Submodule C:  Electrocardiography, Arrhythmias, Syncope



Scope and Objectives



	This submodule deals with calculation of mean QRS Axis, recognition of electrocardiographic patterns of hypertrophy and conduction defects, mechanisms of arrhythmogenesis, definitions of arrhythmias and methods of detection, classification, and mechanisms of antiarrhythmic agents and their application to the treatment of arrhythmias.  This submodule requires more rote memorization of facts than any other.  You simply have to memorize the characteristic ECG pattern for arrhythmias and conduction defects; and the mechanisms of action of the various antiarrhythmic agents.  If you define the electrophysiologic action of the drugs and know the mechanism of production of the arrhythmias, then the principles of treatment of each arrhythmia make sense.  There are several antiarrhythmic agents in each classification and all are listed so you will have heard of them later in Med III-IV.  You should at this point define the characteristics of each class of drugs, and identify those in each class only by dominant side effects.  The use of countershock and pacemakers is also covered.  Although not all syncope is cardiac in origin, it is dealt with in this submodule.  Sudden death is in the coronary heart disease submodule since it is most often related to that problem



Concepts to Review From Normal Man



A.	Generation of the electrocardiogram; correlation with the phases of action potential, duration of

	waves and intervals.



	•	See Cecil fig 3-2, p21

		•	Normal ECG paper speed is 25 mm/s, resulting in 1 mm horizontally = 0.04 seconds

			•	1 big square (5 mm) = 0.20 seconds

		•	10 mm vertically = 1 millivolt

	

	•	The P wave represents atrial depolarization

	•	The PR interval is measured from the onset of the P wave to the onset of the QRS complex

		•	Normally between 0.12 and 0.20 seconds in duration

			•	PR interval greater than 0.20 seconds is a first degree AV block

		•	Represents the time for the electrical impulse to reach the ventricular myocardial cells

			and normally is largely due to conduction through the atrioventricular (AV) nodal area



	•	The QRS complex represents ventricular depolarization

	•	The T wave represents ventricular repolarization

		•	The duration between the onset and the termination of the QRS complex is called the QRS

			interval

			•	Normally less than 0.10 seconds



	•	The isoelectric portion of the ECG following the QRS complex is the ST segment

		•	QT interval is measured from the beginning of the QRS complex to the end of the T wave

			•	It is a measure of ventricular muscle refractoriness and varies with hear rate, decreasing

				as the heart rate increases

			•	Usually 0.35 to 0.44 seconds for heart rates between 60 and 100 beats/min



B.	Differentiation of pacemaker cells from other Purkinje cells and myocardial cells.



	•	The conducting tissues (Purkinje fibers) of the heart have a communicating function like that of 

		nerve tissue, but consist of muscle tissue that is highly adapted for the rapid and efficient 			conduction of action potentials and their contractile ability is greatly reduced



	•	The sinoatrial and atrioventricular nodes are muscle tissue that is greatly modified into 

		structures concerned with the initiation and conduction of the heartbeat

		

	•	In contrast to ventricular cells, cells of the sinoatrial (SA) and atrioventricular (AV) nodes 

		exhibit a progressive depolarization during diastole called the pacemaker potential

		•	When the membrane potential reaches a certain characteristic voltage there is sudden 

			depolarization

		•	This inherent depolarization differentiates pacemaker cells from other Purkinje cells



C.	Anatomy of the conduction system.



	•	See Harrison, fig 228-1, p1238



	•	The depolarization stimulus for the normal heartbeat originates in the sinoatrial (SA) node

		or sinus node (a collection of pacemaker cells)

		•	These cells fire spontaneously

	•	The first phase of cardiac electrical activation is the spread of the depolarization wave through 

		the right and left atria, followed by atrial contraction

	•	Next, the impulse stimulated pacemaker cells and specialized conduction tissues in the 

		atrioventricular (AV) nodal and His-bundle areas

		•	These two regions constitute the AV junction



	•	The bundle of His bifurcates into two main branches, the right and left bundles

		•	They rapidly transmit depolarization wavefronts to the right and left ventricular 

			myocardium via Purkinje fibers

		•	The main left bundle bifurcates into two primary subdivisions, a left anterior fascicle and 

			a left posterior fascicle

			•	The depolarization wavefronts then spread through the ventricular wall, from 

				endocardium to epicardium, triggering ventricular contraction



I.	Electrocardiographic Patterns (Non-Arrhythmic)



A.	Describe the calculation of mean electrical axis in the frontal plane.



	•	Myocardial electrical activity can be represented with a vector

		•	A vector directed toward an exploring electrode of the ECG results in a positive deflection

			in that lead and a vector directed away produces a negative deflection

		•	The mean QRS vector during depolarization is termed the electrical axis and can be identified

			using the surface ECG

			•	The Einthoven triangle (Cecil fig 3-3, p22) shows the polarity of each of the six limb 

				leads of the standard ECG

			•	By examining the magnitude of the individual vectors of all six leads, the mean QRS 

				vector can be estimated



				•	The mean QRS vector is normally between -30° and +90°

					•	Mean QRS axes more superior than -30° are termed left axis deviation

					•	Mean QRS axis more rightward than +90° is right axis deviation

					•	The T wave axis is normally within 30 to 45 degrees of the QRS axis



		•	There are three methods to determine the orientation of the mean frontal QRS:

			1.	If any frontal plane lead records a QRS complex with a net amplitude of zero, the mean

				frontal QRS vector must be perpendicular to that lead axis

			2.	If any two frontal plane leads record QRS complexes with equal net amplitudes, the

				mean frontal QRS vector must lie midway between the axes of the two leads

			3.	If the mean frontal QRS complex lacks an equiphasic QRS complex or a pair of equal

				net QRS amplitudes, the mean frontal QRS vector will lie close to the axis of the lead

				which records the largest net QRS amplitude

		•	Small letters refer to smaller amplitude waves (qRs indicates small q and s, large R)



		•	Calculation of the mean amplitude of the QRS complex is by determining the algebraic

			sum of the amplitudes of the component waves of the complex (adding the amplitudes of

			positive waves and subtracting the amplitude of negative waves)

			•	Determining the mean amplitude of an individual QRS wave is by subtracting the 

				negative deflection from the positive deflection



	•	See Submodule A for the significance of each of the surface leads



B.	List the ECG criteria for:



	1.	Chamber enlargement (all 4 chambers).



		Left Ventricular Enlargement:



		•	Increased QRS voltage

			•	R or S wave in limb lead � EMBED Equation.2  ���20 mm

			•	S wave in V1, V2, or V3 � EMBED Equation.2  ���30 mm

			•	R wave in V4, V5, or V6 � EMBED Equation.2  ���30 mm

		•	Shift of the axis to the left (-30° or more)

		•	Increased QRS duration (� EMBED Equation.2  ���0.09 sec)

		•	Shift of the ST segment and T wave in a direction opposite to that of the QRS complex

			•	Depressed ST segments with inverted T waves in lateral leads

		•	Left atrial enlargement

		•	Time of onset of the intrinsicoid deflection (time from beginning of QRS to peak of R wave)

			� EMBED Equation.2  ���0.05 sec in lead V5 or V6



		Right Ventricular Enlargement:



		•	Tall R waves over right precordium and deep S waves over left precordium

			•	R:S ratio in lead V1 > 1.0

		•	Normal QRS duration (if no right bundle branch block)

		•	Right axis deviation

		•	ST-T “strain” pattern over right precordium

		•	Late intrinsicoid deflection in lead V1 or V2



		Left Atrial Enlargement:



		•	P wave duration � EMBED Equation.2  ���0.12 sec

		•	Notched, slurred P wave in leads I and II (P mitrale)

		•	Biphasic P waves in V1 with a wide, deep, negative terminal component

		•	Mean P wave axis shifted to the left (between +45 and -30 degrees)



		Right Atrial Enlargement:



		•	P wave duration � EMBED Equation.2  ���0.11 sec

		•	Tall, peaked P waves of � EMBED Equation.2  ���2.5 mm in amplitude in leads II, III, or aVF (P pulmonale)

		•	Mean P wave axis shifted to the right (� EMBED Equation.2  ��� + 70 degrees)



	2.	Anterior and posterior fascicular block.



		Left Anterior Fascicular Block:



		•	QRS duration � EMBED Equation.2  ���0.10 sec 

		•	Left axis deviation (-45° or greater)

			•	Most common cause of left axis deviation

		•	rS pattern in leads II, III, and aVF

		•	qR pattern in leads I and aVL



		Left Posterior Fascicular Block:



		•	QRS duration � EMBED Equation.2  ���0.10 sec 

		•	Right axis deviation (+90° or greater)

		•	qR pattern in leads II, III, and aVF

		•	rS pattern in leads I and aVL

		•	Exclusion of other causes of right axis deviation

			•	Chronic obstructive pulmonary disease, right ventricular hypertrophy, lateral 

				myocardial infarction



	3.	Right bundle branch block.



		Right Bundle Branch Block:



		•	Can be associated with organic heart disease but is sometimes seen in apparently normal

			hearts



		•	QRS duration � EMBED Equation.2  ���0.12 sec

		•	Large R’ wave in lead V1 (rsR’)

		•	Deep terminal S wave in V6

		•	Normal septal Q waves

		•	Inverted T waves in lead V1 (secondary T wave change)

		•	Late intrinsicoid deflection in leads V1 and V2



	4.	Left bundle branch block.



		Left Bundle Branch Block:



		•	An indicator of organic heart disease; often a marker of:

			•	Ischemic heart disease

			•	Long-standing hypertension

			•	Severe aortic valve disease

			•	Cardiomyopathy

		•	Left ventricular hypertrophy can’t be diagnosed in the presence of LBBB



		•	QRS duration � EMBED Equation.2  ���0.12 sec

		•	Broad, slurred, or notched R waves in lateral leads (I, aVL, V5-V6)

		•	QS or rS pattern in anterior precordium

		•	Secondary ST-T wave changes (ST and T wave vectors opposite to terminal QRS vectors)

		•	Later intrinsicoid deflection in leads V5 and V6



II.	Arrhythmia—Recognition



A.	Describe the three mechanisms of arrhythmogenesis.



	1.	Disorders of impulse formation.

		-	Define automaticity.



