II.	Define the following terms used in describing inflammatory (non-infectious) processes in the

	peripheral vessels.



A.	Vasculitis



	•	Vasculitis is a vascular inflammatory injury, often with necrosis of blood vessels



B.	Angiitis.



	•	Angiitis is the same as vasculitis



C.	Arteritis.



	•	Arteritis is inflammatory injury of arteries, often with necrosis of blood vessels



D.	Phlebitis.



	•	Phlebitis is inflammation of the vein



E.	Lymphangitis.



	•	Lymphangitis is inflammation of the lymphatics, usually with infection



	•	Intermittent claudication is defined as a pain, ache, cramp, numbness, or a sense of fatigue in

		the muscles

		•	Occurs during exercise and is relieved by rest



III.	Define the following types of vasculitis according to:  age, distribution, clinical features, 

	pathogenesis, pathological changes.



	•	See Cecil, Table 11-2, p104

	•	See Robbins, Table 11-7, p491



A.	Thromboangiitis obliterans.



	•	Thromboangitis obliterans is an inflammatory occlusive vascular disorder involving small and

		medium-sized arteries and veins in the distal upper and lower extremities

		•	Cerebral, visceral, and coronary vessels also may be affected



	•	Develops most frequently in men under age 40

	

	•	The cause is not known

		•	There is a relationship to cigarette smoking and an increased incidence of HLA-B5 and -A9

			antigens



	•	Initially, polymorphonuclear leukocytes infiltrate the walls of the small and medium-sized

		arteries and veins

		•	Internal elastic lamina is preserved

		•	Thrombus may develop in the vascular lumen



	•	As the disease progresses, mononuclear cells, fibroblasts, and giant cells replace the neutrophils

		•	Later stages are characterized by perivascular fibrosis and recanalization



	•	Clinical features:

		•	Claudication

			•	Usually confined to the lower calves and feet or the forearms and hands

				•	Because this disorder primarily affects distal vessels

		•	Raynaud’s phenomenon

		•	Migratory superficial vein thrombophlebitis



		•	In the presence of severe digital ischemia, trophic nail changes, painful ulcerations, and 

			gangrene may develop at the tips of the fingers

		•	Physical examination shows normal brachial and popliteal pulses but reduced or absent

			radial, ulnar, and/or tibial pulses



	•	Arteriography is helpful in making the diagnosis

		•	Smooth, tapering segmental lesions in the distal vessels are characteristic, as are collateral

			vessels at sites of vascular occlusion

			•	Proximal atherosclerotic disease is usually absent



B.	Polyarteritis nodosa.



	•	Polyarteritis nodosa (PAN) is a multisystem, necrotizing vasculitis of small and medium-

		sized muscular arteries in which involvement of the renal and visceral arteries is characteristic

		•	Classic PAN does not involve pulmonary arteries



	•	It is fairly uncommon and the mean age of onset is 48 years



	•	The vascular lesion is a necrotizing inflammation of small and medium-sized muscular arteries

		•	Lesions are segmental and tend to involve bifurcations and branchings of arteries

		•	May spread circumferentially to involve adjacent veins, but not venules



	•	In acute stages, neutrophils infiltrate all layers of the vessel wall and perivascular areas, which

		results in intimal proliferation and degeneration of the vessel wall

		•	Mononuclear cells infiltrate the area as lesions progress to subacute and chronic stages

		•	Fibrinoid necrosis of the vessels ensues with compromise of the lumen, thrombosis,

			infarction of the tissues supplied by the involved vessel, and sometimes hemorrhage

		•	Collagen deposition may occur with healing, leading to further occlusion of the vessel lumen

		•	Aneurysmal dilatations up to 1 cm in size along the involved arteries is common



	•	Clinical manifestations:

		•	See Harrison, Table 319-3, p1913

		•	Nonspecific signs and symptoms are the hallmark of classic PAN

			•	Fever, weight loss, and malaise in >50% of cases

			•	Weakness, malaise, headache, abdominal pain, myalgias



		•	Specific complaints related to a particular organ system may dominate

			•	Renal involvement usually manifests as ischemic changes in the glomeruli

			•	Hypertension related to renal polyarteritis and glomerulitis may dominate



C.	Hypersensitivity angiitis.



	•	Allergic angiitis is a disease characterized by granulomatous vasculitis of multiple organ

		systems, particularly the lung

		•	Similar in many respects to classic PAN, except allergic angiitis has:

			•	High frequency of lung involvement

			•	Vasculitis of blood vessels of various types or sizes (including veins, venules, 

				capillaries)

				•	PAN only affects small and medium-sized muscular arteries



			•	Intra- and extravascular granuloma formation together with eosinophilic tissue 

				infiltration

			•	Strong association with severe asthma and peripheral eosinophilia



	•	Uncommon disease that can occur at any age with the possible exception of infants

		•	Mean age of onset is 44



	•	Characteristic histopathologic features are granulomatous reactions that may be present in the 

		tissues or even within the wall of the vessels themselves

		•	Usually associated with infiltration of the tissues with eosinophils

		•	Can occur in any organ, but involvement is predominant with skin, cardiovascular system, 

			kidney, peripheral nervous system, and gastrointestinal tract

		•	Although pathogenesis is uncertain, strong association with asthma suggests 

			hypersensitivity phenomena



	•	Clinical features:

		•	Nonspecific manifestations such as fever, malaise, anorexia, and weight loss (similar to 

			PAN)

		•	Unlike PAN, pulmonary findings dominate clinical picture with severe asthmatic attacks 

			and the presence of pulmonary infiltrates

		•	Clinically recognizable heart disease occurs in 1/3 of patients

		•	Skin lesions occur in 70% of patients and include purpura in addition to cutaneous and

			subcutaneous nodules

		•	Multisystem involvement is similar to classic PAN, except renal disease is less common

			and less severe in allergic angiitis than PAN



D.	Wegener’s granulomatosis.



	•	Wegener’s granulomatosis is a characterized by granulomatous vasculitis of the upper and 

		lower respiratory tracts together with glomerulonephritis

		•	Variable degrees of disseminated vasculitis involving both small arteries and veins may

			occur



	•	A rare disease that can be seen at any age

		•	15% of patients are less than 19 years of age

		•	Only rarely occurs before adolescence

		•	Mean age of onset is approximately 40 years



	•	Necrotizing vasculitis of small arteries and veins together with granuloma formation

		•	May be intravascular or extravascular

	•	Lung involvement typically appears as multiple, bilateral, nodular cavitary infiltrates

	•	Endobronchial disease, either in its active form or as a result of fibrous scarring, may lead to

		obstruction with atelactasis

	•	Upper airway lesions, particularly those in the sinuses and nasopharynx, typically reveal

		inflammation, necrosis, and granuloma formation with or without vasculitis

	•	In its earliest form, renal involvement is characterized by a focal and segmental glomerulitis

		that may evolve into a rapidly progressive crescentic glomerulonephritis

	•	Virtually any organ can be involved with vasculitis, granuloma, or both



	•	Pathogenesis is unclear, but suggests an aberrant hypersensitivity response to an exogenous or

		even endogenous antigen that enters through or resides in the upper airway



	•	Clinical features:

		•	See Harrison, Table 319-4, p1915

		•	Typical patient presents with severe upper respiratory tract findings:

			•	Paranasal sinus pain and drainage

			•	Purulent or bloody nasal discharge with or without nasal mucosal ulceration

			•	Nasal septal perforation may follow, leading to saddle nose deformity

			•	Serous otitis media may occur

				•	Result of eustachian tube blockage

		•	Pulmonary may be asymptomatic infiltrates

			•	May be clinically expressed as cough, hemoptysis, dyspnea, and chest discomfort 

			•	85 to 90% of patients



		•	Eye involvement (52% of patients) may range from mild conjunctivitis to dacryocystitis, 

			episcleritis, scleritis, etc.

