Vascular Diseases

ENDOTHELIAL CELLS

· ECs comprise the single cell-thick, continuous lining of the entire cardiovascular system, collectively called the endothelium. Endothelial structural and functional integrity is fundamental to the maintenance of vessel wall homeostasis and normal circulatory function. 

Smooth muscle cells

· SMCs are predominant cellular element of the vascular media

· SMCs are responsible for vasoconstriction and dilation in response to normal or pharmacologic stimuli. 

· They also synthesize collagen, elastin, and proteoglycans; and elaborate growth factors and cytokines. They migrate to the intima and proliferate following vascular injury. 

· Thus, SMCs are important elements of both normal vascular repair and pathologic processes such as atherosclerosis. 

Smooth muscle cells

· Vascular injury ( endothelial injury/dysfunction) stimulates SMC growth. Reconstitution of the damaged vascular wall is a physiologic healing response that includes the formation of a neointima, in which SMCs (1) migrate from the media to the intima, (2) multiply as intimal SMCs, and (3) synthesize and deposit ECM 

Smooth muscle cells

· During the healing response, SMCs undergo changes that resemble dedifferentiation. In the intima they lose the capacity to contract and gain the capacity to divide.

· Intimal SMCs may return to a nonproliferative state when either the overlying endothelial layer is re-established following acute injury or the chronic stimulation ceases. 
Arteriosclerosis
 Arteriosclerosis (literally, "hardening of the arteries") is a generic term for thickening and loss of elasticity of arterial walls. Three patterns of arteriosclerosis are recognized; they vary in pathophysiology and clinical and pathological consequences.
1)Atherosclerosis, the most frequent and important pattern of Arteriosclerosis.

2)Mönckeberg medial calcific sclerosis is characterized by calcific deposits in muscular arteries in persons older than age 50. They do not encroach on the vessel lumen. 
3)Arteriolosclerosis affects small arteries and arterioles. There are two anatomic variants, hyaline and hyperplastic, both associated with thickening of vessel walls with luminal narrowing that may cause ischemic injury. Most often associated with hypertension and diabetes mellitus.

Atherosclerosis

· Atherosclerosis is characterized by intimal lesions called atheromas, or atheromatous or fibrofatty plaques, which protrude into and obstruct vascular lumens and weaken the underlying media. They may lead to serious complications
Atherosclerosis: Morphology

· Fatty streaks are the earliest lesion of atherosclerosis. They are composed of lipid-filled foam cells. They are not significantly raised and thus do not cause any disturbance in blood flow. Fatty streaks begin as multiple yellow, flat spots less than 1 mm in diameter that coalesce into elongated streaks, 1 cm long or longer. They contain T lymphocytes and extracellular lipid in smaller amounts than in plaques. 

· The key processes in atherosclerosis are intimal thickening and lipid accumulation. An atheroma or atheromatous plaque consists of a raised focal lesion initiating within the intima, having a soft, yellow, grumous core of lipid (mainly cholesterol and cholesterol esters), covered by a firm, white fibrous cap. 
· The atheromatous plaques appear white to whitish yellow and impinge on the lumen of the artery. They vary in size from approximately 0.3 to 1.5 cm in diameter but sometimes coalesce to form larger masses. Atherosclerotic lesions usually involve only a partial circumference of the arterial wall ("eccentric" lesions) and are patchy and variable along the vessel length. 

· The most heavily involved vessels are the abdominal aorta then coronary arteries, the popliteal arteries, the internal carotid arteries, and the vessels of the circle of Willis. 

   Atherosclerotic plaques have three principal components: 

(1) cells, including SMCs, macrophages, and other leukocytes 

(2) ECM, including collagen, elastic fibers, and proteoglycans

(3) intracellular and extracellular lipid . These components occur in varying proportions. 

· Typically, the superficial fibrous cap is composed of SMCs and relatively dense ECM. Beneath and to the side of the cap (the "shoulder") is a cellular area consisting of macrophages, SMCs, and T lymphocytes. 
· Deep to the fibrous cap is a necrotic core, containing a disorganized mass of lipid (primarily cholesterol and cholesterol esters), cholesterol clefts, debris from dead cells, foam cells, fibrin, variably organized thrombus, and other plasma proteins.

