INTERPRETATION OF AN ELECTROCARDIOGRAM (ECG / EKG)

(abbreviated ECG or from the German EKG in the US, because it can be confused with echocardiography also abbreviated ECG.)

Introduction
* History

The first experience about a patient’s heartbeat was made by Alexander Muirhead in 1872, with wires. 

In 1887, Augustus Waller created the first electrocardiogram with a capillary electrometer.
Finally, in 1901, Willem Einthoven used the string galvanometer, which was more sensitive than the capillary electrometer Waller used. He assigned the letters P, Q, R, S and T to the various deflections (and obtained the Nobel Prize in Medicine in 1924).

In 1938, an international transatlantic conference fixed the correct position for the precordial derivations V1 to V6.

In 1942, Emanuel Goldberger realized the first 12 lead ECG.


* Definition
An electrocardiogram is obtained by measuring electrical potential between various points of the body. It is a noninvasive transthoracic graphic produced by an electrocardiograph, which records the electrical activity of the heart over time with electrodes, which are always positive!

* Depolarization wavefront

If the depolarization wavefront (the mean electrical vector) moves toward the electrode (which is always positive!), it creates a positive deflection on the ECG and the wave or the complex will be globally positive. + ( 

In opposite, when a depolarization wavefront moves away from an electrode, it creates a negative deflection. + (
And when a depolarization wavefront moves perpendicular to a positive electrode, it creates an equiphasic (or isoelectric) complex: it will be positive as the depolarization wavefront approaches and become negative as it passes by. (+ (

* About P, QRS and T




There is an isoelectric line.

The P wave is the wave of the atrial depolarization (be careful, it’s the depolarization of the right and the left atria!)
The PR interval is the delay between the sinoatrial node and the atrioventricular node. 

The QRS complex corresponds to the depolarization of the interventricular septum with the bundle of His and its branches (the depolarization sense is left to right: it’s very important and useful for the heart blocks). The first negative wave is named Q, the first positive one R and the negative wave following the R wave is S. 

The atrial repolarization wave is “lost” in the QRS complex and can’t be analyzed.

The ventricular repolarization, on the contrary, can be studied: it’s the T wave. 

The electrical impulses normally originate in the sinoatrial node and go to the atrioventricular node. The two atria are depolarized. After the atrioventricular node, the depolarization follows the bundle of His, its right bundle branch and its left anterior and left posterior branches. And then, the electrical impulses travel simultaneous through the two ventricles. But the left ventricle has more cells than the right one, so concerning the interpretation of an ECG, the left ventricle is the most important.
INTERPRETATION


1. Rhythm


* ECG paper

Each small block of ECG paper is 1 square-mm. 

An electrocardiograph runs at a paper speed of 25 mm/s… So, one small block translates into…? 40 ms.

Five small blocks make up 1 large block, which translates into 200 ms. So, in one second, there are… how many blocks? Five!


* Rhythm

There are many rules but the easiest (to me) is to divide 300 (number of large blocks in a minute: 60 by 5 large blocks) by the number of large blocks separating two R waves. So if you have an R-R interval of 5 large blocks, the heart beats at 60.

(And an other rule is to learn the suit: 300 – 150 – 100 - 75 – 60 – 50, for each block: it’s the same! 300/1,2,3,…)


* Anomalies of rhythm

( Sinus arrhythmia refers to a normal phenomenon of mild acceleration and slowing of the heart rate that occurs with breathing in and out. The R-R interval is inconstant.

( Bradycardias are slow rhythms (less than 60 beats/min). They are survey rhythm or escaping rhythms. They can be auricular (atrial), nodal (junctional) or ventricular. 

When an automatic cell fires off in the atrium, the P wave is abnormal, but the rest of the conduction is normal (it uses the bundle of His so QRS is normal).
When the depolarization begins in the atrioventricular node (junctional bradycardia), the QRS is also normal but the P wave is missing.
And when the depolarization begins in the ventricular muscle, the QRS is abnormal because the depolarization doesn’t follow the bundle of His, its branches and the Purkinje fibers.

(  Premature contractions (extrasystoles in French): It happens when some cells in the heart start to fire off before the normal heart beat is supposed to occur in the SA node. They can be auricular, nodal or ventricular too.

Concerning the atrial premature contraction = P abnormal, QRS normal


About the nodal contraction = P missing, QRS normal


As for the ventricular one = P missing, QRS abnormal

( Tachycardias are rapid rhythms (rate greater than 150 beats/min). It can be auricular, nodal or ventricular too. 
( Flutters are very rapid rhythms (rate greater than 250 beats/min) and there isn’t isoelectric line but a tremor. It’s one cell which fires off a lot.
( ... Contrary to the fibrillation, where there is like a firework in the heart. Many cells depolarize at the same time. It can be auricular or ventricular.
Auricular : you have no P wave, and a normal but irregular QRS complex when a depolarization arrives at the atrioventricular node

Ventricular : the QRS complex are abnormal.

( Re-entry : it’s the Wolff-Parkinson-White syndrome. You have a bridge between the left atrium and the left ventricle, so the PR interval is short, the QRS is large (there is a delta wave at the beginning) and you can have a re-entry phenomenon. It’s a new way excluding the sinoatrial node. 

