EKG
Anatomy of the Cardiac Electrical System
Beats arise rhymically in SA node.  Rhymicity regulated by sympathetics and parasympathetics.
Beats cannot go directly from atria to ventricles.  The AV ring is a fatty insulator.  So impulses 
are channeled through the AV node into the His-Purkinje system.  Conduction through 
the AV node is slow (provides the interval between atrial and ventricular contraction).
Impulses go through the Purkinje fibers (fast, narrow QRS) as well as through the myocardium 
from endocardium out to the epicardium (slow, wide QRS).
Tiny cahnges in ion concentration have large, immediate effects on transmembrane potential.

Resting cells are “repolarized” at -90mV due to potassium channels.  In Phase 0, gNa is high and 
gK is low.  At Phase 1, sodium channels re-close, and membrane potential drops to Phase 2.  
gCa peaks in Phase 2.  This calcium influx also triggers excitation-contraction coupling.  
gCa then starts to fall and gK increases.

Cells are refractory from Phase 0 through until Phase 3, and relatively refractory in Phase 3.

(Raymond removed image of cardiomyocyte action potential and its propagation.)
Cells in SA and AV nodes lack rapid sodium channels, and depolarization relies on slower 
calcium channels.  This is why the AV node is so sensitive to calcium channel blockers.
Cells in SA node have a steady creep-up in membrane potential during Phase 4.  This leads to 
automaticity, which is influenced by sympathetics and parasympathetics.
Atria, ventricles, and His-Purkinje system conduct rapidly through gap junctions.  Nodes are slow.
Measuring the EKG
Lead I
  = positive on left arm, negative on right arm
Lead II  = positive on left leg, negative on right arm

Lead III = positive on left leg, negative on left arm

Precordial leads V1-V6 are all positive leads on the chest

P wave is the atrial depolarization.  Then there is a baseline pause as impulse stalls in the AV node.

Q wave is the depolarization of the left septal endocardium. 
QRS complex is the depolarization of the ventricles (width represents speed of transmission).

T wave is the ventricular repolarization.  The cells that depolarize last repolarize first.  Since this 
is an opposite charge in the opposite direction, T wave is normally in same deflection as 
the QRS complex.  It is smaller because repolarization is disorganized.
Interpreting the EKG
1.  Rate (heavy lines are 200 msec apart. Calculate rate as 300/(# of large boxes))
2.  Rhythm (if each P wave is followed by one QRS complex, it is “normal sinus rhythm”)
3.  QRS complex (look at width and mean axis)

--Wider if His-Purkinje system is disrupted, or if there is ventricular hypertrophy.

--Mean axis is perpendicular to isoelectric lead.  Normal axis is -30 to +100, so leads I and II 

should always be positive.

--An overly negative axis has leftward shift (LV hypertrophy or left anterior fascicle block)

--An overly positive axis has rightward shift (RV hypertrophy or left posterior fascicle block)

--Abnormalities in the anterior wall are reflected in the precordial leads


--Abnormalities in the inferior wall are reflected in leads II, III, and aVF


--Abnormalities in the lateral wall are reflected in leads I, aVL, and V6.

(Raymond removed a Netter’s diagram of a normal ECG trace and the leads & axes.)
Left Ventricular Hypertrophy
There will be left axis deviation (negative shift).  


--QRS widens due to extra mass the impulse must traverse.


--T wave inverts (“strain” pattern T wave inversion) because altered depolarization leads 


to altered repolarization.

-- R wave may enlarge.
Bundle Branch Block
RBBB QRS complex has a normal first half, but second half is widened with heavy right deviation.
LBBB QRS complex has no Q wave.  QRS is widened with heavy left deviation.  T waves inverted.
Infarction
Infarction mostly affects repolarization.  Endocardium is usually spared compared to epicardium.
There will be TQ depression and ST elevation.  Since TQ depression is incorporated into baseline, 

there will be very prominent ST elevation.
Anterior MIs show “tombstone” tracings in the precordial leads.

