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Lecture

I. Introduction
	Time: 3 Minutes
	Slides: 1–2
	Lecture/Discussion
A. 	Critical care transport personnel (CCTP) must be familiar with the cardiac devices used to diagnose and treat patients in their care. 
B. 	The 12-lead ECG is the most commonly used cardiac monitoring equipment. 
C. 	CCTP can interpret normal findings against those found with changes that result from disease or injury. 
D. 	CCTP must be able to respond to changes in cardiac behavior by providing basic life support (BLS) or advanced cardiac life support (ACLS).


II. Cardiac Anatomy and Physiology
	Time: 35 Minutes
	Slides: 3–25
	Lecture/Discussion
A. 	Heart
1. 	Myocardial cells require an uninterrupted supply of oxygen and nutrients. 
2. 	Oxygenated blood reaches the heart through the coronary arteries.
a. 	Coronary arteries branch off the aorta at the coronary ostia, just above the leaflets of the aortic valve. 
3. 	Connections (anastomoses) between the arterioles of the coronary arteries provide a back-up mechanism in the event that one or more coronary arteries are blocked. 
B. 	Heart sounds
1. 	The “lub-dub” sound indicates the cardiac valves are operating properly. 
2. 	The major heart sounds are two normal sounds, S1 and S2, and two abnormal sounds, S3 and S4.
3.  	S1 occurs near the beginning of ventricular contraction (systole), when the tricuspid and mitral valves close. This is the “lub” sound. 
a. 	Any delay in the closing of these two valves, heard as a split sound, is considered abnormal.
4. 	S2 occurs near the end of ventricular contraction (systole), when the pulmonary and aortic valves close. This is the “dub” sound.
5. 	S3 is the result of the end of the rapid filling period of the ventricle during the beginning of diastole. 
a. 	An S3 sound should occur 120 to 170 milliseconds after S2, if it is heard at all. 
b. 	This sound is sometimes called the Kentucky gallop.
c. 	If it is heard in older adults, it can signal heart failure. 
d. 	When the S3 is present, the heartbeat sounds like “dub-lub-dub.” 
6. 	S4 coincides with atrial contraction at the end of ventricular diastole. 
a. 	S4 is sometimes called a Tennessee gallop.
b. 	When S4 is present, the heartbeat sounds like “lub-dub-dub.” 
C. 	The pump
1. 	The heart is actually two pumps—a right pump and a left pump—that are separated by the interventricular septum. 
a. 	The right side of the heart pumps against the low resistance of the pulmonary circulation. 
b. 	The right atrium collects oxygen-poor venous blood from the venae cavae and the coronary sinus and pumps it into the right ventricle. 
c. 	The right ventricle pumps the blood into the pulmonary artery, and then into the lungs. 
d. 	The pulmonary veins then collect the oxygenated blood and return it to the left atrium, which pumps it into the left ventricle. 
e. 	The left side of the heart drives blood out of the heart against the high resistance of the systemic arteries.
D. 	Cardiac cycle
1. 	The cardiac cycle includes one complete phase of atrial and ventricular relaxation (diastole) followed by one atrial and ventricular contraction (systole).
a. 	During the relaxation phase (normally 520 milliseconds), the left atrium fills with blood.
b. 	When the atria contract, the contents of each atrium are squeezed into the respective ventricle. 
c. 	At the beginning of ventricular contraction, the atrioventricular (AV) valves snap shut, the two ventricles contract (ventricular systole), and the semilunar valves are forced open. 
d. 	Blood squeezed out of the right ventricle moves through the pulmonic valve, and into the pulmonary arteries. 
e. 	Blood from the left ventricle is pushed through the aortic valve and into the aorta. 
f. 	Systole is usually accomplished in about 280 milliseconds.
E. 	Blood vessels
1. 	Arterial walls are stimulated by the autonomic nervous system. 
2. 	Baroreceptors are located in the blood vessel walls.
a. 	They sense changes in blood pressure and stimulate the autonomic nervous system.
b. 	When baroreceptors sense an increase in blood pressure, they stimulate the parasympathetic nervous system, which results in lowered heart rate and decreased myocardial contractility.
c. 	When baroreceptors sense a decrease in blood pressure, they stimulate the sympathetic nervous system, causing an increased heart rate and greater myocardial contractility. 
3. 	Chemoreceptors respond to changes in PO2 and pH or PCO2.
a. 	Their responses stimulate the autonomic nervous system, which also affects heart rate and myocardial contractility.
b. 	The chemoreceptors’ activity also affects cell depolarization, which leads to release of dopamine and causes the respiratory centers in the brain stem to increase or decrease ventilation.
c. 	When the chemoreceptors sense hypoxia or acidosis, they stimulate the sympathetic nervous system, which increases heart rate. 
d. 	Hyperoxia or alkalosis leads to parasympathetic stimulation, which leads to a decreased heart rate and lessened contractility.
F. 	Functioning of the pump
1. 	Cardiac output (CO) is the amount of blood that is pumped out by either ventricle. The normal CO for an average adult is 5 to 6 L/min.
2. 	Stroke volume (SV) is the amount of blood pumped out by either ventricle in a single contraction (heartbeat). The normal SV is 60 to 100 mL. 
3. 	Heart rate is the number of cardiac contractions (heartbeats) per minute. The normal rate for adults is 60 to 100 beats/min.
4. 	The volume of blood that either ventricle pumps out per minute equals the volume of blood it pumps out in a single contraction times the number of contractions per minute: CO = SV  Heart Rate
5. 	Meeting changing demands
a. 	Increase the SV
b. 	Increase the heart rate
c. 	Both
6. 	The Frank-Starling mechanism
a. 	When the cardiac muscle is stretched, it contracts with greater force.
b. 	A diseased heart will use the same mechanism to achieve a normal resting CO.
c. 	The Frank-Starling mechanism is an intrinsic quality that is not under nervous system control.
7. 	Contractility is the heart’s ability to vary the degree of contraction without changing the stretch of the muscle.
a. 	Medications that have an inotropic effect (an ability to alter the force or energy of contractions) may be used to induce a change in contractility.
b. 	Chronotropic medications can increase the CO by increasing the number of contractions.
G. 	The electrical conduction system of the heart
1. 	Automaticity is the heart muscle’s ability to generate its own electrical impulses without stimulation from the nervous system. 
H. 	Sinoatrial node
1. 	The sinoatrial (SA) node is the dominant pacemaker in the heart. 
2. 	The SA node receives blood from the right coronary artery (RCA).  
3. 	Electrical impulses generated in the SA node spread across the two atria through intermodal pathways in the atrial wall in causing the atrial tissue to depolarize as they pass. 
4. 	The conduction of the impulse is delayed in the AV node so that the atria can empty into the ventricles. 
5. 	Impulses pass through the AV junction into the bundle of His and then move rapidly into the right and left bundle branches located on either side of the interventricular septum.
6. 	The impulses then spread into the Purkinje fibers, which are distributed throughout the ventricular muscle. 
I. 	Depolarization and repolarization
1. 	Depolarization is the process by which muscle fibers are stimulated to contract.
a. 	An electrolyte solution bathes myocardial cells.
b. 	Chemical pumps inside the cell maintain the concentrations of ions within the cell, in creating an electrical gradient across the cell wall. 
i. 	A resting (polarized) cell has a net charge of –90 mV with respect to the outside of the cell.
c. 	When the myocardial cell receives a stimulus, the permeability of the cell wall changes and sodium ions (Na+) rush into the cell, causing the inside of the cell to become more positive.
d. 	Calcium ions (Ca++) also enter the cell through a different set of specialized channels.
i. 	Calcium ions help the depolarized state of the cell membrane and supply calcium ions for use in contraction of the cardiac muscle tissue. 
e. 	Depolarization starts at one spot in the cell and spreads in a wave (wave of depolarization) until the entire cell is depolarized.
2. 	Repolarization starts with the closing of the sodium and calcium channels, which stops the rapid inflow of these ions.
a. 	Potassium channels open, allowing a rapid escape of potassium ions (K+) from the cell. 
b. 	The inside of the cell is restored to its negative charge.
c. 	The proper electrolyte distribution is then reestablished by pumping sodium ions out of the cell and potassium ions back in. 
3. 	Active transport
a. 	For every three sodium ions the sodium-potassium pump moves out of the cell, it moves two potassium ions into the cell.
b. 	The sodium-potassium pump moves ions against the natural gradient by a process called active transport, which requires the expenditure of energy.
4.  	Refractory period is the period when the cell is depolarized or in the process of repolarizing.
a. 	The absolute refractory period occurs when the heart muscle has been drained of energy and needs to recharge. 
b. 	The relative refractory period occurs when the heart is partially charged but cannot create a full contraction.
J. 	Secondary pacemakers
1. 	If the SA node becomes damaged, any component of the conduction system may take over.  
2. 	The farther down the conduction system the pacemaker is, the slower its intrinsic rate of firing.
a. 	The AV junction will spontaneously fire 40 to 60 times per minute. 
b. 	The Purkinje system will spontaneously fire 20 to 40 times per minute.
