Pathophysiology

Dr. Yasser Mufid                                                                                        Lecture 9

II. Disorders of cardiovascular system 
VI. Shock 
Is a life-threatening clinical syndrome of cardiovascular collapse characterized by:

1. An acute reduction of effective circulating blood volume(hypotension); and
2. An inadequate perfusion of cells and tissues (hypoperfusion).
If uncompensated, these mechanisms may lead to impaired cellular metabolism and death.
“True (or secondary) shock” is a circulatory imbalance between oxygen supply and oxygen requirements at the cellular level, and is also called as circulatory shock and is the type which is commonly referred to as ‘shock’ if not specified.
The term “initial (or primary) shock” is used for transient and usually a benign vasovagal attack resulting from sudden reduction of venous return to the heart caused by neurogenic vasodilatation and consequent peripheral pooling of blood e.g. immediately following trauma, severe pain or emotional overreaction such as due to fear, sorrow or surprise. Clinically, patients of primary shock suffer from the attack lasting for a few seconds or minutes and develop brief unconsciousness, weakness, sinking sensation, pale and clammy limbs, weak and rapid pulse, and low blood pressure. Another type of shock which is not due to circulatory derangement is anaphylactic shock from type 1 immunologic (anaphylactic) reaction
Types of Secondary Shock
1. [image: F:\pathopysiology\lectures for Pharmacy studants 2014-2015\Pathophysiology lec 14,15 2014-2015\2014-08-05-00-42-24-hypovolaemiajpg-16668.jpg]Hypovolemic shock: Severe bleeding or loss of body fluid from trauma, burns, surgery, or dehydration from severe nausea and vomiting. Blood pressure decreases, thus blood flow is reduced to cells, tissue, and organs. Degree of volume loss which leads to response
a. 10% well tolerated (tachycardia).
b. 20 - 25% failure of compensatory mechanisms (hypotension, orthostasis, decreased Cardiac Output (CO)).
c. > 40% loss associated with overt shock (marked hypotension, decreased Cardiac Output (CO), lactic acidemia, anuria, air hunger, coma then death).
[image: F:\pathopysiology\lectures for Pharmacy studants 2014-2015\Pathophysiology lec 14,15 2014-2015\cardiogenic-shock-300x225.jpg]
2. Cardiogenic shock: Myocardial Infarction with damage to heart muscle; the heart is unable to pump effectively which will lead to  Inadequate cardiac output. Body cells do not receive enough oxygen. Requires at least 40% loss of functional myocardium (single Myocardial Infarction or cumulative damage) - stunned, nonfunctional, but viable [image: F:\pathopysiology\lectures for Pharmacy studants 2014-2015\Pathophysiology lec 14,15 2014-2015\2014-08-05-00-41-57-obstructivejpg-16731.jpg]myocardium may contribute to post-MI cardiogenic shock.
3. Extra-cardiac obstructive shock: Is due to obstruction to flow in the cardiovascular circuit and characterized by either impairment of diastolic filling or excessive afterload.