		•	Automaticity, which is normally observed in the sinus node, the specialized fibers of the 

			His-Purkinje system, and some specialized atrial fibers, is the property of a cardiac cell

			that causes it to depolarize spontaneously during phase 4 of the action potential, leading 

			to the generation of an impulse



		•	Failure of the SA node can result in distal pacemaker potentials (escape rhythms)

		•	Automaticity in latent pacemakers is increased by disease, drugs, sympathetic overactivity



	2.	Disorders of impulse conduction or propagation.



		a.	Define re-entry; describe the requirements for reentry to occur.



			•	Reentry occurs in disorders of impulse propagation and are generally considered to be 

				the most common mechanism of sustained paroxysmal tachyarrhythmia

				•	It is when an impulse, traveling around a block, traverses the blocked zone in a 

					retrograde direction and, if the Purkinje fiber is no longer refractory by the time this 

					impulse emerges from the blocked zone, the fiber is reactivated



			•	The requirements for initiating reentry include:

				1.	Electrophysiologic inhomogeneity (i.e., differences in conduction and/or 

					refractoriness) in two or more regions of the hear connected with each other to form 

					a potentially closed loop

				2.	Unidirectional block in one pathway

				3.	Slow conduction over an alternative pathway, allowing time for the initially blocked 

					pathway to recover excitability

				4.	Reexcitation of the initially blocked pathway to complete a loop of activation

			•	Repetitive circulation of the impulse over this loop can produce a sustained 

				tachyarrhythmia

			•	See Harrison, fig 231-1, p1261



			•	Reentry can result in:

				•	Paroxysmal atrial tachycardia (AV nodal reentry)

				•	Atrial flutter (atrial reentry)

				•	Paroxysmal ventricular tachycardia 



		b.	Define conduction block.



			•	A conduction block is an abnormality that slows or blocks the normal conduction

				of electrical impulses within the heart



			•	AV nodal conduction can be influenced by:

				•	Parasympathetic and sympathetic nervous system

				•	Myocardial infarction (particularly inferior)

				•	Coronary spasm (usually of the right coronary artery)

				•	Digitalis intoxication

				•	Excess of beta and/or calcium blockers

				•	Acute infections, such as viral myocarditis, acute rheumatic fever, infectious

					mononucleosis

				•	Miscellaneous disorders such as Lyme disease, sarcoidosis, amyloidosis, and 

					neoplasms

				•	AV nodal block may be congenital



B.	Define and be able to recognize from an ECG strip the following arrhythmias.  Also classify rhythms

	“4 through 16” below as conduction block, automatic, re-entry, or indeterminate

		

	•	See Cecil, Table 8-1, p70



	Use a systematic approach to a rhythm strip.  Determine:

		•	Rate

		•	Whether rhythm is regular or irregular

		•	Find the P’s and QRS’s and determine if they are related to each other

		•	Assess if morphology of P and QRS are normal 

		•	If the QRS’s are normal in duration or widened



	1.	Sinus arrhythmia.



		•	Sinus arrhythmia refers to phasic variation in the sinus cycle length by greater than 10%

			•	P wave morphology is normal

			•	Symptoms are unusual and treatment is not necessary

			•	See Laiken, p159



	2.	Sinus tachycardia.



		•	Sinus tachycardia refers to a tachycardia of sinus origin with a rate > 100 beats/min

			•	Occurs with:

				•	Fever

				•	Hypotension

				•	Thyrotoxicosis

				•	Anemia

				•	Anxiety

				•	Exertion

				•	Hypovolemia

				•	Pulmonary emboli

				•	Myocardial ischemia

				•	Congestive heart failure

				•	Shock

				•	Drugs (e.g., atropine, catecholamines, thyroid, alcohol, caffeine)

				•	Inflammation



			•	Therapy should be focused on the cause of the tachycardia

				•	If the sinus tachycardia must be treated directly, beta blockers may be used



			•	See Laiken, p158



	3.	Sinus bradycardia



		•	Sinus bradycardia refers to sinus node discharge at a rate < 60 beats/min

			•	P wave contour is normal, but sinus arrhythmia is often present

			•	Frequently occurs in young adults, especially well-trained athletes, and is common at 

				night



			•	Sinus bradycardia can be produced by a variety of conditions:

				•	Eye manipulation

				•	Increased intracranial pressure

				•	Myxedema

				•	Hypothermia

				•	Sepsis

				•	Fibrodegenerative changes

				•	Vagal stimulation and vomiting

				•	Administration of parasympathomimetic drugs

				•	Beta-adrenergic-blocking drugs

				•	Amiodarone

				•	Occurs commonly in the acute phase of myocardial infarction, especially inferior

					myocardial infarction



			•	Treatment of asymptomatic sinus bradycardia is usually not necessary

				•	If cardiac output is low or tachyarrhythmias occur due to the slow heart rate, 

					atropine or, if necessary, isoproterenol may be effective

				•	There is no drug that effectively and safely increases the heart rate over a long

					period, and therefore electrical pacing is the treatment of choice chronically if

					symptomatic sinus bradycardia is present



			•	See Laiken, p158



	4.	Sinus arrest.



		•	In sinus arrest, the failure of a P wave occurs, indicating that the sinus node is not firing

		•	This is a disorder of impulse formation



		•	Sinus arrest can be caused by:

			•	Acute myocardial infarction

			•	Degenerative fibrotic changes

			•	Digitalis toxicity

			•	Excessive vagal tone



		•	Therapy involves searching for the underlying cause

			•	Patients are not treated if they are asymptomatic

			•	If they are symptomatic and the arrhythmia is not reversed by correcting the underlying

				cause, pacing is employed



	5.	Premature atrial complexes (PAC’s).



		•	Premature atrial complexes (PACs) are characterized by a premature P wave, usually of

			differing morphology from the sinus P wave

			•	PACs occurring very early in diastole may be followed by either aberrantly conducted

				QRS complexes or no QRS complexes (nonconducted PAC)

			•	PACs are less likely to be followed by a fully compensatory pause than are PVCs



			•	PACs are common in normal people but may occur in a variety of situations such as:

				•	Infection

				•	Inflammation

				•	Myocardial ischemia

				•	Psychological stress

				•	Tobacco or alcohol use

				•	Caffeine ingestion



			•	PACs can be the forerunner of a sustained supraventricular tachyarrhythmia



			•	They do not require therapy unless they produce symptoms or precipitate 

				tachyarrhythmias

			•	See Laiken, p182; Cecil, fig 8-4a, p83



6.	Atrial flutter.



		•	In atrial flutter, the atrial rate is usually 250 to 350 beats/min

			•	Ordinarily, the ventricular rate is half of the atrial rate (2:1 conduction)

				•	As a result, the heart rate is usually not greater than 150 beats/min

				•	If AV block is greater than 2:1 in the absence of drugs, abnormal AV conduction 

					may be present

				•	In children with pre-excitation syndrome or in patients with hyperthyroidism, 1:1 

					AV conduction can occasionally occur

				•	Drugs such as quinidine, procainamide, or disopyramide may reduce the atrial rate to 

					the range of 200 beats/min, raising the danger of 1:1 AV conduction



			•	The atrial activity appears as regular sawtooth waves without an isoelectric interval 

				between flutter waves

			•	Flutter waves are commonly inverted in leads II, III, and aVF

			•	Either a re-entry rhythm, disorder of impulse formation, or both

			•	Ventricular response to atrial flutter may be irregular, generally of a Wenchebach nature,

				or regular

			•	Chronic atrial flutter is usually associated with underlying heart disease, but paroxysmal

				atrial flutter may occur in patients without organic heart disease

			•	Toxic and metabolic conditions such as thyrotoxicosis, alcoholism, and pericarditis may

				be associated with atrial flutter



			•	Treatment:

				•	Carotid sinus massage may decrease the ventricular response but does not terminate 

					the arrhythmia

					•	It may slow the rhythm enough to distinguish the rhythm and see P waves that

						might not be evident



				•	Cardioversion (<50 joules) usually restores sinus rhythm

					•	If atrial fibrillation ensues, a second shock of higher energy may be necessary

				•	Rapid atrial pacing also terminates atrial flutter, although some patients develop 

					atrial fibrillation instead of sinus rhythm; however, atrial fibrillation is usually an 

					easier arrhythmia in which to control the ventricular response



				•	The following drugs may slow down AV conduction and slow the heart rate

					(according to Dr. Fontana):

					•	Class IV drugs (Ca2+ channel blockers) such as verapamil

					•	Class II drugs (b-blockers)