K. 	Measuring the electrical conduction activity of the heart
1. 	The electrical conduction events in the heart can be recorded on an ECG as a series of waves and complexes. 
2. 	P wave represents the depolarization of the atria. 
3. 	There is a pause following the P wave (the PR interval) as conduction is momentarily slowed through the AV node and the AV junction. 
4. 	The QRS complex represents the electrical impulses that pass through the right and left bundle branches and Purkinje fibers, representing depolarization of the ventricles.
5. 	Repolarization of the atria and ventricles produces the T wave. 
a. 	The atrial repolarization wave is small and is buried within the QRS complex, so it is not seen. 
b. 	The larger ventricular T wave follows the QRS complex.
c.  	The ST segment appears from the end of the QRS complex to the beginning of the T wave.  
i. 	It represents the period of inactivity between ventricular depolarization and repolarization.
ii. 	The myocardium is maintaining contraction. 
6. 	A U wave may also be present after the T wave. 
a. 	Nobody knows what the U wave represents.


III. Cardiac Monitoring: 12-Lead ECG
	Time: 26 Minutes
	Slides: 26–42
	Lecture/Discussion
A. 	Monitoring versus assessment
1.	Assessment of the patient’s cardiac status takes place before monitoring. 
a. 	Assessment should include an analysis of the cardiac rhythm and 12-lead ECG. 
2. 	Cardiac monitoring generally refers to the continuous observation of the patient’s condition.
B. 	Lead placement
1. 	Definitions
a. 	Lead: The designated position of the electrode
i. 	Limb lead: Right arm, left arm, foot
ii. 	Precordial leads: chest leads
b. 	Electrode: A sensing device that connects directly to the skin
c. 	Cable: The physical wire that connects the electrode to the ECG monitor
2. 	Each manufacturer of ECG equipment has its own guidelines for lead placement.
3. 	This text uses standard lead placements.
4. 	Preparation
a. 	The skin should be clean, dry, and slightly abraded by rubbing with a gauze pad. 
b. 	Patients with excessive chest hair should be shaved.
5. 	Placement
a. 	The six limb leads (I, II, III, aVR, aVL, and aVF [a indicates augmented; V, voltage; R, right arm; L, left arm; F, foot]) provide a view of the heart in a vertical plane.
b. 	The six precordial leads (V1 to V6) show a horizontal plane.
c. 	The combination of limb leads and precordial leads provides a three-dimensional view of the heart. 
d. 	Limb leads include the right arm, left arm, right leg, and left leg, as marked on 	the lead connectors.
i. 	Limb leads can be place on the arms or shoulders and lower abdomen as long as they are at east 10 cm from the heart.
e. 	The precordial (chest) leads must be consistently placed in the proper locations:
i. 	V1 is placed in the fourth intercostal space to the right side (patient’s right) of the sternum.
ii.  	V2 is placed in the fourth intercostal space to the left side (patient’s left) of the sternum.
iii. 	V3 is placed between V2 and V4. 
iv. 	V4 is placed in the fifth intercostal space (patient’s left) midclavicular line.
v. 	V5 is placed between V4 and V6.
vi. 	V6 is placed in the fifth intercostal space (patient’s left) midaxillary line.
C. 	Confirmation of lead placement
1. 	Leads can become disconnected very easily.
2. 	CCTP must confirm lead placement before transport and several times during transport.
D. 	Recording the 12-lead ECG
1. 	CCTP must be sure the monitoring system and lead configuration at the initial facility are consistent with those that will be used during transport. 
2. 	Be sure to calibrate the machine before taking a measurement on the patient.
3. 	A new 12-lead ECG should be recorded and evaluated before transport, several times during transport, and upon arrival.
4. 	The patient should remain as still as possible while the ECG is being obtained. 
5.  	The patient’s condition will dictate the position of evaluation during transport.
E. 	Interpretation of the 12-lead ECG
1. 	It is difficult to interpret a 12-lead ECG in a transport setting because movement of the vehicle and patient can move the leads and throw off the reading.
2. 	It is important for CCTP to know what a normal ECG looks like before attempting to interpret a patient’s ECG.
3. 	In the limb leads, the P wave is typically upright in leads I, II, aVL, and aVF. 
a. 	The P wave is frequently biphasic in lead III and is purely negative deflected in lead aVR. 
4.  	In the precordial leads, the P wave is typically upright in leads V5 and V6. 		
a. 	Lead V1 is biphasic, and leads V2 and V4 are variable.  
5. 	The QRS complex is a representation of ventricular depolarization. 
a. 	The septum is the first part of the ventricles to depolarize. Septal depolarization is not always seen on the ECG, but when it is, a small Q wave may be seen in leads I, aVL, V5, and V6. 
6. 	The T wave will usually be recorded in a positive deflection in the same leads that record a positive deflection of the R wave. 
F. 	Systematic approaches
1. 	Use the same method of analysis each time to ensure consistent interpretation.
2. 	ECG rhythm must be monitored continuously in order to ensure a rapid and appropriate response if there are problems.
3. 	Consider these questions when looking for rhythms and arrythmias: 
a. 	Is the rhythm fast or slow?
b. 	Is the rhythm regular or irregular? If irregular, is it regularly irregular or irregularly irregular?
c. 	Are there any P waves?
d. 	Are all the P waves the same?
e. 	Does each QRS complex have a P wave?
f. 	Is the PR interval constant?
g. 	Are the P waves and QRS complexes associated with one another?
h. 	Are the QRS complexes narrow or wide?
i. 	Are the QRS complexes grouped or not?
j. 	Are there any dropped beats?
4. 	When examining an ECG tracing, CCTP should make notes of findings and keep an accurate and a complete record of changes.


IV. Axis Determination
	Time: 17 Minutes
	Slides: 43–53
	Lecture/Discussion
A. 	Introduction
1. 	Each cell in the heart can produce its own electrical impulse. 
2. 	Each impulse varies in intensity and direction. 
3. 	Vectors and electrical impulses are synonymous.
4. 	The axis is the direction of the wave of depolarization as it passes through the heart. 
B. 	Mean electrical axis: The sum of all of the electrical impulses 
1. 	As the electrical impulses through the heart toward the larger left ventricle, the mean electrical axis should progress in a downward and leftward direction.
2. 	If there is a change in the patient’s normal axis, a change has occurred in the structure or function of the heart.
C. 	Hexaxial system
1. 	This system uses a circular diagram divided into 12 equal segments to describe the frontal plane that is created using the limb leads (I, II, III, aVR, aVL, and aVF).
2.  	To isolate the direction of the axis, two leads are required. 
3. 	The hexaxial circle is divided into four quadrants moving clockwise from 0° to +90°, +90° to 180°, 180° to –90°, and –90° to 0°. 
4. 	A wave of depolarization directed into one of these quadrants will give the general direction of the mean electrical axis.
5. 	The QRS complex is a representation of the depolarization of both ventricles. 
a. 	The sum of all the vectors generated creates the mean QRS vector in a direction downward and to the patient’s left. 
b. 	The mean QRS vector determines the mean electrical axis. 
6. 	The first lead examined to determine the direction of the mean QRS vector is lead I. 	
a. 	Electrical impulses that flow toward the positive electrode create an upright deflection.
b.  	An electrical impulse that flows away from the positive electrode has a negative deflection.
c.  	Lead I is the positive lead located at 0°.
d. 	As the wave of depolarization travels toward lead I, it is represented by a positive deflection on the ECG. 
e. 	If the QRS complex is negatively deflected in lead I, the wave of depolarization is shifted away from the left, which means that it is “deviated” toward the right, a right axis deviation (RAD).
7. 	The second lead examined to determine the axis is aVF. 
a. 	In aVF, the positive electrode is located on the left leg or lower left abdomen at least 10 cm from the heart. 
b. 	Electrically, this is at +90°. 
c. 	If the wave of depolarization is downward, it is moving toward the positive electrode in lead aVF and will be represented by a positive deflection of the QRS on the ECG.
d. 	If the QRS is positive in leads I and aVF, the mean electrical axis is downward (aVF) and toward the patient’s left (lead I). This is the normal axis range.
e. 	If the QRS complex is deflected positively in lead I, the axis is directed toward the left. 
f. 	A QRS complex that is negatively deflected in aVF at the same time that it is positive in lead I indicates that the axis is deflected upward and to the left, a left axis deviation (LAD).
8. 	The mean QRS axis is in a quadrant of normal, RAD, extreme RAD, or LAD. 	
9. 	A change in electrical axis during the transport of a patient alerts CCTP to search for the cause of the deviation. 
10. 	In a transport setting, noting a change in the axis is more important than calculating the degree of the axis.
11. 	Before determining the degree of the mean electrical axis, it is important to know that there are some overlaps in the quadrants. 