· Foam cells are large, lipid-laden cells that derive predominantly from blood monocytes (tissue macrophages), but SMCs can also imbibe lipid to become foam cells.
· Around the periphery of the lesions, there is usually evidence of neovascularization (proliferating small blood vessels). Typical atheromas contain relatively abundant lipid.
· Atheromas often undergo calcification. 

COMPLICATIONS

    The advanced lesion of atherosclerosis is at risk for the following pathological changes that have clinical significance:
1) Focal rupture, ulceration, or erosion of the luminal surface of atheromatous plaques may result in exposure of highly thrombogenic substances that induce thrombus formation or discharge of debris into the bloodstream, producing microemboli composed of lesion contents (cholesterol emboli or atheroemboli). 
2) Hemorrhage into a plaque, especially in the coronary arteries, may be initiated by rupture of either the overlying fibrous cap or the thin-walled capillaries that vascularize the plaque. A contained hematoma may expand the plaque or induce plaque rupture. 

3)Superimposed thrombosis, the most feared complication, usually occurs on disrupted lesions (those with rupture, ulceration, erosion, or hemorrhage) and may partially or completely occlude the lumen. Thrombi may heal and become incorporated into and thereby enlarge the intimal plaque. 

4)Aneurysmal dilation may result from ATH-induced atrophy of the underlying media, with loss of elastic tissue, causing weakness and potential rupture.

5) Calcifications.

Risk Factors for Atherosclerosis

Major 

Nonmodifiable

· Increasing age

· Male gender

· Family history

· Genetic abnormalities

PotentiallyControllable

· Hyperlipidemia

· Hypertension

· Cigarette smoking

· Diabetes

Risk Factors for Atherosclerosis
Lesser, Uncertain, or Nonquantitated or minor

· Obesity

· Physical inactivity

· Stress ("type A" personality)

· Postmenopausal estrogen deficiency 

· High carbohydrate intake

· Alcohol

· Lipoprotein Lp(a)

· Hardened (trans)unsaturated fat intake

· Chlamydia pneumoniae
PATHOGENESIS: response to injury hypothesis

· This concept, called the response to injury hypothesis, considers atherosclerosis to be a chronic inflammatory response of the arterial wall initiated by injury to the endothelium. Moreover, lesion progression is sustained by interaction between modified lipoproteins, monocyte-derived macrophages, T lymphocytes, and the normal cellular constituents of the arterial wall. 

Central to this thesis are the following:

· Accumulation of lipoproteins, mainly LDL, with its high cholesterol content, in the vessel wall 

· Chronic endothelial injury, usually subtle, yielding increased permeability, leukocyte adhesion, and thrombotic potential.

· Adhesion of blood monocytes (and other leukocytes) to the endothelium, followed by their migration into the intima and their transformation into macrophages and foam cells 

· Adhesion of platelets 

· Release of factors from activated platelets, macrophages, or vascular cells that cause migration of SMCs from media into the intima.
· Proliferation of smooth muscle cells in the intima, and elaboration of extracellular matrix, leading to the accumulation of collagen and proteoglycans 

· Enhanced accumulation of lipids both within cells (macrophages and SMCs) and extracellularly. 

PREVENTION

·  primary prevention programs, aimed at either delaying atheroma formation or causing regression of established lesions in persons who have never suffered a serious complication of atherosclerotic coronary artery disease

· secondary prevention programs, intended to prevent recurrence of events such as myocardial infarction in patients with symptomatic disease.
· based on risk factor modification: abstention from or cessation of cigarette smoking, control of hypertension, weight reduction and increased exercise, moderation of alcohol consumption, and, most importantly, lowering total and LDL blood cholesterol levels while increasing HDL. on 

Vasculitis
· Mostly immune reaction related:

· Immune complexes.

· Antineutrophil cytoplasmic antibodies (ANCAs).

· P-ANCAs (perinuclear ( myeloperoxidase)

· C-ANCAs (cytoplasmic(proteinase 3)
Antineutrophil Cytoplasmic Antibodies
· ANCAs are a heterogeneous group of autoantibodies directed against enzymes mainly found within the azurophil or primary granules in neutrophils, in the lysosomes of monocytes, and in endothelial cerlls. 

