CARDIO – 1/8/08
Cardiac Rate, Cardiac Rhythm, Axis Deviation, Blocks, and Ischemia – This material makes up 95% of all cardiac problems.  We will not be looking at bacterial or viral infections of the heart.  

12 Lead EKG

The standard EKG is 12 leads.   A lead refers to a view of the heart.  There are 12 views of the heart in a normal EKG.  EKG comes from German.  ECG is English.  

Ex—P wave is atrial depolarization.  This means the atrial wall contracts and forces blood into the ventricles.  Lead 3 does not have a good P wave in the example.  If we only had lead 3, we would conclude no P wave visible.  We would then conclude the atrial wall would not depolarize.  We know that can’t be true because we can find a P wave on Leads 1 and 2.  In Lead 3, we can’t see a P wave because the view of electrical activity of Lead 3 didn’t pick up the P wave.  This is exactly why we need to have multiple views to diagnose a heart condition.

The 3 views are standard lead views (Lead 1, Lead 2, and Lead 3).  We then created ways to visualize more views of the heart.  It is still possible to miss something, even with 12 views.  WE cannot predict via an EKG.  It does give a best guess scenario.  

When we say the heart beat, we mean the QRS.  The QRS is the heart beat.  This is when the ventricles contract.  This pumps blood through the system giving the heart beat.
Sinus Arrest
Sinus refers to the SA node.  Sino-Atrial Node is located on the R atrial wall.  If the SA node fails to fire, it is called sinus arrest.  If the SA node fails to fire, the atrial wall may fail to contract.  There is no signal to tell the ventricle to contract.  

The AV node tells the ventricle to contract.  The T wave means repolarization of the ventricle.  

If the SA node doesn’t fire, the ventricle will get its blood from a passive process by sucking the majority of the blood from the atrial chambers into the ventricle.  When the SA node fails to fire and we have to rely on the AV node with the AV slowing the rate.  

Parasympathetics and sympathetics both go to the SA node.  The SA node can stop firing due to increased parasympathetics.  Subluxations are arrow up.  One of the most common causes of this is parasympatheticotonia or vagosympatheticotonia.  The vagal stimulation can slow the heart and disrupt the SA node.  There can be upper cervical spine subluxation, which may have influence on affecting vagal tone.  Cardiac Arrest may present will diminishing/slowing signals from the SA node.  

EKG

We switch views on the sheet from Leads 1-3 to  AVR, AVL, and AVF.  AVF…A stands for Augmented (Augmented = Increased)…The views are different.

When the heart depolarizes, it sends a current from Right to Left during Depolarization.  If depolarization is towards the lead, then the deflection is upward.  If depolarization is away from the lead, the deflection is downward.   
Lead 2 is extremely important.  All depolarization in normal heart heads towards lead 2.   
Reciprocal Leads

A mirror image of views. 

Axis Deviation

The SA node beats on its own about 60-70.  If there is a renegade spot that occurs and depolarizes faster than the SA node, it becomes the pacemaker of the heart.  It will send a new signal.  The signal will occur away from AVR and towards AVL.  

Ectopic Focus

A spot on the atrial wall that takes over as the pacemaker.  It runs the rhythm of the heart until normal rhythm can recur.  You can have many ectopic spots or just 1 ectopic center.  
Axis & Axis Deviations
Doctors look at the axis numbers.  They use this for a deviation.  The numbers need to be between 0-90 for P wave, QRS, and T wave.  If the doctor sees a number like -30 degrees for a P wave, this would indicated a deviation.  The doctor would then be looking at the P wave graph to determine if there’s a problem.  
In a normal EKG = It would be perfectly normal to have all beats away from the AVR due to location of electrodes and the view.

V1-V6  
V1-V6 are unipolar Leads (All Positive and none Negative).  They view the heart from the top of the chest looking down.  They look primarily at the left ventricle.  6 views of the left ventricle are used.

The RCA (Right Coronary Artery) feeds certain leads and certain views.  The RCA feeds the leads 2, 3 and AVF.  
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The Views are taken at the same time.

V Leads
V1, V2, V3 -- 3 more views…These are Chest Leads also called Precordial (in front of the heart).  They look straight down at the anterior portion of the heart, primarily the left ventricle.  

V4, V5, V6 – The final 3 views.
Rhythm Strip
Along the bottom of the ECG we see lead 2.  Lead 2 is the most important view of the heart.  We need to keep lead 2 going, for a constant view.  Lead 2 is the Rhythm Strip. 

6 Views of the Heart from 4 Electrodes
AVR, AVL, AVF, 1, 2, 3 – pose 6 views of the heart.

RA – Right Arm

LA – Left Arm

LL – Left Leg

RL – Right Leg

We get 6 views from 4 Electrodes.  In physiology, we used the Einthoven’s Triangle Concept.  The leads are bipolar leads.  They can become + or -.   The computer can make one of the leads a ground, but the others can change.  By changing the polarity of the electrodes, we can get a panoramic view of the electrical field that is generated from the heart.  The skin conducts this current.  The skin is a conductor.  The electrodes pick up conduction of the heart via the skin. The skin conducts the current into the electrodes.  We can then get 6 views of the heart.  

There are only 10 electrodes (1 for each limb = 4) and 6 for the chest.  The 6 from the chest sit on top of the heart and are unipolar (all positive).  The + charge doesn’t change.  They look at the precordial, primarily the Left Ventricle.  Lead 2 is very important because in the normal heart when a signal comes from the SA node it travels Right to Left and down the heart.  The signal goes to the AV node – Common Bundle – R and L bundle branches – Perkinje branches.  The signal runs R to L.  Lead 2 is in the direction/absorbing the majority of the conduction.  Lead 2 is directly in the line of fire.  The PQRST is all based upon 1 view.  It is based on Lead 2.  This is the traditional image of a normal view from Lead 2 only.  When the depolarization heads toward a lead, it goes up.  When it goes away form a lead, it goes down.
QRS in Normal Heart – Normal Rhythm

QRS refers to the ventricular depolarization.  Ventricular depolarization starts off below the line as a negative.  In ventricular depolarization, the original signal heads towards the Right side.  This part of ventricular depolarization is called septal depolarization.  This is the earliest part of ventricular depolarization and headed to the Right (away from lead 2).  This would present as a downward deflection.  The next step is early ventricular depolarization.  This sudden jolt of electrical current heads towards lead 2, jolting the graph upwards.  Everything above the line that is + is the R.  The graph then heads away from lead 2 as the S wave or late ventricular depolarization.  The graph then becomes quiet as it returns back to baseline.  The cells that depolarize, must repolarize.  Repolarization must be in a + direction heading towards lead 2.  

1. Q Wave = Below baseline (negative)…Signal goes away from lead two or to the R side…Called Septal Depolarization

2. R Wave = Above baseline (+)…Signal goes towards lead 2 or to the L side…Called Ventricular Depolarization
3. S Wave = Below Baseline (-)…Signal goes away from lead 2 or to the R side…Called late ventricular depolarization

4. Repolarization = Graph returns back to baseline

Inverted T Wave
An upside down T wave (repolarization) that becomes negative is not normal.   The heart is repolarizing backwards or in the wrong direction.  This is called an Inverted T wave.  Repolarization in the wrong direction with an inverted T-wave is a classic sign of ischemia (lack of blood).  When a patient demonstrates this, cells that normally depolarize first do not repolarize first.  Cells that depolarize last, now repolarize first.   If there is no oxygen in the area, it slows repolarization.  Poor blood flow of coronary artery disease would deprive an area of oxygen.  The first sign of poor blood supply is an inverted T wave.  It means that the heart depolarizes OK, but struggles to repolarize, making the vector opposite that of depolarization.
Axis (examples)

P = 45

QRS = 73

T =150

The numbers should be between 0-90 degrees.  T is above 90.  The T wave is in an axis opposite that of depolarization.  The reason is ischemia.  The reason is almost always Coronary Artery Disease (CAD) with the chief complaint is often chest pain.  