12. 	The normal ranges for the electrical axis extend from –20° to +100°. 
a. 	The 10° overlap from +90° to +100° in the right quadrant is not clinically significant. 
b. 	If the axis lies in either of the two right quadrants, the patient has an RAD (right axis deviation).
c. 	The area from –21° to –29° is considered the “physiologic” left axis and is neither pathologic nor normal.
d. 	The area from –30° to –90° is the true pathologic area of the left quadrant, or LAD (left axis deviation). 
D. 	Axis deviation
1. 	CCTP must obtain a baseline ECG before transport.
2. 	Any deviation in the axis from normal or from the patient’s baseline has clinical implications.
3. 	When an axis deviation is detected, CCTP should check the ECG for clues about the cause.
a. 	If the electrical conduction system is affected, the axis will be directed away from the damaged area.
b. 	One of the most common areas affected is the left anteriorsuperior fascicle of the left bundle branch. 
i. 	The result is a left anterior hemiblock (LAH). 
c. 	An inferior wall myocardial infarction (IWMI) will cause the electrical axis to be directed up and left, causing an LAD.
d. 	With left ventricular hypertrophy (LVH), the enlarged ventricle can draw the electrical axis toward this larger muscle mass, resulting in LAD. 
e. 	Ectopic beats and rhythms can originate anywhere in the heart, directing the wave of depolarization in a right or left direction, causing an axis deviation in the affected area.
f. 	An RAD is caused by events that redirect the electrical axis to the right. 
i. 	A congenital cause is dextrocardia, which occurs when the heart develops in a right-facing position.
ii. 	Left posterior hemiblock (LPH) occurs with a conduction defect to the left posterior-inferior fascicle of the left bundle branch.
iii. 	An enlarged right ventricle, or RVH, can cause an RAD.


V. Bundle Branch Blocks and Hemiblocks
	Time: 18 Minutes
	Slides: 54–65
	Lecture/Discussion
A. 	Right bundle branch block
1. 	When there is a right bundle branch block, electrical impulses that originate in the atria proceed as normal up to the block.
a. 	The impulses will continue down the left bundle branch and its fascicles, but they will be blocked at the right bundle branch.
b. 	When a block occurs, the wave of depolarization must continue through the right ventricle by cell-to-cell conduction.
c. 	This will cause a prolonged QRS interval of 120 milliseconds or more. 
d. 	The ECG initially shows the upstroke of the R wave conducted by the left ventricle and its fascicles. 
e. 	Immediately behind this is the delayed right ventricle depolarization resulting in a second R wave called R' (R prime). 
f. 	The QRS complex will look like a pair of rabbit ears.
2. 	The best lead to view the changes associated with a right BBB is the precordial lead, V1, which shows the RSR' complex.
3. 	The main criteria for the diagnosis of right BBB
a. 	QRS prolongation of 120 milliseconds or more
b. 	Slurred S wave in leads I and V6
c. 	RSR' pattern in V1 with the R' wave taller than the R wave
4. 	A right BBB can occur with disruption of the electrical conduction system, and it can be present in a normal healthy heart.
B. 	QR' wave
1. 	The Qr' or qR' wave demands the most attention of all the causes of an R' in lead V1. 	
a. 	V1 is one of the precordial leads that represent the depolarization of the anterior septum (V2 is the other). 
b. 	A Q wave that occurs in lead V1 in the presence of a right BBB is evidence of anteroseptal ischemia or infarction. 
c. 	If this waveform appears during transport of a patient in critical condition, early intervention may prevent ischemia from progressing to infarction.
C. 	Left bundle branch block
1. 	A left BBB is caused by a disruption of the electrical conduction of the left bundle or both fascicles of the left bundle.
a. 	The electrical impulses that originate in the atria proceed as normal, with no change in waveforms or intervals up to the block.
b. 	The electrical impulses continue to flow unimpeded down the right bundle. 
c. 	The wave of depolarization must then proceed by cell-to-cell transmission. 
d. 	The delay of electrical conduction in the left bundle branch or its fascicles results in a complex that is 120 milliseconds or longer. 
e. 	The inferior and lateral leads (I, V5, and V6) will show the most direct results of the block.
2. 	With left BBB, the complexes in these leads will not have Q waves and will have tall monomorphic R waves.
3. 	When the conduction of electrical impulses is delayed, the normal sharp rise of the R wave is replaced with a more gradual or bowed, upward appearance. 
a. 	The peak of the R wave is notched, wide, or both. 
b. 	Reciprocal findings are present in the right-sided chest leads with wide, deep, monomorphic S waves. 
4. 	Repolarization is also affected in BBBs. 
a. 	In a left BBB, the T waves should be discordant or deflected opposite of the terminal deflection of the QRS complexes 
5. 	The main criteria for the diagnosis of a left BBB:
a. 	QRS complex duration of 120 milliseconds or longer
b. 	Wide R waves in leads I and V6, with no Q wave
c. 	Wide, deep S waves in lead V1; may also have a small r wave.
6. 	A left BBB seldom occurs in a healthy heart and usually means that there is a serious problem within the conduction system or ischemia from coronary artery disease. 
7.  	Patients with a left BBB require complete cardiac evaluation.
a. 	Patients with a left BBB and near-syncope (fainting) or syncopal episodes may require a pacemaker. 
D. 	Hemiblocks
1. 	A hemiblock is a block in the electrical conduction of one of the two fascicles of the left bundle branch. 
a. 	An LAH is the same as a left anterior fascicular block.
b. 	An LPH is the same as a left posterior fascicular block. 
2. 	Hemiblocks cause little to no widening of the QRS complexes. 
a. 	Hemiblocks occur more often in the left anterior fascicle. 
i. 	The left anterior fascicle has a smaller blood supply, so it is affected by problems more quickly.
ii. 	The left posterior fascicle receives blood from branches of the left and right coronary arteries. Both sources would have to be cut off for a serious effect to occur.
3. 	Fascicles
a. 	The left anterior fascicle forms a thin bundle of fibers that conducts electrical impulses to the anterior and lateral walls of the left ventricle. 
b. 	The left posterior fascicle forms a broad network of fibers that conducts electrical impulses to the inferior and posterior walls of the left ventricle. 
E. 	Left anterior hemiblock (LAH)
1. 	An LAH occurs when electrical conduction to the left anterior fascicle is blocked. 
2. 	With conduction to the anterior–superior part of the left ventricle blocked, depolarization of this area is from the interventricular septum and retrograde conduction from the inferior and posterior walls. 
3. 	Diagnostic criteria for LAH:
a. 	Left axis deviation within –30° to –90°
b. 	qR complex or large R wave in lead I
c.	 rS complex in lead III (likely to also appear in lead II and aVF) 
F. 	Left posterior hemiblock (LPH)
1. 	An LPH is exceedingly rare because of the dual blood supply to the area and the broad network of fibers that have to be blocked. 
2. 	LPH is more difficult to diagnose. 
a. 	When the depolarization of the inferior and posterior portions of the left ventricle is delayed, the resultant wave of depolarization is directed inferior and to the right, resulting in a RAD. 
b. 	The electrical impulses conducted up to the block are unopposed and depolarize the interventricular septum and the superioranterior walls of the left ventricle. 
c. 	This is shown on the ECG as a small r wave in lead I and a small q wave in lead III.
3. 	The criteria for LPH:
a. 	RAD of  +90° to 180°
b. 	r wave in lead I and q wave in lead III
c. 	Exclusion of right atrial enlargement and/or RVH
G. 	Bifascicular blocks
1. 	This condition occurs when two conduction pathways are blocked at the same time.  
2. 	The condition can occur with concurrent findings of right BBB with LAH or LPH.
3.  	When right BBB with LAH occurs as a chronic condition, it is considered stable.
4.  	A new onset of bifascicular block with ischemia is not stable.
5.  	Presentation will show a right BBB pattern.
a. 	A slurred s wave in leads I and V6
b.  	An up-and-down (rabbit ear) appearance of the RSR' in V1
c. 	The QRS duration will be 120 milliseconds or longer. 
d. 	With LAH, the typical pattern will include an LAD and rS waves in lead III.
6. 	A bifascicular block with a right BBB and an LPH is always considered an unstable rhythm.
a.  	LPH commonly involves other conduction pathways of the ventricles (tight bundle branch). 
b. 	This block often deteriorates into a complete heart block.	
c. 	When a bifascicular block includes a right BBB and an LPH, the typical right BBB pattern with RAD and a small q wave in lead III will be found.
H. 	Trifascicular block
1. 	A combination of bifascicular block that occurs with a first-degree heart block (prolonged PR interval). 
2. 	May be the result of disease in the AV node or to diffuse distal conduction system damage.
3. 	If the block at the AV node level becomes a complete heart block, the escape rhythm that will originate is from the bundle of His. 
4. 	This escape rhythm will produce heart rates in the 40s and be symptomatic for fatigue, near-syncope, or complete syncope. 