· The description of these autoantibodies is based on the immunofluorescent patterns of staining of ethanol-fixed neutrophils. Two main patterns are recognized: 

· one shows cytoplasmic localization of the staining (c-ANCA). 

· The second shows perinuclear staining (p-ANCA) and is usually specific for myeloperoxidase (MPO). 

· c-ANCA is typically found in Wegener granulomatosis and 

· p-ANCA is found in most cases of microscopic polyangiitis and Churg-Strauss syndrome. 

· The disorders characterized by circulating ANCAs are called the ANCA-associated vasculitide
· ANCAs serve as useful quantitative diagnostic markers for these conditions, and their levels may reflect the degree of inflammatory activity. 

· ANCAs rise in episodes of recurrence, and thus are useful in management.. 

Polyarteritis Nodosa

.

· PAN is a systemic vasculitis of small or medium-sized muscular arteries (but not arterioles, capillaries, or venules), typically involving renal and visceral vessels but sparing the pulmonary circulation.

·  Clinical manifestations result from ischemia and infarction of affected tissues and organs 
Polyarteritis Nodosa: Morphology.
· Classic PAN occurs as segmental transmural necrotizing inflammation of arteries of medium to small size, in any organ with the possible exception of the lung

· Most frequently kidneys, heart, liver, and gastrointestinal tract.

·  Individual lesions may involve only a portion of the vessel circumference .

· Weakening of the arterial wall due to the inflammatory process may cause aneurysmal dilation or localized rupture.
· Impairment of perfusion, causes ulcerations, infarcts, ischemic atrophy, or hemorrhages in the area supplied by these vessels.

· The histologic picture during the acute phase is characterized by transmural inflammation of the arterial wall with neutrophils, eosinophils, and mononuclear cells, frequently accompanied by fibrinoid necrosis. The lumen may become thrombosed. 
· Later, the acute inflammatory infiltrate disappears and is replaced by fibrous thickening of the vessel wall that may extend into the adventitia.

· Particularly characteristic of PAN is that all stages of activity may coexist in different vessels or even within the same vessel.
Polyarteritis Nodosa: Clinical Course
· Disease of young adults. The course may be acute, subacute, or chronic and is frequently remittent and episodic, with long symptom-free intervals.

· The most common manifestations are malaise, fever  and weight loss; hypertension, usually developing rapidly; abdominal pain and melena (bloody stool) due to vascular lesions in the gastrointestinal tract; diffuse muscular aches and pains; and peripheral neuritis. Renal arterial involvement is often prominent and is a major cause of death. 
Wegener’s Granulomatosis
A necrotizing vasculitis characterized by the triad of

· (1) acute necrotizing granulomas of the upper respiratory tract (ear, nose, sinuses, throat), the lower respiratory tract (lung), or both;

· (2) necrotizing or granulomatous vasculitis affecting small to medium-sized vessels (e.g., capillaries, venules, arterioles, and arteries), most prominent in the lungs and upper airways but affecting other sites as well; 

· (3) renal disease in the form of focal necrotizing, often crescentic, glomerulitis. 
· Limited forms, or more widespread WG.

· C-ANCAs in present in serum of more than 95% of patients.

· May lead to death within 2 years in more than 90% if not treated.

Wegener granulomatosis: Morphology
· The upper respiratory tract lesions range from inflammatory sinusitis resulting from mucosal granulomas to ulcerative lesions of the nose, palate, or pharynx, rimmed by necrotizing granulomas and accompanying vasculitis. 

Microscopically: 

· granulomas with  necrosis surrounded by lymphocytes, plasma cells, macrophages, and variable numbers of giant cells.

· In association with such lesions there is a necrotizing or granulomatous vasculitis of small and sometimes larger arteries and veins .

· Lesions may ultimately undergo progressive fibrosis and organization.
 The renal lesions are of two types . 

· In milder or early forms: focal necrotizing glomerulonephritis. 

· More advanced glomerular lesions are characterized by diffuse necrosis, proliferation, and crescent formation (crescentic glomerulonephritis). 
Wegener granulomatosis: Clinical Features
· Males are affected more often than females, at an average age of about 40 years. 

· Persistent pneumonitis , chronic sinusitis , mucosal ulcerations of the nasopharynx , and evidence of renal disease.

