EKG and Interpretation

I. Coronary Circulation

a. Branch off ascending aorta-
i. Left coronary artery- supplies blood to the anterior and lateral wall of the left ventricle
1. Left anterior descending supplies oxygenated blood to the walls of the left ventricle and the anterior part of the septum
2. Left circumflex- supplies oxygenated blood to the left atrium and lateral wall of the left ventricle
3. Circumflex
ii. Right coronary artery
1. Runs under the right atrium
2. Supplies blood to the right ventricle, AV node and inferior and posterior walls of the left ventricle
II. Action Potential

a. Three phases
i. The resting phase- no electrical activity
ii. Depolarization- Na goes in the cell
iii. Repolarization- Na leaves the cell
b. Phase O-rapid depolarization. Sodium moves into the cell rapidly. Calcium moves in slowly. Potassium leaves the cell
i. -90 TO +20millivolts. Forms the QRS 
c. Phase 1-early repolarization. Sodium channels partially close. Potassium continues to leave cell
i. Systole, contraction, first negative deflection on QRS
d. Phase 2- Plateau of action potential. Calcium flows inward. Potassium flows outward.
i. ST segment
e. Phase 3 repolarization. Calcium channels close, K flows out rapidly
f. Phase 4 Resting phase. Cell membrane is closed to sodium, excess leaves Potassium moves into the cell
III. Fast Response

a. Normal myocardial cells of the atria, ventricles, and the perkinje fibers
b. Do not initiate cardiac action potentials
c. Threshold leads to Na channels opening leading to Phase I
IV. Slow Response
a. Sinus and AV nodal cells
b. Depolarization without outside initiation
c. Slow leak of current to occur during phase 4 until threshold is reached leading to depolarization
V. Absolute Refractory Period

a. Phase 0,1,2, some of 3
b. Relative refractory period-midpoint of phase 3 to start of phase 4
c. Cell can’t depolarize
VI. Characteristics of Cardiac Conduction Cells

a. Automaticity- cell’s able to generate their own stimulus
b. Conductivity- able to transmit stimulus from one cell to another
c. Excitability- able to respond to an impulse
d. Contractility- able to take electrical impulse and respond mechanically
VII. Cardiac Conduction Pathway
a. SA node- sets the pace of the heart
b. Interatrial pathways
c. AV node
d. AV  junction
e. Bundle of HIS
f. Right and left bundle branches
g. Perkinje fibers
VIII. EKG Wave Forms

a. SA node and P wave
i. SA node- pacemaker, initiates electrical response
ii. SA node stimulates both atria
iii. This atrial depolarization is recorded as the “P” wave
iv. The normal “P” wave is round and upright in leads I, II, aVf, V2-6
v. Normal rate of SA node is 60-100
vi. Normal P wave comes before QRS and lasts .06-.11 seconds
b. P-R interval or P-Q interval
i. Amount of time it takes for the impulse to travel from the SA node to the bundle branches
ii. Usually from .12-.2 seconds
iii. Beginning of atrial depolarization to ventricular depolarization
c. QRS complex
i. Follows the “P” wave
ii. Q wave is the first negative deflection after the “P” wave

iii. The first positive deflection is known as the “R” wave
iv. The “S” wave is the first negative deflection after the “R” wave
d. ST segment
i. The ST segment marks the beginning of ventricular repolarization

ii. Absolute refractory period- can not have a response
iii. Point of end of QRS complex and beginning os ST segment is J point
iv. From end of QRS to beginning of T wave
v. Depression >1mm is myocardial ischemia. Elevation >1mm possible myocardial damage or injury
e. T waves
i. Ventricular repolarization
ii. Ventricle response during the relative refractory period can lead to ventricular fibrillation (caused by R on T)
iii. Negative deflection suggest myocardial ischemia
iv. Peaked T is hyperkalemia
v. T wave larger or smaller is electrolyte imbalance
f. QT interval
i. Ventricular depolarization and repolarization
ii. Prolonged QT may indicate prolonged ventricular repolarization
1. Drug induced-Antiarrythmics, hypocalcemia
iii. Shortened QT Hypercalcemia, digitalis
iv. Normal QT is .36-.44 seconds
IX. Leads/Sensors

a. Limb leads- I, II, III, AVR, AVL, AVF
b. Chest leads- V1-6
X. Leads Placement-Limb Leads

a. Einthoven’s Triangle
i. Right arm
ii. Left arm
iii. Left leg
b. Lead I- horizontal, left arm sensor is positive, right arm sensor negative
c. Lead III- left arm negative, left leg positive
d. Lead II- right arm negative, left leg positive
e. AVR (augmented voltage right arm) lead- right arm positive. All other limb electrodes are negative
f. AVL (augmented voltage left arm) lead- left arm positive
g. AVF (augmented voltage left foot) lead- positive sensor on left foot
h. Chest Leads