5. 	If there is diffuse conduction system damage, the escape rhythm may be fascicular or ventricular, which may result in heart rates that are extremely low.
6. 	The presence of a trifascicular block after an MI implies extensive cardiac damage. 	
7. 	True trifascicular blocks require immediate temporary pacing followed by the placement of a permanent pacemaker.


VI. Selected ECG Findings
	Time: 44 Minutes
	Slides: 66–94
	Lecture/Discussion
A. 	Hyperacute T waves
1. 	The T wave can become tall and narrow because of ischemia. 
2. 	The first change that might appear is an upward slanting of the ST segment and a subtle enlargement of the T wave that is disproportionate to the QRS complex. 
3. 	The hyperacute T waves are localized to the area of ischemia and infarction and may be associated with depression of the J point and a prolonged QT interval. 
4. 	Hyperacute T waves that appear as a result of ischemia and infarction appear only in leads that view the area of ischemia and infarction.
B. 	ST-segment elevation
1. 	ST-segment elevation is caused by changes that affect ventricular depolarization and repolarization. 
2. 	Non-MI changes can also cause this condition and include left BBB, ventricular rhythms, LVH, pericarditis, and early repolarization.
3. 	A persistent ST-segment elevation may indicate the formation of a ventricular aneurysm.
4. 	In benign J-point elevation, the T wave is clearly distinguished as a separate wave. 
5. 	With myocardial disease, the elevated J point bows upward and merges with the T wave.
C. 	Hypertrophy
1. 	Hypertrophy is defined as thickening or excessive growth.
2. 	It can be caused by an increased workload on the heart. 
3. 	The heart has a larger mass in the affected area. 
4. 	The larger the muscle mass, the higher concentration of electrical impulses.
D. 	Left atrial enlargement
1. 	Left atrial enlargement results in a prolonged electrical conduction time through the left atrium.
2. 	As the electrical impulse is delayed through the enlarged left atrium, it gives rise to the end or trailing side of the P wave. 
3.	The resulting P wave has a notched double-humped appearance.
4. 	P mitrale is a P wave that lasts longer than 120 milliseconds in limb leads I and II and that has a notched appearance.
E. 	Right atrial enlargement
1. 	Right atrial enlargement is caused by cardiac and pulmonary conditions affecting the pressures in the right atrium. 
2. 	Causes include mitral stenosis or regurgitation, chronic obstructive pulmonary disease, and pulmonary emboli. 
3. 	P waves must be peaked at higher than 2.5 mm in order to be associated with right atrial enlargement.
4.  	Biphasic P waves in lead V1 are common and indicate nonspecific intra-atrial conduction delay. 
5. 	Often, biphasic P waves seen in IACD are related to atrial enlargement, but the wave is not significant enough to be classified as P mitrale or P pulmonale.
a.  	When the leading half of the P wave is taller and wider in V1 than it is in V6, right atrial enlargement is probable.
F. 	Biatrial enlargement
1. 	Both atria can be enlarged at the same time. 
a. 	In the inferior leads II, III, and aVF, there will be a notched P wave greater than 120 milliseconds in duration.
b. 	A tall, peaked P wave of 2.5 mm or more in amplitude.
c. 	In lead V1, there is a biphasic P wave meeting the criteria for right or left atrial enlargement. 
G. 	Left ventricular hypertrophy (LVH)
1. 	This is an enlargement or an increase in muscle mass of the left ventricle.
2.  	LVH is the end-organ response to increased pressure or overload seen in hypertension. 
3.  	People who have LVH are actually more susceptible to increased mortality than people who experience an MI without an LVH.
4. 	The increased R wave amplitude in the leads that look at the left ventricle forms the basis of an ECG diagnosis of LVH.
5.  	Diagnostic criteria
a. 	Any precordial lead of 45 mm or more
b. 	An R wave in aVL of 11 mm or more
c. 	An R wave in lead I of 12 mm or more
d. 	An R wave in lead aVF of 20 mm or more
H. 	Right ventricular hypertrophy
1. 	This condition is usually caused by right ventricular overload because of a pulmonary disease. 
2. 	Diagnostic criteria
a. 	A large R wave in lead V1 or V2 
b. 	The normal R-wave progression pattern is altered. 
c. 	An S wave in V6 that is larger than the R wave 
d. 	An RAD that lies between 100° and 180°
I. 	Strain patterns
1. 	When hypertrophy is uncomplicated by ischemia, the changes seen in QRS complexes are used to diagnose ischemia. 
2. 	When subendocardial ischemia is present, changes to the ST-segment and T wave appear as a strain pattern.
3. 	The strain pattern is greatest in the lead with the tallest and deepest QRS pattern.
4. 	LVH 
a. 	In right precordial leads, V1 to V3, the strain pattern is seen as ST-segment elevation with a concave appearance of the upward slope.
b. 	The T wave is upright and asymmetric in these leads. 
c. 	The precordial leads V4 to V6 show a downward-sloping ST-segment depression with an inverted asymmetric T wave. 
d. 	The J point is usually more diffuse and slopes up or down depending on the lead being viewed.
5. 	RVH 
a. 	The mean electrical axis is anterior and to the right, causing an RAD. 
b. 	An increased R wave in the right precordial leads V1 and V2
c. 	A downward-sloping depressed ST-segment and inverted asymmetric T waves
d. 	If the T wave is biphasic instead of inverted, the leading half will usually be negatively deflected and the trailing half will be positive.
6.  	It is important to distinguish between the strain pattern and ST-segment and T-wave changes seen in ischemia and infarction. 
a. 	The ST-segment elevations or depressions in ischemia are usually flat and not sloping. 
b. 	The T waves in ischemia are usually symmetric and not asymmetric. 		 
J. 	Preexcitation syndromes
1. 	Wolff-Parkinson-White (WPW) syndrome
a. 	Occurs when there is an accessory pathway for electrical current to bypass the AV node to enter the ventricles. 
b. 	This pathway is known as the bundle of Kent. 
c. 	It does not have the same ability to slow the conduction of impulses through the AV node.
i. 	The person is at risk for extremely fast heart rates. 
d. 	The accessory pathway can occur on the right side, connecting the right atrium to the right ventricle, or on the left side, connecting the left atrium to the left ventricle.
2. 	Diagnostic criteria
a. 	The PR interval is shortened to less than 120 milliseconds. 
b. 	The QRS complex is widened to more than 100 milliseconds.
c.  	The QRS complex that has a characteristic slurred upstroke called a delta wave.
d. 	In many people with WPW syndrome, the preexcitation causes few clinical problems. 
e. 	The syndrome can predispose a person to paroxysmal supraventricular tachycardia (a supraventricular tachycardia [SVT] that starts and ends abruptly) and atrial fibrillation.
f. 	Treatment of WPW tachyarrhythmias may require electrical cardioversion if they are unstable. 
K. 	Pericarditis
1. 	This is an inflammation of the pericardium, the membrane that surrounds the heart. 
2.  	Pericarditis may cause ST-segment elevation and T-wave flattening or even inversion. 
3.  	The ST-segment and T-wave changes tend to be throughout all leads of the ECG.
4. 	The T wave usually does not invert until the ST segment has returned to baseline.
5. 	Q waves do not form.
6. 	There will be low voltage in all leads because of pericardial effusion that often accompanies pericarditis. 
a. 	ST and T-wave changes can usually still be seen.
7. 	Fluid in the pericardial sac can cause a condition called electrical alternans because the heart is able to move or rotate. 
8. 	The electrical axis can vary from beat to beat and is most easily recognized on the ECG by the varying amplitude of each complex.
L. 	Long QT syndrome
1. 	This condition is a congenital disorder. 
2. 	Long QT syndrome is characterized by the prolonged QT interval as seen on the ECG. 
3. 	The condition can deteriorate into ventricular tachyarrhythmias, including torsade de pointes (a very rapid rhythm related to VT), which can lead to syncope or sudden cardiac death. 
4. 	The deterioration of long QT syndrome is a problem for CCTP. 
5. 	The measurement of the QT interval depends on the heart rate (the faster the heart rate, the shorter the QT interval; the slower the heart rate, the longer the QT interval). 
6. 	During transport, if any patient’s QTc reaches 500 milliseconds and the patient’s rhythm has not deteriorated into a ventricular tachyarrhythmia such as torsade de pointes, preventive medical intervention may be indicated.
M. 	Ventricular and wide complex tachycardia
1. 	Wide complex tachycardia refers to a cardiac rhythm of more than 100 beats/min with a QRS duration of 120 milliseconds or more. 
2. 	Diagnosis
a.  	Look for the presence of AV dissociation with more ventricular than atrial events. 
b. 	Look for fusion beats.
c. 	The QRS complex will be narrow.
d. 	The QRS duration will be greater than 140 milliseconds.
