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	1. Hyperaemia and congestion
Increased  blood volume in a tissue
Hyperemia Congestion
Active vasodilatation of arterioles & capillaries resulting in increased blood flow in a tissue Passive dilatation of veins , venules & capillaries due to venous outflow obstruction
The affected tissues appear red → due to engorgement with oxygenated blood The affected tissues appear blue-red (cyanosed) → due to engorgement with deoxygenated blood
Types of
Congestion
1-Local
venous
congestion
Acute Sudden occlusion of vein by Thrombus
Chronic Gradual incomplete occlusion of vein e.g
► Pregnancy: uterine enlargement → compression of iliac veins → congestion of leg veins.
► Mitral stenosis or left sided heart failure →congestion of pulmonary veins.
2-Systemic
(generalized)
venous
congestion
Acute Chronic
Definition Rapid generalized congestion of organs Gradual congestion of the systemic veins (venae cava) and their tributaries with or without congestion of pulmonary veins
Aetiology Acute heart failure a- Left sided heart failure → right ventricular failure b- Right sided heart failure
Effects of
congestion
Acute congestion Chronic congestion
Affected organ
- Blue red - Edematous
- Hemorrhagic
● Edema due to increased capillary hydrostatic pressure ● Focal hemorrhage due to rupture of capillaries
● Thrombosis due to stasis ● Varicosity: dilatation, elongation and tortuosity of the chronically congested veins
● Parenchymal cell atrophy ● Organs appear brown (hemosiderin) & contracted
Infarction
Definition An infarct is an area of ischemic necrosis caused by sudden occlusion of the vascular supply to the affected tissue.
Aetiology 1- Arterial occlusion by thrombus or embolus :99% of cases 2- Extensive venous occlusion: Less common causes
Types of
infarct
Pale occur with Arterial occlusion in solid organs with end arteries e.g heart & kidney and spleen
Red
hemorrhagic
occur in:
► Venous occlusions :
● with arterial occlusion as in strangulated hernia (intestine) & Ovarian or testicular torsion
● without arterial occlusion as Brain infarction due to jugular vein thrombosis
► In loose tissues as lung & small intestine. Blood can collect in infarcted zone.
► Tissues with a dual circulation e.g lung and small intestine permitting blood flow from the patent vessels into infarcted area
(such perfusion not sufficient to rescue the ischemic tissues).
General
pathological
features of
infarcts
Gross features ► Pyramidal or wedge shaped infarct with
● its apex at the site of vascular occlusion ● its base at surface of the organ due to the fan shaped distribution of end arteries
► When the infarct base is a serosal surface; pleura, pericardium, peritoneum →it shows fibrinous inflammation
► Margins of the infarct are hyperemic due to inflammation ► Early, the infarct is swollen but later, it becomes contracted due to healing
► Infarcts may be pale or hemorrhagic
Microscopic features ● Infarcts of all organs → ischemic coagulative necrosis EXCEPT CNS → liquifactive necrosis
● The margins of the infarct show dilated capillaries & some inflammatory cells.
Hemodynamic disorders
 


	2. Thrombosis
Definition A VITAL  process by which a thrombus is formed inside the cardiovascular system during life .
Thrombus A solid compact mass (firm, friable with rough surface and adherent to the vessel wall)
► Formed from circulating blood constituents ► Primarily platelets, with a variable amount of fibrin entangling blood cells. ► In flowing blood.
Predisposing
factors of
Thrombosis
1-Endothelial injury Causes: ● Atherosclerosis ● Traumatic injury of arteries and veins ● Inflammation ( phlebitis, arteritis, endocarditis)
►► Exposure of subendothelial collagen to which platelets can stick firmly
2-Abnormal blood flow
(stasis and turbulence)
a) Stasis (slowing) ► Deviation of platelets from axial blood stream → Contact with the endothelium → Enhancement of thrombosis
► Causes of stasis
● Heart failure ● Mitral stenosis → left atrial stasis ● Varicose veins
● Hyperviscosity states due to changes in blood composition :-
- Increased RBCs in polycythemia - Increased WBCs in leukemia - Loss of plasma in dehydration
b) Turbulence of
blood
► Deviation of the blood stream → abnormally hits the vascular or cardiac lining → Deviation of platelets + endothelial
damage.
► Examples : - Inside arterial aneurysms - Inside atria in case of atrial fibrillation
- Vascular compression from the outside eg by tumours
3-Hypercoagulability of blood Causes: - Inherited lack of natural anticoagulants - Acquired states e.g in cases of oral contraceptives
Classification of
Thrombi
1-According to
the site of
thrombosis
Arterial thrombi ● Atherosclerosis ● Aneurysms
Cardiac thrombi ► Valvular thrombi (vegetations) ►Atrial thrombi as in atrial fibrillation ►Ventricular mural thrombi On myocardial infarction
Venous
thrombi
► Common due to ● Slower venous circulation ● Veins are thin walled easier injury by trauma than arteries
► Two main types of venous thrombosis
Thrombophlebitis Thrombosis initiated by inflammation.