When the MI eventually scars down, the ST elevation will return to normal, but there will be 
permanently decreased R wave amplitude.
I. Rate, Rhythm, Axis, Interval, Wave Forms

A. Rate

a. Each small box represents 0.04 seconds, large box is 0.2 seconds
b. Measure ventricular rate as R-R interval

i. 300/(# of large boxes between QRS)
ii. 300, 150, 100, 75, 60, 50, 44, etc.

c. Measure atrial rate as P-P interval

B. Rhythm

a. Sinus

i. P wave before each QRS

b. Others (see arrhythmia section)

C. Axis

a. Reading the Axis

i. If I and aVF are positive, the axis is normal between 0 and 90

1. The axis is 90o from the isoelectric lead

2. Check I, aVF, aVL and III for isoelectric lead
ii. If I is positive, aVF is negative: left axis deviation

1. Check II, I, aVR for isoelectric lead

iii. If I is negative and aVF is positive: right axis deviation

1. Check II, aVF, aVR for isoelectric lead

iv. If I and aVF are negative: extreme axis

	Causes of Right Axis Deviation
	Causes of Left Axis Deviation

	RVH (COPD congential heart disease)
	LVH

	Right ventricular strain
	Inferior infarct

	Left posterior hemiblock
	Left anterior hemiblock

	Wolff-Parkinson-White
	Wolff-Parkinson-White

	
	Left Bundle Branch Block


b. Wolff-Parkinson-White
i. AV node bypass circuit

ii. Delta wave: slow curving wave between P-R

D. Intervals
a. Always read intervals in precordial leads
b. PR
i. Normal is 0.12 – 0.20s
c. QRS

i. Normal is <0.12s

ii. Causes of Widened QRS

1. Bundle Branch Block

2. Ventricular rhythm
3. WPW
4. Hyperkalemia
d. QT
i. Should be <½ R-R interval
ii. Corrected QT = QT/((R-R); nl 0.36-0.40s

iii. Correlates conversely with serum Ca and Mg

iv. Increased by quinidine, procainamide, phenothiazines ( Torsades

E. Wave Forms
a. P waves
i. Read P waves in II and V1
1. II: notched w/ 1st hump representing RA, 2nd representing LA

2. V1: biphasic w/ 1st hump representing RA, 2nd representing LA

b. Q waves

i. Can be normal in leads III, aVR (inverse of aVL) and V1 (prior to R wave progression)

ii. Otherwise pathological

1. Sign of old infarct
2. small q in I with small r in III: left anterior hemiblock
3. small q in III with small r in I: left posterior hemiblock
c. R wave progression

i. R wave progresses from ~ 0 in V1 to peak in V4 and back down in V6
ii. S wave progresses from tallest in V1 to ~0 in V5 or V6
iii. R wave should become larger than S wave in V3 or V4
iv. Causes of R>S in V1
1. Posterior infarction
2. R BBB
3. RVH
4. WPW
d. ST segment

i. Normal changes (must be smooth curved rise)

1. Junctional (J Point) elevation: V1-3
2. Early Repolarization: V4-6
ii. Changes >1mm are abnormal

1. ST depression: ischemia

2. ST elevation: infarction

e. T waves

i. Peaked: T wave > 10mm in multiple leads: hyperkalemia

ii. Inverted T wave: infarction

II. Myocardial Infarction

A. Localization

a. Inferior leads: aVF, II, III (right coronary artery)

b. Anterior leads: I, aVL (left main)

i. Septal: V1, V2 (LAD)

ii. Anterior: V3, V4 (diagonals off of LAD)

iii. Lateral: V5, V6 (left circumflex)
B. Ischemia

a. Reversible ST depression

b. Associated with Sx of angina
c. Prinzmetal: ST elevation at night, reversible with nitro

d. Very rarely ischemia can be manifested by T wave inversion
C. Subendocardial Infarction

a. T wave inversion in corresponding leads
i. May persist or revert back to normal
b. Little or no change in ST segments
D. Transmural Infarction

a. Minutes of O2 interruption: ST elevation

b. Hours: q waves > 0.04 seconds

c. Days:  T wave inversions, ST reverts to normal
d. Weeks – Months: T waves resolve
e. Q waves usually persist

E. Reciprocal Changes

a. Inverse changes are noted in opposite anatomical regions

b. Eg: ST elevations in aVF, II, III, with ST depressions in I and aVL

F. Pericarditis

a. Global ST elevations

b. No q waves
c. Pathognomonic: PR elevations VR, PR depression in other leads
III. A/V Block