Inferior Leads
2, 3, AVF = Inferior Leads…Also called Diaphragmatic Leads….This area is perfused by the RCA (right coronary artery).  The views do not tell us about the other 2 coronary arteries (ex.  LAD – Left Anterior Descending Coronary Artery = perfuses the left ventricle).  

V Leads/Chest Leads
V Leads = Anterior Views…Checks the areas perfused by the LAD.  The LAD perfuses the Left Ventricle.  
AVR & V1
There are only 2 views on the R side of the patients heart (AVR & V1). Depolarization and repolarization go from R to L.  The wave goes away from the electrodes and should be negative in a normal ECG.
Obstruction vs. Constriction

There is a difference between obstruction and constriction of coronary arteries.  The vessels may be constantly constricted under stress (norepinephrine).  These patients can be treated with nitroglycerine tablets.  This is a potent vasodilator.  

Neurogenic Inflammation Hypothesis

CAD and inflammation of the arteries go hand in hand.  Neurogenic Inflammation is under investigation as a strong contributor to CAD.  Vessels can be inflamed in the coronary arteries.  We don’t know exactly why.  One theory could be neurogenic inflammation.  

Summary

12 Views

10 Electrodes

6 views are Bipolar Leads (1, 2, 3, AVR, AVL, AVF – Limb Leads)

6 views are unipolar leads (Chest Leads V1-V6)

Axis – Refers to direction of depolarization

2 Views of the R side of the Heart = AVR and V1

V Leads = Chest Leads (look at the left ventricle – perfused by LAD)

2, 3, AVF = Inferior or Diaphragmatic Leads (perfused by RCA)

Inverted T Wave = Sign of Ischemia (trouble Repolarizing)

Lead 1 and AVL = Lateral Views (perfused by the Circumflex Artery)

Vector Analysis
Vector analysis describes the direction of the major force.  The depolarization normally is from Right to Left in a downward direction.  The major force travels in this direction; however, depolarization can travel in multiple directions during times of damage to the heart.  Vector analysis gives us an idea that there may be damage to the heart.  The doctor must take this information look at the views on the ECG and consider the patient’s context to determine the proper course of action.
Ex.—A scar in the atrial wall -- When the wave hits the scar, it bounces in different ways.  When the heart scars, the axis changes.  The scar tissue/connective tissue does not conduct, so the axis will forever be changed.  
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*** New Handout of Abnormal Presentation…There are questions on the back of this handout ***

Inverted T wave:  May indicate that the person has ischemia (possible heart attack related).

Ectopic Pacemaker/Ectopic Site
The P wave really means that the atrial depolarization occurs.  If no P wave, it means that the cells in the atrial wall are not depolarizing (there may still be a signal from the SA node).  The cells in the wall could be depolarizing even if the SA node is dead (ex. From a heart attack).   The atrial wall will depolarize because another spot will take over.  This is called an ectopic site.  The ectopic site assumes the role of the pacemaker and a P wave will now return.  So, a P wave means that atrial depolarization occurs.  Also, it is possible for the P wave to invert with a new ectopic site, depending on the location of the new ectopic center.  If the signal goes to the lead it will be normal, if the signal goes the other way then there will be a negative/opposite signal.  

Axis Deviation

If the P wave is -120 = The P wave depolarizes in a direction it shouldn’t.  There will be an axis deviation.
Sinus Beat

Sinus Beat = Means SA node.  When you say sinus, it always means the SA node.
PAC – Premature Atrial Contraction
QRS = The heart beat….If the beat is not from the SA node it is not a sinus beat.  The beat can be called an ectopic beat.  It is incredibly common to find an ectopic beat in patients.  This is called PAC.  It means premature atrial contraction.  

PAC:  C = contraction (ventricles contract – The QRS wave).  A = Atrial (Atrial Contraction means contraction of the ventricle wall under influence of a signal from the atrium).  

Sinus Contraction:  This means the ventricles contract under influence of the SA node.  

PVC
PVC = Premature Ventricular Contraction…An irritated spot on the ventricular wall that sends out a signal.  Many places can initiate a contraction (ventricular wall, AV node, SA node, Atrial wall, papillary muscles, etc).  All contractions are supposed to come from SA node.  We want all contractions to be sinus, but it is not that way in some people.  We put pacemakers in to treat the SA node.  The pacemaker is put in the atrial wall to jolt the heart keeping proper rhythm.  We don’t want ectopic sites forming.

Ectopic Sites and Fibrillation

Ectopic Sites that fire simultaneously will collide producing numerous vectors.  This can create a fibrillation.  Fibrillation causes loss of order of beating.  No blood is pumped during ventricular fibrillation.  This can cause ischemia, cell death and death.   A sudden jolt to the heart via accident or trauma can cause numerous impulses that messes up the coordination of contraction.  Cells will now depolarize and repolarize out of coordination.  Cardioversion must now be done.  A current is run through the heart, depolarizing all cells (cardioversion).  All cells that now depolarize, must repolarize.  A refractory period occurs, and all cells are quiet.  We then wait to see if the SA node takes over.  The heart will hopefully be back to NSR (normal sinus rhythm).  
Normal AVR

Normal AVR = Signals should go away from the lead.  It is the opposite of lead 2.  

QS Pattern

QS Pattern = Indicates an Infarct

EKG #2 – Handed out in Class

Diagnosis:
IMI = Inferior Myocardial Infarction…The inferior portion involves leads 2, 3, & IVF.  The right coronary artery feeds this area.  
TPA = Tissue Plasminogen Activator…The patient was given TPA (a potent clot buster).  The clot buster may be the reason why lead 2 is reasonably good.  

If lead 2 develops a QS pattern, then a problem occurs and the situation worsens. A QS pattern in leads 2, 3, IVF indicates an inferior myocardial infarction as the leads are inferior views and the QS pattern indicates an infarct. 

Treatment:  Exercise can help form collateral circulation.  
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Ex.  -22 QRS – this is a problem.  The number should be between 0 and 90.  Lead 2 should have the signal coming toward it. It should be the strongest signal.   

Rule: 1,2,3 should all have + axis numbers.  

Envision a circle (on overhead) on the heart.  The circle goes from 0-180 degrees and from 0 to -180 degrees.  All the numbers traveling down and to the right have + numbers.  If you go up and to the left the numbers are – numbers.  
A). Lead 1 is at 0 degrees

B). Lead 2 is at 60 degrees

C). AVF at 90 degrees

D). Lead 3 is at 120 degrees
E). AVL is at -30 degrees

F). AVR (the only right sided view) is at – 150 degrees
 Ex.—An axis of -22 for the QRS would put depolarization up and to the right.  The depolarization heads away from lead 3.  Lead 3 on the EKG looks -.  Most of the depolarization occurs away from lead 3.  Lead 3 looks at an area of the heart that is ischemic evidenced by an Inverted T wave.  The area is fed by the right coronary artery (RCA).  The RCA can be a source of angina. The signal in this EKG heads to lead 1.  Lead 1 is at 0.  AVL on the EKG appears very tall.  This depolarization is at AVL and 1 and away from lead 3.  

Boxes & Grids

There are 5 boxes for every second.  5 large boxes = 1 second.  In a minute, there would 300 boxes covered.  If there were a QRS in every box, the rate would be 300 QRS or 300 beats/minute.  When a heart beats that quickly, the graph approximates and you have a hard time visualizing the waves.  The events do occur, but are hard to visualize.  Tachycardia buries the PQRST to the eye in an EKG.  If the beat was every other box, there would be 150 beats per minute.  Every third box, there would be 100 beats per minute.  Every 4th box, there would be 75 beats per minute.  Every 5th box, there would be 60 beats per minute.  Every 6th box, there would be 50 beats per minute.  
We can divide the boxes between beats and go from tachycardia (greater than 100 beats per minute) to bradycardia (fewer than 60 beats per minute).  Normal rate is 60-100.  Most people are uncomfortable with beats over 80 beats per minute.  Resting rates over 80 and 90, even though you are within “normal”, can be problematic.  