1-Aseptic (sterile) thrombophlebitis: In veins exposed to trauma or irradiation.
2-Septic thrombophlebitis: In veins draining areas of acute suppuration.
Phlebothrombosis ► Thrombosis initiated by factors other than inflammation.
► Examples: Thrombosis in
● Varicose veins due to stasis
● Calf veins in cases of heart failure due to
- Stasis - Bed recumbence → compression of calf veins against bed mattress and stasis
● Leg veins after labor or surgery due to: - Prolonged bed recumbence - Increased platelets - Traumatic surgical injury
► Effects - Congestion and oedema - Pulmonary embolism
Capillary
thrombosis
Rare
2-According to
thrombus colour
Pale thrombi ● Consist predominantly of platelets with little fibrin . ● Occur in rapidly flowing blood as in arteries.
Red thrombi ► Consist predominantly of fibrin and blood cells with little platelets. ► Mainly occur in veins in cases of stasis.
Mixed thrombi ● Consist of alternating lamellae called lines of Zahn represent pale platelet and fibrin layers alternating with darker layers rich of
RBCs.
● More common in arteries and heart but can also develop in veins.
3-According to
presence or
absence of bacteria
Sterile (aseptic) thrombi Containing no bacteria
Infected (septic) thrombi Containing bacteria as in ● Septic thrombophlebitis ● Septic vegetation in acute bacterial endocarditis
4-According to
whether
occlusive or not
► Non occlusive mural thrombi : in aorta & heart
► Occlusive thrombi (commonest form) :Vascular lumen is occluded
Fate and
complications of
thrombi
1-Septic
thrombi
→ Fragmentation by proteolytic enzymes released by inflammatory cells due to infection → septic emboli that circulate in the blood→ pyaemic abscesses
2-Aseptic
thrombi
A. Lysis of early small thrombi may occur by fibrinolysins B. Occlusion of - Artery → Ischemia - Vein → Congestion and edema
C. Fragmentation with the development of thrombo-emboli - With poor collaterals → ischemic necrosis (infarction or gangrene) - With good collaterals → no effect
D. Organization (fibrosis) E. Calcification
 


	3. Embolism
Embolism Impaction of  the embolus in a blood vessel which is too small to allow its further passage.
An embolus An insoluble mass (solid, liquid, or gaseous) circulating in the blood stream Sites 1- Systemic arteries 2- Pulmonary arteries 3- Portal vein radicles
Types
of
emboli
1-Thrombo-emboli
Aetiology Fragmented or detached thrombi
Sites of impaction
of the emboli
a- Pulmonary artery Emboli are derived from thrombi of systemic veins → reach the venae cava → finally become impacted in pulmonary arteries
b- Portal vein radicles Emboli are derived from thrombi of the mesenteric or splenic veins and impacted in the portal vein radicles
c- Systemic arteries Emboli are ► Derived from thrombi of ● Pulmonary veins ● Heart (left atria, left sided valves, left ventricle) ● Aorta
► Circulate in systemic arterial circulation
► Impacted in different sites as cerebral, renal, splenic & hepatic arteries → systemic arterial occlusion
d- Paradoxical ► Emboli circulating in systemic veins ● may not cause pulmonary embolism ● instead lead to systemic embolism
► Mechanisms:
● Very small emboli may by- pass the pulmonary capillaries and reach left side of the heart
● Emboli pass from right to left side of the heart in some cases of congenital septal defects
Effects of
thromboembolism
A) Septic
emboli
Derived from ► Septic thrombi as in septic thrombophlebitis ► Septic vegetation as in acute bacterial endocarditis
→ Pyaemic abscesses (Small yellowish foci surrounded by zone of hyperameia )
B) Aseptic
emboli
(in general)
► Occlusion of arteries with poor collaterals → Infarction or gangrene ► Occlusion of arteries with good (efficient) collaterals → No effect
# Aseptic emboli in pulmonary embolism ( Effects depend on the size of the embolus )
1-Large emboli Impacted in the main pulmonary trunk or the main pulmonary branches
→ massive pulmonary embolism → acute heart failure → sudden death
► Mechanism:
- Obstruction of blood out flow from right ventricle
- Vasoconstriction of pulmonary arterioles due to serotonin released from platelets of the large embolus
2-Medium sized emboli Impacted in medium –sized & small branches
► With good (efficient) collateral (bronchial artery) → no effects
►With poor collateral (inadequate bronchial artery flow) → infarction or gangrene
3-Very small emboli may have no effect or cause paradoxical embolism
2-Fat emboli
Aetiology Minute fat globules reach the pulmonary circulation (pulmonary fat embolism) in case of:-
● Fracture of long bones; bone marrow fat may reach circulation through injured vessels. ● Extensive soft tissue injury ● Severe burns
Effects Fat embolism syndrome
► Develops due to paradoxical systemic fat embolism ► Fatal ► respiratory distress, neurologic symptoms progressing to coma
► Pathogenesis is due to:- ● Mechanical obstruction of small vessels ● Chemical injury by fatty acids derived from the emboli
3-Amniotic fluid emboli
Incidence rare
Pathogenesis ● Amniotic fluid enters the maternal circulation ● It may be induced by vigorous uterine contractions
Effects Maternal mortality : As amniotic fluid contains
● Vasoactive substances as prostaglandins →pulmonary vasoconstriction
● Thrombogenic factors → intravascular coagulation (disseminated intravascular coagulopathy , DIC).
