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Cardiovascular Pathophysiology – part 3
· Fetal Circulation & Congenital Cardiac Defects

· Fetal circulation

· Fetus: usually 2 umbilical arteries, 1 umbilical vein
· Umbilical vein carrying oxygen (fetus getting oxygenation from maternal blood) back to liver, through the ductus venosus, to inferior vena cava 

· Foramen ovale: oval shaped hole through which blood can go right atrium ( left atrium
· most oxygenated blood shoots through here and is now on left side 

· blood goes to R ventricle, heart pumps ( pulmonary artery (fetus only needs 1-2% of oxygenated blood going to lungs) ( ductus arteriosus ( aorta 

· Lower part of fetus body gets more deoxygenated blood 

· Upper part of body getting blood that went thru foramen ovale, more oxygenated 

· At birth 

· start breathing air 

· pulmonary vascular resistance decreases

· pressure on right side (pulmonary artery) goes down 

· don’t have placenta anymore, no more placental circulation (represents large portion of cardiac output) 

· blood pressure on left side (aorta) increases 

· foramen ovale shuts 

· in fetus pressure higher on right side now pressure now higher on left side ( foramen ovale closes immediately

· ductus venosus doesn’t carry any more blood; atrophies into ligamentous venosus  

· ductus arteriosus: slowly degenerates into ligamentous arteriosus finished by 1 week after birth 

· Atrial-Septal defect: 

· ~day 20; fetus reaches size that needs own circulation ( heart forms & starts beating

· if foramen ovale not big enough to close properly problem after birth when pressure on right decreases ( can’t close & after birth blood goes from left to right side (atrial septal defect)

· majority of time this defect has no symptoms and it heals spontaneously 

· know it’s a problem if baby fails to thrive

· “failure to thrive” is principal symptom that the baby needs help fixing a problem 

· Common congenital heart defects

· Patent ductus arteriosus

· Atrial septal defect

· Ventricular septal defect

· Eisenmenger’s syndrome (L ( R shunt becomes R ( L shunt)

· Atrioventricular canal

· Coarctation of the Aorta

· Preductal

· Postductal

· Aortic stenosis

· Pulmonic stenosis 

· without right-to-left shunt, with right-to-left shunt

· Tetralogy of Fallot

· Tricuspid atresia

· Transposition of great arteries

· Total anomalous pulmonary venous return

· Truncus arteriosus

· Hypoplastic left heart syndrome

· First 3 are most common, but you’ll see all of these if you spend enough time in the NICU or PICU

· Eisenmenger’s syndrome: more blood to lungs ( increased pulmonary pressure (normal ≈ 20 mmHg) 

· right – left shunt (may occur 20-30 years later) 

· pressure in right ventricle grows to match left side becomes R ( L shunt 

· throwing clots to systemic circulation 

· People with chromosomal disorders have more risks of congenital heart disease (Down’s, Turner’s, etc.) don’t need to know specifics 

· What color is the kid? 

· If kid is blue: cyanotic 
· Kid has R(L shunt

· if not blue: acyanotic 
· Kid does not have R(L shunt

· Left- right shunt (more common than R(L shunt)
· blood from left ( right

· left atrium to right atrium
· left ventricle to right ventricle 
· aorta to pulmonary artery
· blood that makes it to systemic circulation is oxygenated (red)
· increase in blood flow to pulmonic system 

· Right to left shunt (results in cyanosis)
· normally pressure lower in right side, but with R ( L shunt blood goes from right side to left side… 
· Tetralogy of Fallot
· Pulmonic stenosis (sometimes)
· blood not sufficiently oxygenated (purple or blue)
· mixture of oxygenated and deoxygenated blood 

· kid is blue

· Atrial septal defect (ASD)

· Oxygenated blood back to lungs – increases blood flow through lungs
· leads to pulmonary hypertension
· The bigger the defect the greater the problem 

· usually close on its own

· Ventricular septal defect (VSD)

· Pressure difference in atria much lower than pressure difference in ventricles 

· Neither ASD nor VSD would be problem in utero (would have R ( L shunt in utero, but already had that so doesn’t make a difference) 

· The bigger the hole, the bigger the problem, not enough blood to the body (blood is properly oxygenated, just not enough in systemic circulation)  

· kid is pink but lethargic from decrease in blood flow to body
· increased pulmonary blood flow ( pulmonary hypertension
· often closes on its own

· “failure to thrive” is symptom to note 

· Atrioventricular Canal (AVC) Defect

· Septum hasn’t grown up to atrioventricular canal 

· Sometimes AV valves fuse to grow one common valve 

· Get mixing of blood from L ( R side decreasing cardiac output to systemic circulation 

· Not going to close on own

· Patent ductus arteriosus (PDA)
· PDA: from L ( R, i.e. aorta ( pulmonary artery 

· Most people born with this, usually closes within few days 

· Additional problem: pulmonary HTN 

· possible Right ventricular hypertrophy 

· Coarctation of the Aorta (COA)
· Narrowing of the aorta 

· High pressure above (heads, arms) , low pressure below (everything else) 