A quick way to estimate a heart rate is to count the boxes. The approximate rate = 75 +/- 5…. Count boxes between beats as long as the heart is not arrhythmic.  

Respiratory Rhythm
Respiratory Rhythm = Breath in and HR will increase.  When you exhale, the HR will decrease.  This process occurs because when the lungs expand and you inhale oxygen, we want the red blood cells to take advantage of oxygen and open the vascular supply.  When the capillaries open up, resistance against the heart goes down.  There is less resistance against in pressure and the heart can now speed up and pump more blood.  When we exhale, we increase the pressure.  We push air out and lungs decreases closing the vascular beds and putting back pressure on the heart.  During an EKG, you will see period of raising and falling HR correlated to the patients breathing (Respiratory Rhythm).  The rhythm is a healthy cardiovascular sign.  

Often times after 30, we lose the rhythm.  The heart won’t increase the rate when a person over 30 breathes in.  The vascular beds may not be as compliant over 30 years old.  The autonomic nervous system   also may not be as responsive.  

Comment Regarding the P Axis
Signals are never supposed to get through a septal wall unless they pass through a specific anatomical pattern.  The pathway from R to L is called Bachman’s Bundle.  The signal doesn’t get through the wall if there is blockage.  The purpose of the AV node is to hold the signal and slow it down (AV delay). This allows the squeezing of blood into the ventricles.  This occurs during diastole.  The heart is at rest during atrial emptying.   

The common bundle or “Bundle of His” sends the signal to the ventricular wall.  Once this occurs we initiate ventricular contraction.  The septal wall now depolarizes.  We then have a Q wave, R wave and S.  After the “Bundle of His”, the bundle branches fire.  There is a right bundle branch (RBB), and 2 left bundle branches.  There is an anterior and posterior left ventricle bundle branch.   The left side has more to serve as a failsafe and because it must have a stronger contraction.  The signal is further propagated by the Perkinje Fibers.  

Normal Signal:  SA ----- AV ----- Bundle of His ----- Bundle Branches ----- Perkinje Fibers

EKG # 2 – Rhythm Strip – PVC

Looking at EKG #2 (the circle area) we don’t have a normal PQRST about ½ way through. The heart won’t fire in the normal sequence if we start a signal elsewhere (like the ventricle).  The heart will contract but it will be a mess electrically (as evidenced by the PVC).  A PVC is called an ectopic contraction.  In a PVC, the contraction comes from the ventricular wall.   

Linking Chiropractic to a Heart Attack/Chest Pain

A heart attack can cause a visceral reflex building up norepinephrine in the cardiac wall.  The fibers can then fire.  The doctors will then give the patients beta blockers trying to sedate the heart.  There also would be pain, tenderness and soreness in the spine.  The reflex VA-SE produces the “chiropractic subluxation.”
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*** EKG  # 4 handed out in class ***

*** Review of EKG #2 and questions ***

#1. What is the approximate rate?
75 +/-5 (Count boxes between beats as long as heart is not arrhythmic).
#2. Comment regarding the “P” axis.

P Axis on ECG #2 is normal

#3. Note an irregularity visualized in lead 1

Inverted T Wave = Repolarization is questionable due to ischemia
#4. Which standard limb lead demonstrates the greatest ventricular depolarization?

Standard Leads = 1,2 3, AVL,AVR, AVF…In this ECG Lead 1 is the tallest.  Normally, Lead 2 should be the tallest.  This means the heart has trouble depolarizing.
#5. Which axis confirms your conclusion about #4 above?

QRS of axis confirms because it is 2 degrees.  This means that it heads towards leads 1.  It should normally head towards lead 2 with lead 2 normally having the tallest QRS wave.

#6. Why is ventricular depolarization demonstrated as negative in lead 3?

Lead 3 is negative because depolarization heads away from the lead.
#7.  Is this patient in atrial fibrillation?  What justifies your answer? 
Steps for Determination:  1. Check to see if there’s a discernable P wave. 2. Check to see what the axis amount is.  The patient is not in atrial fibrillation based on EKG #2 having a P Wave and a normal Axis amount
If the patient were in fibrillation:
The rhythm is abnormal that occurs with atrial fibrillation.  The AV node does its best, but cannot fully accomplish its task of slowing the signal to the ventricles and protecting the ventricles from excess activity.  There is no discernable P wave.  A P wave tells us the atrial wall depolarizes.  We should have a coordinated depolarization of the atrial wall with a normal P wave.  During atrial fibrillation, we don’t have a recognizable P wave (due to multiple spots on the atrial wall firing).  We then follow that up with a normal QRS.  We may or may not then have a normal T wave.  If we have an EKG with some views with a nice P wave and other views with no P wave, we have to ignore the bad P waves and check the axis.  The axis # will tell us depolarization in a specific direction via the atrial wall.  Some EKG’s don’t have the axis information on them.  A person in atrial fibrillation may also have an indeterminate axis for the P wave.  Atrial fibrillation can be easily determined by an EKG.  

#8. Identify the circled complex on the rhythm strip.

 The circled item is a PVC.  It is possible for a healthy person to have a PVC..  A PVC can occur in these people due to momentary irritants on the ventricular wall.  Things like caffeine, nicotine or stress can create havoc irritating the electrical system of the heart causing a PVC.  In the example of EKG #2, the patient has a heart attack.  There is a VA/VE reflex that builds up catecholamines in the heart wall.  The heart will now be more irritated than normal.  The irritation combined with ischemia can trigger PVC’s.  The worry about the PVC’s is that if they are not controlled, they can accumulate causing Ventricular fibrillation.  So, we want to control and regulate PVC’s (drug therapy indicated).  
In the ICU, they watch for PVC’s.  They will continue to monitor and treat the patient till the PVC’s go away.  More than 6 PVC’s per minute can become an issue.  This can become a worry, possibly leading to fibrillation.  Typically, treatment occurs when 1 PVC occurs every 6 seconds.  
Often, PVC’s are felt at night with “racing hearts.”  The heart cannot fill during a PVC. The half filled chambers slam together, startling the person.   The heart settles down following the PVC, and then a pause occurs followed by another beat.  The next beat is overfilled as the heart fills during the rest period and the overfilling causes the cardiac wall to stretch creating tension in the cardiac wall, called inotrope.  Inotrope is an isometric tension in the cardiac wall, usually due to overfilling.  This process occurs rapidly and gives the sensation of heart racing
#9.  Why do you think the complex described above is occurring?

The complex occurs because the heart is irritated. It is irritated from ischemia and the build-up of catecholamines.  This is why the PVC occurs.

#10.  Describe the ECG appearance of ventricular depolarization as visualized from lead 3?

The appearance of ventricular depolarization form lead 3 is a QS pattern.  Everything is negative.  This tells us that part of the heart is dead/infarcted.  A QS pattern indicates an infarction.
#11. Why do leads 1 and AVL provide similar ECG morphology?

1 & AVL are close to each other.  Lead 1 and AVL look at the same area of the heart.  Leads 1 & AVL are lateral views the perfusion is via the circumflex artery.

#12. How many total heartbeats are recorded on this ECG?

There are 13 total heartbeats on this EKG.  