Fibrin plugs occlude several small vessels→ consumption of clotting factors and platelets → normal clotting is disrupted → severe uterine bleeding
4-Gas (air) emboli
► It occurs in Caisson disease or decompression sickness ► In divers, the high atmospheric pressure leads to dissolution of high concentrations of atmospheric gases in their blood
► If divers are decompressed too quickly, these gases come out in the circulation in the form of bubbles
► Occlusion of several vessels including the cerebral vessels leads to serious ischemic effects
5-Tumour emboli 6-Parasitic emboli as bilharzial ova
 


	4. Ischemia Reduction of  arterial blood supply to a tissue
Acute ischemia Chronic ischemia
Definition Sudden complete arterial occlusion Gradual incomplete arterial occlusion
Causes 1-Thrombus on top of atherosclerosis or embolus
2-Strangulation of vessels as occlusion of intestinal vessels in
- Strangulated hernia - Intussusception - Volvulus
3-Surgical ligature of an artery
1- Atherosclerosis
2- Arterial compression e.g by tumours
Effect Sudden occlusion of an artery with
● Good collaterals→ No effects
● Poor collaterals (end arteries) → infarction or gangrene
● With good collaterals → NO effects
● With poor collaterals
► Pain on exercise e.g - Angina pectoris (cardiac pain) - Intermittent claudications (lower limb muscles pain).
►Patchy cell injury → patchy fibrosis of the affected tissues as myocardial fibrosis in case of coronary atherosclerosis
Gangrene Definition: Massive tissue necrosis followed by putrefaction
Aetiology
1- Causes of necrosis : - Acute ischemia - Severe bacterial infection
2- Putrefaction : By saprophytes
Saprophytes: - Normally exist in soil & human body but can not act except on dead tissues - Decompose the dead tissue leading to liberation of hydrogen sulphide (bad odour)
- Reaction between hydrogen sulphide & iron (of blood hemoglobin within the area ) leads to formation of iron sulphide which gives the gangrenous tissue black color
Types
of
gangrene
1-Dry
Pathogenesis
● Occurs in limbs ● When there is arterial occlusion while veins are patent
● It is dry because :-
- Limbs are not rich in tissue fluids due to surface evaporation
- Distal to arterial occlusion tissue fluid formation will stop but since veins are patent the already present tissue fluid will be drained into veins as normal
►► N.B : putrefaction is slow , spread is slow , toxemia is mild
Senile
gangrene
The most common example of dry gangrene
Predisposing factors At old age, there is - Gradual narrowing of arteries due to atherosclerosis - Weak cardiac action leads to vascular stasis
→ Because of the above factors, thrombosis is common either spontaneously or after a slight injury induced by wearing tight shoes
## N.B: Injury will also help introducing the saprophytes
Pathological features ► The condition starts at the tip of the big toe
► Cut of blood supply will result in a small area of necrosis which is rapidly invaded by saprophytic bacteria →gangrene
► The necrotic part appears
● Pale and cold at first due to ischemia
● As gangrene develops, it becomes black, shrunken and mummified and has a bad odour.
2-Moist (wet)
► Occurs in circumstances with rich tissue fluid as in ● Internal organs e.g intestine (no surface evaporation)
● Diabetic gangrene due to infection→ fluid exudates ● When both artery & vein are occluded as limb tight tourniquet
► Gangrenous part is oedematous, swollen & black. ► Rapid putrefaction & spread.
► Marked Toxemia. ► Poor line of demarcation. ► No line of separation & self separation does not occur.
3-Infective
(Subtype of
moist
gangrene)
● Called infective because tissue necrosis is caused by bacteria followed by putrefaction by saprophyte.
● Examples: 1- Lung gangrene due to putrefaction of lung abscess
2- Bed sores : - Skin ulcers over bony prominence - In cases of prolonged recumbence due to paralysis, bone fractures or coma
- Due to ischemic necrosis and secondary bacterial infection.
4-Gas
(Subtype of
infective
gangrene)
Definition ● A subtype of infective gangrene ● Fatal due to severe toxaemia
● Characterized by elaboration of - Hydrogen - Carbon dioxide - hydrogen sulphide
Aetiology ► It occurs in deep ischemic wounds (due to local vascular damage) contaminated by soil containing anaerobic clostridia spores.
► Clostridia spores - Anaerobic organisms that normally exist in the intestine of man and animals - So contaminate soil through fecal material
Common examples ● Agricultural accidents (among farmers) ● Battle causalities (among soldiers)
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