					•	Digitalis

					•	Adenosine will briefly slow down the heart rate briefly (half life of seconds), 

						then it will resume as it was before



				•	Type I antiarrhythmic drugs (quinidine, procainamide, or disopyramide) or type III

					drugs (sotalol or low-dose amiodarone) may terminate atrial flutter in some patients

					and are often useful in preventing recurrences

					•	These drugs should not be administered unless AV nodal block has been 

						previously achieved, because slowing the atrial flutter rate combined with the 

						vagolytic effects of disopyramide or quinidine may lead to 1:1 AV conduction



				•	Ablation of the atrial flutter circuit is very effective for typical atrial flutter if there 

					is little or no associated atrial fibrillation



			•	See Laiken, p49



	7.	Atrial fibrillation.



		•	Atrial fibrillation is characterized by totally disorganized atrial activation without 

			effective atrial contraction

			•	The ECG shows small, irregular baseline undulations of variable amplitude

			•	The ventricular response is irregularly irregular, usually between 100 and 160 beats/min

				in the patient with normal AV conduction



			•	Chronic atrial fibrillation is usually associated with underlying heart disease, whereas

				paroxysmal atrial fibrillation may occur in apparently normal hearts



			•	Atrial fibrillation commonly results from:

				•	Rheumatic heart disease (especially with mitral valve involvement)

				•	Cardiomyopathy

				•	Hypertensive heart disease

				•	Pulmonary emboli

				•	Pericarditis

				•	Coronary heart disease

				•	Thyrotoxicosis

				•	Heart failure from any cause



			•	Episodes of atrial fibrillation may cause decompensation in patients with borderline

				cardiac function, especially those with mitral or aortic stenosis



			•	Patients with chronic atrial fibrillation are at a greatly increased risk of developing 

				systemic emboli, particularly if mitral valve disease is also present

				•	Since the atrium doesn’t contract, blood can pool in the atria and contract



			•	Left atrial diameter tends to be smaller in patients with paroxysmal atrial fibrillation or 

				in patients whose atrial fibrillation is easily terminated with cardioversion

			•	Either a re-entry rhythm, disorder of impulse formation, or both



			•	Treatment:

				•	It is important to correct any precipitating causes of atrial fibrillation such as 

					thyrotoxicosis, mitral stenosis, pulmonary emboli, or pericarditis

				•	If the onset of atrial fibrillation is associated with acute hemodynamic 

					decompensation, DC cardioversion should be employed (usually requires 100 to 200 

					joules)



				•	In the absence of decompensation, the ventricular rate may be slowed with:

					•	Digitalis

					•	b-blocker (class II)

					•	Ca2+ channel blocker (class IV)

				

				•	The atrial fibrillation may be converted to sinus rhythm by a Na+ channel blocker:

					•	Class IA drugs

					•	Class IC drugs



					•	May cause problems due to their anticholinergic effects

					•	The AV node should be blocked first



				•	Class III drugs may be effective if others fail

					•	Used as a last resort due to their long half-life and many side effects		



		•	See Laiken, p198



	8.	Paroxysmal supraventricular tachycardia.



		•	Paroxysmal supraventricular tachycardias (PSVTs) are regular tachycardias that occur 

			and terminate suddenly

			•	Heart rate is generally 170-200 beats/min



			•	They are due to a variety of mechanisms, the most common of which are AV nodal 

				re-entry (approximately 60% of cases) and AV re-entry using a concealed accessory

				bypass tract (approximately 30% of cases)

				•	Sinus nodal re-entry, intra-atrial re-entry, and automatic atrial tachycardias account

					for the remaining PSVTs



			•	As you may have figured out, this is a re-entry rhythm



		b)	Define A-V mode re-entry tachycardia, Wolff-Parkinson-White syndrome, and how they 

			differ anatomically and by ECG recognition



			•	AV nodal re-entry is characterized by narrow QRS complexes (unless functional 

				aberration has occurred), sudden onset and termination, and regular rates, usually 

				between 150 and 250 beats/min (170-200 beats/min according to Dr. Fontana)

				•	Carotid sinus massage may slow the tachycardia slightly and is likely to terminate

					the rhythm

					•	This distinguishes it from atrial flutter, which will not terminate from carotid

						sinus massage



				•	AV nodal re-entry commonly occurs in patients with no organic heart disease

				•	Symptoms vary according to the rate of the tachycardia and the presence of organic

					heart disease



				•	Treatment:

					•	In some patients, rest, reassurance, and sedation may abort an attack

					•	Vagal maneuvers including Valsalva, carotid sinus massage, and gagging may

						terminate the tachycardias and should be repeated after each pharmacologic

						intervention

					•	Intravenous adenosine or verapamil, terminates AV nodal re-entry in over 95% 

						of cases and is the treatment of choice, should vagal maneuvers fail

					•	If the patient is experiencing hemodynamic compromise, DC cardioversion with 

						low energies is effective



					•	Digoxin, beta blockers, verapamil, and diltiazem are the initial drug choices for

						chronic therapy, and the type IA, IC, or III agents are also effective in resistant 

						cases

					•	In patients with drug inefficacy or intolerance, or who prefer to avoid long-term

						drug therapy, selective catheter ablation of the slow or fast AV nodal pathway 

						should be considered



					•	See Laiken, p194



			•	Wolff-Parkinson-White syndrome is a pre-excitation syndrome in which an accessory

				AV pathway connects atrium with ventricle, short-circuiting the normal AV conduction

				system

				•	A portion of the ventricle is activated via conduction over the accessory pathway

					before the remainder of the ventricle is activated via the normal AV conduction 

					system, and the resultant QRS is a fusion of activation initiated by each of the two 

					(normal and abnormal) AV pathways

					•	It is congenital and often genetic

					•	This is unlike AV nodal re-entry, which utilizes the normal cardiac circuitry

					•	PR interval is usually shortened (< 0.12 seconds)

					•	The duration of the QRS is increased (> 0.12 seconds)

					•	Accessory AV pathways may be located anywhere along the AV ring on either

						the left or right side or along the septum and are occasionally multiple



				•	Treatment:

					•	Sensitive to class IA drugs

					•	Cardioversion

					•	Pacing

					•	Transcutaneous catheter ablation



				•	See Laiken, p167



	a)	Describe the effect of vagal stimulation on arrhythmias 6, 7, and 8 above.



		•	Paroxysmal supraventricular tachycardias:

			•	Likely to terminate the re-entry rhythm by increasing the refractory period 



		•	Atrial fibrillation:

			•	May slow the ventricular rhythm, but it won’t terminate the fibrillation



		•	Atrial flutter:

			•	Carotid sinus massage may decrease the ventricular response but does not terminate the 

				arrhythmia



	9.	Premature ventricular complexes (PVCs).



		•	Premature ventricular complexes are premature, bizarrely shaped QRS complexes of

			prolonged duration differing in contour from the dominant QRS complex

			•	The T wave is large and oriented in the opposite direction from the major QRS 

				deflection



			•	The sinus node and atria are usually not activated prematurely by retrograde conduction

				from the PVC, and therefore a “compensatory pause” usually results

				•	The pause after the PVC is sufficiently long that the interval between the two

					normally conducted QRS complexes flanking the PVC equals two sinus cycle lengths



				•	Two successive PVCs are termed a couplet

				•	Three or more successive PVCs are termed ventricular tachycardia



			•	The prevalence of PVCs increases with age

			•	Often asymptomatic but can give rise to palpitations, or if present in long runs of 

				bigeminy, may produce hypotension, because they are premature and relatively 

				ineffective at ejecting blood

			•	The number of PVCs may increase during infection, ischemia, anesthesia, psychological

				stress, and excessive use of tobacco, caffeine, or alcohol



			•	In the absence of underlying heart disease, the presence of PVCs probably has no 

				significance regarding longevity or limitation of activity, and antiarrhythmic therapy is

				not indicated

			•	The presence of PVCs identifies patients at an increased risk of cardiac death if they

				have coronary artery disease, hypertrophic cardiomyopathy, or mitral valve prolapse;

				however, treatment of PVCs has not been demonstrated to decrease sudden death



			•	If drug therapy is indicated (usually only in patients with symptoms), lidocaine can be

				used acutely, and any type I or III agent may be considered for chronic therapy



			•	See Laiken, p183



	10.	Ventricular tachycardia.

		•	Define torsade de pointes.



		•	Ventricular tachycardia occurs when three or more consecutive PVCs occur with a rate

			exceeding 100/min

			•	The QRS complexes usually have a prolonged duration and bizarre shape, with ST and

				T vectors opposite to the major QRS deflection

			•	Atrial activity may be independent of ventricular activity (AV dissociation), or the

				atrium may be depolarized by the ventricles retrogradely (ventriculoatrial association)

				•	AV dissociation can’t be seen on the ECG (because P waves can’t be seen), but can

					be detected clinically by:

					•	Varying intensity of S1

						•	AV dissociation results in atrial contraction during different parts of systole,

							and therefore, different degrees of filling

						•	The intensity of S1 will vary according to how much blood is in it when it

							contracts

					•	Cannon ‘a’ waves in the JVP

						•	This is from the atrium contracting against a closed ventricle when atrial and

							ventricular systole occurs at the same time

			•	QRS contours may be unchanging (uniform) or may vary



			•	Ventricular tachycardia occurs in patients with:

				•	Ischemic heart disease

				•	Congestive and hypertrophic cardiomyopathy

				•	Mitral valve prolapse

				•	Valvular heart disease

				•	Primary electrical disease (no identifiable structural heart disease)



			•	Treatment:

				•	Patients with chronic recurrent sustained ventricular tachycardia and those with 

					symptomatic nonsustained ventricular tachycardia are treated



				•	If hypotension, shock, angina, congestive heart failure, or symptoms of cerebral

					hypoperfusion are present, the rhythm should be terminated promptly with DC

					cardioversion, beginning with very low energies (10 to 50 joules) synchronized 

					with QRS

				•	For acute therapy, IV Na+ channel blockers:

					•	Lidocaine (class IB)

					•	Procainamide (class IA)

					•	Amiodarone, possibly bretylium (class III)



				•	Effective drugs for chronic therapy include quinidine, procainamide, disopyramide,

					mexiletine, sotalol and amiodarone



			•	See Laiken, p206

				

