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Cardiovascular Pathophysiology – part 1
· Review of physiology

· Blood 

· Blood = plasma + formed elements (mostly RBCs and some WBCs) 
· If we centrifuge a tube of blood we get lots of plasma on top, followed by thin buffy coat (leukocytes & platelets) and finally erythrocytes 
· Hematocrit: % of blood that is RBC (typically ~40% for men, little less for women) 
· There are about 1,000 RBCs for every WBC 
· Platelets are fragments of megakaryocytes 
· Normal saline is 0.9% NaCl (~isotonic with blood) that is what we give in IVs 
· Flow of blood 

· Left ventricle ( aortic valve ( aorta ( body ( superior/inferior vena cava ( Right Atrium ( Right AV valve (tricuspid) ( Right Ventricle ( pulmonic valve ( pulmonary artery ( lungs ( pulmonary veins ( Left Atrium ( Left AV valve (mitral/bicuspid) ( back to Left Ventricle 
· Heart 

· Endocardium: innermost layer 
· Lined by a single layer of squamous endothelia
· Sub-endocardium: Purkinje fibers and connective tissue 
· Myocardium: cardiomyocytes; muscular layer of the heart, action center 
· Sub-epicardium: loose connective tissue & nerves, blood vessels that supply the heart 
· Pericardium (Epicardium): mesothelia
· Double-bagging: inner covering on heart (visceral layer), outer bag (parietal layer)
· There is a potential space between the two layers, if it fills with fluid, e.g. pericardial effusion, that could cause a cardiac tamponade 
· Chordae tendonae and papillary muscles: prevent AV valves from opening up and swinging the opposite way (thus help avoid backflow of blood); they do this by pulling down on the valves when they close and prevent them from prolapsing 
· Conduction system of the heart 

· SA node: primary pacemaker of the heart; automatic 
· Brain doesn’t tell the heart when to beat, just how fast it needs to go 
· SA node action potential causes atrial contraction 
· Signal reaches the AV node where signal pauses allowing blood to move from atria to ventricles 
· Signal continues through Bundle of His and Purkinje fibers causing ventricles to contract 
· Normal EKG 

· P wave: small for atrial contraction  
· Q wave: bundle branches 
· R wave: big for ventricular contraction 
· S wave: small – decline from peak depolarization

· T wave: ventricular repolarization 
· The phases of the Cardiac Cycle 

· Atrial systole: atria contract to squeeze out the last bit of blood into the ventricles 
· Isovolumetric ventricular contraction: ventricles start contracting, first thing that happens is AV valves close (lub S1 sound); in a healthy person just hear valves closing, NOT opening 
· Ejection: Aortic valve and pulmonic valves open, blood leaves ventricles and get ejection of blood 
· Isovolumetric ventricular relaxation: Pressure in aorta greater than left ventricle (aortic valve closes to prevent backflow = dub S2 sound,
· Ventricular filling: pressure drops until AV valves open, blood rushes in from atria and inferior/superior vena cava (rapid filling) 
· Normal Intracardiac Pressures 

· Normal BP: 120/80 
· Aortic Pressure: about the same as BP (120/80) 
· Left Ventricular Pressure: max pressure has to be higher than 120 (systolic mean of 130 mmHg), when LV relaxes pressure will go way down since it has to become lower than pressure in Left atrium (diastolic mean of 7 mmHg) 
· LV pressure: 130/7 mmHg
· Left atrial pressure: has to be higher than lowest LV pressure, but valves in ventricles are big so pressure difference only has to be 1 mmHg (LA pressure = 8 mmHg) 
· Pulmonary artery pressure: compared to aorta, blood doesn’t have to go as far and doesn’t see much resistance therefore don’t need as much pressure (23/14 mmHg) 
· Right Ventricle Pressure: needs to be a little higher than pulmonary artery; diastolic pressure needs to be lower than pressure in RA (24/4.2 mmHg) 
· Right Atrial pressure: 4.8 mmHg
· Vena Cava pressure: same as Right Atrium (measure jugular venous pressure by tilting patient until jugular veins bulge out and measure height above heart) 
· Cardiac Cycle 

· Aortic pressure: pressure of aorta is roughly equal to BP throughout; falls during diastole and rises during systole 
· Left atrial pressure: diastole higher to allow blood to move into LV
· Volume of LV: during systole, ventricle contracts forcing blood out (volume decreases); during diastole, AV valve opens and blood flows in (volume increases)
· Aortic blood flow: blood going through aorta the fastest when blood is moving out of LV the fastest – in early systole
· Sounds