		•	Skin lesions (46%) appear as papules, vesicles, palpable purpura, ulcers, or subcutaneous

			nodules

		•	Cardiac involvement (8%) — pericarditis, coronary vasculitis, cardiomyopathy

		•	Nervous system (23%) — cranial neuritis, mononeuritis multiples, cerebral vasculitis

		•	Renal disease (77%) generally dominates clinical picture



E.	Giant cell arteritis.



	•	Giant cell arteritis (temporal arteritis) is an inflammation of medium- and large-sized arteries

		•	Characteristically involves one or more branches of the carotid artery, particularly the 

			temporal artery

		•	It is a systemic disease that can involve arteries in multiple locations



	•	Occurs almost exclusively in individuals older than 55 years

		•	May occur in patients 40 years old or younger, though



	•	Often a systemic vasculitis of multiple medium- and large-sized arteries, which may go 

		undetected

	•	A panarteritis with inflammatory mononuclear cell infiltrates within the vessel wall with 

		frequent giant cell formation

	•	Proliferation of the intima and fragmentation of the internal elastic lamina

	•	Immunopathogenic mechanisms — possibly an antigen residing in the arterial wall is

		recognized by a small fraction of T cells



	•	Clinical features:

		•	Complex of fever, anemia, high sedimentation rate, and headaches

		•	Malaise, fatigue, anorexia, weight loss, sweats, and arthralgias

		•	Polymyalgia rheumatic characterized by stiffness, aching, and pain in the muscles of the 

			neck, shoulders, lower back, hips, thighs

		•	In patients with involvement of the temporal artery, headache, is the predominant

			symptom and may be associated with a tender, thickened, or nodular artery, which may

			pulsate early in the disease but become occluded later



F.	Takayasu’s arteritis.



	•	Takayasu’s arteritis is an inflammatory and stenotic disease of medium- and large-sized

		arteries characterized by a strong predilection for the aortic arch and its branches



	•	Most prevalent in adolescent girls and young women



	•	Usually affects aortic arch and its branches

		•	Involvement of the major branches of the aorta is much more marked at their origin than

			distally

	•	Pulmonary artery may be involved



	•	Panarteritis with inflammatory mononuclear cell infiltrates and occasionally giant cells

	•	Marked intimal proliferation and fibrosis, scarring and vascularization of the media, and

		disruption and degeneration of the elastic lamina

		•	Narrowing of the lumen occurs with or without thrombosis

	•	Vasa vasorum frequently involved



	•	Mechanism not known, but probably immunopathogenic mechanisms



	•	Clinical features:

		•	Systemic and local symptoms

		•	Generalized symptoms include malaise, fever, night sweats, arthralgias, anorexia, and weight

			loss

			•	May merge into those symptoms related to pain over involved vessels

		•	Ischemia in organs supplied by compromised vessels

		•	Pulses commonly absent in involved vessels, especially subclavian artery

		•	See Harrison, Table 319-5, p1918



G.	Kawasaki’s disease.



	•	Kawasaki’s disease is an acute, febrile, multisystem disease of children

	

	•	Nonsuppurative cervical adenitis and changes in the skin and mucous membranes such as 

		edema, congested conjuctivae, erythema of the oral cavity, lips, and palms, and desquamation

		of the fingertips

		•	Although the disease is generally benign and self-limited, it is associated with coronary

			artery aneurysms in about 25% of cases

			•	This is due to vasculitis of the coronary arteries

		•	Other manifestations include pericarditis, myocarditis, myocardial ischemia and infarction,

			and cardiomegaly



	•	Intimal proliferation and infiltration of the vessel wall with mononuclear cells

		•	Beadlike aneurysms and thromboses along the artery



	•	Likely to be immune-mediated injury to blood vessel endothelium

		•	Possibly from a novel form of S. aureus that releases toxic shock syndrome toxin 1





Here’s another beautiful summarizing table:



Disease�Age dist.�Location�Clinical Features�Pathogenesis��Thromboangitis

   obliterans�Usually in men under 40 years old�Small and medium sized arteries and veins in distal upper and lower extremities�Claudication (distal)

Raynaud’s phenomenon

Migratory superficial 

  vein thrombophlebitis

Ulcerations and gangrene

  at tips of fingers�Unknown cause

Usually related to 

  smoking��Polyarteritis 

  nodosa (PAN)�Mean age of onset

is 48 years�Small and medium sized 

  muscular arteries�Nonspecific signs

Renal involvement

Multisystem involvement�Hypersensitivity��Hypersensitivity

  angiitis�Any age except 

  infants

Mean age of onset

  is 44�Arteries, veins, venules, capillaries (everywhere)�Nonspecific signs

Pulmonary findings (asthma, 

  etc.)

Skin lesions�Hypersensitivity (granulomatous)��Wegener’s 

  granulomatosis�Mean age of onset 40 years old

Rarely occurs 

  before adolescence�Vasculitis of upper and 

  lower respiratory tract

  and glomerulonephritis�Severe upper respiratory

  findings

Pulmonary involvement

Renal disease�Hypersensitivity to

  inhaled/endogenous

  antigen��Giant cell

  arteritis�Usually in 

  individuals older

  than 55�Medium and large-sized

  arteries

Especially temporal,

  cerebral arteries�Fever, anemia, high sed rate, 

  headaches

Malaise, fatigue, sweats, 

  anorexia, weight loss, 

  arthralgia�Autoimmune?��Takayasu’s

  arteritis�Adolescent girls/

  young women�Medium and large 

  arteries

Esp. aortic arch and its

  branches�Malaise, fever, night sweats,

  arthralgias, anorexia, weight

  loss

Ischemia from compromised

  organs�Immunopathogenic��Kawasaki’s 

  disease�Children�Blood vessel 

  endothelium

Coronary arteries often�Nonsuppurative cervical

  adenitis

Skin and mucous membranes:

  edema, congested 

  conjuctivae, erythema of oral 

  cavity, lips, palms, 

  desquamation of skin of 

  fingertips

Coronary artery aneurysm�Immune-mediated

  injury to blood

  vessel 

  endothelium

Associated with

  S. aureus TSST-1��



IV.	Describe the clinical signs and symptoms with mechanisms and predisposing factors for the

	following non-inflammatory vascular disorders.



	•	Atherosclerosis obliterans is leading cause of occlusive arterial disease of the extremities in 

		patients 40 and older



	•	Risk factors include:

		•	Hypertension

		•	Hypercholesterolemia

		•	Diabetes mellitus

		•	Cigarette smokers



	•	Segmental lesions causing stenosis or occlusion are usually localized in large and medium-

		sized vessels

		•	Atherosclerotic plaques with calcium deposition, thinning of the media, patchy destruction

			of muscle and elastic fibers, fragmentation of the internal elastic lamina, and thrombi

			composed of platelets and fibrin



	•	Primary sites of involvement are:

		•	Abdominal aorta and iliac arteries (30%)

		•	Femoral and popliteal arteries (80-90%)

		•	Tibial and peroneal arteries (40-50%)



	•	Most common symptom is intermittent claudication — pain, ache, cramp, numbness, or a

		sense of fatigue in the muscles

		•	Occurs during exercise and is relieved by rest

		•	Claudication is distal to the location of the occlusive lesion

	•	Symptoms are far more common in the lower than in the upper extremities

	•	Rest pain may develop with severe occlusion

	•	Cold or numbness in the foot and toes

	•	Impotence

	

	•	Decreased or absent pulses distal to the obstruction

	•	Bruits over the narrowed artery

	•	Muscle atrophy

	•	With more severe disease:

		•	Hair loss, thickened nails, smooth and shiny skin, reduced skin temperature, pallor or

			cyanosis

		•	Ulcers and gangrene

	•	Elevation of the legs and repeated flexing of the calf muscles produce pallor of the soles of

		the feet

	•	Rubor, secondary to reactive hyperemia, may develop when the legs are dependent



B.	Arterial embolism.



	•	Emboli tend to lodge at the bifurcation of arteries with subsequent thrombus formation



	•	Predisposing factors:

		•	Mural thrombi

		•	Atherosclerotic plaques

		•	Sepsis



	•	Sudden onset of painful extremity

	•	Cold, pale extremity with absent pulses distal to embolus



C.	Raynaud’s phenomenon.



	•	Raynaud’s phenomenon is characterized by episodic digital ischemia, manifested clinically

		by the sequential development of digital blanching, cyanosis, and rubor of the fingers or toes 

		following cold exposure and subsequent rewarming

		•	Color changes are usually well demarcated and confined to fingers or toes

		•	Typically one or more digits will appear white when patient exposed to a cold environment

			or touches a cold object

			•	The blanching, or pallor, represents the ischemic phase of the phenomenon and results

				from vasospasm of digital arteries

		•	During the ischemic phase, capillaries and venules dilate, and cyanosis results from the

			deoxygenated blood that is present in these vessels

		•	Sensation of cold or numbness or paresthesia of the digits often accompanies the phases

			of pallor and cyanosis



		•	With rewarming, the digital vasospasm resolves and blood flow into the dilated arterioles

			and capillaries increases dramatically (reactive hyperemia)

		•	Patients often experience a throbbing, painful sensation during the hyperemic phase



	•	Causes:

		•	See Harrison, Table 248-1, p1402



		•	Raynaud’s disease

		•	Collagen vascular disease (SLE, scleroderma, rheumatoid arthritis, etc.)