		•	Torsades de pointes refers to a ventricular tachyarrhythmia characterized by QRS 

			complexes of changing amplitude that appear to twist around the isoelectric line, occurring 

			in the setting of a prolonged QT interval



			•	Episodes of torsades de pointes often terminate spontaneously, but ventricular 

				fibrillation may supervene (your patient might not like that)



			•	The syndrome may be either congenital or acquired

				•	Acquired forms may be caused by: any antiarrhythmic drug that prolongs the QT

					interval (e.g., quinidine, procainamide, disopyramide, or sotalol) or by psychoactive

					drugs such as phenothiazines and tricyclic antidepressants

				•	Potassium or magnesium depletion, liquid protein diet, and other metabolic 

					abnormalities may be associated with the long QT syndrome



			•	Acute therapy involves withdrawing the offending drug and correcting metabolic 

				abnormalities



		•	See Laiken, p207



	11.	Accelerated idioventricular rhythm.



		•	Accelerated idioventricular rhythm refers to impulse formation originating in the 

			ventricle with a rate of approximately 60 to 110 beats/min

			•	It often competes with the sinus node for control of the heart, and fusion and capture

				complexes occur commonly

			•	The onset is often gradual (nonparoxysmal), and enhanced automaticity is presumed to

				be the mechanism



			•	The arrhythmia usually occurs in patients with acute myocardial infarction (expecially

				inferior infarcts) or digitalis toxicity, and suppressive therapy is usually not necessary



			•	See Laiken, p211



	12.	Ventricular fibrillation.



		•	Ventricular fibrillation generates little or no blood flow and is usually fatal within 3 to 5

			minutes unless terminated

			•	Ventricular fibrillation is recognized by the presence of irregular undulations of varying

				contour and amplitude without distinct QRS complexes, ST segments, or T waves



			•	Occurs in a variety of situations, including:

				•	Coronary artery disease

				•	Antiarrhythmic drug administration

				•	Hypoxia

				•	Ischemia

				•	Atrial fibrillation with rapid ventricular rates in the pre-excitation syndromes

				•	Accidental electrical shock

				•	Poorly timed cardioversion



			•	Treatment is an immediate nonsynchronized DC shock using 200 to 400 joules



	•	See Laiken, p208



	13.	Atrioventricular (AV) dissociation.



		•	Atrioventricular (AV) dissociation exists whenever the atria and ventricles are under the 

			control of two separate pacemakers and, while present in complete AV block, can occur in

			the absence of a primary conduction disturbance

			•	It occurs as a “symptom” of an underlying rhythm disturbance produced by one or a

				combination of three causes that prevent the normal transmission of impulses from 

				atrium to ventricle:



				1.	Slowing of the dominant pacemaker of the heart (usually the sinus node), allowing 

					escape of a subsidiary or latent pacemaker

					•	This is AV dissociation by default of the primary pacemaker and is often a 

						normal phenomenon, for example, sinus bradycardia and a junctional escape

						rhythm



				2.	Acceleration of a latent pacemaker that usurps control of the ventricles

					•	This abnormally enhanced discharge rate of a usually slower subsidiary

						pacemaker is pathologic, for example, junctional or ventricular tachycardia



				3.	Block at the AV junction that prevents impulses formed at a normal rate in a 

					dominant pacemaker from reaching the ventricles so that the ventricles beat under

					the control of a subsidiary pacemaker, for example, complete AV block with a 

					ventricular escape rhythm



	14.	First degree AV block.



		•	In first degree AV block, AV conduction time is prolonged, but all impulses are conducted

			•	PR interval � EMBED Equation.2  ���0.20 seconds



			•	First degree AV block (or type I second-degree AV block) can occur in healthy young

				people, especially well-trained athletes



			•	Any medication that affects AV nodal may cause first- or second-degree AV block:

				•	Digitalis

				•	b-blockers

				•	Ca2+ blockers



			•	Often don’t treat it

				•	If treated, pacing is used

			•	See Laiken, p162



	15.	Second degree AV block.

		a)	Type I - Wenchebach



			•	A type I second-degree heart block (Wenchebach — wink-e-bock) is characterized by

				a progressive lengthening of the PR interval until a P wave is not conducted

				•	To be a second degree AV block, it must lose a QRS (P wave without a 

					following QRS)



				•	Type I AV block with a normal QRS complex is usually more benign and does not 

					progress to advanced forms of AV conduction disturbances

				•	In the patient with acute myocardial infarction, type I AV block usually 

					accompanies inferior infarction, is transient, and does not require temporary pacing



				•	See Laiken, p164



		b)	Type II



			•	Type II second-degree AV heart block denotes occasional or repetitive sudden block 

				of a P wave without prior measurable lengthening of the PR interval

				•	P-R interval is constant

				•	QRS waves drop out



				•	Type II AV block usually accompanies anterior myocardial infarction, may require 

					temporary or permanent pacing, and is associated with a high mortality, mostly due 

					to pump failure

				•	Type II AV block usually occurs in association with a bundle branch block and is 

					localized to the His-Purkinje system



				•	See Laiken, p164



	16.	Complete AV block — third degree.



		•	Complete AV block occurs when no atrial activity conducts to the ventricles

			•	The atria and ventricles are controlled by independent pacemakers, and thus complete 

				AV block is one cause of AV dissociation

			•	The ventricular rhythm is usually regular



			•	If the AV block is at the level of the AV node (e.g., congenital AV block), the QRS

				complexes are normal in morphology and duration, with rates of 40 to 60 per minute,

				and respond to autonomic influences

			•	If the AV block is in the His-Purkinje system (usually acquired), the escape rhythm 

				originates within the ventricle, has a wide QRS and a slower rate, and is less reliable and 

				under less autonomic influence



			•	Causes of AV block include:

				•	Surgery

				•	Electrolyte disturbances

				•	Endocarditis

				•	Tumor

				•	Chagas’ disease

				•	Rheumatoid nodules

				•	Calcific aortic stenosis

				•	Myxedema

				•	Polymyositis

				•	Infiltrative processes such as amyloid, sarcoid, or scleroderma

				•	Drug toxicity

				•	Coronary disease

				•	Degenerative processes



			•	Drugs can’t be relied on to increase the heart rate for more than several hours to a few

				days without producing significant side effects

				•	Pacemaker is needed to control the rhythm

				•	If immediate intervention is needed, epinephrine and atrophine can be used



			•	See Laiken, p202

			

C.	Define sick sinus syndrome.



	•	The term sick sinus syndrome is applied to a variety of sinus nodal and AV nodal 

		abnormalities that occur alone or in combination, including:

		1.	Persistent spontaneous sinus bradycardia not caused by drugs and inappropriate to the

			physiologic circumstances

		2.	Sinus arrest or exit block

		3.	Combinations of sinus and AV conduction disturbances

		4.	Alternation of paroxysms of atrial tachyarrhythmias with periods of slow atrial and

			ventricular rates (bradycardia/tachycardia syndrome)



		•	The sick sinus syndrome may be associated with AV nodal or His-Purkinje conduction

			disturbances

		•	Pacing for the symptomatic bradyarrhythmia combined with drug therapy for the 

			tachyarrhythmia is often needed



D.	Describe the methods of detection of arrhythmias.



	1.	History, physical examination



		•	History taking in patients with suspected or confirmed rhythm abnormalities should be 

			aimed at detecting the presence of cardiac or noncardiac disease that may be linked 

			causally to the genesis of a rhythm abnormality

			•	Common symptoms that prompt patients with rhythm disturbances to consult a 

				physician are palpitations, syncope, presyncope, and congestive heart failure

			•	The ability of a patient to sense an irregular, slow, or rapid heart rhythm varies greatly



		•	The physical exam is useful in detecting evidence of underlying cardiac disease

			•	Abnormalities of the pulse may be noted, and clued regarding AV dissociation during an

				arrhythmia may be detected (e.g., intermittent cannon a waves in the jugular venous 

				pulse or varying intensity of S1 during a regular tachyarrhythmia)



	2.	Electrocardiogram.



		•	The resting ECG may reveal the specific arrhythmia responsible for symptoms or give

			clues regarding a tachyarrhythmia

		•	Indirect evidence may be obtained from the ECG suggesting the cause of the arrhythmia

			•	For example, the presence of a delta wave should alert the physician to the possibility 

				that a tachycardia due to Wolff-Parkinson-White syndrome may be present



		•	The ECG may also provide evidence of the cause of the arrhythmia, such as the presence of

			ischemic heart disease documented by ECG evidence of myocardial infarction



	3.	Ambulatory monitoring (Holter monitor, event recorder).



		•	Twenty four hour ambulatory ECG (Holter monitoring) and patient-activated event 

			recorders (given to the patient for weeks at a time) are important tools for evaluating 

			patients with suspected arrhythmias

		•	They permit quantitation of arrhythmia frequency and complexity, correlation with the

			patient’s symptoms, potential diagnosis of an unknown arrhythmia, and evaluation of the

			effect of antiarrhythmic therapy

		•	They can record arrhythmias while patients are engaged in their normal daily activities



	4.	Electrophysiologic testing.



		•	Invasive electrophysiologic procedures are useful and involve introducing catheter electrodes

			into the heart to record electrical activity from the atria, ventricles, and His bundle, and to

			stimulate the atria or ventricles electrically

			•	The test may be used diagnostically to determine whether a particular rhythm disorder

				exists or to determine the mechanism of a known arrhythmia

			•	The test may also be used therapeutically to terminate a tachycardia, to determine the

				efficacy of drug or other therapy, or to deliver electrical energy via the catheter to ablate

				a pathway or focus responsible for a recurrent arrhythmia



III.	Antiarrhythmic Agents



A.	Describe the classification of antiarrhythmic agents based on electrophysiologic effects on normal

	Purkinje fibers (Vaughn-Williams).



