soft" risk factors that are controversial and of uncertain importance as independent determinants. These include obesity, inactivity, and personality variables.

Atherosclerotic aneurysm

With continuing expansion of large plaques, the internal elastic layer of the intima may become broken up and the lesion may induce pressure changes on the arterial media. Damage to the media commonly leads to the formation of atherosclerotic aneurysm, (see Image 7 [~184 kb] and Description) most commonly in the aorta below the ostia of the renal arteries, and often going down into the iliac arteries. Aneurysms can be described as fusiform or saccular, depending on their shape. Their inner surface is often lined by thrombus, which reflects intimal damage, as well as local blood stasis. The most important complication of aneurysm is rupture; this can occur as a free hemorrhage into the peritoneal cavity or as retroperitoneal hemorrhage. Intact aortic aneurysms can be surgically repaired using a fabric prosthesis, with low operative mortality; however, the mortality of ruptured aortic aneurysm is greater than 50%. 

Non-atherosclerotic aneurysms

There are other types of aneurysms, which are not atherosclerotic, but I'll discuss them here for convenience. 

Dissecting aneurysm (see Image 8 [~191 kb] and Image 9 [~120 kb] as well as the Description) is a lesion which occurs when blood is forced through an intimal defect into the wall of an artery, under arterial pressure. This may lead to extension of a column of blood that may travel for a considerable distance along the arterial media, and separate the wall into two planes-- hence, the word "dissection." (Actually, the term "dissecting aneurysm" is a misnomer, since there is not actually an arterial dilatation. A more accurate term is "dissecting hematoma.") The hematoma in the arterial wall can lead to arterial occlusion, or death due to exsanguinating hemorrhage if it extends into a body cavity. Many patients with dissecting aneurym are hypertensive, and others have a type of degeneration of the arterial wall called cystic medial necrosis (see Image 10 [~288 kb] and Image 11 [~305 kb] as well as the Description). Patients with Marfan's syndrome, a disease of collagen crosslinking, get cystic medial necrosis as well as true aneurysms of the ascending aorta. 

There are two ways to classify dissecting aneurysms according to their location. The simpler of these systems designates a dissecting aneurysm as "type A" if it involves the ascending aorta and "type B" if it is confined to the descending aorta. These correspond to the two commonest sites for the initiating intimal tear: either just above the aortic valve, or just distal to the left subclavian artery. These types also have therapeutic implications: proximal dissections need to be treated surgically, with a synthetic graft. Dissections of the descending aorta may usually be treated medically (with antihypertensives) although some go on to surgical correction later. 

Berry aneurysms (see Image 12 [~285 kb] and Description)characteristically develop at branch points of arteries in the basal cerebral circulation. They are saccular out-pouchings of the arterial wall which may fill with thrombus and which may bleed to produce subarachnoid hemorrhage. Their pathogenesis is controversial: there may be a loose relationship with hypertension and some relationship to defects in the arterial media at branch points. Berry aneurysms are an important cause of intracranial bleeding in young (30-50) patients, and they will be discussed further in your neuropathology lectures. 

Syphilitic aneurysms were the most common cause of ascending aortic aneurysm forty years ago, but are now extremely rare. Syphilitic vasculitis is discussed further below. 

Pseudoaneurysms (see Image 13 [~132 kb] and Description) are also called false aneurysms or pulsating hematomas. They occur when injury to an arterial wall allows escape of blood to form a hematoma which is confined by the arterial adventitia. This may be perceived clinically as a pulsatile mass, but it differs from a true aneurysm in that the actual diameter of the vessel is not increased. Pseudoaneurysms typically occur after penetrating trauma, but sometimes after closed injury.