		•	Arterial occlusive diseases (atherosclerosis, etc.)

		•	Pulmonary hypertension

		•	Neurologic disorders

		•	Blood dyscrasias

		•	Trauma

		•	Drugs



V.	Define the following venous disorders in terms of:  predisposing factors, clinical signs, pathology

	of the veins and sequelae.



A.	Varicose veins.



	•	Varicose veins are dilated, tortuous superficial veins that result from defective structure and

		and function of the saphenous veins, from intrinsic weakness of the vein wall, from high 

		intraluminal pressure, or, rarely, from arteriovenous fistulas

		•	Primary varicose veins originate in the superficial system and occur 2-3 times as frequently

			in women as in men

			•	About half have a family history of varicose veins

		•	Secondary varicose veins result from deep venous insufficiency and incompetent perforating

			veins or from deep venous occlusion causing enlargement of superficial veins that are

			serving as collaterals



		•	The most important influence on intraluminal venous blood pressure is posture — 

			occupations that require long periods of standing and long automobile or airplane rides 

			frequently lead to marked venous stasis and pedal edema



	•	Symptoms consist of a dull ache or pressure sensation in the legs after prolonged standing

		•	Relieved with leg elevation

	•	Legs feel heavy, and mild ankle edema develops

	•	Extensive venous varicosities may cause skin ulcerations near the ankle

	•	Superficial venous thrombosis may be a recurring problem, and, rarely, a varicosity ruptures

		and bleeds

	•	Visual inspection of the legs in the dependent position usually confirms the presence of 

		varicose veins



B.	Phlebothrombosis.



	•	Phlebothrombosis is the clotting in a vein without primary inflammation

		•	Always leads to phlebitis yielding the same signs as thrombophlebitis



C.	Thrombophlebitis.



	•	Thrombophlebitis is venous inflammation with thrombus formation



	•	Caused by conditions that include stasis, vascular damage, hypercoagulability

	•	Predisposing factors for development of venous thrombosis (Harrison, Table 248-2, p1403):

		•	Surgery

		•	Neoplasms

		•	Trauma

		•	Immobilization

		•	Pregnancy

		•	Estrogen use

		•	Hypercoagulable states

			•	Deficiency of protein C!

		•	Venulitis

		•	Previous deep vein thrombosis



	•	Most important consequence of deep venous thrombosis is pulmonary embolism and chronic

		venous insufficiency



	•	Clinical features:

		•	Often nothing until embolism

		•	Unilateral leg swelling, warmth, erythema

		•	Tenderness, palpable cord along course of affected vein

		•	Increased tissue turgor, distension of superficial veins, prominent collateral veins

		•	Cyanotic hue in affected limb

		•	Pallor in edematous limp

		•	Most common complaint is calf pain





Submodule I:  Pathology of the Heart



Scope and Objectives



	The purpose of this submodule is to describe the pathology of diseases involving the heart including the myocardium and cardiac valves.  The pathologic changes provide a basis for understanding the clinical presentations and complications.  It will be helpful to begin by defining congestive heart failure.  This is failure of the heart to pump an adequate quantity of blood to supply the metabolic requirements of the tissues.  This may be due to intrinsic heart disease (for example; ischemic heart disease, myocarditis or valvular disease) or a condition outside the heart (e.g., hypertension, chronic lung disease, arteriovenous shunting).



I.	Characterize the pathologic changes in congestive heart failure with regard to:



A.	Morphologic cardiac compensatory mechanisms



	1.	Dilation.



		•	Dilatation is an enlarged chamber size

		•	When hypertrophied heart can no longer accommodate the increased demand, the heart

			begins to dilate

			•	Stretches sarcomeres, increasing the force of contraction and secondarily the stroke

				volume

			•	This further increases cardiac metabolic demand, requiring increased stroke volume

			•	Cardiac dilatation the progresses beyond the point at which adequate myocardial tension

				can be generated

			•	Progressive wall thinning, chamber dilatation



	2.	Hypertrophy.



		•	Hypertrophy is the compensatory response of the myocardium to increased work

		•	Myocardial hyperfunction induces increased myocyte size that causes an increase in the

			overall mass and size of the heart

			•	Myocyte size is increased by cellular hypertrophy through addition of sarcomeres

			•	This increases the metabolic demands of the myocardium



		•	Pressure overloaded ventricles (e.g., hypertension, aortic stenosis) develop concentric 

			hypertrophy

			•	Increased ratio of wall thickness to cavity radius

		•	Volume-overloaded ventricles (e.g., mitral regurgitation) develop hypertrophy with

			dilatation (concentric hypertrophy)

			•	Proportionate increases in ventricular radius and wall thickness



		•	The increased myocyte size that occurs in cardiac hypertrophy is usually accompanied by:

			•	Decreased capillary density

			•	Increased intercapillary distance

			•	Deposition of fibrous tissue



		•	The increase in size that compensates for the increased pressures, leads to factors (previous 

			3) and protein expression (less functional forms of contractile elements) that decrease the

			ability of the heart to pump blood and potentiates the heart failure

			•	Eventually the heart can’t compensate anymore and hemodynamic compromise kicks in



		•	See Robbins, fig 12-1, p521



B.	Left-sided congestive heart failure.



	•	Left-sided congestive heart failure is most often caused by:

		1.	Ischemic heart disease

		2.	Hypertension

		3.	Aortic and mitral valvular diseases (particularly calcific aortic stenosis and rheumatic heart

			disease)

		4.	Myocardial diseases



	1.	Lungs.



		•	In left-sided heart failure, the left ventricle is usually hypertrophied, and often dilated

			•	Secondary enlargement of the left atrium is frequently present

			•	Atrial fibrillation often results, compromising stroke volume



		•	As left ventricle fails, pressure backs up into pulmonary veins

			•	≠ pulmonary venous pressure

			Æ	≠ pulmonary capillary pressure

			Æ	Pulmonary congestion and edema, with heave, wet lungs

				•	Lung changes include:

					•	Perivascular and interstitial transudate

						•	Particularly in the interlobular septa

					•	Progressive edematous widening of alveolar septa

					•	Accumulation of edema fluid in the alveolar spaces

				•	Transferrin in edema fluid and hemoglobin from erythrocytes, which leak from 

					congested capillaries, are phagocytosed by macrophages and converted to

					hemosiderin

					•	Hemosiderin-containing macrophages in the alveoli (heart failure cells) denote

						previous episodes of pulmonary edema



	2.	Kidneys.



		•	Decreased cardiac output causes a reduction in renal perfusion

			•	Activates the renin-angiotensin-aldosterone system

				•	Retention of salt and water

				•	Expansion of the interstitial fluid and blood volumes

				•	This contributes to the pulmonary edema



		•	In kidneys suffering from hypoperfusion, reduced cardiac output may lead to ischemic

			acute tubular necrosis

			•	If perfusion deficit becomes severe, impaired excretion of nitrogenous products may

				cause azotemia



C.	Right-sided congestive heart failure.



	•	Right-sided failure is usually a consequence of left-sided heart failure

	•	Cor pulmonale is the most frequent cause of pure right-sided heart failure

	•	Right ventricle is burdened by increased resistance within the pulmonary circulation

		•	Dilatation usually confined to right ventricle and atrium



	1.	Liver.



		•	Liver is usually slightly increased in size and weight

			•	Cut section displays the prominent “nutmeg” pattern of chronic passive congestion

				of the liver

				•	Composed of congested red centers of the liver lobules surrounded by the paler,

					sometimes fatty, peripheral regions

				•	In some instances, especially when left-sided failure is also present, the severe

					central hypoxia produces centrilobular necrosis along with the sinusoidal 

					congestion

				•	If right-sided failure is severe and rapidly developing, rupture of sinusoids produces

					central hemorrhagic necrosis

				•	With long-standing severe right-sided cardiac failure, the central areas in time can 

					become fibrotic, creating cardiac sclerosis

			•	See Robbins, fig 4-5, p98



	2.	Spleen.



		•	Right-sided heart failure leads to elevated pressure in the portal vein and its tributaries

			•	Splenic congestion produces a tense, enlarged spleen

				•	Marked sinusoidal dilatation, accompanied by areas of recent hemorrhage

				•	Long-standing congestion may produce enlarged spleen up to 600 grams

					(normal is 150 gm)

				•	Long-standing edema may produce fibrous thickening of the sinusoidal walls

					•	Produces firm argan characteristic of congestive splenomegaly



	3.	Kidneys.



		•	Congestion of the kidneys is more marked with right-sided failure than with left-sided

			failure, leading to:

			•	Greater fluid retention

			•	Peripheral edema

			•	More pronounced azotemia



	4.	Subcutaneous tissue.



		•	Peripheral edema of dependent portions of the body

		•	In severe or long-standing cases, edema may be quite massive and generalized (anasarca)



II.	Ischemic Heart Disease (IHD).



A.	Characterize the pathology of the coronary arteries in ischemic heart disease.



	•	Ischemia, an imbalance between the supply and demand of the heart for oxygenated blood,

		comprises insufficiency of oxygen as well as reduced availability of nutrient substrates and

		inadequate removal of metabolites

	•	Depending on the rate of development and ultimate severity of the arterial narrowing and the

		myocardial response, four ischemic syndromes may result:

		1.	Angina pectoris

		2.	Myocardial infarction

		3.	Chronic ischemic heart disease with CHF

		4.	Sudden cardiac death



	•	The dominant influence in the causation of ischemic heart disease syndromes is diminished 

		coronary perfusion relative to myocardial demand, owing largely to a complex dynamic 

		interaction among fixed atherosclerotic narrowing of the epicardial coronary arteries, 

		intraluminal thrombosis overlying a ruptured or fissured atherosclerotic plaque, platelet 

		aggregation, and vasospasm



	1.	Atherosclerosis.



		•	More than 90% of patients of patients with IHD have advanced stenosing coronary

			atherosclerosis

			•	Most have lesions causing at least 75% reduction of the cross-sectional area of at least

				one of the major epicardial arteries

				•	Compensatory vasodilation is no longer sufficient to meet even moderate increases

					in myocardial demand

		•	Only one major coronary epicardial trunk may be affected, but more often two or three are

			involved:

			•	Left anterior descending (LAD)

			•	Left circumflex (LCX)

			•	Right coronary (RC)

		•	Clinically significant stenosing plaques tend to predominate within first 2 cm of the LAD

			and LCX arteries and distal thirds of the RC artery



	2.	Complicated atherosclerotic plaques.



		•	Acute myocardial ischemia is often precipitated by disruption of previously only partially

			stenosing atherosclerotic plaques with hemorrhage, fissuring, or ulceration

			•	This is fundamental to the development of the acute coronary syndromes — unstable

				angina, acute myocardial infarction, or sudden ischemic death 

			•	High-grade but slowly developing occlusions probably stimulate well-developed 

				collateral vessels over time that may protect against infarction

			•	In many patients, acute ischemic events are c complication of catastrophic disruption of

				a moderately stenotic (50 - 75%), lipid-rich plaque, which itself was insufficient to

				induce stable angina before disruption, often followed by mural or total thrombosis



		•	The intraluminal thrombotic process resulting from plaque disruption is dynamic and 

			repetitive (see Robbins, fig 12-4, p527)

			•	Fibrotic organization of the fragmented plaque and overlying thrombosis is an important

				mechanism of progression and growth of atherosclerotic lesions in many cases

			•	Most fissures probably reseal and incorporate thrombus but don’t produce symptoms



		•	Possible factors that trigger acute plaque change:

			•	Vasospasm that fractures a calcific plaque

			•	Tachycardia

			•	Imposing physical stresses

			•	Hypercholesterolemia

			•	Intraplaque hemorrhage



		•	Lesions that rupture characteristically have a markedly eccentric configuration (plaque is not

			uniform around vessel circumference)

			•	Also have a large, soft core of necrotic debris and lipid, covered by a thin fibrous cap

		•	Fissures frequently occur at the junction of the fibrous cap with the adjacent normal arterial

			wall (plaque-free segment), a location associated with high circumferential stress



	3.	Thrombosis.



		•	Partial or total thrombosis plays a critical role in acute coronary syndromes

			•	In MI, the added thrombus converts a disrupted, partially stenotic plaque to a

				complete stenosis

			•	In unstable angina, transient mural thrombosis occurs close to the time of chest pain

				•	Chest pain is temporally related to increases in transcardiac concentrations of 

					thromboxane A2 and other platelet contents

				•	Indicates transient or labile platelet activation, secretion, and aggregation

				•	Suggests increased thromboxane A2 and other mediators at sites of plaque disruption

					•	Probably promotes further platelet aggregation and vasoconstriction



				•	Intermittent fragmentation of thrombus can lead to embolic vascular occlusion in

					some patients

					•	Not only encroaches into vessel lumen and impairs flow, but serves as 

						thrombogenic substrate and can embolize

			•	Thrombus is also a potent activator of multiple growth-related signals in smooth muscle

				cells — both platelet-mediated and smooth muscle cell-mediated events contribute to

				the growth of atherosclerotic lesions



B.	Angina pectoris.



	By definition there are no acute changes with angina pectoris but the myocardium may show 

	changes associated with other concurrent forms of ischemic heart disease.



C. Myocardial infarction.



	1.	Pathological changes (including time course).



		•	90% of transmural acute MIs are caused by an occlusive intracoronary thrombus overlying

			an ulcerated or fissure stenotic plaque

			•	In most acute transmural infarcts, an interaction among several or all of the following has

				probably occurred:

				•	Severe coronary atherosclerosis

				•	Acute atheromatous plaque change (fissuring, ulceration)

				•	Superimposed thrombosis

				•	Platelet activation

				•	Vasospasm



			•	The typical case involves the following events:

				•	Sudden change in morphology of atheromatous plaque (intraplaque hemorrhage, 

					ulceration, fissuring

				•	Platelets exposed to subendothelial collagen and necrotic plaque contents leading to

					adhesion, aggregation, activation, and release of ADP, building up platelet mass

					•	Platelet mass may give rise to emboli or potentiate occlusive thrombosis

				•	Simultaneously tissue thromboplastin is released, activating extrinsic pathway

					of coagulation

				•	Adherent activated platelets release thromboxane A2, serotonin, and platelet factors

					3 and 4, predisposing to coagulation, favoring vasospasm, and adding to the bulk

					of the thrombus

				•	Frequently in minutes, the thrombus evolves to become completely occlusive



			•	MI may also be caused by vasospasm without atherosclerotic plaques or emboli from

				mural thrombosis or vegetative endocarditis or paradoxic emboli



			•	See Robbins, Table 12-6, p536



		a.	Early ultrastructural changes.



			•	Principal biochemical response to myocardial ischemia is the onset of anaerobic 

				glycolysis, leading to inadequate production of ATP, creatine phosphate

				•	Accumulation of noxious breakdown products (lactic acid)

				•	Loss of contractility is evident within 60 seconds of onset



			•	Ultrastructural changes develop within a few minutes after onset of ischemia

				•	Cell and mitochondrial swelling

				•	Glycogen depletion

			•	These early changes are reversible, and cell death is not immediate

			

			•	Myocardial coagulation necrosis occurs only after 20 to 40 minutes of severe ischemia

			•	Classic acute myocardial infarction with extensive necrosis occurs when perfusion is

				reduced severely below its needs of an extended interval (hours)



		b.	Light microscopic changes.



			•	Myocardial infarcts less than 6 to 12 hours old are usually inapparent on gross 

				examination

			•	Histochemical changes can be used to find infarction in 2-3 hours with certain stains

				(see Robbins, fig 12-7, p533; table 12-5, p533)



			•	By 18-24 hours, the lesion can be identified in routinely fixed gross slides because of

				either pallor or a red-blue hue owing to the stagnated, trapped blood



			•	Typical microscopic changes of coagulative necrosis are not detectable for at least the 

				first 4 to 14 hours

				•	Waxy fibers may be seen as early as 1-3 hours

					•	May result from the forceful systolic tugs by the viable fibers immediately 

						adjacent to the noncontractile dead fibers, stretching and buckling them

				•	Vacuolar degeneration (myocytolysis) may be seen in the margin of infarcts

					•	Large vacuolar spaces within cells, containing water



			•	Necrotic muscle elicits acute inflammation (most prominent 2-3 days)

			•	Macrophages remove the necrotic myocytes (5 to 10 days)

			•	Damaged zone progressively replaced by the ingrowth of highly vascularized

				granulation tissue (2 to 4 weeks) which becomes less vascularized and more fibrous

			•	Scarring is usually well advanced at the sixth week



		c.	Gross changes (note that no gross changes are apparent before 18 hours).	