Sinus Arrest

Commonly occurs in the elderly…Periods of dizziness can occur.  The SA node in the heart can lose some of its normal function and the heart may not receive some the signal from the SA node.  There is a long pause on the ECG between beats followed by a P wave.  The patient goes into sinus arrest during that pause.  The SA node fails to fire.  This can also be called Sick Sinus Syndrome.  The brain can experience a problem first, causing light-headedness or fainting.  These attacks are called Stoke’s-Adams Attacks.  
One of the common causes for this is vagotonia with increased vagal tone (parasympatheticotonia).  Increased vagus firing will decrease the firing of the SA node.  The vagus nerve secretes acetylcholine on the SA node and has a negative chronotropic affect.  A negative affect will decrease the rate.  The tension within the wall will decrease as this is also a negative inotropic affects.  The inotropic affects are minimal with the greater affect on the chronotropic events.  The amount of blood ejected is slowed.  An increase of vagal tone may occur due to subluxation (particularly upper cervical).  
Eventually the patient may need to be fitted with a demand pacemaker.  The pacemaker can help to regulate the rate during the time of sinus arrest.  The patient may need a complete workup.   The Right Coronary Artery supplies the SA and AV node.  In rare situations, the circumflex artery can help.  This will not have an affect on the P axis (SA node firing is normal when it fires).  The heart rate is slow plus the patient will have the symptomatology.  If the arrest lasts a long time, and you see a normal QRS the AV node can fire.  It is then called a nodal (AV node) or junctional beat.  The beat will go to the ventricles and then go back to the atrial wall.  This is retrograde or backward conduction.  The ventricular depolarization can occur before the atrial depolarization.  
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Important Words

Sinus:  Always refers to the SA node.  Ex.-Sinus Rhythm = rhythm of heart is the result of the SA node.  Ex—Sinus Arrest = SA node no longer fires  Ex.—Sinus Tachycardia = Excessive heart beats due to the SA node
Atrial:  Does not result from the SA node, but occurs in the atrial wall and above the ventricle.  Atrial Tachycardia = Spots in atrial wall cause the heartbeat too fast.
Ectopic:  It refers to anything that is not sinus, is ectopic.  

Nodal & Junctional:  These terms are synonymous.  They refer to the AV node.  Ex.—Nodal Rhythm = Nodal rhythm is due to the AV node.  A nodal rhythm is an ectopic rhythm.

Supraventricular: Means that it is ectopic, but not sinus and above the ventricles.   Ex.—SVT (Supraventricular Tachycardia) – The elevated heart rate is not from the AV node but is from an area above the ventricle.

Ventricular:  You never want anything to be ventricular.  The origin is from the ventricular wall. A heart in ventricular tachycardia is much different than suprarventricular tachycardia.

Infranodal:  Below the node…refers to the common bundle.  An infranodal beat originates below the node and can be from the common bundle or perhaps a bundle branch.

SA Node and Autonomics
The sympathetics primarily go to SA node and to the ventricular wall.  Quieting down of the SA node requires stimulation of the vagus/parasympathetics.  This is done by carotid massage.  A carotid massage can be helpful to reduce sinus tachycardia.  This maneuver would not be of much benefit in other types of tachycardias.  This is because the vagus nerve only works at the SA node and the AV node.  A ventricular tachycardia carotid massage would not benefit the patient.  A Valsalva maneuver (bearing down) can also reduce the heart rate.  A hard sneeze may also benefit the patient with SA or AV node tachycardia.  
Is the problem because of sympathetics or not enough parasympathetics?  
The cause of increase heart rate through the SA node is excitation of the sympathetics.  As chiropractors, we would then look at upper thoracics for a source of irritation contributing to the increased heart rate.  We can also try a  carotid massage to bring the parasympathetics up.  

Ex.—Sinus Tachycardia with rate of 108 on the ECG – We see on rhythm strip P waves.  We check the axis strip – We see on the history (old anterior infarct, and inferior infarct).  Leads 2, 3, AVF are inferior.  Lead 2 looks OK.  Lead 3 has a QS formation.  This looks very bad.  Ventricular depolarization goes away in lead 3.  The heart does not depolarize, in this area due to infarct.  AVF also appears negative.  An Infarction has occurred due to the RCA (right coronary artery).  The patient also has an anterior infarct (V1-V6 leads).  V1, V2, V3, V4, all look bad.  V5 and V6 look more normal.  The patient in this case has some serious heart problems.  The patient also has sinus tachycardia.  The heart does not feed itself well.  The coronary arteries are occluded.  The oxygen demand is more than ever.  This heart is not capable of keeping this up.  

Right Atrial Enlargement & P Pulmonale
P wave indicates atrial depolarization.  There can be a tall peaked P wave.  The height is amplitude or energy measured and the width is time.  The larger P wave can be called P Pulmonale.  

The patient in the above example comes in with SOB (Shortness of Breath).   They have R atrial enlargement.  They have a tall peaked P wave (P Pulmonale).  The R atrium has enlarged due to a lung disorder.  The most common reason is COPD (emphysema).  The R side of the heart and RA (right atrial) is enlarged.  P Pulmonale is R atrial enlargement.  In COPD (emphysema), smoking has destroyed capillary beds reducing the surface area of the lung.  The beds are never regenerated and the blood has less room to go.  This leads to pulmonary hypertension.  Most people with emphysema succumb to heart failure.  These people go into CHF (congestive heart failure).  
The right side of the heart enlarges.  The R sided heart filaments slide further apart and get weaker and weaker with less strong contractions.  The R side enlarges, demonstrated by a tall peak P wave.  The heart beats faster to try to pump more blood and oxygen, due to the demand of the tissue.  This triggers the sympathetics forcing the heart to beat faster.  We have tissue not oxygenated, a failing heart, and venous blood from the extremities leading to CHF with venous blood not getting to heart (backing up) causing swelling in ankles, liver swollen and tender, and neck swelling (swelling of carotids).  The first thing they do to treat this is oxygen.  To decrease the pressure on the heart, these patients are given diuretics by pill or IV to flush out the system to get of fluid creating more pressure on the system.  They can also increase the strength of contraction by digitalis and changes the time of the cycle.  As the disease takes it toll, the heart will fail.  
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The leads on the limbs are bipolar.  The limb leads are AVL, AVF, AVR, 1, 2, and 3.  The chest leads are the V1-V6 leads.  The chest leads are unipolar.  AVL and Lead 1 are perfused by the lateral circumflex artery.  The LAD is the anterior view (perfuses the anterior view of the heart).  The left ventricle is very important to the anterior view.  The anterior portion of the heart is seen by the V1-V6 leads (on the chest).  
Arterial Flow Diagram
Left Main Coronary ------ A) Circumflex Artery (branches higher up) & B).  L Ant. Descending (branches lower down than the circumflex and off the left main)
Arterial Flow

LEFT MAIN (LM)

The Left main occlusion would affect the anterior and lateral views of the heart on the ECG.  There would be problems in AVL and Lead 1 (via the circumflex branching from the left main) and there would be problems in V1-V6 (via the LAD branching form the Left Main).  
LEFT ANTERIOR DESCENDING (LAD)

If the problem is distal to the circumflex, AVL and lead 1 are normal and there would be problems in V1-V6 (only anterior view problems).  Lead 2 would not be affected.  It is perfused by a different artery. 
RIGHT CORONARY ARTERY (RCA)

AVF, Lead 2 and Lead 3 are perfused together are called apical/inferior/diaphragmatic views.  These 3 views are perfused by the RCA (right coronary artery).  The RCA does perfuse the SA node and the AV node.  The RCA is very important for both rate and rhythm of the heart.  A problem with the RCA would manifest as trouble with  the heart rate.  Following and MI, the heart rate may be very low (about 40).  There could be damage to the SA node (dropping the heart rate).  In the meantime, the nervous system triggers the sympathetics.  The sympathetics try to trigger the SA node.  They pump catecholamines that can irritate the ventricular wall.  This may cause PVC’s.  All of this can happen in a coronary care unit till the rate and rhythm stabilize.  The patient will be placed on beta blockers upon release. 