4. Distributive: which includes:
a) [image: F:\pathopysiology\lectures for Pharmacy studants 2014-2015\Pathophysiology lec 14,15 2014-2015\distributive.jpg]Septic shock: (bacterial, fungal, viral, rickettsia): Occurs when the sepsis has progressed to the point where it is affecting many organ systems.
b) Toxic shock syndrome: An acute infection caused by Staphylococcus aureus or streptococcus pyogenes toxic shock syndrome toxin (a Superantigen toxin that allows the nonspecific binding of MHC II with T cell receptors, resulting in polyclonal T cell activation); usually systemic, that overwhelms the body (toxic shock syndrome). The blood pressure decreases, impairing blood flow to cells, tissues, and organs.
c) Anaphylactic shock: Results from reaction to substance to which patient is hypersensitive or allergic (allergen extracts, bee sting, medication, food). Outpouring of histamine results in dilation of blood vessels throughout the body is a type I hypersensitivity reaction.
d) Neurogenic (spinal shock): Injury or trauma to the nervous system (spinal cord, brain). The Nerve impulse to blood vessels is impaired, blood vessels remain dilated and blood pressure decreases.
e) Psychogenic Shock: Shock caused by overwhelming emotional factors. Sudden dilation of blood vessels results in fainting because of lack of blood supply to the brain.
Pathogenesis
In general, all forms of shock involve following 3 derangements:
1. Reduced effective circulating blood volume.
2. Reduced supply of oxygen to the cells and tissues with resultant anoxia.
3. Inflammatory mediators and toxins released from shock induced cellular injury.
Pathophysiology (Stages of Shock)
1. Compensated (non-progressive, initial, reversible) shock.
2. Progressive decompensated shock.
3. Irreversible decompensated shock.
1. Compensated (non-progressive, initial, reversible) shock.
i) Widespread vasoconstriction In response to reduced blood flow (hypotension) and tissue anoxia, the neural and humoral factors (e.g. baroreceptors, chemoreceptors, catecholamines, renin, and angiotensin-II) are activated. All these bring about vasoconstriction, particularly in the vessels of the skin and abdominal viscera.
Clinically, cutaneous vasoconstriction is responsible for cool and pale skin in initial stage of shock.
ii) Fluid conservation by the kidney In order to compensate the actual loss of blood volume in hypovolemic shock, the following factors may assist in restoring the blood volume and improve venous return to the heart:
a) Release of aldosterone from hypoxic kidney by activation of renin-angiotensin-aldosterone mechanism.
b) Release of ADH due to decreased effective circulating blood volume.
c) Reduced glomerular filtration rate (GFR) due to arteriolar constriction.
d) Shifting of tissue fluids into the plasma due to lowered capillary hydrostatic pressure (hypotension).
iii) Stimulation of adrenal medulla In response to low cardiac output, adrenal medulla is stimulated to release excess of catecholamines (epinephrine and non-epinephrine) which increase heart rate and try to increase cardiac output.
2. Progressive decompensated shock.
This is a stage when the patient suffers from some other stress or risk factors (e.g. pre-existing cardiovascular and lung disease) besides persistence of the shock condition; this causes progressive deterioration. The effects of resultant tissue hypoperfusion in progressive decompensated shock are as under:
i) Pulmonary hypoperfusion Decompensated shock worsens pulmonary perfusion and increases vascular permeability resulting in tachypnoea and adult respiratory distress syndrome (ARDS).
ii) Tissue ischemia Impaired tissue perfusion causes switch from aerobic to anaerobic glycolysis resulting in metabolic lactic acidosis. Lactic acidosis lowers the tissue pH which in turn makes the vasomotor response ineffective. This results in vasodilatation and peripheral pooling of blood.
Clinically, at this stage the patient develops confusion and worsening of renal function.
3. Irreversible decompensated shock. 
When the shock is so severe that in spite of compensatory mechanisms and despite therapy and control of etiologic agent which caused the shock, no recovery takes place, it is called decompensated or irreversible shock. Its effects due to widespread cell injury are as follows:
i) Progressive vasodilatation leading to peripheral pooling of blood.
ii) Increased vascular permeability leading to escape of fluid from circulation into the interstitial tissues thus deteriorating effective circulating blood volume.
iii) Myocardial depressant factor (MDF) This results in further depression of cardiac function,
reduced cardiac output and decreased blood flow.
iv) Worsening pulmonary hypoperfusion
v) Anoxic damage to heart, kidney and brain
vi) Hypercoagulability of blood Tissue damage in shock activates coagulation cascade leading to microthrombi impair the blood flow and cause further tissue necrosis.
Clinically, at this stage the patient has features of coma, worsened heart function and progressive renal failure due to acute tubular necrosis.
VII. Coronary Heart Disease & Myocardial Infarction (Coronary artery disease)
Coronary artery disease is a narrowing or blockage of the arteries and vessels that provide oxygen and nutrients to the heart. 
It is caused by atherosclerosis, an accumulation of fatty materials on the inner linings of arteries. The resulting blockage restricts blood flow to the heart. When the blood flow is completely cut off, the result is a heart attack.
Pathophysiology
Coronary artery disease is almost always due to atheromatous narrowing and subsequent occlusion of the vessel. Early atheroma  is present from young adulthood onwards. A mature plaque is composed of two constituents, each associated with a particular cell population. 
A. The lipid core is mainly released from necrotic “foam cells”—monocyte derived macrophages, which migrate into the intima and ingest lipids. 
B. The connective tissue matrix is derived from smooth muscle cells, which migrate from the media into the intima, where they proliferate and change their phenotype to form a fibrous capsule around the lipid core.
Limitation of blood flow to the heart causes ischemia (cell starvation secondary to a lack of oxygen) of the myocardial cells. Myocardial cells may die from lack of oxygen and this is called a myocardial infarction. It leads to heart muscle damage, heart muscle death and later myocardial scarring without heart muscle regrowth. Chronic high-grade stenosis of the coronary arteries can induce transient ischemia which leads to the induction of a ventricular arrhythmia, which may terminate into ventricular fibrillation leading to death.
When a plaque produces a >50% diameter stenosis (or >75% reduction in cross sectional area), reduced blood flow through the coronary artery during exertion may lead to angina. 
[image: C:\Users\Hp\Pictures\Desktop\1-s2.0-S0735109709025650-gr4.jpg] [image: C:\Users\Hp\Pictures\Desktop\1271_showcase_project_detail_item.jpeg]