3. 	Management
a.  	BLS followed by ACLS practices. 
b. 	Synchronized cardioversion would be the initial therapy of choice.
c. 	Patient should already be connected to a cardiac monitor and have a patent IV line. 
d.  	Immediate defibrillation is indicated in a cardiac arrest.
N. 	Electrolyte and drug effects
1. 	Hyperkalemia
a. 	Elevated potassium level
b. 	Hyperkalemia can cause changes in the appearance of all waveforms and can cause any arrhythmia.
c. 	Diagnostic criteria	
i. 	T-wave abnormalities (tall and peaked)
ii. 	Intraventricular conduction delays
iii. 	P-wave abnormalities (missing or decreased amplitude)
iv. 	ST-segment changes simulating an injury pattern
v. 	Cardiac arrhythmias (predominantly bradycardias)
vi. 	Sinusoidal ECG pattern
2. 	Hypokalemia
a. 	This is a decrease in the level of potassium.
b.  	Hypokalemia does not cause the dramatic changes on the ECG. 
c. 	It usually doesn’t cause arrhythmias by itself.
d. 	Diagnostic criteria
i. 	ST-segment depression
ii. 	Slightly decreased amplitude of the T waves
iii.  	Minimal prolongation of the QRS interval
iv. 	U wave is usually small and follows the T wave.
e. 	In the transport setting, discontinue the use of diuretics and laxatives.
f. 	Prevent further loss of potassium.
3. 	Hypercalcemia
a. 	This condition is caused by elevated levels of calcium. 
b. 	ECG changes are minimal.
c. 	Diagnostic criteria
i. 	Shortening of the ST-segment, which, in turn, shortens the QT interval 
ii. 	PR interval may be prolonged
iii. 	QRS may lengthen
iv. 	T waves may become flat or invert 
d. 	Treatment of hypercalcemia includes supportive management of the ABCs and increased hydration, often with the inclusion of a loop diuretic to increase calcium excretion. 
4. 	Hypocalcemia
a. 	This condition is caused by reduced levels of calcium. 
b. 	Diagnostic criteria
i.  	A prolongation of the ST segment that produces a lengthening of the QT interval
O. 	Conditions that mimic myocardial infarction
1. 	Pericarditis: ST-segment elevation, T-wave inversion (possible)
2. 	Left BBB: ST-segment elevation, QS complexes
3. 	LVH: ST-segment elevation
4. 	Ventricular rhythms: ST-segment elevation, QS complexes
5. 	Early repolarization: ST-segment elevation, tall T waves
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A. 	Coronary artery disease (CAD) 
1. 	Coronary artery disease (CAD) is the most common form of heart disease.  
2. 	Risk factors include hypertension, cigarette smoking, diabetes, high serum cholesterol levels, lack of exercise, obesity, family history of heart disease or stroke, and male sex.
B. 	Peripheral vascular disorders
1. 	Atherosclerosis is a major contributor to heart problems that are medical emergencies. 
2. 	Atherosclerosis may be associated with phlebitis—inflammation, swelling, and pain along the veins that can lead to the formation of blood clots and thrombophlebitis, which is venous inflammation associated with a thrombus (blood clot). 
a. 	If dislodged, these thrombi become emboli that can travel to the heart and cause a pulmonary embolism. 
3. 	Risk factors for peripheral vascular disorders include age, oral contraceptive use, smoking, recent surgery, recreational IV drug use, trauma, and extended immobilization. 
4. 	Signs of peripheral vascular occlusion may include pain, redness, swelling, warmth, and tenderness in the extremity.
5. 	If a blockage or potential embolus is suspected, IV heparin should be administrated initially as a bolus and followed by a drip. 
a. 	If ultrasound or Doppler is available on the transport vehicle, frequent assessment of the affected limb should be done. 
b. 	Efforts should be made to maximize blood flow to the extremity by using warm compresses. 
6. 	Any patient being transported a long distance with a blood clot that has the potential to become a pulmonary embolus should be given a baseline ECG before transport and must undergo frequent 12-lead ECG monitoring. 
7. 	ST-segment depression in the limb leads and the precordial leads accompanied by an increase in RAD may indicate a pulmonary embolus.
C. 	Acute coronary syndrome (ACS)
1.  	The American Heart Association and the American College of Cardiology have published guidelines for the management of patients with segment elevation myocardial infarction (STEMI). 
2. 	ACS describes an episode of ischemic discomfort (chest pain) that results from plaque in a coronary artery.  
3. 	ACS includes unstable angina, MI without ST-segment elevation (NSTEMI), and MI with ST-segment elevation (STEMI). 
a. 	Patients with STEMI have a high probability (greater than 90%) of coronary thrombus occlusion. 
4. 	All patients experiencing a possible cardiac event should have a 12-lead ECG. 
a. 	Use of the 12-lead ECG enables the responder to categorize two groups of patients with ACS: 
i. 	Most patients whose ECG displays ST-segment elevation ultimately will have a STEMI. 
ii. 	Patients who have ischemic discomfort (chest pain) without an ST-segment elevation are having unstable angina or an NSTEMI that usually leads to a non–Q-wave MI.
iii. 	Patients with non–ST-segment elevation are ultimately diagnosed with unstable angina or not (depending on whether cardiac enzymes or biomarkers indicated evidence of cardiac necrosis). 
iv. 	Patients who experience angina may also have ST-segment depression. 
5. 	A 12-lead ECG should be performed within 10 minutes of contacting a patient with chest discomfort or other signs and symptoms suggestive of STEMI. 
a. 	If this initial ECG is not diagnostic of STEMI but the patient remains symptomatic and there is a high degree of suspicion about STEMI, serial 12-lead ECGs should be performed at 5- to 10-minute intervals while maintaining continuous cardiac (ST-segment) monitoring.
b. 	In a patient with STEMI, the more leads that show S-segment elevation, the higher the mortality rate. 	
c. 	The current guidelines for the ECG diagnosis of acute MI require at least 1 mm (0.1 mV) of ST-segment elevation in the limb leads and at least 2 mm of elevation in the precordial leads. 
i. 	These elevations must be present in leads that are physically next to each other or anatomically contiguous. 
d. 	All patients with ACS should receive antithrombin and antiplatelet therapy regardless of the presence or absence of ST-segment elevation. 
e. 	Patients with persistent ST-segment elevation are candidates for prompt reperfusion therapy.
f. 	Patients without ST-segment elevation should receive anti-ischemic therapy and be considered for catheter-based therapy when indicated. 
g. 	Medications such as heparin or glycoprotein IIb/IIIa inhibitors can be continued in the field.
6. 	Lethal ventricular arrhythmias may develop in patients with STEMI, so continuous ECG monitoring is required.  
7. 	Transport priorities
a. 	Prevent further damage to the heart muscle.
b. 	Reduce afterload.
c. 	Prevent the clot from getting larger.
d. 	Reduce myocardial oxygen demand.
e. 	Maximize oxygen delivery.
f. 	Reduce or eliminate pain and anxiety.
g. 	Consider tissue plasminogen activators (TPAs) to dissolve the clot or clots.
8. 	In order to administer TPAs, the patient cannot have had the following:
a. 	Recent major surgery
b. 	Recent intracranial or spinal surgery
c. 	Active internal bleeding
d. 	A history of stroke within the last 6 months
e. 	Intracranial neoplasm or arteriovenous malformation
f. 	Severe uncontrolled hypertension
g. 	Pregnancy
h. 	Anticoagulants (such as warfarin [Coumadin])
D. 	Angina pectoris
1.  	Angina occurs when the supply of oxygen to the myocardium is insufficient to meet the demand. 
2.  	When obtaining the medical history from a patient with chest pain, it is important to distinguish between stable angina and unstable angina. 
a. 	Stable angina follows a recurrent pattern: A person with stable angina experiences pain after a certain, predictable amount of exertion.
b. 	Unstable angina is much more serious than stable angina and indicates a greater degree of obstruction of the coronary arteries. 
3. 	Silent ischemia is the presence of angina without clinical manifestations and is only detected when ST-segment elevation is observed.
E. 	Myocardial infarction
1. 	The cardiac muscle is deprived of blood long enough for tissue death to occur. 	
2. 	The location and size of an MI depend on which coronary artery is blocked and where the blockage occurred. 
3. 	Most MIs involve the left ventricle. 
4. 	Inferior wall myocardial infarctions (IWMIs) are the result of an RCA occlusion. 	
5. 	When the ischemic process affects only the inner layer of muscle, the infarct is referred to as subendocardial.
6. 	An infarct that extends through the entire wall of the ventricle is a transmural MI. 
7.  	A ring of ischemic tissue surrounds the infracted area. The tissue is still viable, but it is deprived of oxygen. 
a. 	Ischemic tissue tends to be electrically unstable and is often the source of cardiac arrhythmias.