	Classes IA, IB, IC, II, III, IV.



	Class I:

		•	Drugs that reduce the maximal velocity of phase of depolarization (Vmax) due to block of

			inward Na+ current in tissue with fast response action potentials

			•	This means that they reduce the maximum velocity of the upstroke of the action

				potential (phase 0)



		Class IA:

			•	Ø Vmax at all heart rates and ≠ action potential duration

			•	Quinidine, Procainamide, Disopyramide



		Class IB

			•	Little effect at slow rates on Vmax in normal tissue

			•	Ø Vmax in partially depolarized cells with fast response action potentials

			•	Effects increased at faster rates

			•	No change or Ø in action potential duration

			•	Lidocaine, Phenytoin, Mexiletine



		Class IC

			•	Ø Vmax at normal rates in normal tissue

			•	Minimal effect on action potential duration

			•	Flecainide, Propafenone



	Class II

		•	Inhibit sympathetic activity

			•	Ø SA nodal activity

			•	≠ AV nodal activity

		•	b blockers (Propanolol the prototype)



	Class III

		•	Agents that prolong action potential duration in tissue with fast-response action potentials

		•	Amiodarone, Sotalol, Bretylium



	Class IV

		•	Calcium (slow) channel blocking agents

			•	Ø conduction velocity

			•	≠ refractoriness in tissue with slow-response action potentials

		•	Verapamil, Diltiazem



B.	Define the following drugs in terms of electrophysiologic action, types of arrhythmias which might

	respond, and significant side effects.  Omit Moricizine, Tocainide — of little clinical use.



	•	See Cecil, Table 8-4, Table 8-5, p74

	•	Don’t use Harrison, Table 231-2, p1266-1267;  it would be a great table, but they shifted the

		uses and side effects down one row on the right page!



	1.	Class IA	Quinidine, Procainamide, Disopyramide



	Quinidine:

		•	Electrophysiologic action:

			•	Little effect on normal automaticity, but depresses automaticity from abnormal cells

			•	Prolongs conduction time and refractoriness in most cardiac tissues, and it increases the

				threshold of excitability in atrial and ventricular tissue

			•	Blocks muscarinic and a-adrenergic receptors

			•	Although the direct effect of quinidine is to prolong conduction time in the AV node, its

				vagolytic actions may shorten conduction time, and the overall result is a balance 

				between the two effects

			•	Binds to open Na+ channels preventing Na+ influx, decreasing the slopes of phase 0

				and phase 4 



		•	Arrhythmias

			•	Useful for long-term oral treatment of both atrial and ventricular arrhythmias

			•	Prolongs the effective refractory period of atrial and ventricular muscle and accessory 

				pathways

			•	May be effective in treating patients with AV nodal re-entry and tachycardias in Wolff-

				Parkinson-White syndrome

	

		•	May prevent supraventricular tachycardias not only by its effects on tissue 

				refractoriness but also by preventing the atrial or ventricular premature complexes that 

				may trigger the arrhythmia

			•	Can terminate existing atrial flutter or fibrillation in about 10 to 20% of patients, 

				especially if the arrhythmia is recent in onset and the atria are of normal size

			•	May be administered to attempt chemical conversion of atrial fibrillation or atrial flutter, 

				and it may also help maintain sinus rhythm once it is achieved



		•	Side effects:

			•	Has a-adrenergic blocking effects that may cause significant hypotension, especially if

				vasodilators are administered concomitantly

			•	May produce syncope in 0.5 to 2% of patients

				•	From QT prolongation associated with polymorphic ventricular tachycardia 

					(torsades de pointes)

			

	Procainamide

		•	Electrophysiologic action:

			•	Same as quinidine except does not have antimuscarinic effects

			•	Depresses myocardial contractility only in high doses



		•	Antiarrhythmic effects:

			•	Same as quinidine



		•	Side effects:

			•	Procainamide exerts less intense anticholinergic effects than disopyramide and qunidine

			•	Systemic lupus erythematosus-like syndrome including arthralgia, fever, 

				pleuropericarditis, hepatomegaly, and hemorrhagic pericardial effusion with tamponade

				has been described

				•	60-70% of pts who receive procainamide develop antinuclear antibodies, but clinical

					symptoms occur in only 20 to 30% and are reversible when the drug is stopped



	Disopyramide

		•	Electrophysiologic action:

			•	Same as quinidine and procainamide

			•	Prominent negative inotropic effects



		•	Antiarrhythmic effects:

			•	Same as quinidine and procainamide



		•	Side effects:

			•	Greater anticholinergic effects than either, without antiadrenergic effects 

				•	Urinary retention, constipation, blurred vision, closed-angle glaucoma



	2.	Class IB	Lidocaine, Mexiletine, Phenytoin



		Lidocaine

			•	Electrophysiologic action:

				•	Minimal effects on automaticity or conduction unless marked abnormalities are pre-

					existent

				•	Lidocaine affects fast channel-dependent tissues (atrial and ventricular muscle and 

					His-Purkinje tissue)

					•	Usually doesn’t affect slow calcium channel-dependent tissues (sinus and AV 

						nodes)



				•	Blocks activated and inactivated Na+ channels but exerts greater effects on 

					inactivated channels

					•	This blockade decreases the phase 0 slope



				•	Particularly potent at altering electrophysiologic parameters in ischemic tissue

				•	Rarely causes clinically significant hemodynamic effects

				•	Decreases action potential duration



			•	Arrhythmias:

				•	Ventricular arrhythmias

					•	Ventricular tachycardia and ventricular fibrillation, especially during acute 

						ischemia and myocardial infarction

			

			•	Side effects:

				•	CNS:  

					•	Dizziness

					•	Paresthesias

					•	Confusion

					•	Delirium

					•	Stupor

					•	Coma

					•	Seizures



		Mexiletine

			•	Electrophysiologic action:

				•	Similar to lidocaine



			•	Arrhythmias:

				•	Ventricular arrhythmias



			•	Side effects:

				•	Toxic effects occur at plasma concentrations only slightly higher than therapeutic 

					levels

				•	CNS:  dizziness, tremor, paresthesias, ataxia, confusion

				•	GI:  nausea, vomiting



		Phenytoin

			•	Electrophysiologic action:

				•	Effectively abolishes abnormal automaticity caused by digitalis toxicity

				•	Sinus nodal automaticity and AV conduction are only minimally affected

				•	Binds to inactivated Na+ channels and prolongs the inactivated state



			•	Arrhythmias:

				•	Tachyarrhythmias induced by digitalis

				•	Occasionally effective for ventricular tachyarrhythmias not induced by digitalis,

					alone or in combination with other antiarrhythmic agents

				•	Polymorphic ventricular tachycardia with increased QT



			•	Side effects:

				•	CNS:  nystagmus, ataxia, drowsiness, stupor

				•	Nausea, anorexia

				•	Rash, gingival hypertrophy, megaloblastic anemia, lymph node hyperplasia, 

					peripheral neuropathy, hyperglycemia, hypoglycemia



	3.	Class IC	Flecainide, Propafenone



		Flecainide

			•	Electrophysiologic action:

				•	Profoundly slows conduction in all cardiac fibers but only minimally increases

					refractoriness

				•	Modestly depresses the cardiac inotropic state

				•	Blocks Na+ channels, decreasing the phase 0 slope



			•	Arrhythmias:

				•	Ventricular tachyarrhythmias

				•	Suppresses PVCs or runs of nonsustained ventricular tachycardia

				•	Supraventricular arrhythmias (although Cecil doesn’t even mention them, Harrison’s

					mentions some specific types, the pharmacology companion and the PDR, though, 

					mention “supraventricular arrhythmias in patients without structural disease”, so I’ll

					go with that answer)



			•	Side effects:

				•	High incidence of aggravation of existing ventricular arrhythmias or onset of new

					ventricular arrhythmias

				•	Results in increased mortality in patients with asymptomatic ventricular arrhythmia 

					following myocardial infarction

				•	Can exacerbate congestive heart failure (CHF)

				•	CNS:  Blurred vision, dizziness, headache, nausea, fatigue and tremor



		Propafenone

			•	Electrophysiologic action:

				•	Similar to flecainide

				•	Also has mild b-blocking properties



			•	Arrhythmias:

				•	Ventricular arrhythmias

				•	Supraventricular arrhythmias



			•	Side effects:

				•	High incidence of aggravation of existing ventricular arrhythmias or onset of new

					ventricular arrhythmias

				•	Results in increased mortality in patients with asymptomatic ventricular arrhythmia 

					following myocardial infarction

				•	Dizziness, blurred vision, disturbances in taste



	4.	Class II	b--blockers, Propanolol (prototype drug)



		b-Blockers (Propanolol is the prototype)

			•	Electrophysiologic action:

				•	Slows the sinus nodal discharge rate 

				•	Lengthens AV nodal conduction time (PR interval increases) and refractoriness

				•	Effects may be marked if the heart rate or AV conduction is particularly dependent

					on sympathetic tone or if sinus or AV nodal dysfunction is present



			•	Arrhythmias:

				•	Supraventricular tachyarrhythmias

				•	Sinus tachycardia due to thyrotoxicosis, anxiety, and exercise

				•	Re-entrant supraventricular tachycardias using the AV node as one limb of the 

					pathway

				•	Ventricular arrhythmias associated with the prolonged QT syndrome and mitral

					valve prolapse



			•	Side effects:

				•	Bronchoconstriction, exacerbation of CHF, bradycardia, ischemia upon withdrawal,

					fatigue, depression, impotence

		