AVR is the only view of the R side of the heart. The RCA mostly perfuses this area, including the SA node.
Atrial Fibrillation Vs. Flutter
Depends on how quickly atrial wall flutters.  Fibrillation is considered as greater than 350 bpm of atrial wall: vs. flutter which is considered below 350 bpm.  The AV node protects heart from all these contractions reaching ventricles.  A lack of a P axis is indicative of  atrial fib/flutter.  
ECG #2

2 and 3 are predominantly negative.  AVL is the most positive (shouldn’t occur).  There is an inverted T wave (2, 3, AVF).  The inverted T wave indicates ischemia.  It shows evidence of ischemia in important leads of the inferior views.  The V leads (V4-V6) have inverted T leads.  V4-V6 leads look at the LAD coronary artery.  This area is in the lower part of the left ventricle.  AVL and Lead 1 look OK.  We can say there is severe occlusion of the RCA.

AVL and Lead 1 do not have ischemia (no inverted T waves).  Blood then has to get to these areas.  V4-V5-V6 shows ischemia (inverted T waves).  This means that a portion is occluded.  The occlusion is distal to the circumflex artery.  There is also an occlusion of the RCA.  The entire inferior portion also has ischemia.  So, the anterior and inferior portions are damaged (ischemia damage).
Locations of Chest Electrodes

V1 (intercostal space)

V2 (intercostal space)

V3 (between V2-V4)

V4 (below nipple)

V5 (anterior axillary line)

V6 (mid-axillary line)

4, 5, 6 are looking at the anterior section and lower level of the anterior heart (ant and inferior heart where the problems in the ECG above occur from ischemia).

Abnormal ECG (P axis 18, QRS axis -65, T axis -72)
ABNORMAL ECG:   QRS complex should be rapid (1/5 of a second or less).  In the ECG, the QRS present as sloppy.  No QRS should ever be wider than 3 small boxes.  Time is increased on this ECG.  It takes longer to depolarize the ventricles.  The explanation is a bundle branch block .  V1 demonstrates this and so does V2.  Both ventricles contract on the ECG, but they shouldn’t.  We should only see on the ECG, 1 ventricle (the left) contracting.  This occurs because it takes longer for the signal to get there.  This is due to scarring of the bundle branch, blocking the depolarization and causing the ECG to present with both ventricles contracting separately; hence, the appearance of both ventricles contracting on the ECG.

Questions on the Back of Abnormal ECG
#1.  How would one describe the rhythm illustrated on the ECG?

There is normal sinus rhythm.  The SA fires and is in control

#2.  What is the morphology of lead 1?
We have a P wave.  We have a Q.  We have an R.  We don’t have an S.  We have a QRR1 (R prime) followed by a T wave.  We have R and R1 (R prime) because we see both ventricles.  

Right Bundle branch blocks may be considered benign vs. L bundle branch blocks are always dangerous. 

#3. What is the approximate rate?

Find one of the beats on the line and count boxes to next line (5 boxes).  Divide 5 into 300.  There would be 60 beats per minute.  This heart would beat at 60 beats/min +/- 5.  

#4. Is this patient in atrial fibrillation?

 This patient is not in atrial fibrillation.  To determine this: 1).Look at the axis…We know that there is a definite axis of atrial depolarization 2).  We have good looking waves (P-waves)

#5.  Why is the T-axis abnormal?

The T axis is abnormal (-72) because there are inverted T waves due to ischemia.  The heart has trouble repolarizing.  Typically repolarization problems occur first and then depolarization problems second

#6. Is there a consistent pattern of T-wave inversion?

Yes there is a consistent pattern.  The pattern is anterior and inferior T-wave inversion.  3 and AVF are inferior leads showing ischemia via T-wave inversion.  This can be due to the  problems with the Right Coronary Artery perfusing the tissue and trouble repolarizing.  There is also trouble with the V leads (chest leads).  This can indicate some trouble in the LAD artery which supplies the anterior portions of the heart seen in the V-leads (chest leads).  There is no evidence of a problem in the lateral views.  

#7. What explains the negativity of repolarization seen in specific leads?

Ischemia explains the negativity of the leads.

#8.  What explains the unusual QRS morphology seen in leads 2 and V1?

The unusual QRS morphology can be explained by both ventricles depolarizing on the ECG.  This is due to a bundle branch block.

#9. Why is the QRS axis abnormal?

The QRS axis is -65.  This is an axis deviation.  An axis deviation can occur due to a bundle branch blockage.  The depolarization must get out, so it has to get around the block via a different direction, thus deviating the axis.  

#10.  Is there ECG evidence that the lateral circulation is compromised?

There is no evidence the lateral circulation is compromised.  Leads 1 and AVL do not look compromised.  From those view, they look fairly normal.  
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Abnormal ECG #2

Ischemia does not deviate the QRS axis.  Ischemia affects repolarization initially.  Ischemia without infarction will only affect the T-wave.  If the condition becomes more severe and an infarction occurs, then the axis can be deviated in the QRS complex.
In lead 1 we see an R and R1.  R and R1 may be due to a bundle branch block.  

Axis Deviation

The most common cause of Axis Deviation is Chamber enlargement.  
R Side Enlargement and Axis Deviation 
If the right ventricle enlarges, the axis can deviate to the R side.  Chambers enlarge when they have to push against excessive pressure over years.  Ex.—RVH (Right Ventricular Hypertrophy)…RVH is seen with people with COPD.  The RV pushes the blood into the lungs, which should be low pressure system.  The lungs have 1/3 of the pressure of the body itself.  In COPD, the lungs have increased pressure (pulmonary hypertension).  
Other causes of pulmonary hypertension can be PPH.  Primary Pulmonary Hypertension has no known cause.  There is massive vasoconstriction throughout the lungs.  It has been associated with the drug phen-phen.  Phen-phen can cause cardiac failure via failure of the valves due to massive constriction of the pulmonary system.  Another cause of PPH is pulmonary valve stenosis.  Pulmonary valve stenosis can be detected by a murmur upon physical exam.  

Asthma does not cause barrel chest or massive vasoconstriction.  Asthma is reversible airway disease and does not lead to the findings of an emphysema patient.

Tall, thin lanky guys often under 30 years old can have more perpendicular oriented heart.  This can lead to R axis deviation.  

Left Side Enlargement and Axis Deviation
The left side can also enlarge.  It draws the vectors to the left indicating left ventricular enlargement.  Untreated hypertension (systemic) can cause this enlargement.  After the age of 65, most people develop problems in the aortic valve.  The aortic valve can stenose after 65.  The ventricle can enlarge when the aortic valve becomes stenotic and the person has hypertension, 
The heart can be more horizontal.  This can push the axis to the left.  Short, fat people (small people with bigger stomachs) can have their heart pushed in a more horizontal direction.  Pregnancy can push the heart in a more horizontal direction.  In patients over 40, there can be left axis deviation.  The finding can also be age related.
Both sets of people (fat or skinny) may have “healthy” hearts despite the axis deviation.  The heart often functions normally in both groupings of people.

An axis deviation can occur due to scarring within the heart.  A small scar in the heart will force the signal to deviate around the scar.  The scar does not conduct the electric signal.  .  