· S1: AV valves close 
· S2: ventricles stop contracting aortic/pulmonic valves close 
· S3: rapid passive filling – can hear in children or endurance athletes; if heard in older adults it means ventricles are stiff (not good)
· S4: atria contract and squirt last bit of blood; should NOT hear this in healthy patients 
· Venous pulse: 3 pulses for every heart beat 
· Pulse 1 (a wave): when atria contract there is no valve between atria and vena cava, blood can go both ways, some goes into ventricles, some goes back into vena cava causing jugular to pulse 
· Pulse 2 (c wave): ventricular contraction,  AV valves close and balloon and all blood that was trying to get through is shut out 
· Pulse 3 (v wave): during systole blood cannot go from vena cava into ventricles, will collect in atria and pressure increases until AV valve opens and blood can rush into ventricle 
· Frank-Starling Law of the Heart

· The more blood you put into the heart the more you get out 
· Ventricular End Diastolic Volume: how much blood is put into ventricle vs. Stroke Volume (how much blood comes out of left ventricle)
· Stroke volume increases with increasing LVEDV (“preload”)
· Characteristics of Blood Circulation 

· Circulation system is like a flexible hose, with every beat, the aorta distends and between beats (during diastole) it recoils 
· Large arteries are composed of elastic substances that allow for optimal stretching/recoiling 
· Medium sized arteries and arterioles: more muscle because we want them to constrict so blood goes somewhere else 
· Capillaries: want high permeability so that fluid can leak out and get into tissues (nutrient exchange) 
· Not much pressure drop as you go through the venous system 
· Arteries and veins
· Tunica intima
· Endothelia

· Internal elastic lamina

· Tunica media
· Smooth muscle

· Elastic fibers, reticular fibers

· External elastic lamina

· Tunica adventitia: outer layer of blood vessels 
· Collagen I: provides strength 
· Vasa vasorum: blood vessel’s blood vessels 
· Large elastic arteries

· Tunica media – plentiful elastic fibers

· Well developed vasa vasorum

· Medium muscular arteries

· Tunica media – mostly smooth muscle

· Smaller vasa vasorum

· Arterioles 

· One-few layers of smooth muscle and an endothelial layer 
· This is where we do most of the blood flow control in our body through constriction/dilation 
· Venule is usually bigger than arteriole 
· Veins: thinner walls (deal with much less pressure) than accompanying arteries, they are bigger, and they have valves to prevent backflow 
· Types of Capillary Systems

· Capillaries have precapillary sphincters: when clamp down, capillary bed gets nothing, if it opens then blood flows right in 
· If you are a cell in the capillary bed and you need more blood, you send a signal (for example AMP) to the precapillary sphincter for it to open up 
· Atriovenous Anastomoses: blood going from arteriole to venous system without going through capillary bed 
· This helps cool off blood in the skin, if seen elsewhere = BAD 
· Capillary portal system: blood goes from one capillary bed to another 
· Kidney: Glomerular capillaries ( peritubular capillaries 
· Liver: gets used blood; blood has already gone through GI organs
· Anterior Pituitary: primary capillary plexus ( secondary capillary plexus 
· Capillaries 
· Continuous
· Continuous membrane around lumen

· Most common form

· Fenestrated
· Presence of fenestrae (windows)

· Rapid exchange, e.g. kidney, intestines

· Sinusoidal: bigger, discontinuous endothelial layers; endothelial cells have big gaps that allow plasma proteins or whole cells to leak out (normally this would be bad, but only find this type in following places:
· Liver: where we form plasma proteins so they need a way to get out into circulation 
· Bone marrow: where we make blood cells that need to get into circulation 
· Spleen: RBCs have to leave vascular space to go through red pulp and attempt to get through to vascular space on the other side (macrophages in red pulp catch older and weaker RBCs) like sharks and minnows 
· Capillary Filtration Forces 

· Arterial side: Hydrostatic (35 mmHg) pressure higher on arterial side because we are trying to push fluid out into the interstitial space; Oncotic pressure (25mmHg) trying to pull fluid back into capillary 
· ( fluid and small solutes move out into interstitial spaces 
· Venous Side: Hydrostatic pressure (17mmHg) pushing out, Oncotic (25mmHg) pulling fluid in
· ( fluid comes back into the capillary 
· Changes in these pressures can lead to edema 
· Cardiovascular Equations 