Risk factor for Coronary Heart disease
	1) Tobacco Smoke.
	6) Diabetes Mellitus.

	2) High Blood Cholesterol. 
	7) Stress.

	3) High Blood Pressure. 
	8) Alcohol.

	4) Physical Inactivity.
	9) Diet and Nutrition.

	5) Obesity and Overweight.
	10) Age.


Clinical manifestations are those of Ischemic Heart disease
Myocardial Infarction (STAMI) ST-segment elevation acute myocardial infarction 
          The term acute myocardial infarction (MI) should be used when there is evidence of myocardial necrosis in a clinical setting consistent with acute myocardial ischemia. Under these conditions any one of the following criteria meets the diagnosis for MI:
• Detection of a rise and/or fall of cardiac biomarker values [preferably cardiac troponin (cTn)] and with at least one of the following:
1. Symptoms of ischemia.
2. [image: F:\pathopysiology\lectures & labs for Pharmacy studants 2015-2016\Pathophysiology lectures  2015- 2016\lec 9 Shoch & heart failure 2015- 2016\normal-lbbb.jpg]New or presumed new significant ST-segment–T wave (ST–T) changes or new left bundle branch block (LBBB).
3. Development of pathological Q waves in the ECG.
4. Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality by Echo cardiogram.
5. Identification of an intracoronary thrombus by angiography or autopsy.
Initial Diagnosis of STEMI
• History of chest pain / discomfort lasting for 10-20 minutes or more (not responding to nitroglycerine).
• ECG : Persistent ST-segment elevation or (presumed) new left bundle-branch block. Repeated ECG recordings often needed since ECG can be equivocal in early hours.
• Elevated markers of myocardial necrosis (CK-MB, troponins) can be sometimes helpful in deciding to perform coronary angiography (eg. in LBBB) but one should not wait for the results to initiate reperfusion therapy.
• 2D-echocardiography rules out major myocardial ischemia by demonstrating absence of wall motion abnormalities. Valuable in cases when diagnosis of STEMI is in doubt.
• Older age, elevated heart rate, lower systolic blood pressure and anterior location of the infarct are important factors in risk-stratification of STEMI patients.
• Other important predictors are previous infarction, height, time to treatment, diabetes and smoking status.
[image: C:\Users\Hp\Pictures\Desktop\evolution.jpg]

Cardiac biomarker
[image: ]In the past, measurement of nonspecific markers such as: 
1. Aspartate transaminase, 
2. Lactate dehydrogenase (LDH), 
3. Total creatine kinase (CK) were performed.
Creatine Kinase, an enzyme present in many tissues, including the myocardium and skeletal muscle, has 3 isoenzymes: MM, MB, and BB. CK-MB is present in a relatively high concentration in the myocardium, whereas the concentration of CK-MM is highest in skeletal muscle while the CK-BB is present in the brain.
1- CK-MB can be found in patients with renal failure and chronic myopathic skeletal muscle injury (as occurs in polymyositis and dermatomyositis) or in the muscle tissue of trained athletes making it lesser sensitive than the other biomarkers.
Following myocardial injury, the initial CK-MB rise occurs 4 to 9 hours after the onset of chest pain, peaks at 24 hours, and returns to baseline at 48 to 72 hours.
2- Myoglobin is an oxygen-binding protein, found in a high concentration in both cardiac and skeletal muscle.
Myoglobin is a relatively small protein molecule that is released into serum as early as 1 hour after STEMI, reaches a peak in the range of 4 to 12 hours, then is rapidly cleared.
The major advantage of myoglobin as a cardiac marker is that it is released earlier from damaged cells than other cardiac markers, permitting earlier detection of STEMI.
3- Troponin I (cTnI) control the calcium-mediated interaction of actin and myosin.
cTnI completely specific for the heart. Troponin increases in serum within 4 to 9 hours after STEMI, peak at 12 to 24 hours, and remain elevated for up to 14 days.
Elevated levels can persist in blood for weeks; the cardiac specificity of troponins thus make them the ideal marker for retrospective diagnosis of infarction.