2. Axis 


* Leads (derivations in French)

There are three types of leads:

· limbs (which are bipolar ones) [I – II – III or DI, DII, DIII in French], 

· augmented limbs (which are unipolar ones) [aVR, aVL and aVF] and
· precordial (which are unipolar ones too) [V1, V2… to V6]

The six first ones are measured with the three electrodes on the limbs (yellow on the left arm, like a ring; green on the left leg, like the sun on the grass; red on the right arm, like a cherry; and black on the right leg like the cake under the cherry – this one is the ground: in fact, it could be placed anywhere on the body). 
* We can form the Einthoven’s triangle... 
- ---------+ I  (between the left arm and the right arm)                                                      
 \          -
   \      /

     \  /

  II+ +  III (between the left arm and the left leg)
(between the right arm and the left leg)
* And more useful to determinate the axis, a circle : 

And now, you study the QRS complex sign in the frontal leads. A normal axis is a mean vector between aVL (-30 °) and aVF (+90°). You can have a right or left axis in pathology (like pulmonary embolism)
For example, if the QRS complex is positive in I and aVF, the axis is here (normal). If you have an equiphasic complex, the interpretation of axis is really easy: it’s perpendicular to the lead which has an equiphasic complex. If the QRS complex is globally positive in I and negative in aVF, you have a left axis. And if the QRS is negative in I, you have a right axis.

* Precordial electrodes

V1, V2 are placed on the right. V3-V4 are at the level of the interventricular septum (it’s the transition point). And V5-V6 are placed on the left.


3. P wave

The P wave is the wave of the atrial depolarization (be careful, it’s the depolarization of the right and the left atria!)

A P wave which is too sharp means there is a right atrial hypertrophy.
A bifid and large P wave means there is a left atrial hypertrophy.


4. PR interval

The PR interval is the delay between the sinoatrial node and the atrioventricular node. The normal PR interval is 160-200 ms (4 to 5 small blocks). 
There are PR interval anomalies in atrioventricular blocks. 
When the PR interval is too large, there is a first degree atrioventricular block.

A second degree AVB means there is sometimes a P wave without QRS complex (it’s Mobitz II), or that there is a cycle with progressive prolongation of PR interval on consecutive beats and a P wave without QRS complex (Wenckebach phenomenon, or Mobitz I) or that there is one QRS complex for 2 or 3 P waves (it’s call 1 over two block or 1 over three block)..
A third degree AVB means there is no relation between P wave and the QRS complex. It’s the complete heart block.


5. QRS complex

The QRS complex corresponds to the depolarization of the interventricular septum (left to right: it’s very important and useful for the heart blocks) and of the ventriculs. The first negative wave is named Q, the first positive one R and the negative wave following the R wave is S. The atrial repolarization wave is “lost” in the QRS complex and can’t be analyzed.

The normal QRS complex means the depolarization of the bundle of His, its right bundle branch, its left anterior and left posterior branches and the Purkinje fibers. There is a Q wave only in the right electrodes (because it corresponds to the depolarization from the left of the interventricular septum to the right).
The normal QRS complex:

* lasts 120 ms (3 small blocks)…
If there is a ventricular arrhythmia (as we saw before), the QRS is abnormal because the conduction is anarchic. The QRS is too large.

When there is a right bundle branch block (BBB), the interventricular septum depolarization is normal (from the left), but the depolarization of the right ventricle comes after the one of the left ventricle. So, on a right electrode (V1, V2), you can see a RSR (praim)’ complex.
When there is a left BBB, the interventricular septum depolarization isn’t normal (from the right) and the right ventricle depolarizes before the left one (which is normally the most important). So, on a left electrode (V6), you can see an M-shaped complex. 
You can also have hemiblocks, because there are two left bundle branches: anterior (which means a left axis when there is a block) and posterior (which means a right axis).

A bifascicular block is when you have a LABBB and a RBBB.
* S is higher than R in V1…

If the R wave is higher than S on a right lead (V1), there is a right ventricular hypertrophy. 

* R in V5/6 is less high than 25 mm…

If the R wave in V5-V6 (left electrode) is higher than 25 mm, there is a left ventricular hypertrophy. 

To be more specific, there is the Sokolow index (S1 + R5) with a 35 mm thereshold.

* Q (except from septal Q waves: I, aVL, V6) are less large than 1 mm and less deep than 2 mm…

If Q is enlarged, it means an infarct: there is a kind of “hole” in the muscle, as a result the electrode prints the depolarization wave which is on the opposite wall of the ventricle.

And it’s a wave which goes from the interior to the exterior. 

6. QT interval
Normally, the QT interval lasts 400 ms. 

If the patient has a hypocalcemia, the QT interval would be greater. On the contrary, if he has a hypercalcemia, the QT interval would be lesser.

7. ST interval

The ST interval is isoelectric. If it isn’t, there may be an ischemia (the ST interval is under the line), an infarct or a pericarditis (the ST interval is above the isoelectric line) or a digoxin consumption (the ST interval decreases). 

8. T wave

The ventricular repolarization, contrary, can be studied: it’s the T wave. 

The T wave can be flattened, with a U wave at the end, if the patient presents a low rate of potassium or magnesium in the blood. 
If the rates are high, T would be sharp and large, without ST interval. 

Finally, the T wave can be inversed. There are 5 cases about this inversion:

· it’s normal in III, aVR, V1, V2 for the young men and V3 for the Black people.

· it can be an ischemia sign (the inversion is permanent, like the Q wave): concerning an infarct, you have a high ST interval, a Q wave and an inversed T wave (permanently) and a normalization of the ST interval.
· It can be a ventricular hypertrophy, left or right, depending on territories.

· It can be a bundle branch block

· It can be a side-effect of digoxin.

http://en.wikipedia.org/wiki/Cardiac_arrhythmias
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