	5.	Class III	Amiodarone, Sotalol, Bretylium



		Amiodarone

			•	Electrophysiologic action:

				•	Prolongs action potential duration and refractoriness in all cardiac tissues

					•	Due to K+ channel blockade

				•	Slows sinus discharge

				•	Prolongs AV nodal conduction time



			•	Arrhythmias:

				•	Broad spectrum against supraventricular and ventricular arrhythmias

				•	Even though it prolongs QT interval, may suppress arrhythmias in patients with

					the long QT syndrome

				•	Effective in AV nodal re-entry, reciprocating tachycardias associated with the

					Wolff-Parkinson-White syndrome, atrial flutter, and atrial fibrillation

				•	Ventricular tachyarrhythmias



			•	Side effects:

				•	Agranulocytosis

				•	Pulmonary fibrosis

				•	Elevation of hepatic enzymes

				•	Corneal microdeposits

				•	Bluish-gray skin discoloration

				•	Hyper- or hypothyroidism

				•	Nausea, constipation, anorexia

				•	Bradycardia, exacerbation of heart failure, hypotension

				•	Elevates plasma levels of digoxin, quinidine, procainamide

				

		Sotalol

			•	Electrophysiologic action:

				•	b-adrenergic blocking properties

				•	Ø AV node conduction

				•	Inhibits K+ currents

					•	Increases action potential duration

					•	Prolongs atrial and ventricular refractoriness



			•	Arrhythmias:

				•	Atrial tachyarrhythmias

				•	Ventricular tachyarrhythmias



			•	Side effects:

				•	Excessive QT prolongation

				•	Torsades de pointes

				•	Side effects from b-adrenergic receptor blockade:

					•	Bronchoconstriction

					•	Exacerbation of CHF, bradycardia

					•	Ischemia upon withdrawal

					•	Fatigue, depression

					•	Impotence



		Bretylium

			•	Electrophysiologic action:

				•	Initially releases norepinephrine stores from adrenergic nerve terminals but

					subsequently prevents further norepinephrine release



			•	Arrhythmias:

				•	Ventricular fibrillation

				•	Ventricular arrhythmias



			•	Side effects:

				•	Initial catecholamine release may aggravate some arrhythmias and produce

					transient hypertension

				•	Hypotension, usually orthostatic and controlled if the patient is supine



	6.	Class IV	Verapamil, Diltiazem



		Verapamil and Diltiazem

			•	Electrophysiologic action:

				•	Blocks cardiac L-type Ca2+ channels 

					•	Decreases SA node automaticity (Ø sinus rate)

					•	Decreases AV nodal conduction

					•	Negative inotropic effects



			•	Types of arrhythmias:

				•	Supraventricular arrhythmias



			•	Side effects:

				•	AV block

				•	Bradycardia

				•	Left ventricular failure



	7.	Atropine



		Atropine

			•	Electrophysiologic action:

				•	Blocks the effects of acetylcholine (parasympathetic)

					•	≠ Sinus rate

					•	≠ AV nodal conduction velocity

					•	≠ Sinus nodal conduction  velocity



			•	Arrhythmias:

				•	Sinus bradycardia

				•	AV block localized to the AV node



			•	Side effects:

				•	Tachycardia

				•	Dry mouth

				•	Blurred vision

				•	Delirium and hallucinations

				•	Convulsions and coma



	8.	Adenosine



		Adenosine

			•	Electrophysiologic actions:

				•	Slowing of AV nodal conduction and sinus nodal discharge (transient)

				•	Increases AV nodal refractoriness

				•	Causes temporary asystole (chemical defibrillation)



			•	Arrhythmias:

				•	Paroxysmal supraventricular tachycardias due to AV nodal re-entry

				•	AV re-entry associated with an accessory pathway



			•	Side effects:

				•	Flushing

				•	Chest discomfort

				•	Shortness of breath

		�

Drug�Class�Electrophysiologic Action�Arrhythmias�Side effects��Quinidine�IA�• Ø automaticity in normal cells

• Prolongs conduction time and 

  refractoriness in most cardiac 

  tissues

• Increases the threshold of 

  excitability in atrial and 

  ventricular tissue�Atrial flutter

Atrial fibrillation

Atrial and ventricular

 asystoles

Atrial tachyarrhythmias

Ventricular tachyarrhythmias

All types of SVT

�Hypotension

Quinidine syncope

GI: N/V, diarrhea, anorexia,

  abdominal pain

“Cinchonism”: tinnitus, 

  hearing loss, confusion,

  psychosis, visual 

  disturbances

Torsades de pointes��Procainamide�IA�Same as Quinidine�Same as Quinidine�Drug-induced lupus 

  erythematosus

Hypotension

N/V; Cinchonism

Giddiness, psychosis

Torsades de pointes��Disopyramide�IA�Same as Quinidine�Same as Quinidine�Anticholinergic; urinary

  retention, constipation,

  blurred vision, closed-

  angle glaucoma

Problem in patients with

  underlying heart disease —

  best w/younger patients

Torsades de pointes��Lidocaine�IB�• Affects fast channel-dependent 

  tissues (atrial and ventricular 

  muscle and His-Purkinje 

  tissue)

  • Ø effective refractory period

• Alters electrophysiologic 

  parameters in ischemic tissue

•  Decreases AP duration�Ventricular tachycardia

Ventricular fibrillation

Especially during acute

  ischemia and MI�CNS:  dizziness, paresthesias,

  confusion, delirium, stupor,

  coma, seizures��Mixeletine�IB�Same as lidocaine�Ventricular tachycardia

Ventricular fibrillation

�CNS:  dizziness, tremor, 

  paresthesias, ataxia, 

  confusion

GI:  N/V��Phenytoin�IB�Similar to lidocaine

Binds to inactivated Na+ 

  channels and prolongs the 

  inactivated state�Tachyarrhythmias

  induced by digitalis

Ventricular tachyarrhythmias

Polymorphic VT w/

  prolonged QT�CNS:  nystagmus, ataxia,

  drowsiness, stupor

Nausea, anorexia

Rash, gingival hypertrophy,

  megaloblastic anemia, 

  lymph node hyperplasia,

  peripheral neuropathy,

  hyperglycemia, 

  hypoglycemia��Flecainide�IC�Ø conduction time in all cardiac 

  fibers

Negative inotropic effect�Ventricular tachyarrhythmias

Frequent PVCs

Supraventricular

   tachyarrhythmias in pts 

  without structural heart 

  disease�Pro-arrhythmogenic

CNS:  blurred vision, 

  dizziness, H/A, nausea,

  fatigue, tremor

Exacerbation of CHF��Propafenone�IC�Same as flecainide

b-adrenergic blocking properties�Ventricular tachyarrhythmias

Supraventricular

  tachyarrhythmias�Pro-arrhythmogenic

Exacerbation of CHF

Dizziness, blurred vision,

  disturbances in taste��SVT = Supraventricular tachycardia; N/V = nausea & vomiting; PVC = Premature Ventricular Contraction; 

VT = ventricular tachycardia; H/A = headache

			�

Drug�Class�Electrophysiologic Action�Arrhythmias�Side effects��b-blockers

(Propranolol)�II�Slows sinus nodal discharge rate

≠ AV nodal conduction time�Supraventricular 

  tachyarrhythmias

Sinus tachycardia due to

  thyrotoxicosis, anxiety,

  and exercise

Ventricular arrhythmias with

  prolonged QT syndrome�Bronchoconstriction

Exacerbation of CHF

Bradycardia

Ischemia upon withdrawal

Fatigue, depression

Impotence��Amiodarone�III�≠ AP  duration and refractoriness

Slows sinus discharge

≠ AV nodal conduction time



1/2-life is 6 weeks�Supraventricular arrhythmias

Ventricular tachyarrhythmias



(Essentially, any

  tachyarrhythmia)�Agranulocytosis

Pulmonary fibrosis

≠ Hepatic enzymes

Corneal microdeposits

Bluish-gray skin discoloration

Hyper- or hypothyroidism

Nausea, constipation, anorexia

Bradycardia, hypotension

Exacerbates CHF��Sotalol�III�b-adrenergic blocking properties

Ø AV node conduction

Inhibits K+ currents

Increases action potential 

  duration

Prolongs atrial and ventricular 

  refractoriness�Supraventricular 

  tachyarrhythmias

Ventricular tachyarrhythmias�Torsades de pointes

Excessive QT prolongation

Bronchoconstriction

Exacerbation of CHF

Bradycardia

Ischemia upon withdrawal

Fatigue, depression

Impotence��Bretylium�III�Blocks norepinephrine

Blocks K+ channels, prolonging

  AP�Ventricular arrhythmias

Ventricular fibrillation�Hypotension

Transient hypertension and

  arrhythmia (initial release of

  norepinephrine)��Verapamil

Diltiazem�IV�Blocks L-type Ca2+ channels

Ø sinus rate

Ø AV conduction�Supraventricular arrhythmias�Left ventricular failure

Bradycardia

AV block��Atropine�N/A�Blocks the effects of Ach

≠ Sinus rate

≠ AV nodal conduction velocity

≠ Sinus nodal conduction 

    velocity�Sinus bradycardia

AV block localized to the

  AV node�Dry mouth

Tachycardia

Blurred vision

Delirium and hallucinations

Convulsions and coma��Adenosine�N/A�≠ AV nodal refractoriness�SVT due to nodal re-entry

  or re-entry associated with

  accessory pathway�Flushing

Dyspnea

Chest pain��AP = Action Potential; SVT = Supraventricular Tachycardia; Ach = Acetylcholine







�C.	Define defibrillation and cardioversion; describe how they differ.



