ECG Tutorial
· ECG: display of electrical activation pattern that is generated by heart as it is activated from atrium to ventricles

· Muscle undergoes depolarization and repolarization during each cardiac cycle

· Leads provide us with 3D vectors that indicate direction of depolarization

· Looking at different projections in different directions of body

· conduction

· Pacemaker cells: SA node

· Spontaneously depolarize; fire without any signal

· Fire at regular rate

· No pacemaking(random(irregular irregular

· Signal passes to AV node: delays signal for few milliseconds
· Electrical conductivity passes thru HIS-Purkinje conduction system

· Fibers are like wires that allow signals to pass rapidly in endocardium (inner layer of heart)
· Allows walls of heart chambers to be activated at almost same time

· Allows Rapid and simultaneous/synchronous contraction

· Each cell depolarizes, maintains depolarization and rapidly repolarizes

· When one part of ventricle depolarized and another is not(creates a positive and negative charge gradient

· Measured as voltage by surface electrodes

· ECG graph

· Y-axis: voltage

· Difference in charge needed to generate contraction

· Difference between a depolarized muscle (positive charge) and not-yet depolarized muscle (negative charge)
· More muscle(higher electrical waveform

· Increased height of P wave: atrial hypertrophy

· any disease that causes stress on atrium

· ex: Mitral wave won’t open properly

· Increased height of QRS wave: ventrical hypertrophy

· Possible cause: chronic hypertn
· X-axis: time
· P: electrical activation of atrium; slightly precedes atrial contraction (rise in atrial pressure)
· Low amplitude

· Rounded hump

· Why? Looking at whole atrium, not just one cell

· a-fib: no p waves; not regular

· Pause at AV node: flat line b/w P and Q

· Usually about 100-120 msec

· Gives time for atrial contraction to empty blood into ventricles

· Prevents atrial and ventricular contraction to occur simultaneously

· Disease at AV node: long interval

· First degree heart block/AV block

· QRS complex: ventricular excitation; slightly precedes rise in ventricular pressure
· Higher amplitude: more muscle in ventricles than atrium

· ST segment: heart completes contraction

· Elevation: hallmark of acute MI

· T: ventricular repolarization (end systole)
· Broad waveform

· 60,000/cycle length = Heart Rate

· 60,000 msec/min

· cycle length = time (msec) between two QRS peaks
· placement of leads: needs to be standard and simple

· right arm, left arm, right leg, left leg: cutting heart superiorly and inferiorly
· RA, LA, LL: triangle

· aVL: between heart at LA (up and diagonal left— -300)
· aVR: between heart at RA (up and diagonal right— -150o)
· aVL + aVR: straight up

· aVF: between heart and feet (straight down—900)
· I: between arms (00)

· II: RA and LL (600)

· III: LA and LL (1200)

· I, II, III: calculated by subtracting or adding aVL, aVR and aVF

· II, III and aVF: inferior leads, bottom of heart

· I and aVL: lateral wall

· Positive QRS complex because dominant voltage of heart is downwards and left

· aVR: opposite directions of other leads because most of electrical activity is to left

· negative voltage

· Six leads across chest: anterior and lateral depolarization

· Right of sternum (V1), left of sternum (V2)
· V1: negative voltage

· Then downwards and laterally to mid axillary line (V3-V6)
· Positive QRS complex because dominant voltage of heart is downwards and left

· Some leads show both positive and negative QRS complex

· Part of electrical activation may begin in direction of lead and then shift away as more muscle is activated
· Just because activation starts in one direction doesn’t mean it has to stay in that direction for rest of contraction