VIII. Rheumatic heart disease

Rheumatic fever (RF) is an immune-mediated, multisystem inflammatory disease that occurs a few weeks after a group A (β-hemolytic) streptococcal (GAS) pharyngitis (sore throat). It also rarely occurs with streptococcal infections at other sites (e.g., skin).
 Acute rheumatic heart disease (RHD) is the cardiac manifestation of RF and is associated with inflammation of the myocardium, pericardium, and heart valves. Chronic valvular dysfunction is the most important consequence of RHD.




Pathophysiology 
1. A susceptible host, on being encountered with group A Streptococcus infection, mounts an autoimmune reaction by formation of autoantibodies against bacteria.
2. These autoantibodies cause damage to human tissues due to cross-reactivity between epitopes in the components of bacteria and the host.
3. Streptococcal epitopes present on the bacterial cell wall, cell membrane & the Strept. 
M protein, are immunologically identical to human molecules on myosin.
4. Molecular mimicry and cross-reactivity between streptococcal M protein in particular and the human molecules forms the basis of autoimmune damage to human target tissues in RHD i.e. cardiac muscle, valves, joints, skin, neurons ….etc.
[image: C:\Users\Hp\Pictures\Desktop\acute-rheumatic-fever-mitral-valve-valvulitis.jpg]   A break in the endothelial continuity of a heart valve would expose subendothelial structures  and lead to a “chain reaction” of valvular destruction. 
A Characteristic feature of this chronic immune response is the development of granulomatous inflammation specified by the presence of Aschoff bodies these nodules are spheroidal or fusiform distinct tiny structures, 1-2mm in size, occurring in the interstitium of the heart. It may be visible to the naked eye. Once valve leaflets are inflamed through the valvular surface endothelium and new vascularization occurs, the newly formed microvasculature allows T-cells to infiltrate and perpetuate the cycle of valvular thickening and damage. 
Acute rheumatic heart disease often produces a pancarditis (endocarditis, myocarditis, and pericarditis). Endocarditis is manifested as valve insufficiency. 
The mitral valve is most commonly and severely affected (65-70% of patients), & the aortic valve is second in frequency (25%). 
Fusion and shortening of the chordae tendineae (valve apparatus) resulting in stenosis or a combination of stenosis and insufficiency develops 2-10 years after an episode of acute rheumatic fever, and recurrent episodes may cause progressive damage to the valves which might end up in heart failure.  

[image: ]

IX. Heart failure
Heart failure is a condition in which a defect in the pumping action of the heart being insufficient to meet the circulatory demands of the body. With too little blood being delivered, the organs and other tissues do not receive enough oxygen and nutrients to function properly.
Types of Heart Failure
Heart failure can be classified in several ways
1) Low-Output Heart Failure
A. Systolic Heart Failure: 
· decreased cardiac output
· Decreased Left ventricular ejection fraction
B. Diastolic Heart Failure: 
· Elevated Left  and Right ventricular end-diastolic pressures
· May have normal Left Ventricular Ejection Fraction.
2) High-Output Heart Failure
· Seen with peripheral shunting, low-systemic vascular resistance, hyperthyroidism, beriberi (deficit in Vitamin B1), carcinoid & anemia.
· Often have normal cardiac output.
3) Right-Ventricular Failure
Seen with pulmonary hypertension,  large RV infarctions. [image: ]
Note:
[image: C:\Users\Hp\Pictures\Desktop\Preload and Afterload.jpg]The term preload means the volume and pressure of blood in the ventricle at the end of diastole.
The term afterload means the volume and pressure of blood in the ventricle during systole.
The Pathophysiology of heart failure
Cardiac and Vascular Changes Accompanying Heart Failure
	Cardiac
1.Decreased stroke volume & cardiac output.
2.Increased end-diastolic pressure.
3.Ventricular dilation or hypertrophy.
4.Impaired filling (diastolic dysfunction).
5.Reduced ejection fraction (systolic  dysfunction.)
	Vascular
1.Increased systemic vascular resistance.
2.Decreased arterial pressure.
3.Impaired arterial pressure.
4.Impaired organ perfusion.
5.Increased venous pressure.
6.Decreased venous compliance.
7.Increased blood volume.