A. First Degree

a. PR > 0.20 seconds, QRS after every P

B. Second Degree

a. Mobitz I (Wenckebach): Gradual prolongation of PR until 1 dropped beat
i. Atrial beats always one more than ventricular (eg: 4:3 or 3:2)

b. Mobitz II: consistent PR intervals w/a constant ratio of conducted:dropped beats
i. Atrial to ventricular ratios: 2:1, 3:1, 4:1
C. Third Degree

a. Complete heart block

b. No relationship between P and QRS waves, QRS usually >0.12

i. A/V nodal rate: 45-55

ii. Ventricular focus: 35-45
IV. Bundle Branch Blocks and Hemiblock

A. Normal Conduction Pathway

a. SA node ( AV node ( Bundle of His ( RBB & (LBB ( left posterior & anterior fascicles)
b. Unable to tell difference between AV node and Bundle of HIS rhythms
B. Bundle Branch Blocks

a. Characteristics

i. Wide QRS, p before every QRS, nl PR interval

ii. No axis deviations necessary
b. L BBB: Broad S in V1, Tall broad R in I and V6
c. R BBB: Tall, broad rsR in V1 (bunny ears), broad S in I and V6
C. Hemiblocks

a. Left Anterior hemiblock

i. Axis deviation < -30o
ii. Small q in I, small r in III
b. Right anterior hemiblock

i. Axis deviation > 120o
ii. Small r in I, small q in III

V. Heart Chamber Abnormalities

A. Left Ventricular Hypertrophy

a. Voltage characteristics (MOST IMPORTANT)
i. R in aVL >11mm

ii. R or S in limbs > 20mm

iii. R V5-6 or S V1-2 > 30mm

iv. S V1 + R V5 > 35mm 

b. Left Axis deviation <-30o
c. Strain: LVH + non-specific ST depression, T inversion in ant leads
B. Right Ventricular Hypertrophy

a. Axis > 90o
b. Early R waves V1-3 and Persistent S waves V4-6
F. Left Atrial Enlargement
a. Negative P in V1 biphasic P in V2
i. Normal is biphasic P in V1 and positive P in V2
b. P mitrale (MV disease post-Rheumatic fever)
i. Notched P in inferior leads w/>0.04 between peaks

ii. PI > PIII
G. Right Atrial Enlargement (P pulmonale)
a. P > 3mm in inferior leads

VI. Arrythmias

A. Three Questions

a. Fast or Slow

b. Superventricular or Ventricular

i. If QRS <0.12, must be superventricular

ii. If QRS >0.12, unable to tell
c. Regular or irregular

B. Superventricular Arrythmias

a. Afib

i. If superventricular and irregular, think Afib

ii. Atrial Rate 400-800, ventricular rate 101-190
b. Aflutter

i. Flutter waves, sawtooth pattern

ii. Atrial rate 250-400, ventricular rate 101-190 (constant 2:1 block)

c. Paroxysmal Atrial Tachycardia (PAT)

i. Does not involve SA node and travels along an AV re-entry node
1. Rate not limited by SA or AV node, both >200

ii. Atrial rate 115-230 with a 1:1 ventricular conduction
1. If ventricular rate >200bpm, think PAT

d. Multifocal atrial tachycardia (MAT)

i. More than 3 different supraventricular foci
ii. 3 different p wave configurations

C. Ventricular Arrythmias

a. Premature Ventricular Contractions

i. Prolonged QRS >0.12, usually opposite axis from others in lead
ii. Followed by compensatory pause, maintaining constant rhythm
1. SA node not reset, and unlike PAC in which SA node reset and no compensatory pause exists
iii. May be “fusion” beat between normal and PVC (hybrid of two)
b. Accelerated idioventricular rhythm

i. Regular ventricular rhythm rate between 40-100

1. Faster than escape rhythm (35-45)

2. Slower than Vtach (100)
c. Ventricular Tacchycardia

i. Ventricular rhythm rate >100

ii. Persistent, regular, fast rhythm (looks like sine waves)
d. Ventricular fibrillation

i. Illegible EKG, sometimes no form at all

D. Approach to Ventricular Arrythmia

a. Go observe patient

b. Do H/P to make sure the patient is responsive, has a pulse

i. Check for breathing, carotid pulse, cyanosis, skin turgor, temperature, BP
c. Obtain a 12 lead EKG
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