			•	Virtually all transmural infarcts involve at least a portion of the left ventricle

				•	Isolated infarction of the right ventricle occurs only in 1 to 3% of cases

				•	Atrial infarction found in 5 to 10% of cases of acute MI, usually with a large

					posterior left ventricular infarct

			•	The frequency and arteries involved are:



Artery�Frequency�Infarcted area��Left anterior descending

  coronary artery�40-50%�Anterior wall of left ventricle near apex

Anterior two-thirds of interventricular septum��Right coronary artery�30-40%�Inferior/posterior wall of left ventricle

Posterior one-third of interventricular septum

Posterior right ventricular free wall in some cases��Left circumflex coronary

  artery�15-20%�Lateral wall of left ventricle��

			•	Several infarcts of varying age in the same heart are frequently found

				•	Repetitive necrosis of adjacent regions yields progressive extension of an individual

					infarct over a period of days to weeks



			•	Areas of damage undergo a progressive sequence of changes that consist of typical

				ischemic coagulative necrosis, followed by inflammation and repair



			•	By 18-24 hours, the lesion can be identified in routinely fixed gross slices because of 

				either pallor or a red-blue hue owing to the stagnated, trapped blood

				•	The infarct progressively becomes a more sharply defined, yellow, somewhat 

					softened area that is by 10 days to 2 weeks rimmed by a hyperemic zone of highly 

					vascularized granulation tissue

			•	The injured region then evolves into a fibrous scar



	2.	Characterize the complications of myocardial infarction with regard to:



		a.	Pathologic changes.

		b.	Frequency

		c.	Early vs. late.



			Cardiac arrhythmias

			•	75-95% of complicated cases

			•	Due to myocardial irritability

			•	Heart block, sinus bradycardia, sinus tachycardia, PVCs or ventricular tachycardia,

				ventricular fibrillation, or asystole



			Left ventricular congestive failure and mild-to-severe pulmonary edema

			•	60% of complicated cases

			•	Some degree of left ventricular failure with hypotension, pulmonary vascular congestion,

				and transudation into the interstitial pulmonary spaces

			•	Failure may be mild and transient or may progress to pose a serious threat when 

				pulmonary edema causes marked respiratory embarrassment

		

			Cardiogenic shock

			•	10-15% of complicated cases

			•	Severe pump failure — generally indicates a large infarct (usually >40% of left ventricle)

			•	70% mortality rate



			Rupture of free wall, septum, or papillary muscle

			•	1-5% of complicated cases

			•	Result from the mechanical weakening that occurs in necrotic and subsequently inflamed

				myocardium

			•	Rupture of ventricular fee wall usually results in hemopericardium and cardiac 

				tamponade

			•	Rupture of interventricular septum leads to left-to-right shunt

			•	Rupture of papillary muscle results in acute onset mitral regurgitation

			•	Myocardial rupture can occur anytime after MI, but is most frequent after 4-7 days



			Thromboembolism

			•	15-40% of complicated cases

			•	Mural thrombus produces a risk of peripheral embolism

			•	This is a relatively late event



	3.	Contrast the pathology and pathogenesis of transmural and subendocardial myocardial 

		infarction.



		•	The more common type of infarct is the transmural infarct

			•	The ischemic necrosis involves the full or nearly full thickness of the ventricular wall in

				the distribution of a single coronary artery

			•	Usually associated with coronary atherosclerosis, plaque rupture, and superimposed

				thrombosis

			•	Usually, but not always, associated with Q waves



		•	Subendocardial (nontransmural) infarct constitutes an area of ischemic necrosis limited

			to the inner one-third of at most one-half of the ventricular wall, often extending laterally

			beyond the perfusion territory of a single coronary artery

			•	The subendocardial zone is normally the least well-perfused region of myocardium

				and most vulnerable to any reduction in coronary flow

			•	Usually diffuse stenosing coronary atherosclerosis and global reduction of coronary flow

				but neither plaque rupture nor superimposed thrombosis

			•	Usually, but not always, not associated with Q waves



		•	It is likely that transmural infarct begins with a zone of subendocardial necrosis that extends

			in a wave-front across the full thickness of the ventricular wall



D.	Chronic ischemic heart disease.



	•	Used to describe hearts in patients who insidiously develop CHF as a consequence of ischemic

		myocardial damage



	1.	Gross pathology.



		•	Constitute postinfarction cardiac decompensation based on inadequate or exhausted 

			hypertrophy of noninfarcted viable myocardium that is itself in jeopardy of ischemic injury

		•	Pericardial surface may have adhesions as a result of healing of pericarditis associated with

			past myocardial infarcts

		•	Invariably has moderate to severe stenosing atherosclerosis of the coronary arteries and 

			sometimes total occlusions from organized thrombi			

		•	Discrete, gray-white scars of healed previous infarcts are usually present

		•	Mural endocardium is generally normal except for some superficial, patchy, fibrous

			thickenings



	2.	Microscopic pathology.



		•	Diffuse myocardial atrophy and subendocardial vacuolization

		•	Interstitial and patchy replacement fibrous tissue

		•	Large healed scars of previous acute infarcts



E.	Other forms of ischemic myocyte injury.



	1.	Contraction band necrosis.



		•	With early reperfusion of an area of ischemia, irreversibly injured myocytes often have

			necrosis with contraction bands

			•	Contraction bands are intensely eosinophilic transverse bands that span the involved

				myofibers

			•	They are produced by hypercontraction of myofibrils in the dying cell that has damaged 

				membranes after ischemia due to exposure to plasma calcium ions

			•	Reperfusion, therefore, alters the morphology of cells already lethally injured at the time

				of reflow



	2.	Vacuolar degeneration.



		•	Vacuolar degeneration comprises large vacuolar spaces within cells, containing water

			•	Potentially reversible

			•	Particularly frequent in the thin zone of viable subendocardial cells

			•	Subendocardial myocyte vacuolization may be noted in the absence of an infarct, in 

				which case it signifies severe chronic ischemia



III.	Myocardial Diseases.



A.	Hypertensive heart disease.



	1.	Criteria for anatomic diagnosis.



		•	The minimal criteria for the diagnosis of systemic hypertensive heart disease are the 

			following:

			1.	Left ventricular hypertrophy (usually concentric — without dilatation) in the absence

				of other cardiovascular pathology that might have induced it

			2.	History of hypertension



	2.	Gross pathology (weight, wall thickness, chamber size.)



		•	Left-sided concentric hypertrophy without dilatation

		•	Thickening of the left ventricular wall is:

			•	Symmetric

			•	Increased ratio of wall thickness to radius of ventricular chamber

			•	Increases the weight of the heart disproportionately to the increase in overall size

		•	The lumen size of the ventricle decreases

		•	Left ventricular wall thickness may exceed 2 cm and heart weight exceed 500 gm

		•	The increased thickness of the left ventricular wall imparts a stiffness that impairs

			diastolic filling



	3.	Microscopic changes.



		•	The earliest changes are myocyte enlargement with in increase in transverse diameters

		•	When more advanced, cellular and nuclear enlargement becomes somewhat more irregular,

			with variation in cell size among adjacent cells, loss of myofibrils, and increased interstitial

			fibrosis



	4.	Ultrastructural changes.

		•	Biochemical, molecular, and morphologic changes are similar to those noted in other

			conditions of myocardial overload

			•	The myocytes hypertrophy (cellular hypertrophy through addition of sarcomeres)

			•	Gene expression is altered, leading to a re-expression of a pattern of protein synthesis

				 analogous to that seen in fetal cardiac development

				•	Proteins related to contractile elements, excitation-contraction coupling, and energy 

					utilization may be significantly altered

			•	Fibrosis and inadequate vasculature



	5.	Compensated versus decompensated.



		•	Compensated systemic hypertensive heart disease may be asymptomatic



		•	The onset of decompensation is usually accompanied by dilatation of the ventricular

			chamber, thinning of the wall, and enlargement of the external dimensions of the heart

			•	Uncompensated hypertensive heart disease may appear as atrial fibrillation (owing to 

				left atrial enlargement) or CHF with cardiac dilatation, or both

			•	May potentiate atherosclerosis, may suffer progressive renal damage or cerebrovascular

				stroke, or may experience progressive heart failure



B.	Cor pulmonale.



	1.	Causes of acute and chronic cor pulmonale.



		•	See Robbins, Table 12-7, p542



		•	Cor pulmonale is right-sided hypertrophy caused by pulmonary hypertension

			•	Right ventricular dilatation and thickening caused by diseases of the left side of the

				heart and congenital heart diseases are excluded by definition



	2.	Cardiac pathology (right ventricle).



		•	In acute cor pulmonale, there is marked dilatation of the right ventricle

		•	On cross section, the normal sickle shape of the right ventricle is transformed to a dilated

			ovoid cavity possibly with thinning of the right ventricular wall



		•	In chronic cor pulmonale, the ventricular wall thickens, and may even come to approximate

			that of the left ventricle (Robbins, fig 12-14, p543)