i. Chest leads are V1-V6 moving from patients right to left
ii. QRS mainly negative in V1
iii. QRS mainly positive in V6
iv. V1,V2- right middle chest leads
v. V5,V6- more left chest leads ( show more lateral view of the heart)
vi. V3,V4- interventricular septum- between ventricles
XI. Reading of EKG
a. Rate-
i. What is the rate? Is atrial same as ventricle?
b. Rhythm
i. Is it regular? Patterns to irregularity? Ectopic beats?
c. P waves
i. One for every QRS
ii. Where is it located? Is it upright?
d. PR interval-
i. Constant? Less than .20 seconds? Pattern to changing interval
e. QRS
i. Width > .12 seconds?
ii. All QRS look the same? Is there one for every P?
f. Axis
g. Hypertrophy
h. Infarction
XII. How to calculate the rate

a. Look at the R wave, the next heavy line will be read as: 300,150,100,75,60,50
XIII. EKG waveforms

a. MI

i. ST elevation
ii. Pathological Q wave

1. Physiologic Q wave is <.04 seconds
2. Pathological Q wave is >=.04 seconds. Also greater than 1/3 the height of the QRS
iii. Ischemia- inverted T wave and ST depression
XIV. Reciprocal Changes

a. Lateral- I, aVL, V5, V6 reciprocal in II, III, and aVF
b. Anterolateral I, aVL, V3, V4 reciprocal in II, III, aVF
c. Inferior II, III, aVF, reciprocal in I, aVL
d. Posterior- Reciprocal in V1-V4
XV. Location of MI in 12 lead EKG

	I Anterior
	aVR
	V1 Septal
	V4 Anterior

	II Inferior
	aVL Lateral
	V2 Septal
	V5 Lateral

	III Inferior
	aVF Inferior
	V3 Anterior
	V6 Lateral


XVI. Bundle Branches Blocks

a. Infarct induces BBB can increase mortality 40-60%
b. The LAD (left anterior descending coronary artery) supplies the bundles so patients with anteroseptal infarcts can develop BBB
c. Impulse leaves AV node and enters bundle of His, continues to two bundle branches left and right bundle branches
d. Bundle Branch Blocks- ischemic heart disease
e. Found in leads V1, V6, 1
f. If an impulse is blocked through a bundle that ventricle is depolarized slower
i. QRS will probably be wider
XVII. RBBB- More common
a. Wide QRS in lead V1- V6, usually V1-V2
b. RSR’ in V1- bunny ears
c. Wide S wave in V6 and V1, 1, AVL
d.  Smaller than left so more susceptible to injury

XVIII. LBBB- Signifies heart disease
a. V1- V2 QRS is negative
b. Deep S wave and small R wave
c. Wide QR or RS complex
d. V6- RSR’
e. V6 and Lead 1- no Q wave
f. Lead 1 notched upright complex
XIX. The Turn Signal Rule

a. V1 upwards QRS(turn right in car)
b. V1 downward QRS(turn left in car)
XX. Definitions

a. Hypertrophy- Increase in muscle mass
b. Enlargement- Dilation of a chamber. Can be seen in valvular disease, volume overload
XXI. Left Ventricular Hypertrophy

a. Rule of 35
b. If patient is greater 35 years count the mms in the deepest S wave in V1 or V2 and add that to the mms of the tallest R wave in V5 or V6. If sum is >35 patient has LVH
XXII. Right Ventricular Hypertrophy
a. Common cause is pulmonary hypertension, pulmonary stenosis, ventricular septal defects
b. V1, V2, V3 are closer to the right ventricle. Look to see if R wave relative to the S wave is larger
XXIII. Right Atrial Hypertrophy

a. Called “P” pulmonale
b. Etiology is right atrial overload, pulmonary hypertension, COPD, mitral valve stenosis
c. Tall P wave in II, III, AVF (>2.5mm)
XXIV. Left Atrial Hypertrophy
a. Called “P” mitrale

b. Etiology is mitral valve stenosis, systemic hypertension, aortic valve disease, seen with LVH

c. Wide P waves in any lead

d. Notched or double hump in P wave of any lead

e. Negative deflection in the terminal portion of the P wave in V1

XXV. The Great Imitators of MI
a. LBBB

b. Left ventricular hypertrophy

c. Pericarditis- elevated ST in every lead
XXVI. Axis Deviation
a. Direction of depolarization or electrical flow; direction of blood flow in the heart, goes left
b. The origin of the direction or vector is always the AV node for the ventricles

c. Electrical stimulation has more area in the left ventricle so average vector through the ventricles will normally deviate to the left

d. If QRS is mainly upward or positive in lead I, the mean QRS will point to the left of the sphere

e. If QRS mainly downward or negative in lead I the mean QRS will point to the right of the sphere known as right axis deviation

f. AVF has positive electrode on left foot

g. So downward portion of the sphere is positive, whereas the upper portion of the sphere is negative

h. In lead AVF if QRS mainly positive, then mean QRS vector points downward

i. If in AVF the QRS is mainly negative then mean QRS vector will point upward 

j. If the heart is displaced the vector is displaced in the same direction