8. 	Patients at risk for sudden cardiac death 
a. 	Prior sudden cardiac arrest
b. 	Prior MI
c. 	Heart failure, class II to IV
d. 	Ejection fraction of less than 40%
e. 	Family history of cardiac arrest
f. 	Prolonged QT interval
9. 	Death from acute MI is usually preventable with proper intervention and treatment.
F. 	Infarct recognition and localization
1. 	Components of an MI diagnosis
a. 	Physical examination
b. 	Testing for cardiac enzymes
c. 	Interpretation of ECG
G. 	Cardiac enzymes 
1. 	ECG changes are seen as an aftermath of cell damage because of the change in cell function.
2. 	As myocardial cells die during an infarction, they leak their internal contents into the bloodstream. 
a. 	Troponins T and I are contractile proteins of the myofibril that are specific for detecting myocardial cell injury. 
b. 	Creatine kinase increases in more than 90% of MIs. 
c. 	Myoglobin is an oxygen-transport protein. Damage to skeletal or cardiac muscle causes it to be released into the circulation. 
3. 	These markers can all be found in other conditions. 
H. 	Ischemia, injury, and infarction
1. 	Increased oxygen demand caused by an increased workload or a decrease in supply caused by coronary vascular disease or a blocked artery can lead to ischemia, injury, and infarction. 
2. 	Ischemia and injury are reversible. 
3. 	When ischemia develops, the tissue becomes more electrically negative compared with the surrounding tissue.
a. 	This change causes a pattern of ST-segment depression.
b. 	The T wave is also inverted (flipped) because of repolarization occurring along abnormal pathways. 
c. 	With myocardial ischemia, the T wave inverts symmetrically. 
d. 	With other causes, the T-wave inversion is often asymmetric or slurred.
4. 	Injury develops when ischemia is uninterrupted. 
a. 	The area that is injured does not repolarize completely, causing it to become more electrically positive than the surrounding tissue.
i. 	This change causes the ST segment to become elevated. 
ii. 	The T wave remains inverted because it continues to repolarize through abnormal pathways. 
iii. 	The elevation of the ST segment increases.
5. 	If ischemia and injury continue to progress uninterrupted, infarction will occur. 
a. 	The affected tissue is no longer able to generate or transmit electrical impulses. 
b. 	When this occurs, no direct wave will appear on the ECG. 
c. 	Electrical impulses directed away from the infracted area show up on the ECG as Q waves. 
i. 	Sometimes small Q waves are seen in the left lateral leads (I, aVL, V5, and V6) and occasionally in the inferior leads (especially II and III) of normal hearts. 
ii. 	For Q waves to indicate pathology, they must be more than one third the total height of the QRS they appear with and wider than 30 milliseconds.
6. 	STEMIs are associated with a higher incidence of congestive heart failure (CHF) and death because of the larger area of heart tissue damaged. 
7. 	In NSTEMIs, there is a higher incidence of long-term mortality because of life-threatening arrhythmias that develop out of the area of infarction.
8. 	The electrode that lies over the area of infarction will record a deep negative deflection, a Q wave. 
9. 	The electrical current that is directed away from the area of infarction causes reciprocal changes in leads located 180° from the site of infarction. 
I. 	Localizing the infarction
1. 	The area of myocardium that infarcts depends on which coronary arteries are occluded and the extent of collateral blood flow. 
2. 	Determining treatment depends on identifying where the infarction occurred and what part of the heart is affected.
3. 	Acute MIs often involve more than one region of the heart.
4. 	Q waves from old infarctions can be present with findings of a new MI.
5. 	Access to an old ECG can give the CCTP valuable information about the patient’s current condition.
J. 	Types of myocardial infarction
1. 	Acute anterior myocardial infarction
a. 	This infarction involves the anterior surface of the left ventricle and is usually caused by occlusion of the left anterior descending artery. 
b. 	In an anterior MI, the normal pattern of R-wave progression may not occur, resulting in poor R-wave progression.
c. 	Even without significant Q-wave formation, poor R-wave progression may signify an anterior MI, but other factors must be present. 
2. 	Acute anteroseptal myocardial infarction
a. 	An anteroseptal MI is common with an occlusion of the left anterior descending artery. 	
b. 	The leads that best view this pattern of MI are the septal leads V1 and V2 and the anterior leads V3 and V4.
3. 	Acute anteroseptal myocardial infarction with lateral wall extension
a. 	This condition occurs when the proximal left anterior descending artery is occluded. 	
b. 	Changes can be seen in all precordial leads (specifically V5 and V6 for the lateral extension) and in leads I and aVL. 
c. 	With the loss of electrical impulses in the anterior infarcted tissue, there is not always significant Q-wave formation. Reciprocal changes can be found in leads II, III, and aVF.
d. 	There is ST-segment elevation in leads V2 through V6 that extends to leads I and aVL. 
4. 	Acute lateral wall myocardial infarction
a. 	An acute lateral wall MI involves the left lateral wall of the heart. 
b. 	It can occur alone or with other patterns of infarction.
5. 	It is often the result of occlusion of the left circumflex artery.
a.  	ECG changes often occur in the lateral leads, I, aVL, V5, and V6. 
b. 	Reciprocal changes may be seen in the inferior leads, II, III, and aVF.	 
6. 	Acute inferior wall myocardial infarction
a.	An IWMI involves the diaphragmatic surface of the heart. 
b. 	It is caused by occlusion of the right coronary artery in 90% of patients and by occlusion in its descending branch or the left circumflex artery in 10% of patients. 
c. 	The characteristic ECG changes of infarction can be seen in the inferior leads II, III, and aVF. 
d. 	Reciprocal changes are seen as ST-segment depression in leads I and aVL unless the high lateral wall is included in the infarction. 
e. 	An IWMI is commonly seen with patterns reflecting the lateral wall, the posterior wall, and RVIs.	 
7. 	Acute inferolateral myocardial infarction
a. 	ECG changes found in the acute inferolateral MIs are seen in inferior leads II, III, and aVF and in lateral leads I, aVL, V5, and V6. 
b. 	ST-segment changes may occur and will be found in leads V2 to V4 if the infarct extends anteriorly. 
c. 	When anterior extension is present, classic ST-segment and T-wave changes will always be seen in the lateral precordial leads V5 and V6.
8. 	Acute apical myocardial infarction
a. 	An apical MI is an extension of an inferolateral MI. 
b. 	It covers a large area of the inferior part of the heart and extends further anteriorly and laterally. 
c. 	The acute apical MI occurs in a patient with RCA dominance. 
d. 	Direct ECG changes can be found in inferior leads II, III, and aVF, lateral leads I and aVL, and precordial leads V2 through V6. 
e. 	Because of the diffuse ECG changes, an acute apical MI can be confused with pericarditis.
9. 	Acute right ventricular myocardial infarction
a. 	An occlusion of the RCA would likely affect both regions of the heart at the same time.
b. 	Criteria for RVI 
i. 	IWMI
ii. 	ST-segment elevation greater in lead III than in lead II
iii. 	ST-segment elevation in V1 that could extend through V5 or V6
iv. 	ST-segment depression in V2 (unless the ST-segment elevation extends through V5 or V6)
v. 	ST-segment depression in V2 not more than half the ST-segment elevation in aVF
vi. 	1 mm or more of ST-segment elevation in right-sided leads (V4R to V6R)
10. 	Acute posterior wall myocardial infarction
a. 	A PWMI is caused by an occlusion of the RCA. 
b. 	There are no leads that specifically look at the posterior surface of the heart on a standard 12-lead ECG. 
c. 	The diagnosis is made by looking for reciprocal changes in leads V1 and V2. 
i. 	These changes include ST-segment depression, upright T waves, and R waves. 
ii. 	An R wave with greater amplitude than the corresponding S wave is highly suggestive of a PWMI. 
K. 	Cardiomyopathy
1. 	Cardiomyopathy is a general term for diseases in which the myocardium becomes thin, flabby, dilated, or enlarged.
2. 	The condition leads to heart failure, acute MI, and death. 
3.  	Patients may have shortness of breath, chest pains, palpitations, or syncope. 
L. 	Congestive heart failure
1. 	Congestive heart failure (also known as chronic heart failure) occurs when the heart is unable to pump powerfully enough or fast enough to empty its chambers.
2. 	Causes 
a. 	Wall abnormalities (dilated and hypertrophic)
b. 	Valve failure (mitral, tricuspid, aortic, and pulmonic)
c. 	Damage as the result of infarctions
d. 	Conduction abnormalities
3. 	Failure begins with a major infarction involving one or more of the left ventricle walls. 
4. 	Another problem occurs around the areas of a major infarction. 
a. 	New nerve fibers develop with an increased density that results in hyperinnervation that can lead to VT and ventricular fibrillation. 
b. 	In cases of infarctions involving the septum, synchronization between the ventricles is lost. 
M. 	Left-sided heart failure
1. 	The left ventricle is most commonly damaged during an acute MI. 
2. 	In chronic hypertension, the left ventricle tends to be affected by the long-term effects of having to pump against an increased afterload (constricted peripheral arteries). 