· Other features include skin rashes, muscle pains, articular involvement, mononeuritis or polyneuritis, and fever. 

· Untreated, the course of the disease is malignant; 80% of patients die within 1 year. 

· c-ANCAs are present in the serum in up to 95% of patients with active generalized disease, and this appears to be a good marker for disease activity. During treatment, a rising titer of c-ANCA suggests a relapse; most patients in remission have a negative test or the titer falls significantly. 

Microscopic polyangiitis/microscopic polyarteritis/ LEUKOCYTOCLASTIC VASCULITIS) 

· Necrotizing vasculitis.

·  Arterioles, capillaries, venules.

· All lesions tend to be of the same age.

· Involves skin, mucous membranes, lungs, brain, heart, GI , kidneys , and muscle.

· Precipitating cause include immunologic reaction to an antigen (drug: penicillin), (microorganisms: strept.), heterlogous proteins and tumor antigens.

· P-ANCAs in 70% of patients.

· Skin biopsy is often diagnostic. 

Morphology.

· Histologically there is infiltration of vessel wall with neutrophils, which become fragmented(leukocytoclasia). 

Temporal (giant cell, cranial) arteritis
· Segmental acute and chronic (most often granulomatous) vasculitis involving predominantly the larger arteries in the head, particularly the branches of the carotid artery (temporal artery, branches of the ophthalmic artery).

· Over age of 50, F:M = 2:1.
Morphology

· Characteristically, segments of affected arteries develop nodular thickenings with reduction of the lumen and may become thrombosed. 

· There is granulomatous inflammation of the inner half of the media ,with lymphocytes and, multinucleate giant cells and fragmentation of the internal elastic lamina. 

· The healed stage reveals collagenous thickening of the vessel wall; sometimes the artery is transformed into a fibrous cord.
Clinical Features

· Temporal arteritis is most common in older individuals and rare before age 50. 

· Fever, fatigue, weight loss
· Facial pain or headache, often most intense along the course of the superficial temporal artery, which may be painful on palpation. 

· More serious are ocular symptoms (associated with involvement of the ophthalmic artery)range from diplopia to transient or complete vision loss.

· The diagnosis depends on biopsy and histologic confirmation.

Takayasu’s arteritis (pulseless disease)
· This is a granulomatous vasculitis of medium and larger arteries,and is characterized principally by ocular disturbances and marked weakening of the pulses in the upper extremities (pulseless disease). 
· There is vasculitis and subsequent fibrous thickening of the aorta, particularly the aortic arch and its branches.

· Age less than 40 years. F>M.

· Mostly in Asians.

· Pathogenesis unknown, possibly immune related.

· Thickening of the aortic wall and narrowing of the orifices of the great vessels (pulseless).

· Granulomatous arteritis with giant cells

Morphology
· Takayasu arteritis classically involves the aortic arch, but in one third of cases it also affects the remainder of the aorta and its branches. 
· Histologically: Granulomatous inflammation with giant cells and patchy necrosis of the media in some cases  may be indistinguishable from those in giant cell (temporal) arteritis. 

· Thus, distinctions among active giant cell lesions of the aorta are based largely on the age of the patient, and most giant cell lesions of the aorta in young patients are designated Takayasu arteritis. 

· Later, as the disease runs its course, or after treatment with steroids, there is collagenous fibrosis involving all layers of the vessel wall. Narrowing of the coronary ostia may lead to myocardial infarction 

Thromboangiitis obliterans (Buerger disease)
· Is characterized by segmental, thrombosing, acute and chronic inflammation of medium-sized and small arteries, principally the tibial and radial arteries and sometimes secondarily extending to veins and nerves of the extremities.

·  Previously a condition that occurred almost exclusively among heavy cigarette-smoking men, Buerger disease has been increasingly reported in women, probably reflecting smoking increases. 

· The disease begins before age 35 in most cases. 

· The relationship to cigarette smoking is one of the most consistent aspects of this disorder.

· Later complications are chronic ulcerations of the toes, feet, or fingers and frank gangrene in some patients. In contrast to atherosclerosis, Buerger disease involves smaller arteries and is accompanied by severe pain, even at rest, related undoubtedly to the neural involvement. Abstinence from cigarette smoking in the early stages of the disease often prevents further attacks. 
Morphology

· Characterized by segmental acute and chronic vasculitis of medium-sized and small arteries, mostly of the extremities.