· Stroke Volume: how much blood is ejected from LV at each beat (ml/beat) = how much blood is in ventricle at end of diastole – how much is left at end of systole 
· Cardiac Output: how much blood we move on each beat x how many beats/min
· Ejection fraction: what % of blood in the ventricle is ejected during systole 
· Pulse pressure: systolic pressure – diastolic pressure (as aorta and large arteries become stiffer, this increases) 
· Mean arterial pressure (MAP): 1/3 systolic pressure + 2/3 diastolic pressure

· Control of the Cardiovascular System 

· Chronotropic: changing the heart rate; (HR ( ( cardiac output and BP 
· Inotropic: change in contractility/force; ( contractility ( ( ejection fraction, cardiac output and BP
· Systemic Vascular Resistance: vasoconstriction ( (Cardiac output but ( BP 
· Central Venous Pressure: at any given time 2/3 of blood is in veins, therefore ( pressure in veins forces blood to go somewhere ( heart increases preload (( LVEDV) ( ( CO, ( BP
· Clotting and Arteriosclerosis 

· Endothelium

· Endothelial cells are almost the ONLY thing in the world that does NOT cause blood to clot, as soon as blood leaves endothelium and touches basement membrane or tunica media, it will clot 
· Turbulent flow 

· Get the most atherosclerosis at arterial forks throughout the body 
· Turbulent flow causes endothelial damage and thus clotting and further blockage 
· Platelet adhesion

· Clotting 1: Platelets bind to von Willebrand factor which has bound to the basement membrane (under endothelial layer); if blood comes into contact with basement membrane it causes a clotting cascade 
· Clotting 2: you cut yourself and injured cells release tissue factor that causes a clotting cascade 
· Brief Intro to Clotting 

· Intrinsic pathway: doesn’t need anything added to it, blood comes into contact with basement membrane or anything else that isn’t endothelium and it begins to clot 
· Extrinsic pathway: requires tissue factor to be added to blood (it is released from injured cells) 
· Prothrombin ( activated to thrombin 
· Clotting factors are inactive and then when something happens they are activated; fibrinogen converted to fibrin that traps RBCs and becomes a clot 
· Warfarin: causes many enzymes/proteins to become dysfunctional 
· Factor VII: if ineffective it inhibits the extrinsic pathway 
· Take warfarin/Coumadin to inhibit prothrombin ( higher INR 
· Warfarin takes a few days to work – need to replace existing factor VII
· Effective against future clots
· Heparin: inhibits intrinsic pathway (inhibits activation of thrombin, aka IIa) 
· Factor IIa is needed to activate factor VIII
· Take heparin ( increased partial thromboplastin time (PTT) 
· Heparin works instantly
· Effective against current clots
· NOTE: heparin is a protein and must be taken IV
· The Fibrinolytic System 

· What prevents all the blood from your body from clotting when you cut yourself? 
· Anti-clotting mechanisms: t-PA breaks up clots by converting plasminogen ( plasmin which cuts up fibrin
· Further away from cut, plasmin wins, closer to injury clotting mechanisms win ( clotting occurs close to injury
· D-dimer: measures how much clot breakdown is occurring in patient 
· Disseminated Intravascular Coagulation (DIC)

· Very high mortality rate (~70%)
· clotting causes bleeding 
· Massive tissue damage or sepsis ( damaged cells releasing tissue factor into circulation causing clotting throughout the body (extrinsic pathway) 
· Problem 1: clotting leads to widespread vascular occlusion ( ischemic tissue damage to heart, brain, liver, kidney etc 
· Problem 2: activating fibrinolytic cascades of plasmin cuts up clots ( removes clotting factors and eventually you consume all clotting factors and platelets in the body ( person now has bleeding problem 
· Medically very difficult to treat 
· Virchow’s triad in thrombosis 

· Thrombosis: intravascular clots that we don’t want because they occlude blood flow (non-mobile), alternative is embolism which is a clot on the move 
· Endothelial injury: endothelial cells are important because they release anti-coagulant factors, they also control blood vessels dilation
· Abnormal blood flow: we want flow to be laminar, when we have bifurcations we get turbulent flow that can damage endothelial cells (very thin and easily injured) 
· Hypercoagulability: if blood has a higher tendency to coagulate it exacerbates the problem, blood that sits still also tends to coagulate
· Relaxation of Vascular Smooth Muscle 