3. 	Paroxysmal nocturnal dyspnea is caused by left-sided heart failure or the decompensation of chronic obstructive pulmonary disease.
4. 	If left ventricular failure is the result of chronic overload (as opposed to acute MI), the patient is likely to give a history of a week or two of paroxysmal nocturnal dyspnea. 
N. 	Management of left-sided heart failure
1.	Treatment priorities
a. 	Remove the fluid from the lungs.
b. 	Reduce afterload.
c. 	Increase oxygen supply to the heart.
d. 	Decrease myocardial oxygen demands.
2. 	Intubate the patient if he or she is not conscious enough to maintain the airway. 
3. 	Once the airway is controlled, the blood pressure must be managed, and the excess fluids must be removed from the body.
4. 	If the blood pressure is too low, it must be elevated to provide adequate perfusion pressure. 
5. 	All patients with CHF or pulmonary edema should have a 12-lead ECG obtained and be monitored for arrhythmias.
6.  	For pain control, morphine can be used when blood pressure is not an issue. 
7. 	If the patient is having an acute MI and a long transport is involved, a heparin bolus, then a heparin drip, and an eptifibatide (Integrilin) drip may be indicated. 
8. 	Blood samples should be obtained if not previously done. 
9. 	During transport, observe the patient is needed for signs of major bleeding. 
10. 	Discontinue heparin if there are signs of heavy bleeding.
O. 	Right-sided heart failure
1. 	Right-sided heart failure most commonly occurs as a result of left-sided heart failure. 	
2. 	When right-sided heart failure occurs, blood backs up behind the right ventricle and increases the pressure in the systemic veins, causing them to become engorged. 
3. 	The development of right-sided heart failure can actually improve left-sided heart failure because the failing right side of the heart can no longer pump as much blood into the lungs. 
4. 	Right-sided heart failure, by itself, is seldom a life-threatening emergency. 
5. 	Treatment is simply to make the patient comfortable, preferably in the semi-Fowler’s position. 
P. 	Pulmonary edema
1. 	The intervention CPAP is most commonly used to treat pulmonary edema while the patient is conscious and able to maintain an airway. 
2. 	Once CPAP is initiated, treatment with nitroglycerin (Nitro-Bid IV, Tridil), to reduce blood pressure, and furosemide (Lasix), to remove excess fluids, should be undertaken.
a. 	Initial PEEP settings should be higher (5 to 10 cm water) but may be reduced after the furosemide and nitroglycerin have taken effect.
3. 	Intubation for patients with acute respiratory distress resulting from asthma or COPD should be seen as a last choice. 
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A. 	Cardiac electrophysiology
1. 	Cardiac electrophysiology is performed in the hospital setting. 	
2. 	This cardiac specialty involves evaluation and management of cardiac rhythm disturbances.
3.  	The cardiac electrophysiologist specializes in the diagnosis and treatment of life-threatening ventricular tachyarrhythmias, as well as supraventricular tachyarrhythmias (SVTs, including atrial fibrillation), bradycardias, AV blocks, and syncope of cardiac origin.
4. 	CCTP should anticipate during transport the rhythm disturbance for which the patient is being transferred to correct it per ACLS protocols.
B. 	Radiofrequency catheter ablation
1. 	Ablation (destruction) of discrete areas in the heart may reduce or eliminate susceptibility to arrhythmias in certain patients.
2. 	If an ablation corrects the arrhythmia, the patient will not require critical care transport.
3. 	If an ablation is unsuccessful, the patient may need critical care transport to a hospital with cardiac surgery capability.
4. 	For many patients with SVT, ablation eliminates the need for long-term medical therapy. 
C. 	Cardiac pharmacology
1. 	Cardiovascular drugs improve cardiac performance by altering the physiologic and biochemical events that control cardiac function. 
2. 	They may change heart rate, force of contraction, speed of conduction, excitability of cardiac tissue, phases of the action potential, and blood flow. 
3. 	Cardiac drugs are also used to halt or slow disease processes, augment heart rate reserves, control arrhythmias, and manage an overworked heart. 
D. 	Pacemakers
1. 	History
a. 	The first implantable pacemakers, developed in 1960, were asynchronous; they paced without regard to the heart’s intrinsic action. 
b. 	Single-chamber demand pacemakers appeared in the late 1960s. 
c. 	In 1979, the first dual-chamber pacemaker was introduced. 
d. 	The first single-chamber, rate-responsive pacemaker came into use in 1985. 	
e. 	Today, dual-chamber pacemakers use rate-responsive pacing to mimic the heart’s rate response and meet metabolic needs.
2. 	Indications for a pacemaker
a. 	Symptomatic sinus bradycardia refractory to atropine
b. 	Heart blocks (Mobitz II and third-degree heart block)
c. 	Sinus node disease (sick sinus)
d. 	Reflex syncope
e. 	Cardiac resynchronization
f. 	Chronotropic incompetence
g. 	Overdrive pacing for tachyarrhythmias
3. 	Categories of pacemakers
a. 	Transcutaneous
i. 	This pacemaker is most commonly used as an initial emergency pacer.
ii. 	Multifunction pads are attached to the patient’s skin in the anterior-posterior positions over the patient’s heart.
iii. 	The electrical pacing impulse is transferred to the heart through the skin and thoracic cavity. 
iv. 	This pacemaker is the one most likely to be used by CCTP if a patient requires emergency pacing en route.
b. 	Implantable
i. 	Implantable pacemakers consist of a battery-operated pulse-generating module with attached pacer leads. 
ii. 	A cardiologist implants the lead or leads in the myocardial wall as needed. 
iii. 	The pulse-generating module is then surgically implanted in the body, usually in a sac created between the pectoral muscle and the cutaneous layer of the skin
iv. 	Implantable pacers can be unipolar or bipolar and come in a variety of types: atrial, ventricular, atrial and ventricular, biventricular, and overdrive pacemakers for tachyarrhythmias.
v. 	Pacemakers can operate on demand, or the patient’s heart can be fully paced. 
c. 	Transthoracic or epicardial
i. 	This type of pacing is done only by cardiologists or cardiac surgeons and involves placing pacing electrodes directly into the heart through the thoracic cavity. 
ii. 	CCTP will only encounter this type of pacing if called upon to transport patients.
d. 	Transvenous (external)
i. 	Transvenous pacemakers are placed in a patient as a temporary solution until the pacing problem is resolved or until a permanent pacemaker is implanted. 
ii. 	The pacer lead has direct myocardial contact, is located precisely in the most appropriate spot, and has an external pulse generator that allows direct control of the impulse parameters. 
iii. 	The lead wires are placed by a cardiologist or an emergency room physician, and the battery-operated pulse generator is externally connected to the pacing leads.
vi. 	Transvenous pacers require little attention and are quite reliable. 
E. 	Pacing fundamentals
1. 	The pacing impulse
a. 	Current is the movement of electrons through an electrical circuit over time, measured in amperes. 
b. 	Voltage is the force that causes current to flow, measured in volts. 
i. 	Voltage in a pacing system, referred to as amplitude, reflects the strength or intensity of a pacing pulse.
c. 	Impedance is the resistance to current.
i. 	Impedance is the sum of all factors that resist the flow of current along the conduction pathway, measured in ohms. 
ii. 	One ampere is produced by 1 volt, acting through a resistance of 1 ohm. 
iii. 	The main sources of resistance in a pacing circuit are the lead conductor, the electrode, and the concentration of electrically charged ions at the electrode-tissue interface (polarization).
2. 	Electricity 
a. 	Ohm’s law is an expression of the relationship between current (I), voltage (V), and resistance (R). 
i. 	Ohm’s law states the following: Current =Volts/Resistance. I = V/R. Consequently, V =I  R and R = V/I. 
ii. 	If the voltage drops by half, the current flow does also. 
iii. 	Doubling impedance will also cut current flow in half. 
iv. 	Voltage and impedance are important determinants of battery longevity.
b. 	A joule is a measurement of energy. Energy = Volts  Current  Time. 
3. 	Pacing circuit
a. 	A pacing circuit consists of a power source, lead, cathode, anode, and body tissue, which form a conduction pathway along which electricity flows.
i. 	The pacemaker battery is the power source that generates electrical impulses. 
ii. 	The lead conductor wire carries the impulses to the tissue. 
iii. 	The cathode is an electrode with a negative charge that delivers the impulse to the myocardium.
iv. 	The impulses return through the anode, an electrode with a positive charge, after stimulating the heart. 
v. 	In a bipolar system, body tissue is part of the circuit only in the sense that it affects impedance at the electrode-tissue interface.
vi. 	In a unipolar system, contact with body tissue is essential to ground the implantable pulse generator (IPG).