	•	Direct-current (DC) electrical cardioversion refers to the delivery of a DC shock, usually

		of relatively low energy, synchronized with the QRS complex of an organized tachyarrhythmia

		•	QRS synchronization is important to avoid delivering a shock during ventricular 

			repolarization (T wave) that may precipitate ventricular fibrillation



	•	Defibrillation refers to an asynchronously delivered, relatively high-energy shock to terminate 

		ventricular fibrillation



	1.	Describe indications for their use.



		•	DC electrical cardioversion or defibrillation is the method of choice for terminating 

			tachyarrhythmias that result in hemodynamic deterioration and those unresponsive to 

			pharmacologic termination



		•	Tachycardia that produces complications of hypotension, congestive heart failure, or

			angina and does not respond promptly to medical management should be terminated

			electrically



	2.	Describe precautions that should be taken

			

		•	Prior to elective cardioversion the procedure should be explained to the patient and a 

			physical examination, including palpation of all pulses, performed



		•	Intravenous access should be available, and resuscitation equipment should be at hand



		•	As mentioned, it is important not to attempt cardioversion during ventricular repolarization



D.	Define the non-pharmacologic therapies for arrhythmias and the major indications for each



	1.	Pacemaker



		Define general rhythm indications — not necessary to learn all of Table 8-6 in Cecil’s.  

		Harrison’s has way too much detail.



		Table 8-7, p.80 in Cecil’s describes the terminology of pacing atria, ventricles, or both which

		is very important clinically, but will not be tested at Med II level



		•	Cardiac pacemakers are devices either implanted permanently or inserted temporarily, 

			consisting of a pulse generator and an electrode that is either placed transvenously into the

			right ventricle and/or atrium or sutured directly into the epicardium at the time of surgery

			•	Small electrical impulses, generated by the pulse generator and delivered via the electrode

				catheter, depolarize local cells to threshold potential and cause the entire chamber to

				depolarize



		•	See (but don’t memorize) Cecil, Table 8-6, p79



	2.	Automatic implantable cardioverter-defibrillator (AICD).



		•	Automatic implantable cardioverter-defibrillators (AICDs) perform antitachycardia

			pacing for ventricular tachyarrhythmias

			•	They automatically sense a rapid heart rhythm and deliver a 30- to 40-joule discharge

				to restore sinus rhythm

			•	They also deliver stimuli to treat bradycardias and terminate tachycardias

			•	Antitachycardia pacing can terminate many slower monomorphic ventricular 

				tachycardias



			•	The major hazard is acceleration of the ventricular tachycardia to a rapid, 

				hemodynamically unstable rhythm, and therefore immediate defibrillation capability 

				must also be available in the implanted device.

			•	If successful, antitachycardia pacing to terminate ventricular tachycardia is more 

				desirable than delivery of a shock



		•	AICDs may improve survival in patients resuscitated from sudden cardiac death not

			associated with a myocardial infarction and in patients with hemodynamically unstable

			drug-resistant ventricular tachycardias

		

	3.	Catheter ablation.



		Describe why this is so successful in the treatment of supraventricular arrhythmias based on

		mechanisms of arrhythmogenesis.



		•	Catheter ablation is radiofrequency energy delivered via a catheter as a safe and effective

			means of creating small, discrete lesions to ablate either an arrhythmia focus or a pathway

			associated with an arrhythmia

			•	Usually corrects arrhythmias associated with Wolff-Parkinson-White syndrome

			•	Selective ablation of the slow or fast AV nodal pathway responsible for AV nodal

				re-entrant tachycardia is effective while preserving anterograde AV nodal conduction

			•	The AV node can be modified or completely ablated in patients who have refractory

				atrial fibrillation or other atrial tachyarrhythmias with a rapid ventricular response

				•	Complete AV junctional ablation leaves the patient pacemaker dependent but

					eliminates the rapid ventricular response

			•	Catheter ablation for ventricular tachycardia is more difficult, but selected patients with

				monomorphic ventricular tachycardias associated with minimal or no structural heart

				disease may be good candidates

			•	Ablation of the circuit responsible for typical atrial flutter is often successful (80-90%)



		•	Since supraventricular arrhythmias are usually caused by aberrant pathways that allow the

			current to flow in a circular manner, resulting in continuing activation and tachycardia, 

			ablating the alternate pathway restores the normal electrical activation of the heart





IV.	Syncope.



Define syncope and describe the characteristics (especially pathophysiology) of the following causes,

with examples.



•	See Cecil, Table 8-8, p91



•	Syncope refers to a sudden transient loss of consciousness, usually due to a transient cerebral

	hypoperfusion

•	Presyncopy is described as a light-headed spell that, if more prolonged, would cause loss of 

	consciousness



	1.	Peripheral vascular or circulatory causes.



		•	It is commonly precipitated by emotional stress, extreme fatigue, injury, or pain

			•	It is why you might kiss the floor during your surgery rotation (as seen on ER)



		•	In its classic form, vasodepressor syncope comprises a constellation of symptoms 

			including hypotension, bradycardia, nausea, pallor, and diaphoresis



		•	Vasovagal, vasodepressor, neurocardiogenic syncope sequence of events —

			Ø Venous return

			Æ 	Ø stroke volume

			Æ 	Excessive ventricular mechanoreceptor stimulation (afferent vagal C fibers)

			Æ 	Sympathetic withdrawal

			Æ 	Activation of parasympathetic nervous system via centrally mediated vasomotor

				reflex

			Æ	Further vasodilatation and bradycardia (a real vicious cycle).



			•	It is essentially inappropriate peripheral vasodilatation and relative bradycardia leading

				to hypotension and inadequate cerebral perfusion (does that sound cool or what?)

			•	Orthostatic stress induced by prolonged upright tilt testing at 60 to 80 degrees is a

				sensitive technique for reproducing syncope in many patients with this syndrome



	2.	Central nervous system causes.



		•	Transient ischemic attacks and strokes are unusual causes of syncope

			•	They occur in patients with atherosclerotic narrowing, occlusion, or emboli to the

				major arteries in the brain

			•	Sudden drop attacks may mimic syncope

			•	The hypoperfusion of the brain is directly related to the lack of blood in the brain

				due to the arteries themselves

			•	Seizures, which are from inappropriate electrical activity of the brain, may cause a

				loss of consciousness due to the direct activity of neurons



	3.	Metabolic causes.



		•	Hypoglycemia (syncope from which is rare), anemia, increased carbon dioxide to the

			brain due to hyperventilation can alter the nutrients or oxygen delivered to the brain, 

			resulting in syncope



	4.	Cardiac causes.



		•	Cardiac syncope results from a sudden reduction in cardiac output, caused most commonly

			by a cardiac arrhythmia

		•	Ventricular rates below 35 to 40 beats/min and above 180 beats/min can reduce cerebral 

			blood flow, especially if the person is in the supine position

		•	Examples:

			•	AV block

			•	Tachyarrhythmias

			•	Paroxysmal ventricular tachycardia

			•	Reflexive heart block (due to irritation of the vagus nerves)

			•	Acute massive myocardial infarction (syncope sounds good compared to what else 

				might happen!)





Submodule D:  Congeniatl Heart Disease, Pulmonary Hypertension, Cor Pulmonale



Scope and Objectives



	This submodule deals with abnormalities of the heart which result from abnormal embryologic development.  The abnormalities are divided into simple shunts and obstructions to flow which are not cyanotic; and combinations of shunts and obstruction to flow and/or great vessel malrotations which result in cyanosis.  Only the common lesions and/or those lesions which illustrate the important pathophysiology are included—information on other lesions included in the text is purely optional.  Pulmonary hypertension, an important complication of congenital heart disease, and also of lung disease is covered in both contexts in this submodule.  The concentration is on pathophysiology, diagnosis by physical examination and pertinent test.  Knowledge of specific therapy is not required.  Gross pathology is included here as it is not in Submodule I.  The Cardiovascular Study Unit (videodisc) is particularly helpful in mastering the material in this submodule.  Cecil’s and Harrison’s are both needed — cor pulmonale is in Harrison’s only.



	If you know the pathophysiology of a specific congenital defect and know the relationships of the heart chambers and great vessels to chest wall landmarks, then you can derive the physical examination findings.  The changes in chamber sizes (mass, volume) occurring with the specific lesions and the complications which occur can be deduced using the principles studied in the Submodule B (i.e. the compensatory mechanisms in response to pressure and/or volume overload and the consequences of same — good and bad).