· eNOS: endothelial nitric oxide synthase (NOS) which converts arginine ( NO (nitric oxide)
· Nitric oxide: causes smooth muscle to relax (the most potent vasodilator we have) 
· Acetylcholine: triggers the production of nitric oxide and is also considered a vasodilator 
· Shear stress: the faster the blood is moving past the cell, the greater the shear stress; endothelial cell can tell how fast blood is moving (hand out a window in a moving car) 
· If the precapillary sphincter opens by factors in the tissue, blood flow increases meaning someone down stream needs more blood 
· Endothelial cells tell smooth muscle to relax and dilate allowing even more blood to flow through 
· Note: If blood vessels see more pressure without more blood flow; smooth muscle constricts in order to protect organs down stream from the higher pressure 
· Peripheral Vascular Disease (that involves vasospasm) 

· Vasospasm: constriction of small arteries and arterioles; blood flow decreases 
· Buerger’s: tends to be young male smokers, probably autoimmune, found because men appearing with gangrene in feet without any noticeable cause; vasospasm going to hands and feet ( leads to gangrene; probably something in the cigarettes that is causing autoimmune response 
· Raynaud’s: mostly females, normally if outside on a cold day hands get cold because body is conserving heat and thus doesn’t waste heat by sending warm blood to peripheries
· With Raynaud’s this happens to an extreme level at relatively moderate temperatures ( hands turn white and then blue 
· Usually idiopathic but can be a symptom of another disease such as Lupus
· Arteriosclerosis 

· Arteriosclerosis 

· Artio (artery) + Sclerosis (hardening) ( hardening of the arteries
· Atherosclerosis: one form of arteriosclerosis (accounts for ~95% of them) 
· Arteriolosclerosis: hardening of arterioles; two types = hyaline and hyperplastic 
· Hyaline

· Hyperplastic
· Medial calcification: tunica media; where smooth muscles are, area picks up calcium and results in hardening of artery 
· Arteriosclerosis obliterans
· Luminal narrowing

· Mönckeberg’s 
· No luminal narrowing

· Atherosclerosis 

· Most common form of arteriosclerosis 
· Some kind of endothelial damage ( LDL cholesterol leaks in (becomes oxidized ( oxidized LDL which causes problems) 
· Macrophage moves in and tries to eat oxidized LDL but it CAN’T digest it so it becomes a foam cell (big bloated macrophage filled with cholesterol), it dies and gunk gets left behind for another macrophage to try an eat, process repeats and get lipid pool that can get quite big 
· Lipid core: big blob of lipids that builds fibrous cap ( neointima (new intima) 
· Problem 1: occludes lumen of BV 
· Also prevents vasodilation and vasoconstriction
· Problem 2: if fibrous cap tears and lipid core leaks out ( major problem 
· Histologic features of atheromatous plaque in artery

· Lose some portion of the blood vessel’s lumen ( decreased blood flow through artery
· Blood vessel can’t dilate or constrict anymore, it’s stuck! 
· Major problem: if cap ruptures lipid core can leak out 
· Pathogenesis of unstable plaques
· Rupture of plaque due to sheer stress, macrophage etc 

· Plaque spills out to lumen and along with tissue factor can cause thrombus, embolism and vasoconstriction 

· all of these will reduce blood flow, cause ischemia and can lead to unstable angina or MI

· partial occlusion alone doesn’t kill patients: heart can keep patient alive but does not do so well under stress (exercise, emotional etc) 

· If fibrous cap ruptures and lipid core spills out can get a thrombus that occludes BV 100% 

· If this happens slowly you can have Collateral formation: new supply of vessels 

· If this happens suddenly, there is no time to make new BVs, heart dies, pt dies 

· It is the medium sized plaques that have weak caps that are most likely to rupture
· large plaques often have thick strong fibrous caps
· Single best predictor of who will have a heart attack: having had a previous heart attack 
· Nobody has a single unstable plague – if you have one, you have many
· Estimated 10 year risk of CAD 
· Age: one of the biggest risk factors 