· Microscopically, acute and chronic inflammation permeates the arterial walls, accompanied by thrombosis of the lumen, which may undergo organization and recanalization.

· The inflammatory process extends into contiguous veins and nerves, and in time all three structures become encased in fibrous tissue. 

Aneurysms

· An aneurysm is a localized abnormal dilation of a blood vessel or the wall of the heart
· When an aneurysm is bounded by arterial wall components or the attenuated wall of the heart, it is called a true aneurysm. Atherosclerotic, syphilitic, and congenital vascular aneurysms and the left ventricular aneurysm that can follow a myocardial infarction are of this type. 

· In contrast, a false aneurysm (also called pseudoaneurysm) is a breach in the vascular wall leading to an extravascular hematoma that freely communicates with the intravascular space ("pulsating hematoma"). The most common false aneurysm is a post-myocardial infarction rupture that has been contained by a pericardial adhesion.

· An arterial dissection arises when blood enters the wall of the artery, as a hematoma dissecting between its layers. Dissections may, but do not always, arise in aneurysmal arteries.

· Aneurysms and dissections are most important when they involve the aorta. Both true and false aneurysms, as well as dissections, can rupture. 

· The two most important causes of aortic aneurysms are atherosclerosis and cystic medial degeneration of the arterial media.

· However, any vessel may be affected by a wide variety of disorders that weaken the wall, including trauma, congenital defects such as berry aneurysms, syphilis or trauma.

· Infection of a major artery that weakens its wall gives rise to mycotic aneurysm. 

· Thrombosis and rupture are possible complications. 
Aneurysms are Classified by macroscopic shape and size. 

· Saccular aneurysms are essentially spherical (involving only a portion of the vessel wall) and vary in size from 5 to 20 cm in diameter, often partially or completely filled by thrombus. 

· Fusiform aneurysm (involving a long segment). Fusiform aneurysms vary in diameter and in length.
ABDOMINAL AORTIC ANEURYSMS
· Atherosclerosis, the most frequent etiology of aneurysms, causes arterial wall thinning. Atherosclerotic aneurysms occur most frequently in the abdominal aorta: abdominal aortic aneurysm (AAA).

· AAAs are saccular or fusiform. 

The clinical consequences of AAAs

· Rupture into the peritoneal cavity or retroperitoneal tissues with massive, potentially fatal, hemorrhage 

· Obstruction of a vessel, particularly of the iliac, renal, mesenteric, or vertebral branches that supply the spinal cord leading to ischemic tissue injury 

· Embolism from atheroma or mural thrombus 

· Impingement on an adjacent structure, such as compression of a ureter or erosion of vertebrae 

· Presentation as an abdominal mass (often palpably pulsating) that simulates a tumor. 

SYPHILITIC (LUETIC) ANEURYSMS 

· Syphilitic involvement of the thoracic aorta can lead to aneurysmal dilation. Fortunately, better control and treatment of syphilis in its early stages have decreased the frequency of this complication.
AORTIC DISSECTION (DISSECTING HEMATOMA) 

· Aortic dissection is a catastrophic illness characterized by dissection of blood between and along the laminar planes of the media, with the formation of a blood-filled channel within the aortic wall , which often ruptures outward, causing massive hemorrhage. In contrast to atherosclerotic and syphilitic aneurysms, aortic dissection may or may not be associated with marked dilatation of the aorta. For this reason, the older term "dissecting aneurysm" is discouraged.
Morphology

· The dissection can extend along the aorta proximally toward the heart as well as distally, sometimes all the way into the iliac and femoral arteries. It often ruptures out, causing massive hemorrhage.

· In some instances, the blood reruptures into the lumen of the aorta, producing a second or distal intimal tear and a new vascular channel within the media of the aortic wall (to produce a "double-barreled aorta" with a "false channel"). 

· The most frequent preexisting histologically detectable lesion is medial degeneration, often called cystic medial degeneration. Medial degeneration is characterized by elastic tissue fragmentation. 

· Medial degeneration of the aorta frequently seen in Marfan syndrome patients. These patients can develop aortic dissection.