		•	More subtle stages of right ventricular hypertrophy may be revealed by thickening of the 

			muscle bundles:

			•	In the outflow tract

			•	Immediately below the pulmonary valve

			•	The moderator band (the muscle bundle that connects the septum to the anterior right 

				ventricular papillary muscle)

		•	Sometimes there is secondary compression of the left ventricular chamber

		•	Rarely, secondary tricuspid regurgitation leads to slight fibrous thickening of this valve, but

			otherwise the remainder of the heart is essentially unchanged



C.	Myocarditis.



	•	Myocarditis is an inflammatory involvement of the heart muscle characterized by a leukocytic 

		infiltrate and resultant nonischemic necrosis or degeneration of myocytes



	1.	Etiologies of myocarditis.



		•	Most cases of well-documented myocarditis are viral in origin

			•	Frequently Coxsackievirus A and B, ECHO, poliovirus, and influenza A and B

			•	In most cases, cardiac involvement follows several days to a few weeks after primary

				viral infection elsewhere

			•	The mechanism of viral damage is still uncertain

				•	One possibility may be direct viral cytotoxicity

					•	This is considered infrequent

				•	Immune mediation of myocardial inflammatory lesions occur in most cases

					•	Probably through T cell-dependent mechanisms

					•	Usually myocarditis induced by virus is a biphasic disease of an initial, virus-

						mediated myocardial or extracardiac infection that is cleared by monocytes and

						the humoral immune system

						•	Followed by an immunologic phase mediated by T lymphocytes directed at

							either novel antigens that develop as a result of interaction between virus and

							myocardium or myocardial antigens that cross react with either the virus or

							tissue external to the heart that has been altered by the virus



		•	Myocarditis can also be caused by the protozoa Trypanosoma cruzi producing Chagas’

			disease

			•	Uncommon in the northern hemisphere, but affects up to one-half of the population in

				endemic areas of South America

			•	Myocardial involvement is found in 80% of infected individuals



		•	Trichinosis is the most common helminthic disease with cardiac involvement

		•	The exotoxin of Corynebacterium diphtheriae causes myocardium characterized by patchy

			myocyte necrosis with only a sparse lymphocytic infiltrate



		•	Myocarditis occurs in many patients with AIDS of two types:

			1.	Inflammation and myocyte damage without a clear etiologic agent

			2.	Myocarditis directly by HIV or an opportunistic pathogen



		•	There are also noninfectious causes of myocarditis

			•	Hypersensitivity to a drug, including some antibiotics, diuretics, antihypertensive agents

			•	Associated with immune diseases, such as systemic lupus erythematosus

			•	Cardiac sarcoidosis and rejection of a transplanted heart



		•	See Robbins, Table 12-12, p562



	2.	Gross pathology.



		•	During the active phase of myocarditis:

			•	Heart may appear normal or enlarged with dilatation of either ventricle or all chambers

			•	Lesions may be diffuse or patchy

			•	Ventricular myocardium is typically flabby and often mottled by either pale foci or

				minute hemorrhagic lesions

			•	Endocardium and valves are unaffected except that mural thrombi may be present in any

				chamber



	3.	Describe the microscopic pathology of myocarditis due to:



		•	Not all myocardial inflammation is myocarditis

			•	The mere presence of myocardial inflammatory cells (without associated myocyte 

				damage) is insufficient for diagnosis



		a.	Viruses



			•	During active disease, myocarditis most frequently characterized by an interstitial 

				mononuclear, predominantly lymphocytic inflammatory infiltrate, and by injury 

				(usually focal necrosis) to myocytes adjacent to the inflammatory cells, not typical of 

				ischemic damage (Robbins, fig 12-30, p564)



		b.	Pyogenic bacteria.



			•	The histologic pattern of reaction depends on the specific causative organism, but in

				general mirrors the changes produced by the same organism in extracardiac locations,

				including a patchy, focal, suppurative reaction and sometimes microabscesses



		c.	Parasites.



			•	Just as with bacteria, the histologic pattern of reaction depends on the specific causative 

				organism, but in general mirrors the changes produced by the same organism in 

				extracardiac locations, including a patchy, focal, suppurative reaction and sometimes 

				microabscesses

				•	Larger parasites produce their typical tissue reactions within the heart muscle

			•	Chagas’ disease is rendered distinctive by parasitization of scattered myofibers by

				trypanosomes accompanied by an inflammatory infiltrate of neutrophils, lymphocytes,				macrophages, and occasional eosinophils (Robbins, fig 12-31, p564)



		d.	Hypersensitivity.



			•	Hypersensitivity reactions that involve the myocardium induce interstitial infiltrates 

				that are principally perivascular, composed of lymphocytes, macrophages, and a high

				proportion of eosinophils



		e.	Idiopathic etiology (sarcoidosis and giant cell)



			•	A morphologically distinctive form of myocarditis of uncertain cause is called giant cell

				myocarditis

				•	Characterized by a widespread inflammatory cellular infiltrate containing 

					multinucleate giant cells interspersed with lymphocytes, eosinophils, plasma cells, 

					and macrophages and having at least focal but frequently extensive necrosis

				•	The giant cells are of macrophage origin in some cases and of myocyte origin in 

					others



		•	If the patient survives the acute phase of myocarditis, the inflammatory lesions either 

			resolve, leaving no residual changes, or heal by progressive fibrosis

			•	Sometimes the persistent connective tissue is sufficiently scattered and subtle to be

				virtually inapparent

			•	With more severe damage, focal minute scars may remain

			•	In extremely florid cases, the scars may become confluent and grossly visible



D.	Cardiomyopathy.



	The term cardiomyopathy is confusing because it means different things to different physicians.  Some use the term very loosely to indicate almost any etiology of heart failure (i.e. ischemic cardiomyopathy).  Others reserve the term cardiomyopathy to indicate myocardial disease of unknown etiology and all myocardial diseases with a known etiology are classified as specific heart muscle diseases.  I prefer to use the term cardiomyopathy to include myocardial diseases excluding the following:  ischemic heart disease, hypertensive heart disease, cor pulmonale, congenital heart disease, valvular heart disease, myocarditis and infiltrative diseases.  With this last definition, cardiomyopathies can be divided into two major types:  primary and secondary.  The primary cardiomyopathies have no known etiology and include hypertrophic cardiomyopathy, restrictive or obliterative cardiomyopathy, and primary dilated cardiomyopathy.  The secondary cardiomyopathies are due to an identifiable etiology (see Table 12-11).  The pathologic features of hypertrophic cardiomyopathy are distinctive.  The pathologic features of both forms (primary and secondary) of dilated cardiomyopathy are similar.



	1.	Characterize dilated (congestive) cardiomyopathy and hypertrophic cardiomyopathy with

		regard to:



		a.	Gross pathology (chamber size, wall thickness, which chambers are involved).



			Dilated cardiomyopathy

			•	The heart is usually heavy, weighing two to three times normal

			•	Usually large and flabby, usually with dilatation of all chambers (Robbins, 12-28, p559)

			•	Because wall thinning accompanies dilatation, the ventricular wall thickness may be 

				less than, equal to, or more than normal

			•	Mural thrombi are common

				•	Especially near the apex of the left and right ventricles and in the atria

				•	May be a source of thromboemboli



			•	There are no primary valvular alterations

				•	Mitral regurgitation, when present, is a result of left ventricular dilatation (functional

					mitral regurgitation)

			•	Coronary arteries are usually (not always) free of significant narrowing

				•	If present, insufficient to explain the degree of cardiac dysfunction present

			•	Left ventricle has patchy myocardial (mostly subendocardial) fibrous scars, some 

				probably reflecting healed ischemic damage

				•	Result from imbalance of perfusion supply and demand caused by hypertrophy and

					dilatation, fixed coronary obstruction, or embolic damage

			•	Additional superficial endocardial plaques largely represent fibrosis that accompanies

				and is secondary to the dilated ventricle



			Hypertrophic cardiomyopathy

			•	Massive myocardial hypertrophy (Robbins, fig 12-29, p560)

				•	Disproportionate thickening of the ventricular septum as compared with the free 

					wall of the left ventricle (ratio greater than 1.3) termed asymmetric septal 

					hypertrophy

					•	In about 10%, the hypertrophy is symmetric

					•	Although it can involve the entire septum, it is usually localized to the subaortic