Lead 1

A R axis deviation in lead 1 (0 degrees)  would give us a – QRS

A L axis deviation in lead 1 (0 degrees) would give us a + QRS
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Axis Deviation as an Indicator

An axis deviation is an indicator and not a diagnosis.  Axis changes can occur because of a block.  Ex.—Axis deviation of QRS of 150 would mean a problem with ventricular depolarization.  Ex #2 -- If ventricular depolarization is between 0-90 and T wave is 150 degrees this would indicate a problem with repolarization.  Then you would check for inverted T waves and the coronary arteries.  Ex #3 -- If the P axis was -20 degrees, check the P waves on the ECG.  
Axis deviations tell us that there is something wrong which requires further investigation.
Ex. -- In atrial fibrillation, there is not a P axis or the axis appears as IND (indeterminate).  There are multiple or no sites at all causing the depolarization

Conduction Blocks

Something in the conduction system is not working.  Normally, the heart beat starts with the SA node first.  The wave like effect is picked up by the AV node, which sits in the septal wall.  The signal is delayed by the AV node and sent through the common bundle.  These are not nerves.  The nodes are not nerve cells but myocardial cells.  Nerves play a role in the SA node and AV node firing through the autonomic nervous system by the neurotransmitters acetylcholine or norepinephrine.  The nodes are cardiomyocytes.  
Cardiomyocytes sit in the septal wall and can fire differently than the cells in the wall.  These renegade signals can cause ectopic centers and ectopic beats.  If the SA node fails, the AV node can then become the pacemaker.  That means when the AV node fires depolarization direction would go from left to right (opposite the normal firing pattern which is right to left).  The AV node fires and the signal travels directly to the ventricle.  IF the AV node becomes the pacemaker, then ventricles would contract first.  The signal will also ripple into the atrial wall.  Atrial depolarization will get buried underneath the ventricular depolarization (commonly).  ON the ECG we would see a delay with an absent P wave, buried in the ECG. Ventricular Depolarization occurs almost simultaneously with atrial depolarization.  We won’t see a traditional P wave.  This would indicate the SA node did not fire.  This is the first indication of a block.
The Block can be called Sick Sinus Syndrome (SSS), SA Block, or Sinus Block.  The most common cause of this is vagotonia.  Increased vagus tone causes the SA node to decrease its firing.  

This condition is very common.  EMT’s often think of Sick Sinus Syndrome when a person faints (syncope).  The patient faints but may not lose consciousness.  They may also get dizzy.  

Escape Beat

Nodal Escape Beats

The heart is tired and can’t wait for the SA node to fire.  The heart wants to beat and seeks another center to provide the impulse to beat.  The beat comes from above the ventricle.  The source is almost always the AV node.  This is called Nodal Escape Beat.  The AV node cases the heart to beat.  If we see 3 beats in a row, a rhythm occurs.  If there are 3 escape beats, there is Nodal Rhythm.  
If the heart beasts back to normal, the sinus rhythm returns.

Ventricular Wall Beats/Ventricular Wall Rhythm
If the signal isn’t from the AV node, the ventricular wall can develop the role of pacemaker.  The QRS will not follow the normal pattern.  Ventricular wall beats/Ventricular Wall Rhythm can lead to fibrillation.  This is very dangerous.  This is the reason the defibrillator is there.  The defibrillator helps to restore normal rhythm.  The defibrillator attempts to shock the heart back to normal sinus rhythm.  

AV Blocks
This terminology is a misnomer.  It is likely that the block is distal to the AV node. 
1st Degree:  The problem is the AV node.  All signals are conducted in 1st degree block.  Every P wave does get through and is followed by a QRS.  The problem is the distance between P wave and QRS is increased.  The AV node has trouble sending the signal down.  50% of 1st degree blocks are of no consequence without symptoms and found incidentally on an ECG.  It is good to know this, to compare findings from one ECG to another ECG later on in life.  Some people may have this condition due to increased vagotonia.  The Left Vagus innervates the AV node.  The R vagus innervates the SA node.  There could be a biomechanical problem affecting a specific level of the vagus nerve (subluxation).  

2nd Degree

3rd Degree
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SA Node

It can be interrupted as it fires.  This can be called SA block, Sick Sinus Syndrome, etc.  There is a missed cycle.  The cycle won’t fire for a long time.  During the missed cycle, the person can faint or become weak.  The fainting is called Stokes-Adams syndrome.  EMT’s think of this when they treat elderly people who faint.

Conditions Associated with SA Node Dysfunction

Age

Idiopathic Fibrosis
Ischemia, including infarction – SA node is fed by the RCA (right coronary artery)…The circumflex in about 10% of cases can back up the RCA

High vagal tone

Myocarditis:  Inflammation of the muscle of the heart

Digoxin toxicity (Digitalis):  Many people use digitalis.  Digitalis is used in cardiac conditions.  Digoxin is a derivative of digitalis and used for heart conditions.  People who overuse digitalis, the sympathetics kick into high gear.  Sympatheticotonia becomes a problem with overuse of digitalis.  The sympathetics will try to increase it’s output as an “aberrant reflex.”  With digitalis, there is a block of the sympathetic nervous system, so the sympathetics try to kick to fight back.

In the above list, loss of sympathetics is not present.  Loss of sympathetics does not cause these problems associated with the SA node.  Blocks above the ventricle, generally are associated with increasing parasympathetics and not a loss of sympathetics.    

Escape Beat

The heart is not beating.  It needs to beat.  This beat keeps the heart going until the heart can beat in rhythm.  Hopefully the rhythm of normal sinus rhythm is restored.  
Premature Ventricular Beat -- PVC
A sudden jolt that originates from the wall of the ventricle.  This can be attributed to stress, drugs, caffeine, nicotine, etc.  In the elderly, it could indicated the ventricular wall is becoming ischemic.  You need to check this out based on the patient history.  

The morphology of an escape beat and PVC beat may appear similar on the ECG.

Sick Sinus Syndrome

There is a period of time without a beat.  The beat would hopefully return to normal.  If it doesn’t, there could be an escape beat.  The escape beat can be from the AV node.  The AV node keeps the heart beating.  It does so in a slower rate.  

1st Degreee AV Block

P-R interval is increased.  The AV node holds onto the signal.  This can be attributed to vagotonia.  The active vagus can cause a delay in conduction.  P-R interval should be in 1 box (1/5th of a second).  In this case, the interval is prolonged.  

Ex. -- On the ECG overhead, there is an R, R1, S pattern…This can occur due to a bifascicular bundle branch block.    The RPBBB (right posterior bundle branch block) and LPFBB (left posterior fascicular bundle block) are the cause of the block.
In a 1st degree AV block, there is an increased distance between the P and the QRS wave.  50% are not problematic.  50% of 1st degree can progress to 2nd degree block.

2nd Degree AV Block

This occurs when there is evidence of a non-conducted P wave.  The SA node fires and the atrial wall depolarizes but the signal did not get down into the ventricles, indicating a 2nd degree block.  50% of 1st degree progressed to 2nd degree AV block.  

Undiagnosed 2nd degree blocks can present with many signals not getting though.  This puts the heart into asystole.  The heart does not beat.  The lesion is very serious.  There is type 1 and type 2 2nd degree AV blocks.  

Type 1:  The less harmful of the two.  The problem is isolated at the AV node, making it less threatening.  Type 1 blocks are called Wienkebach.  Dr. Wienkebach differentiated between the two.  Wienkeback Phenomenon = Type 1 is characterized by increasing distance between P-R intervals.  The AV node “fatigues.”  If the AV node fails, the next structure to take over will be the common bundle.  The common bundle remains viable and the heart will beat.  This is a safer block than type 2.  

Type 2:  The bundle of His is the problem.  The lesion is “infranodal”.  Type 2 is an immediate reason for a pacemaker.

Atropine
The problem lies in the parasympathetics to the AV node.  Atropine can reverse the block.  Atropine is a vagal inhibitor.  Parasympathetics are over stimulating the vagus, so the treatment is by vagal inhibitor.  