· HDL: as HDL (good cholesterol) levels go DOWN, risk for CAD goes UP 

· Smoking: independent of everything else, smoking increases risk 

· Diabetes 1 or 2: independent of everything else increases risk of CAD 

· Left Ventricular hypertrophy: increases risk of CAD 

· Hyaline and Hyperplastic Arteriolosclerosis 
· Hyaline: seen in old age or in diabetic patients 

· Hyperplastic: onion ring shaped, layers of smooth muscle 

· Blood vessel has seen very high BP and it constricts in order to protect organ ( get more smooth muscle cells (tunica media undergoes hyperplasia), lumen become very small, protecting glomerulus and other organs from very high BP 

· Seen in patients with malignant HTN: BP that shoots up really fast (i.e. over months)
· Aneurysms
· Bulging of blood vessel

· Bigger the tube, the more tension on the wall; tension is greatest where the bulge is (means this is where there is greater risk of rupturing) 

· Dissections: blood gets under endothelial layer and is held in place at tunica media by tunica adventitia

· A tear in the tunica intima, which is supposed to be water tight, allows blood to fill the entire length of the aorta 

· Patient feels ripping in their chest, as long as blood stays inside then it is an emergency but pt wont necessarily die

· If tear goes through, patient will bleed out internally and die 

· A favorite place for aneurysms is the Circle of Willis, survival rate of ruptures here is very LOW 

· Cardio Pathophysiology: Heart Attacks, Congestive Heart Failure, and Shock 
· Acute Coronary Syndromes 
· Stable plaque ( stable angina: partial occlusion (~80%), person begins to exercise, heart needs more blood flow but won’t be able to get it, heart will start to hurt, person rests and pain goes away; not necessarily life threatening 

· Unstable plaque: with ulceration or rupture and thrombosis: NOT exercise-induced, body will work hard to break up clot, if it is successful get transient ischemia and unstable angina , if can’t remove clot ( sustained ischemia and possibly MI (resting will NOT relieve this pain) 

· Prinzmetal angina: usually occurs at rest in young women (often during sleep), blood vessels over-constrict while resting, heart complains, they open up again; NOT life threatening but annoying 

· Myocardial necrosis after coronary artery occlusion 
· If LV squeezes blood out, the contracting muscle isn’t getting blood flow, LV gets its blood supply when it is relaxed (hold arm out for too long causes burning pain because the contracted muscle can’t get blood flow) 

· It is hardest to get blood into subendothelial layer of the LV
· LV gets biggest share of heart attacks (~90%); subendocardium is prime spot 

· MI EKG 

· During heart attack can get ST elevation (STEMI) or not (non-STEMI or NSTEMI)
· STEMI is REALLY BAD – usually 100% blockage of coronary artery
· Usually result of ruptured plague in coronary artery
· Should be treated very aggressively  
· Non-STEMI – usually less than 100% blockage
· What usually kills people is the loss of proper conduction of electrical signal through the heart ( go into ventricular fibrillation (heart doesn’t beat properly) 
· Heart Failure – Inability of the heart to pump sufficient blood 
· MI – heart can’t pump properly during a heart attack

· Ischemic heart disease: at some point of occlusion there is not enough blood supply to the heart to allow for adequate pumping 
· HTN: the greater the pressure, the greater the heart has to work and if it gets too high, blood can no longer be pumped efficiently against the built up pressure 
· Intrinsic cardiomyopathy: heart problems not caused by anything else 
· As heart starts to fail, it can’t pump enough blood ( increases preload BUT as you put more blood into LV this increases pulmonary BP, increases pressure in LA, pulmonary vein and lungs (this leads to pulmonary edema) ( pulmonary congestion associated with congestive heart failure 
· Cor pulmonale: right sided heart failure secondary to some pulmonary problem which can be the result of left sided heart failure 
· Intrinsic hypertrophic cardiomyopathy

· LV much thicker, in this case because of genetic defects, mostly in myosin 
· Myocarditis

· person otherwise healthy, gets flu-like disease and then suddenly needs heart transplant 
· infection or autoimmune disease that attacks cardiomyocytes 
· Example, Coxsackie virus: if not cleared can attack our cardiomyocytes (we don’t get new ones) 
· Shock

· Inadequate perfusion of blood throughout the whole body 
· Sepsis: risk of DIC and loss of blood volume 
· Spinal Cord injury: knock out sympathetics, patient only left with parasympathetic innervation, they lose sympathetics and heart starts pumping much slower, CO plummets 