						(most common), midventricular, or apical region

					•	When the basal septum is markedly thickened at the level of the mitral valve, the

						outflow of the left ventricle may be narrowed during systole



			•	On cross section, ventricular cavity loses its usual round-to-ovoid shape and may be

				compressed into a “banana-like” configuration by bulging of the ventricular septum

				into the lumen

			•	Sometimes also present are endocardial thickening or mural plaque formation in the left

				ventricular outflow tract and thickening of the anterior mitral leaflet

				•	Results of contact of the anterior mitral leaflet with the septum during ventricular

					systole



		b.	Microscopic pathology (changes in the myocytes, blood vessels, interstitial connective tissue)



			Dilated cardiomyopathy

			•	Generally nonspecific and don’t reflect an etiologic agent

			•	The sizes of individual muscle cells vary

				•	Most are hypertrophied, but many are attenuated and stretched

			•	Nuclei are usually enlarged throughout, indicating hypertrophy

			•	Interstitial and endocardial fibrosis of variable degree is usually present

				•	Small fibrous scars often replace individual cells or groups of cells (replacement 

					fibrosis reflecting healing of previous myocyte necrosis)

			•	Leukocytes are usually absent or present in fibrous tissue only

		

			Hypertrophic cardiomyopathy

			•	Extensive myocyte hypertrophy to a degree unusual in other conditions

				•	Transverse myocyte diameters frequently more than 40µm (normal 15 µm)

			•	Haphazard disarray of bundles of myocytes, individual myocytes, and contractile

				elements in sarcomeres within cells (myofiber disarray)

				•	Myofiber disarray typically involves 10-50% of the septum and somewhat less of

					the left ventricular free wall

				•	Myofiber disarray is not unique to hypertrophic cardiomyopathy and may also be 

					seen with other forms of myocardial hypertrophy, usually to a far lesser extent

			•	Interstitial and replacement fibrosis

	

		c.	Familial tendencies.



			•	Dilated cardiomyopathy has a familial occurrence in approximately 20% of cases

				•	The cause is unknown



			•	Hypertrophic cardiomyopathy has a genetic basis in many cases

				•	Transmission is autosomal dominant with variable expression in 50% of cases

				•	The remainder appears sporadic with other mutations (the explanation in 

					physiology was better than the pathology explanation so look back there!)





IV.	Rheumatic Fever and Valvular Disease.



A.	Rheumatic carditis.



	1.	Evolution of Aschoff body.



		•	During acute rheumatic fever, widely disseminated, focal, inflammatory lesions are found

			in various sites, and are most distinctive within the heart (Aschoff bodies)

			•	They are foci of fibrinoid necrosis surrounded by lymphocytes, macrophages, an

				occasional plasma cell, and plump “activated” histiocytes called Anitschokow cells

				or Aschoff cells

			•	This varied inflammatory infiltrate about the central focus of fibrinoid necrosis 

				constitutes the full-blown Aschoff body that is pathognomonic of rheumatoid

				fever



	2.	Anitschkow cell, Aschoff giant cells, MacCullum’s plaques.



		•	Anitschkow cells are plump activated histiocytes that are part of Aschoff bodies

			•	The have abundant amphophilic cytoplasm and central round-to-ovoid nuclei in which

				the chromatin is disposed in a central, slender, wavy ribbon resembling a caterpillar

			•	Some of the larger altered histiocytes are multinucleated to form Aschoff giant cells



		•	Subendocardial lesions, perhaps exacerbated by regurgitant jets, may induce irregular

			thickenings of the valves called MacCallum’s plaques, usually in the left atrium



	3.	Early or acute pathology of the valves.



		•	There is usually concomitant involvement of the endocardium and the left-sided valves by

			inflammatory foci not characteristic of Aschoff bodies

			•	Typically there are foci of fibrinoid necrosis within the cusps or along the chordae 

				tendineae on which sit small (1-2 mm) friable vegetations (verrucae) along the lines of

				closure

				•	These irregular, warty projections probably result from the precipitation of fibrin at

					sites of erosion of inflamed endocardial surfaces where the leaflets impinge on each

					other

				•	These acute valvular changes cause little disturbance in cardiac function and usually

					resolve or induce only minimal fibrosis, with little if any functional deficit

		•	Chronic valvular involvement is responsible for the disability decades later



	4.	Pericarditis.



		•	Aschoff bodies may be found in the pericardium

			•	They are located in the subserosal fat and fibrous tissue and are accompanied by a

				fibrinous or serofibrinous pericardial exudate, described as a “bread-and-butter” 

				pericarditis



B.	Chronic rheumatic valvular disease.



	1.	Which valves are involved.



		•	The mitral valve is virtually always deformed

			•	Aortic valve may also be involved

			•	Tricuspid valve often show changes



	2.	Pathologic changes in valve leaflets, chordae tendineae, commissures.



		a.	Fusion

		b.	Fibrosis

		c.	Calcification

		

		•	Chronic rheumatoid heart disease is characterized by organization of the acute endocardial

			inflammation and subsequent deforming fibrosis

			•	The valvular leaflets become thickened and retracted, causing permanent deformity

			•	In chronic disease, the mitral valve is virtually always deformed

			•	Involvement of another valve, such as the aortic, may be the most clinically important

				in some cases

			•	The cardinal changes of the mitral (or tricuspid) valve are leaflet thickening, 

				commissural fusion and shortening, thickening, and fusion of the chordae tendineae

			•	See Robbins, fig 12-19, p550



C.	Infective endocarditis.



	1.	Gross and microscopic appearance of vegetations.



		•	Infective endocarditis is characterized by colonization or invasion of the heart valves or the

			mural endocardium by a microbiologic agent, leading to the formation of bulky, friable

			vegetations laden with organisms

			•	Not only the valves, but also the aorta (infective endoaortitis), aneurysmal sacs, or

				other blood vessels can also become infected



		•	Friable, bulky, usually bacteria-laden fibrinous vegetations most commonly on the heart

			valves

			•	May occur singly or multiply on one or more valves on either side of the heart

			•	Are up to several centimeters in greatest dimension, and are readily fragmented



			•	Vegetations in acute endocarditis cause perforation or erosion of the underlying valve

				leaflet, and sometimes erode into the underlying myocardium to produce an abscess

				cavity (ring abscess)

			•	Subacute vegetations tend to be located on the downstream margin of the jet stream

				(e.g., on the right ventricular margins of a ventricular septal defect)



		•	See Robbins, fig 12-20, p552; fig 12-22, p554



	2.	Which valves are involved.



		•	Infective endocarditis can involve previously damaged heart valves or normal heart valves

		•	Generally affects left-sided valves (aortic, mitral, in case you haven’t learned that by now),

			but may affect the right side, especially in IV drug users (50% tricuspid valve)



	3.	Pathologic changes related to sequelae and complications.



		•	With treatment, the vegetations sometimes undergo progressive sterilization, organization,

			and fibrosis and can eventually become calcified, leaving only irregular heaped-up

			fibrocalcific nodular excrescences on the valve leaflets

		•	A residual perforation may remain (OK, fine, that’s why they call it residual)



		•	Murmurs are present in 90% of patients with left-sided lesions but may be merely related

			to the pre-existent cardiac abnormality predisposing to infective endocarditis



		•	In acute endocarditis, a murmur is likely because of the large size of the vegetations or

			leaflet destruction

			•	The vegetations are also more likely to fragment and embolize

		•	Petechiae, subungual hemorrhages, and Roth’s spots in the eyes may occur secondary to

			microemboli



		Complications

		•	Cardiac:

			•	Valvular insufficiency or stenosis with cardiac failure

			•	Myocardial ring abscess, with possible perforation of aorta, interventricular septum, or

				free wall or invasion of the conduction system

			•	Suppurative pericarditis

			•	Partial dehiscence of artificial valves, often with paravalvular leak

		•	Embolic complications (leading to infarcts or metastatic infection):

			•	With left-sided lesions — to the brain (cerebral abscess, meningitis), spleen (abscess), 

				kidneys (abscess), other sites

			•	With right-sided lesions — to the lungs (abscess, pneumonia)

		•	Renal complications:

			•	Embolic infarction

			•	Focal glomerulonephritis (due to microemboli), which may lead to nephrotic syndrome 

				or renal failure or both

			•	Diffuse glomerulonephritis (due to antigen-antibody complex deposition), which can

				lead to renal failure

			•	Multiple abscesses — with acute staphylococcal endocarditis



D.	Non-infectious forms of endocarditis.



	1.	Non-bacterial thrombotic (marantic).



		•	Non-bacterial thrombotic endocarditis is a form of vegetative endocarditis most often

			encountered in debilitated patients, such as those with cancer or sepsis

		•	Characterized by the deposition of small, sterile masses of fibrin and other blood elements

			on the valve leaflets of either side of the heart, usually on previously normal valves