Congenital Heart Disease

· Congenital heart disease is a general term used to describe abnormalities of the heart or great vessels that are present from birth. Most such disorders arise from faulty embryogenesis during gestational weeks 3 through 8, when major cardiovascular structures develop.  

· Examples are infants born with a defect in septation ("hole in the heart"), such as an atrial septal defect (ASD) or a ventricular septal defect (VSD), or a hypoplastic right or left ventricle, Some forms of congenital heart disease produce manifestations soon after birth. Others, however, do not necessarily become evident until adulthood (e.g., aortic coarctation or ASD). 

· Clinical Features. The varied structural anomalies in congenital heart disease fall primarily into three major categories: 

· Malformations causing a left-to-right shunt 

· Malformations causing a right-to-left shunt 

· Malformations causing an obstruction. 

· A shunt is an abnormal communication between chambers or blood vessels. 

· Abnormal channels permit the flow of blood from left to right or the reverse, depending on pressure relationships. 

right-to-left shunt

· When blood from the right side of the heart enters the left side (right-to-left shunt), a dusky blueness of the skin and mucous membranes (cyanosis) results because there is diminished pulmonary blood flow, and poorly oxygenated blood enters the systemic circulation (called cyanotic congenital heart disease).

· The most important examples of right-to-left shunts are tetralogy of Fallot, transposition of the great arteries, persistent truncus arteriosus, tricuspid atresia, and total anomalous pulmonary venous connection. 

left-to-right shunts

· In contrast, left-to-right shunts increase pulmonary blood flow and are not initially associated with cyanosis. However, they expose the pulmonary circulation to increased pressure and/or volume, which can result in right ventricular hypertrophy and, potentially, failure. 

· Shunts associated with increased pulmonary blood flow include ASDs; 

· Shunts with both increased pulmonary blood flow and pressure include VSDs and PDA. 

· The diseases in this group cause cyanosis several months or years after birth. The most commonly encountered left-to-right shunts include atrial septal defects, ventricular septal defects, patent (or persistent) ductus arteriosus, and AV septal defects, 

· With prolonged pulmonary arterial vasoconstriction, eventually pulmonary vascular resistance increases toward systemic levels, thereby reversing the shunt to right-to-left with unoxygenated blood in the systemic circulation (late cyanotic congenital heart disease, or Eisenmenger syndrome). 

obstructive congenital heart disease

· Some developmental anomalies of the heart (e.g., coarctation of the aorta, aortic valvular stenosis, and pulmonary valvular stenosis) produce obstructions to flow because of abnormal narrowing of chambers, valves, or blood vessels and therefore are called obstructive congenital heart disease. 
FEW COMMON TYPES ARE;

Atrial Septal Defect

· An ASD is an abnormal opening in the atrial septum that allows communication of blood between the left and right atria (not to be confused with a patent foramen ovale, present in up to one-third of normal individuals). ASD is the most common congenital cardiac anomaly and is usually asymptomatic until adulthood 

Ventricular Septal Defect

· Incomplete closure of the ventricular septum, allowing free communication and thus a shunt from left to right ventricles, is the most common congenital cardiac anomaly. Depending on the size of the defect, it may produce difficulties virtually from birth or, with smaller lesions, may not be recognized until later or may even spontaneously close

Patent Ductus Arteriosus

· PDA results when the ductus arteriosus remains open after birth. Most often PDA does not produce functional difficulties at birth. Indeed, a narrow ductus may have no effect on growth and development during childhood. It can be detected by a continuous harsh murmur, described as "machinery-like." Because the shunt is at first left-to-right, there is no cyanosis. Obstructive pulmonary vascular disease eventually ensues.

Tetralogy of Fallot

· Although a VSD is the most common congenital cardiac malformation, tetralogy of Fallot constitutes the most common form of cyanotic congenital heart disease. 

The four features of the tetralogy of Fallot are 

· (1) VSD, 

· (2) obstruction to the right ventricular outflow tract (subpulmonary stenosis), 

· (3) an aorta that overrides the VSD, and 

· (4) right ventricular hypertrophy . 

Even untreated, some patients with tetralogy of Fallot often survive into adult life. 

Coarctation of the Aorta

   Coarctation (narrowing, constriction) of the aorta ranks high in frequency among the common structural anomalies. Males are affected twice as often as females.  