The changes in cardiac function is associated with heart failure result in a decrease in cardiac output. 
This results from a decline in stroke volume that is due to:
a) Systolic dysfunction, 
b) Diastolic dysfunction. 
c) A combination of the two. 
Briefly, systolic dysfunction results from: 
a) A loss of intrinsic inotropy (contractility). 
b) The loss of viable, contracting muscle as occurs following acute myocardial infarction. 
  Diastolic dysfunction refers to the diastolic properties of the ventricle and occurs when the ventricle becomes less compliant (i.e., "stiffer"), which impairs ventricular filling. 
Both systolic and diastolic dysfunction result in a higher ventricular end-diastolic pressure, which serves as a compensatory mechanism by utilizing the Frank-Starling mechanism to augment stroke volume. 
	  The Frank–Starling law of the heart (also known as Starling's law or the Frank–Starling mechanism or Maestrini heart's law) states that the stroke volume of the heart increases in response to an increase in the volume of blood filling the heart (the end diastolic volume) when all other factors remain constant.


  In some types of heart failure (e.g., dilated cardiomyopathy), the ventricle dilates as preload pressures increase in order to recruit the Frank-Starling mechanism in an attempt to maintain normal stroke volumes.
    Therapeutic interventions to improve cardiac function in heart failure include the use of 
1. Cardiostimulatory drugs (e.g., beta-agonists and digitalis) that stimulate heart rate and contractility. 
2. Vasodilator drugs that reduce ventricular afterload and thereby enhance stroke volume.
Systemic Vascular Function
    In order to compensate for reduced cardiac output during heart failure, feedback mechanisms within the body try to maintain normal arterial pressure by constricting arterial resistance vessels through activation of the sympathetic adrenergic nervous system, thereby increasing systemic vascular resistance. Veins are also constricted to elevate venous pressure.  Arterial baroreceptors are important components of this feedback system.  Humoral activation, particularly the renin-angiotensin system and antidiuretic hormone (vasopressin) also contribute to systemic vasoconstriction.
3. Drugs that block some of these mechanisms, such angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, improve ventricular stroke volume by reducing afterload on the ventricle. Arterial and venous dilators such as hydralazine and sodium nitroprusside are also used to reduce afterload on the ventricle.
Blood Volume
Reduced renal perfusion results in decreased urine output and retention of fluid. Furthermore, a combination of reduced renal perfusion and sympathetic activation of the kidneys stimulates the release of renin, thereby activating the renin-angiotensin system. This, in turn, enhances aldosterone secretion. There is also an increase in circulating arginine vasopressin (antidiuretic hormone) that contributes to renal retention of water. The final outcome of humoral activation is an increase in renal reabsorption of sodium and water. The resultant increase in blood volume helps to maintain cardiac output; however, the increased volume can be deleterious because it raises venous pressures, which can lead to pulmonary and systemic edema. When edema occurs in the lungs, this can result in exertional dyspnea (shortness of breath during exertion). 
4. Therefore, most patients in heart failure are treated with diuretic drugs to reduce blood volume and venous pressures in order to reduce edema.
Clinical Presentation of Heart Failure
	Due to excess fluid accumulation:
a) Dyspnea (most sensitive symptom)
b) Edema
c) Hepatic congestion
d) Ascites
e) Orthopnea, Paroxysmal Nocturnal Dyspnea (PND)
	Due to reduction in cardiac output:
a) Fatigue (especially with exertion)
b) Weakness
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Before you criticise,

‘Before you pray,

Before you quit, ”
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