			•	Vegetations do not contain organisms, are nondestructive, tend to be small (1-5 mm),

				and occur singly or multiply along the line of closure of the leaflets or cusps (Robbins,

				fig 12-23, p554)

			•	Histologically, bland thrombus without accompanying inflammatory reaction, 

				organization, or induced valve damage



		•	Frequently occurs concomitantly with venous thromboses or pulmonary embolism, 

			suggesting a common origin in a hypercoagulable state with systemic activation of blood 

			coagulation

			•	This may be related to some underlying disease, such as cancer

		•	May achieve clinical significance by producing emboli and resultant infarcts



	2.	Libman-Sacks.

		

		•	In systemic lupus erythematosus, mitral and tricuspid valvulitis is occasionally encountered

			and leads to the development of small, sterile vegetations



		•	Lesions are small, usually 1-4 mm in diameter, sterile, granular pink vegetations that may

			be single or multiple

		•	Most frequently the lesions are located on the undersurfaces of the atrioventricular valves, 

			but they may be scattered on the valvular endocardium, on the chordae tendineae, and on the 

			mural endocardium of atria or ventricles



		•	Histologically, verrucae consist of a finely granular, fibrinous eosinophilic material that may 

			contain hematoxylin bodies (the tissue equivalent of the lupus erythematosus cell of the 

			blood and bone marrow)

		•	An intense valvulitis is present, characterized by fibrinoid necrosis of the valve substance 

			that is often contiguous with the vegetation

		•	The small vegetations on the valve leaflets can sometimes be confused with the much larger 

			friable vegetations of infective endocarditis or nonbacterial thrombotic endocarditis

		•	Subsequent fibrosis and serious deformity can result that requires surgery

	

E.	Aortic valve stenosis.



	1.	List the causes of aortic stenosis.



		•	Aortic stenosis may be:

			•	Congenital (valvular obstruction is present from birth)

				•	Congenital aortic stenosis excludes congenital bicuspid and the rare unicuspid valves

					that do not cause functional stenosis at birth but have enhanced susceptibility to

					superimposed damage that later can cause stenosis

			•	Acquired

				•	Usually the consequence of calcification induced by “wear and tear” of either

					congenitally bicuspid (or unicuspid) valves or calcification of aortic valves with

					previous normal anatomy in aged individuals



	2.	Contrast senile calcification and congenital bicuspid aortic valves with regard to:



		a.	Gross appearance of the valves.

		b.	Ages of the patients affected.

	

			•	The morphologic hallmark of non-rheumatic, calcific aortic stenosis (with either 

				tricuspid or bicuspid valves) is heaped-up calcified masses within the aortic cusps

				that ultimately protrude through the outflow surfaces into the sinuses of Valsalva,

				preventing the opening of the cusps



			•	Senile calcification

				•	The calcific deposits distort the cuspal architecture, primarily at the bases — the

					free cuspal edges are usually not involved (Robbins, fig 12-15, p544)

				•	The calcific process begins in the valvular fibrosa, at the points of maximal cusp

					flexion (the margins of attachment), and the microscopic layered architecture

					is largely preserved

				•	The process is primarily dystrophic calcification without lipid deposition or cellular

					proliferation distinct from atherosclerosis

				•	In degenerative aortic stenosis, there is no commissural fusion

					•	The cusps are often heavily fibrosed and thickened

				•	Affects patients in the eighth and ninth decades of life

			

			•	Congenital bicuspid aortic valves:

				•	Calcification begins at free edges of two cusps and progresses toward the base

				•	Affects patients in the sixth and seventh decades of life



F.	Aortic valve regurgitation.



	There are two basic mechanisms:



	1.	The valve cusps fail to cover the entire valve orifice.  This may be due to scarring and 

		deformity of cusps, destruction of cusps or dilation of the aortic root and valve anulus

		producing an enlarged orifice.



	2.	Alterations in the valve cusp collagen weakens the cusps.  This may be particularly prominent

		in patients with generalized connective tissue disorders.



G.	Mitral valve regurgitation.



	1.	List the causes.

	2.	Describe the mechanism of regurgitation for each cause.



		•	Mitral annular calcification

			•	In elderly individuals, degenerative calcific deposits can develop in the ring of the

				mitral valve

			•	Usually doesn’t affect valvular function

			•	Can cause regurgitation by interference with systolic contraction of the mitral valve ring

		

		•	Mitral valve prolapse

			•	One or both mitral leaflets are enlarged, redundant, or floppy and prolapse into the 

				left atrium during systole

			•	This may cause the valve to become incompetent, causing regurgitation



	3.	Describe the anatomic characteristics of mitral valve prolapse.



		a.	Gross appearance of the leaflets.



			•	The essential anatomic change in the mitral valve prolapse is interchordal ballooning 

				(hooding) of the mitral leaflets or portion of the leaflets



		b.	Myxomatous changes.



			•	Frequently the chordae tendineae in myxomatous degeneration are elongated or 

				thinned, and occasionally they are ruptured

			•	Histologically the essential change is attenuation of the fibrosa layer of the valve, on

				which the structural integrity of the cusp depends, accompanied by marked thickening

				of the spongiosa

			•	Normally the thickness of the fibrosa and spongiosa are approximately equal; in the

				well-defined myxomatous valve, the thickness of the spongiosa far exceeds that of the

				fibrosa



		c.	Secondary anatomic changes.



			•	Secondary changes reflect the stresses and injury incident to the billowing leaflets:

				1.	Fibrous thickening of the valve leaflets, particularly where they rub against each

					other

				2.	Linear fibrous thickening of the left ventricular endocardial surface where the 

					abnormally long chordae snap against it

				3.	Thickening of the mural endocardium of the left ventricle or atrium as a consequence

					of friction-induced injury by the prolapsing leaflets

				4.	Thrombi on the atrial surfaces of the leaflets, particularly in the recesses behind the

					ballooned cusps

				5.	Focal calcifications at the base of the posterior mitral leaflet



V.	Tumors of the Heart.



A.	Myxoma (the most common primary cardiac tumor).



	1.	Describe the gross and microscopic appearance.



		•	The tumors are almost always single, but rarely several occur simultaneously

		•	The region of the fossa ovalis in the atrial septum is the favored site of atrial origin

		•	Range from small (< 1 cm) to large (up to 10 cm) sessile or pedunculated masses 

		•	Vary from globular and hard lesions mottled with hemorrhage to soft, translucent, papillary

			or villous lesions having a myxoid appearance

		•	The pedunculated form is frequently sufficiently mobile to move into or sometimes through

			the AV valves during systole causing intermittent and often position-dependent obstruction

			•	Sometimes such mobility exerts a “wrecking-ball” effect, causing damage to the valve

				leaflets



		•	Histologically, composed of stellate or globular myxoma cells, endothelial cells, mature or

			immature smooth muscle cells, and a variety of intermediate forms embedded within an

			abundant acid mucopolysaccharide ground substance and covered by endothelium

			•	Peculiar structures that variably resemble poorly formed glands or vessels are 

				characteristic

			•	Some inflammation is usually present



	2.	Complications (altered blood flow, embolism).



		•	Major clinical manifestations are due to valvular “ball-valve” obstruction, embolization

		•	Sometimes fragmentation with systemic embolization calls attention to these lesions

		•	Constitutional symptoms (fever, malaise, etc.) are likely due to the elaboration by some

			myxomas of the cytokine IL-6



B.	Rhabdomyoma.



	•	Rhabdomyomas are the most frequent primary tumor of the heart in infants and children, and

		are frequently discovered in the first years of life because of obstruction of a valvular orifice or

		cardiac chamber



	•	Generally small, gray-white myocardial masses up to several centimeters in diameter located on

		either the left or right side of the heart, protruding into the ventricular chambers

	•	Histologically, composed of a mixed population of cells, the most characteristic of which are 

		large, rounded or polygonal cells containing numerous glycogen-laden vacuoles separated by

		strands of cytoplasm running from the plasma membrane to the more or less centrally located

		nucleus (spider cells)

		•	These cells can be shown to have myofibrils



	•	Rhabdomyomas are hamartomas or malformations rather than true neoplasms 



C.	Sarcomas.



	•	Cardiac angiosarcomas are not distinctive from their counterparts in other locations

	•	Sarcomas are malignant tumors arising in mesenchymal tissue



D.	Secondary tumors.



	Secondary tumors involve the pericardium more commonly than the myocardium.  Leukemia and

	lymphoma may be associated with cardiac infiltration



	•	See Robbins, Tables 12-14, 12-15, p570-571
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