Worksheet #1  (Handed Out in Class)

 ECG #3 

There is a prolonged P-R interval.  Each P wave is conducted…This is 1st degree AV block
ECG #4
Non-conducted P waves are present. This is a 2nd degree block.  The P-R interval does not widen in this ECG.  This would be classified as type 2 block.  The block is a 2:1 AV Block= 2 P-Waeves:1 QRS…This is a big problem and requires treatment.  
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2nd Degree AV Blocks

1. Type 1 Wienkebach or Mobitz 1 = Means the same thing… Type 1 is considered to be reasonably benign.  When we say type 1, we mean probably nodal and usually benign. 
2. Type 2 or Non-Wienkebach or Mobitz 2 = Means the same thing…Type 2 is malignant.  Type 2 indicates infranodal and definitely malignant.  Type 2 would have the lesion distal to the AV node and likely the common bundle.  This is life-threatening.  If you can’t tell if it is type 1 or type 2, you will classify this as type 2.  We don’t ignore an unconducted P wave.  This is a big red flag.  A P wave that doesn’t get through is a severe warning.  

3. Type 3 or Complete Heart Block = Nothing gets through.  This is called AV dissociation.  The atria are cut off from the ventricles.  The atria function without the ventricles and the ventricles function without the atria.  The P waves have no relationship to the QRS.  The pattern is very rhythmic.  The P-R intervals are the same.  The QRS shapes are the same but QRS looks different and comes from a different source.  The ventricles get a signal from a different source.  The AV node doesn’t send a signal down.  If the common bundle is severed, we could generate the 3rd degree block. We could have an infranodal beat or another spot on the ventricular wall generate the signal for the ventricles to contract.   
Ex. -- If there is a complete heart block due to an MI, the ventricles can pump at 40 beats per minute and the rest of the heart pumps at 70 beats a minute.  The ventricles and the atria are dissociated.  A complete heart block should be treated by a pacemaker in the ventricular wall.  

Bundle Branch Blocks 
Prolong depolarization…No P waves get through…The QRS can be normal or it can be abnormal (depending on where the block is).  The minimum number of blocked beats is 3, greater than 3 blocked beats and it takes too long.  As a result, the diagnosis would be a bundle branch block.  The P and QRS are not related!

Myocardial Strain
Area of heart can enlarge with poor blood supply.  Ischemia can develop.  The term is called myocardial strain.  Myocrdial strain is increased size with improper vascularization.    
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*** Board Announcements ***
*** Worksheets #1 and #2 ***
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*** Next Monday is the first exam 2/11/08 ***

Heart Attacks and Ischemia
We look at 3 major arteries:  RCA (Right Coronary Artery), Left Main – (breaking into 2 branches) 1) Left Circumflex 2).LAD (Left Anterior Descending).  The area of infarction provides no electrical activity.  The tissue is dead and does not generate a current and it will not depolarize.  The electrode may sit over an area of infarct but will not detect a signal.  If there is no activity in an infracted the area, the graph will be negative, as other areas are active around that site.

3 Stages of Heart Attack:  1). Ischemia 2). Injury 3). Infarction

There is about a 6 hour window to get a patient to the proper setting.  If they do survive, you have got to get them to an emergency room.  Ischemia can go on for many years, even decades.  The chief complaint is often chest pain/angina.  Angina is the chief complaint with ischemia.  Ischemia is the #1 cause of angina.  During ischemia, the patient has difficulty during ventricular repolarization evidenced by an inverse T wave.  

Acute MI

The depolarization stage causes severe difficulty during an acute MI.  So, the heart will have trouble with depolarization (due to the acute MI) and repolarization (due to ischemia) during an acute MI. We hope during the time of injury (stage 2), that it will not progress to infarction.  There will be an elevation of cardiac enzymes (troponin) in Stage 2.  If the progress of the MI can be stopped, troponin levels should come down in a couple of days.  An ECG will later be done to determine the amount of damage. 
Zone of Ischemia = (Can Degenerate into) Zone of Injury = (Can Degenerate into) Zone of Infarction
Infarction causes necrosis or death of tissue.  During a heart attack, all 3 zones can be present.  If we see all 3 zones, negativity on the ECG will develop.  The negativity may be evidence by a bigger and bigger Q wave getting more -.  The views develop significant Q waves.  Significant Q waves are Q waves that are deep and wide.  A deep and wide Q wave means serious problems.  

When the heart wall is ischemic = T wave is inverted (area has trouble repolarizing)…Stress testing on a treadmill will elevate the heart rate to maximal levels.  The testers administering the stress test watch the screen and check for chest pain.  An answer of yes will stop the test.  An inverted T-wave on the ECG indicating ischemia can also stop the test.  

Sometimes during a stress test an elevation of the ST segment can occur (this would be a depolarization problem).  The heart will take longer to depolarize.  This is also called elevated ST.  This may be generically called “tombstone’ or “fireman’s hat.”  The QRS tells us the ventricles depolarize.  The elevated ST indicates it takes longer to depolarize the ventricles.  The T wave may still be inverted (indicating ischemia).  This would indicate problems of depolarization and repolarization indicative of cardiac injury.

A far too deep Q wave with a elevated ST segment and inverted T wave = Infarction….All 3 can be present.  The Q wave will never go away once it gets this deep.  There are no drugs, surgery, or procedures that can fix this.  
Recovery

During recovery (sub acute and chronic stages) ST segment often is first to return to normal, then the T-wave.  Disappearance of zone of injury and ischemia can occur.
Follow-Up Studies to a Heart Attack and Infarction
Diagnostic Ultrasound and ECG...Diagnostic Ultrasound tests: 1).Wall Motility 2).Valve Function 3). Ejection fraction (if below 50% -- you are in serious trouble) 
ST Elevation

Elevated ST segment = Infarction is fresh/situation is acute.  

1). Epicardial MI = An MI on the outer surface of the cardiac wall.  This gives us an elevated ST segment.
2). Transmural = If the MI goes throughout the entire wall, it would be transmural.  This would also give us an elevated ST segment.
3). Subendocardial = If the endocardium is damaged, the ST will be depressed.  A depressed ST indicates a sub-endocardial MI.  Nitroglycerine will dilate coronary arteries and can help to restore blood flow.  

An MI is considered acute with elevated or depressed ST segments.  
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Research has shown norepinephrine and epinephrine released into heart muscle is bad for the heart.  Beta blockers helps problems with the VA/VE Reflex.  The subluxation complex may aid the “aberrant” reflex placing greater demand on the heart.

Depressed ST segments

May indicate a sub-endocardial injury.  The heart is having problems with depolarization.  This places the heart in the injury categorization.  If there’s an infarction there would be a significant Q wave.  The patient would also be experience rises in cardiac enzymes and they would stay elevated for days.  

EX on overhead—Inferior Infarction - -Check views 2, 3, AVF…Elevated ST segment on Lead 2.  Lead 3 has elevated ST.  AVF has elevated ST segment.  The heart is having trouble depolarizing.  In the overhead example, there is evidence of infarction with a large/significant Q wave.  

EX on overhead – Lead 3 has a significant Q.  The doctor should consider inferior infarction.  

PVC Pattern
During a PVC, you cannot define the pattern with PQRST.  There is no rhyme or reason to the pattern of a PVC.
Trigeminy = 3 Headed beat that constitutes a rhythm…2 sinus followed by 1 ventricular beat
Bigeminy = More common than trigeminy – Sinus Beat followed by a ventricular beat
Quadrigeminy = 3 sinus followed by 1 ventricular beat
R Progression

The chest leads (V leads) give us R progression.  In a normal ECG, V1 is negative (-).  V2 becomes more + and less -.  V3 is often the transitional view, in which we have more + than -.  V4,V5, V6 are all + leads.  This is a normal R progression in the ventricles.  

When the R progression doesn’t go this way, this indicates a problem with Left Ventricular Depolarization.  It is non-specific finding but an important finding.  It doesn’t tell us what specifically is wrong, but tells us that there is something wrong.