· blood has normal oxygenation, kid is pink 
· decreased or absent pedal pulses
· Problem: left ventricle hypertrophies ( High BP in upper body, low BP in lower body

· might be seen in older patients where nothing is bringing BP down 

· Kidneys do long term control of blood pressure 

· renin: trying to increase BP to where in needs to be (according to kidney)

· BP in ankle: very low, due to coarctation 

· upstream of coarctation is extremely high 

· No pedal pulses, strong radial/carotid pulses 

· Coarctation of the Aorta (COA) (Preductal w/PDA)

· Ductus arteriosus: can be closed or open 

· if open, occurs after coarctation 

· usually L ( R shunt, but if coarctation so bad that blood is coming from pulmonary artery

· R ( L shunt (pink hands, blue feet) 

· Pink hands, blue feet: right to left shunt with coarctation 

· Aortic stenosis
· Hypertrophy of left ventricle, decreased cardiac output, heart working harder to squeeze blood through little hole (the more constriction, the worse the problem) 

· Pulmonary stenosis (With right-to-left shunt thru foramen ovale)

· If stenosis is bad enough – heart has trouble pumping blood to pulmonary artery 

· blood backs up and goes through foramen ovale 

· right to left shunt thru foramen ovale 
· foramen ovale was only shut by pressure now it opens; again expect to see cyanosis

· not a problem in utero (we are shunting blood from R ( L) at birth get poor oxygenation of blood because blood from right side going to left getting mixture of oxygenated and deoxygenated blood 

· Tetralogy of Fallot 

· Overriding aorta

· Start with Overriding aorta: moves too far to left and bumps and compressed pulmonic outflow tract (pulmonary valve & artery) and prevents septum from sealing properly 

· Pulmonary stenosis

· Pulmonic outflow track squished by aortic, get pulmonic stenosis : trouble getting blood out of pulmonary system

· Ventricular septal defect

· Ventricular septal defect: overriding aorta prevents septum from sealing 

· Right ventricular hypertrophy

· Right ventricle hypertrophies to match pressure in L ventricle

· pumping blood from R ( L side 

· Kids will be cyanotic 

· severity dependent on extent of pulmonary stenosis

·  get R ( L shunt w/cyanosis 
· Kids hunch over to breathe (tripod breathing)
· Not a problem in utero – big problem after birth

· Tricuspid Atresia
· Atresia: no hole 

· No hole for tricuspid valve: blood goes through foramen ovale: not problem in utero 

· After birth Kid very severely cyanotic 

· Need to Open tricuspid valve – serious surgery to fix heart

· Transposition of the Great Vessels (TGV)

· Dextrocardia: everything is reversed, heart on right side of body; this is NOT dextrocardia 

· This is where half of everything reversed – this is much worse

· From vena cava ( right atrium ( right ventricle ( aorta 

· From pulmonary vein ( left atrium ( left ventricle ( pulmonary artery 

· Get two independent circuits of blood flow 

· one pumping to body, and the other pumping to lungs 

· Not a big deal in utero but not consistent with life

· sometimes fixed in utero because it is a huge deal after birth 

· A little bit of blood will trickle through ductus arteriosus (will give a few hours of life) 

· Total Anomalous Pulmonary Venous Connection

· pulmonary veins return to superior vena cava rather than L atrium

· R ( L shunt thru patent foramen ovale 
· Truncus Arteriosus
· Pulmonic and aortic tracks combine to form one outflow 

· Kid will be cyanotic 

· BP in lungs will be high: will be same in lungs as it is in aorta both getting blood from same vessel 

· get mixing of blood ( cyanosis

· Child can survive (but 80% saturation at best) but NOT thrive 

· Hypoplastic Left Heart Syndrome 

· Left ventricle is underdeveloped and not strong enough to pump into systemic flow 

· Pumped by right side to left 

· need patent ductus arteriosus  

· Blood going into lungs back to left atrium, can’t all go to left ventricle so most blood will go through ASD ( right atrium, some blood from pulmonic artery ( ductus arteriosus ( aorta 

· Blood will be partially oxygenated: kid will be blue because we are mixing blood 

· Kid will survive, not consistent with long healthy life 

· multiple surgeries are needed to correct this

· Common heart sounds
· Systolic murmur: between S1 and S2 

· caused by: 
· aortic stenosis or mitral regurgitation, 

· ASD, VSD

· Diastolic murmur : between S2 and S1

· aortic regurgitation or mitral stenosis 

· Split S2: hear one longer muffled sound 

· timing of aortic and pulmonic valve closure changes with breathing
· interesting, but let’s not deal with the details
· S3: 

· Resonance with rapid passive filling – ok in healthy child or endurance athlete

· pathological in anyone else

· S4:

· Resonance with atrial contraction

· always pathological

· Continuous murmur: 
· patent ductus arteriosus 

· from aorta to pulmonary artery: pressure in aorta always greater but intensity changes 
· referred to as “machine noise” – sounds like a noisy factory floor w/pulsing noise