F. 	Pacemaker components and functions
1. 	Basic pacing system
a. 	All pacemakers can provide fixed-rate pacing, in which the heart is paced at a predetermined rate. 
b. 	Most pacemakers also provide rate-adaptive (rate-responsive) pacing, increasing and decreasing the pacing rate in response to input from rate sensors. 
c. 	This feature prevents the pacemaker from competing with normal cardiac functions.	
d. 	Components
i. 	An IPG that contains a power source—the battery that generates the impulse—and sensing, timing, and output circuitry that controls pacemaker operation
ii. 	Leads—one or two insulated wires that deliver electrical impulses from the pulse generator to the heart and return electrical signals from the heart to the pulse generator
iii.  	Electrodes—conductors at the ends of the leads that deliver impulses to the heart	
2. 	Leads 
a. 	About 95% of pacing leads are endocardial (transvenous) leads, threaded through veins—usually subclavian or cephalic—to the right atrium or ventricle.
b. 	Placement involves an introducer (hollow tube) and a stylet (stiff wire). 
c. 	A lead may be unipolar or bipolar. 
i. 	A unipolar lead has one conductor wire connecting to a single electrode. 
ii. 	The cathode is in contact with the heart, and the IPG housing is the anode.
iii. 	A bipolar lead has two conductor wires; both the anode and cathode are in contact with the heart. 
iv. 	The anode, the ring electrode located 2 to 3 cm above the cathode, has a separate lead connecting it to the IPG. 
3. 	Electrodes
a. 	A cathode, an electrode that is in contact with heart tissue, is negatively charged when electrical current is flowing. 
b. 	The anode is the electrode that receives the electrical impulse after depolarization of cardiac tissue. It is positively charged when electrical current is flowing.
4. 	Steroid elution
a. 	There are two types of transvenous pacemaker leads:
i. 	Passive fixation leads involve atrial appendage placement, which is difficult in patients with prior cardiac surgery.
ii. 	Active fixation leads allow for more placement areas.
iii. 	Active fixation leads reduce the incidence of dislodgement.
iv. 	To make the active fixation more beneficial, a steroid-eluting lead was developed.
5. 	Single-chamber versus dual-chamber systems
a. 	A single-chamber pacing system uses one lead that may be placed in the right atrium or right ventricle.
b. 	A dual-chamber pacing system uses two leads, one in each of these chambers. 
G. 	NBG codes
1. 	The first letter in the NBG code represents the chamber where the pacing occurs. 	
2. 	The second letter in the NBG code represents the chamber where the pacing is sensed.
3. 	The third letter indicates how the pacemaker responds to sensing. 
4. 	The fourth letter represents the pacemaker’s programmability and rate-modulation capability, which is simply a representation of how much programming can be done externally.
5. 	The fifth letter represents antitachyarrhythmia functions. 
H. 	Pacemaker troubleshooting
1. 	Primary reasons for pacemaker failure
a. 	Battery failure
b. 	Problems at the lead electrode-tissue interface
c. 	Coiling or damage to the lead-generator interface
d. 	Insulation failure of the lead wires
e. 	Dislodgement of the lead at the implantation site (very rare)
f. 	Pacemaker programming
g. 	Pacemaker pocket stimulation
h. 	Diaphragmatic stimulation
i. 	Electromagnetic interference (cell phones and other personal electronic devices)
2. 	During transport, CCTP must be aware of the signs of pacemaker failure. 
a. 	The cardiac monitor will show failure to capture.
b. 	Check ECG.
c. 	Assess the patient.
i. 	Syncope
ii. 	Dizziness
iii. 	Palpitations
iv. 	Bradycardia
v. 	Heart blocks
vi. 	Hypotension
vii. 	Tachycardia
viii.	Extracardiac stimulation (sometimes shown by hiccoughs)
3. 	Look for obvious problems first (someone using a cell phone).
4. 	If quick fixes do not work, treat the patient according to symptoms.
I. 	Pacemakers and the ECG
1. 	Single-chamber systems
a. 	Single-chamber systems require implantation of only one lead, but they do not provide AV synchrony or ventricular backup in the absence of AV conduction.
b. 	Pacing in the ventricular pacer (VVI/R) mode and loss of AV synchrony can lead to pacemaker syndrome, a variety of symptoms that result from hemodynamic deterioration and cause nonphysiologic timing of atrial and ventricular contractions.
2. 	Dual-chamber systems
a. 	Dual-chamber systems feature two leads, one each in the atrium and the ventricle. 
b. 	This ensures AV synchrony and provides for ventricular depolarization even without AV conduction. This mode of pacing is known as atrial synchronous pacing, atrial tracking, or AV sequential pacing.
J. 	Atriobiventricular pacing
1. 	One effective new treatment for CHF uses a modified cardiac pacemaker or ICD to resynchronize the heart chambers.
2.  	Once functioning in an organized manner, the heart pumps blood more efficiently and the effects of heart failure are reduced. 
3. 	In a typical biventricular implant, one lead is placed in the atria and one lead is placed in each ventricle (right and left). 
K. 	Implantable cardioconverter defibrillators (ICD)
1. 	Basic function
a. 	Components
i. 	The device consists of a housing and a variable number of pacing and high-voltage leads. 
ii. 	The leads can be placed in the abdominal or pectoral region. 
iii. 	The lead is often one of the electrodes in the system. 
iv. 	Most ICDs are implanted with one or two transvenous leads used for pacing and shocking. 
v. 	The leads enter the venous system through the subclavian or cephalic vein, for placement into the right ventricle or the superior vena cava. 
b. 	Sensing and therapies
i. 	An ICD delivers therapy when it determines that the heart is in a tachyarrhythmia, based on the ventricular rate. 
ii. 	The ICD counts the number of R-R intervals that are faster than a programmed threshold. 
iii. 	When the count reaches the threshold, the device delivers electrical therapy. 
iv. 	Because an ICD bases its decision on the ventricular rate alone, atrial arrhythmias and electromagnetic interference can lead to inappropriate shocks.
L. 	ICD troubleshooting
1. 	Information gathering
a. 	If an ICD fires during the care of a patient, everything possible should be done to gather information that will help specialists decide whether the therapy was appropriate. 
b. 	Many patients who have been shocked before recognize the symptoms of ventricular arrhythmias and can correctly identify appropriate and inappropriate therapies. 
c. 	Factors to consider
i. 	Number of times shocked 
ii. 	Recent medical procedures
iii. 	Recent changes in medical condition or in patient adherence to the medication regimen. 
iv. 	Coexisting pacemaker
v. 	Activity at the time of shock
vi. 	Proximity to water or an electrical source 
2. 	Disabling the ICD
a. 	The ICD can be temporarily disabled by a magnet to prevent further discharges.
b. 	Manufacturers of ICDs can provide special magnets (usually doughnut shaped) that are placed directly over the pulse generator. 
c. 	Before using the magnet, multifunction pads must be placed on the patient and hooked to the monitor. 
d. 	In a cardiac arrest, external defibrillation can be delivered, but the paddles or pads should not be placed directly over the ICD. 
e. 	CPR can be performed on a patient with an ICD, with no danger to providers, the patient, or the implanted device. 
M. 	Atrial tachycardia implantable cardioverter defibrillators
1. 	Internal cardioversion and/or antitachycardia pacing with an atrial ICD have been shown to be the preferable mode of treatment.
2. 	There are three ways to activate the atrial tachycardia ICD.
a. 	Patient-activated mode: A small handheld remote can be used by the patient to initiate therapy
b. 	A second mode would involve the physician activating the device to provide appropriate therapy. 
c. 	The ICD may be programmed to automatically deliver therapy on detection of the arrhythmia. 


IX. Transport Considerations for Cardiac Electrophysiology Devices
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A. 	Preparation
1.  	Be familiar with how the different types of pacemakers work. 
2. 	Have a magnet capable of reprogramming an implanted pacemaker or ICD readily available.
3. 	Review the instructions for the device being used.
B. 	Patient acceptance
1. 	Obtain all the relevant paperwork and reports. 
2. 	Perform an examination of the patient. 
3. 	Set up and check any equipment that will be needed during transport. 
4. 	Any patient with a pacemaker device must have electrical and mechanical pacemaker capture assessed and confirmed. 
5. 	If different devices are used, ensure that the devices are compatible.
6. 	Find out what pacemaker or ICD the patient is using and plan accordingly.
C. 	Patient transport
1. 	Two factors require special consideration for patients with pacemakers or ICDs. 
a. 	Electromagnetic interference is the major cause of pacemaker dysfunction.
b. 	Devices such as headphones and microphones with internal magnets may cause interference in older pacemakers when placed within 1 to 2” of the device. 
D. 	Patient turnover
1. 	Provide the receiving hospital with a thorough patient report. 
2. 	Provide information on any interventions provided during transport. 
3.  	Document the patient’s condition on acceptance and turnover.

	 
X. Flight Considerations
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A. 	Pacemaker malfunction does not usually occur as a result of flight. 
B. 	There are isolated reports of helicopter vibration affecting pacemaker function. 
C. 	The higher the altitude of the flight, the greater the need for supplemental oxygen. 