Anterior infarction may show a poor R progression due to the Left ventricle being affected.  Some other things that an R progression could be are: 1). Acute MI 2). Chamber damage 3). Enlargement
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WPW Syndrome

Wolfe Parkinson White Syndrome: We have one or more pathways as an accessory pathways develops.  The SA node fires with the signal entering the ventricles by the accessory pathway during WPW syndrome.  It does not hit the AV node.  We can have a regular QRS or a PVC.  It can present with a P wave and then and immediate contraction without a pause.  This is a P wave that is cut short and immediately enters the ventricles.  The common mistake is to calls this a PVC.  The rate can speed up during this aberrant rhythm.  The phenomenon causes a sudden increase in rate, with the “heart jumping out of the chest.”  There can be a sick feeling or feeling of fainting.  Tachycardia will force the ventricles to pump less blood.  There will not be an AV delay so the ventricles won’t fill.  The contraction is too fast and the ventricles don’t fill leading to the feeling of fainting because of not pumping enough blood and nutrients .  
In most cases, a beta blocker can reduce the sensitivity of the accessory pathways.  If the beta blockers don’t work, ablation therapy is performed.  Ablation therapy is an attempt to locate the accessory pathway and remove the accessory pathway often by radiofrequency wave (terminating by radio wave of the pathway).  

Typically, when there is 1 accessory pathway there may be another.  There can be a re-entry phenomenon.  This will put the heart in a very fast rate and have to shock the heart to slow it down.  

Delta Wave

There can be a Delta Wave.  A delta wave is a sweeping wave that is linked to WPW.  Delta wave signifies the existence of a WPW.  

See #8 on Worksheet 3 for a WPW – There is no PR interval   If you can see the P wave and no PR interval this would indicate a WPW.  A delta wave may or may not be present.  If you do get a delta wave, it would definitely indicate a WPW.  If there is no delta wave, there may still be a WPW.
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Multifocal PVC’s = Demand a follow-up.  This means that multiple spots on the ventricular wall are causing the beat.  This can lead to fibrillation and should be checked.
Exam # 1 – Monday

Review Questions/Review Sheet
1.Tachycardia vs. Bradycardia

Count big boxes between QRS complexes to the next QRS.  Ex -- 6 boxes between QRS and divide into 300 = 50 beats per minute.  Brady is less than 60 and tachy is above 100

2. Sinus tachycardia vs. Ventricular tachycardia
Sinus would have to have a P wave before the QRS.  If the beat is very fast, this may be hard to determine because P and T will be very close together.  Sinus tachycardia would respond better to carotid massage which is stimulation of the vagus.  In V-tach, carotid massage won’t do any good because vagus nerve does not go to ventricular wall..

3.What is an axis?

An axis is a direction that can be change by many things.  A normal axis is between 0-90 degrees. 
4.Atrial Fibrillation

In atrial fibrillation, the P wave isn’t there and there is a shaky baseline.  Watch out for a pulmonary embolism.  A pulmonary embolism is often linked with atrial fibrillation.
5..Ventricular Fibrillation
Fibrillation causes loss of order of beating.  No blood is pumped during ventricular fibrillation.  This can cause ischemia, cell death and death.   A sudden jolt to the heart via accident or trauma can cause numerous impulses that messes up the coordination of contraction.  Cells will now depolarize and repolarize out of coordination.  
6..Atrial ectopic foci

Atrial ectopic foci  can create PAC’s.
7.. What is a PAC?

Contraction of the heart initiated above the ventricle

8. Sinus arrhythmia vs. Respiratory Rhythm

Sinus arrhythmia is a normally occurring event in the younger population.  Respiratory rhythm =.taking a breath in (rate increases) vs. taking a breath out the (rate decreases)
9. SA block

P wave doesn’t fire = Sick sinus syndrome

10.Escape beat

Without an escape beat the heart wouldn’t beat.  We would like the beat to come from the nodal/junctional beat ???
A). Nodal Escape Beats

The heart is tired and can’t wait for the SA node to fire.  The beat comes from above the ventricle.  The source is almost always the AV node.  This is called Nodal Escape Beat.  The AV node cases the heart to beat.
B). Ventricular Wall Beats/Ventricular Wall Rhythm
If the signal isn’t from the AV node, the ventricular wall can develop the role of pacemaker.  The QRS will not follow the normal pattern.  Ventricular wall beats/Ventricular Wall Rhythm can lead to fibrillation.  This is very dangerous.  
10. Wandering pacemaker???
11. AV delay
AV delay allows ventricles to fill.  The purpose of the AV node is to hold the signal and slow it down (AV delay). This allows the squeezing of blood into the ventricles.  .  
12. WPW -- Wolfe Parkinson White Syndrome
We have one or more accessory pathways develop.  The SA node fires with the signal entering the ventricles by the accessory pathway during WPW syndrome.  It does not hit the AV node.  We can have a regular QRS or a PVC.  It can present with a P wave and then an immediate contraction without a pause.  This is a P wave that is cut short and immediately enters the ventricles.  There is a P wave (P wave is cut short) but no PR interval.  The common mistake is to calls this a PVC.  The rate can speed up during this aberrant rhythm.  The phenomenon causes a sudden increase in rate, with the “heart jumping out of the chest.”  There can be a sick feeling or feeling of fainting.  Tachycardia will force the ventricles to pump less blood.  There will not be an AV delay so the ventricles won’t fill.  The contraction is too fast and the ventricles don’t fill leading to the feeling of fainting because of not pumping enough blood and nutrients.  

A Delta wave may or may not be present.  If present, a delta wave signifies the existence of a WPW.  

13. Types of AV blocks
A). 1st Degree Block = A widening P-R interval.  50% of these progress to type 2.  The problem lies with the AV node.
B). 2nd Degree AV Blocks

1). Type 1 Wienkebach or Mobitz 1  =  Type 1 is considered to be reasonably benign.  When we say type 1, we mean probably nodal and usually benign. 

2). Type 2 or Non-Wienkebach or Mobitz 2 = Type 2 is malignant.  Type 2 indicates infranodal and definitely malignant.  Type 2 would have the lesion distal to the AV node and likely the common bundle.  If you can’t tell if it is type 1 or type 2, you will classify this as type 2.  We don’t ignore an unconducted P wave.  This is a big red flag.  A P wave that doesn’t get through is a severe warning.  

3).Type 3 or Complete Heart Block = Nothing gets through.  This is called AV dissociation.  The atria are cut off from the ventricles.  The atria function without the ventricles and the ventricles function without the atria.  The P waves have no relationship to the QRS.  The pattern is very rhythmic.  The P-R intervals are the same.  

14. P-Pulmonale
Tall peaked P waves (pulmonary hypertension with COPD)

15. Bundle Branch Block 
It prolongs depolarization

16. Ischemia – Injury – Infarction 
A). Ischemia creates a problem with repolarization
B). Injury causes a problem with depolarization


C). Infarction causes conduction loss
17. Elevated vs. depressed ST segments

A). Elevated is epicardial or transmural 

B). Depressed is subendocardial 
18. Inferior, Anterior Lateral View – Arteries Involved
INF = 2, 3, AVF (Right Coronary Artery)

Ant= Precordial/V leads/Chest leads (Left Anterior Descending)

Lat = 1, AVL (Circumflex)
19. PVC (Unifocal vs. Multi)

A). Unifocal = sudden jolt that originates from the wall of the ventricle.  This can be attributed to stress, drugs, caffeine, nicotine, etc.  In the elderly, it could indicated the ventricular wall is becoming ischemic
B). Multi = This means that multiple spots on the ventricular wall are causing the beat.  This can lead to fibrillation and should be checked.
20. R- progression

Chest or precordial leads that give us changes in R.  V1-V6 leads should get progressively more positive on the ECG.  R progression indicates something is wrong and needs further exam.  The problem is with the left ventricular depolarization.  It is non-specific finding but an important finding