Important Concepts From Normal Man to Review Are:



A.	Embryologic development — specifically septation of the heart and great vessels.



	•	Primitive heart tube is formed by the folding of the primitive  vascular tube

		•	Appears in the splanchnic mesodermal tissue near the pericardial cavity at about the 

			start of the third week of gestation

	•	Differential growth forms a cardiac loop bending toward the right

	•	3 distinct portions of the tube can be distinguished:



		Sinus venosus

		•	Most caudal portion of the primitive heart tube

		•	An independent chamber during the early stage of development of the heart



		•	Umbilical veins are formed from the sinus venosus, ultimately giving rise to the:

			•	Superior and inferior vena cavae

			•	Pulmonary veins

			•	Coronary sinus

			•	Posterior portions of the right and left atria



		Cardiac loop

		•	The intermediate portion of the primitive heart tube, which twists on itself to form

			three distinct portions:

			1.	Primitive atrium

			2.	Ventricle

			3.	Bulbus cordis



		•	The cardiac chambers are at first single

			•	Septation forms separate right and left-sided atria and ventricles at a later stage



		Aortic (Branchial) Arches

		•	The most distal portion of the primitive heart tube forms the aortic sac

			•	Distal to this sac, six paired aortic arches appear sequentially

				•	Some disappear, but others persist to give rise to the great vessels

					•	The third arch persists as the internal carotid artery

					•	The left fourth arch forms the arch of the aorta

					•	The sixth arch gives rise to the pulmonary arteries and the ductus arteriosus



	Septation

	•	Atria:

		•	A septum extends downward and forward toward the center of the heart where the 

			endocardial cushions are located and from which the atrioventricular valves subsequently

			develop

			•	A hole develops in the septum primum in the middle of the atrium, and atrial septation

				is never complete



		•	A second atrial septum (septum secundum) grows on the right side of the septum primum

			•	The septum secundum does not extend all the way forward and downward to the 

				endocardial cushions, and a persistent interatrial communication between the two atrial

				septa persists as the foramen ovale until birth



	•	Ventricles:

		•	Separation of the primitive ventricle into right and left chambers is accomplished by the

			development of an interventricular septum

			•	Grows from the anterior wall of the common ventricle

			•	Its free margin is aligned slightly to the right of the midline, toward the region of the

				endocardial cushions

		•	The most distal part of the primitive ventricle, the bulbus cordis, dilates to form the truncus

			arteriosus, which develops between the ventricles and the aortic arches

		•	A spiral septum forms within the bulbus cordis and grows downward toward the center of

			the heart, where the endocardial cushions are forming the atrioventricular valves and meeting

			the ventricular septum

			•	The upper (membranous) part of the ventricular septum is formed in this area from

				endocardial cushion tissue

			•	The spiral bulbar septum separates the truncus arteriosus into right and left portions,

				forming the root of the aorta and the outflow tract of the right ventricle, respectively,

				along with their appropriate valves



B.	Fetal circulation and changes in the circulation which occur at birth.



	•	See Nelson’s Textbook of Pediatrics (if you have it), fig 382-1, p1283



	•	In the fetal circulation, the right and left ventricles exist in a parallel circuit as opposed to the 

		series circuit in the newborn of adult	

		•	In the fetus, gas and metabolite exchange are provided for by the placenta; the lungs don’t 

			provide gas change and vessels in the pulmonary circulation are vasoconstriction

	•	Three cardiovascular structures unique to the fetus:

		1.	Ductus venosus

		2.	Foramen ovale

		3.	Ductus arteriosus



	•	Oxygenated blood enters the fetus through the umbilical vein

		Æ	50% enters hepatic circulation

		Æ	The other half bypasses the liver and joins the inferior vena cava via the ductus venosus

		Æ	The blood then enters the right atrium and is directed preferentially across the foramen 

			ovale to the left atrium

		Æ	Then the blood flows into the left ventricle and is ejected into the ascending aorta



		•	Fetal superior vena caval blood, which is considerably less oxygenated, enters the right 

			atrium and preferentially traverses the tricuspid valve, rather than the foramen ovale, and 

			flows primarily to the right ventricle	

			Æ	Pulmonary artery

				•	Because the pulmonary arterial circulation is vasoconstricted, only about 10% of 

					right ventricular outflow enters the lungs

				•	The major portion of this blood bypasses the lungs and flows through the ductus 

					arteriosus into the descending aorta to perfuse the lower part of the fetal body as 

					well as to return to the placenta via the two umbilical arteries

					•	This results in upper body being perfused exclusively from the left ventricle 

						with a slightly higher Po2 than the blood perfusing the lower fetal body, which is 

						derived mostly from the right ventricle

				•	Right ventricular output is about 1.3 times left ventricular output



C.	Differences between the pulmonary and systemic circulations in the normal heart.



	•	Pulmonary vascular resistance is normally one-tenth that of systemic vascular resistance and

		accounts for the small pressure gradient required to propel blood across the pulmonary 

		vascular bed

		•	The systemic circulation has much more muscular, elastic arteries because of the vastly

			greater pressures that they withstand



	•	Because the pulmonary vasculature is very distensible (compliant), a relatively large left-to-

		right shunt may exist with only a minimal rise in pulmonary arterial pressure (until or unless

		there are secondary structural and/or vasoconstrictive changes in the pulmonary vascular bed)

		if there is communication between the two sides (atrial septal defect, ventricular septal

		defect, etc.)



I.	List Causes of Maldevelopment.  (See Harrison’s for this part)			 



A.	Syndromes by blue headings only from Table 235-1, p.1301-1302, Harrison’s.  No need to 

	memorize detailed lists, except examples in B & C below.



	•	See Harrison, Table 235-1, p1301-2



	•	Heritable and possibly heritable disorders

	•	Connective tissue disorders

	•	Inborn errors of metabolism

	•	Chromosomal abnormalities

	•	Sporadic disorders

	•	Teratogenic disorders



B.	Chromosome abnormalities (Down’s, Turners)



	Down’s syndrome (Trisomy 21)



	•	Major cardiovascular manifestations:

		•	Endocardial cushion defect

		•	Atrial or ventricular septal defect

		•	Tetralogy of Fallot



	Turner’s syndrome (XO)



	•	Major cardiovascular manifestations:

		•	Coarctation of aorta

		•	Bicuspid aortic valve



C.	Teratogenic disorders (infection, alcohol, drugs)



	Alcohol



	•	Major cardiovascular manifestations:

		•	Ventricular septal defect

		•	Other defects



	Rubella



	•	Major cardiovascular manifestations:

		•	Patent ductus arteriosus

		•	Pulmonic valvular and/or arterial stenosis

		•	Atrial septal defect



	Drugs



	•	Phenytoin-induced:

		•	Pulmonic stenosis

		•	Aortic stenosis

		•	Coarctation

		•	Patent ductus arteriosus



	•	Thalidomide-induced:

		•	Variable



	•	Lithium-induced

		•	Ebstein’s anomaly

		•	Tricuspid atresia



II.	Classification of Congenital Heart Disease



A.	Intracardiac and great vessel shunts.



	1.	List the determinants of the magnitude and direction of shunt flow.



		•	Determinants of the magnitude and direction of shunt flow

			•	Size of shunt

				•	Cross-sectional area

				•	Length (ductus arteriosus)

			•	Pressure & resistance relationships between the systemic and pulmonary circulations

				•	Blood will flow from an area of greater pressure/resistance to an area of less

					pressure/resistance



	2.	Define left to right and right to left shunting and describe methods of detection.



		•	Left to right shunting occurs when blood from the systemic circulation is shunted to the

			pulmonary circulation

		

		•	Right to left shunting occurs when blood from the pulmonary circulation is shunted to

			the systemic circulation



		•	The electrocardiogram may reveal which parts of the heart are enlarged

		•	A chest x-ray may show enlargement of the cardiac chambers and vessels

			•	Chest x-ray will also show an increase or decrease in pulmonary blood flow

		•	Echocardiogram shows enlargement of the chambers and vessels

		•	Color doppler echocardiography shows the direction of blood flow, showing blood flowing

			through shunts

		•	Cardiac catheterization can determine shunts using intracardiac pressure measurements

	3.	Define cyanosis, clubbing, polycythemia (erythrocytosis).



		•	Cyanosis is a bluish coloration of the skin and mucous membranes resulting from an

			increase in the amount of reduced hemoglobin

			•	Generally indicates and increase in deoxygenated arterial blood



		•	Clubbing indicates a selective bullous enlargement of distal segments of fingers and toes 

			due to proliferation of connective tissue

			•	Seen in states of chronic hypoxia



		•	Polycythemia (erythrocytosis) is in increase in the number of red blood cells in the

			circulation

			•	Occurs in chronic hypoxemia due to increased erythropoietin production



	4.	Define atrial septal defect (ASD) in terms of:



		a.	Anatomic types.



			•	Sinus venosus type occurs high in the atrial septum near the entrance of the superior

				vena cava (SVC)

				•	Associated frequently with anomalous connection of pulmonary veins from the

					right lung to the junction of the SVC and right atrium



			•	Ostium primum anomalies are a form of atrioventricular septal defect that lie

				immediately adjacent to the atrioventricular valves, either of which may be deformed

				and incompetent

				•	Occur commonly in patients with Down’s syndrome



			•	Ostium secundum defects involve the fossa ovalis and are midseptal

				•	The most common form of ASD

				•	Anatomic obliteration of the foramen ovale, but residual “probe patency” is a normal

					variant

					•	ASD denotes a true deficiency of the atrial septum and implies functional and

						anatomic patency



		b.	Pathophysiology and its consequences.



			1)	Changes in chamber and great vessel pressures (as measured during cardiac 

				catheterization).



				•	The left and right atrial pressures are similar

				•	Uncomplicated atrial septal defect subjects the right ventricle to a volume overload

				•	Pulmonary vascular resistance and pulmonary arterial pressure tend to remain low

					•	Significant pulmonary hypertension and the development of pulmonary vascular

						disease are uncommon but do occur in a small percentage of patients with a large

						shunt

					•	Older patients tend to deteriorate and become symptomatic



			2)	Changes in chamber volumes and mass.



				•	Enlargement of the right atrium and ventricle

					•	The right atrium is exposed to greater volumes due to the left-to-right shung

						•	The cardiac output of the right ventricle is increased

					•	The right ventricle and atrium enlarge to meet the greater output demands



			3)	Changes in size of great vessels (arteries and veins).



				•	Dilatation of the pulmonary artery and its branches

					•	Due to increased flow



			4)	Changes in oxygen contents (saturations) in vessels and chambers — called oximetry,

				the most accurate method of shunt quantitation.



				•	A left-to-right shunt usually results in a higher oxygen saturation in the right

					atrium and right ventricle (which normally only carries deoxygenated blood from

					the IVC and SVC)



				•	Pulmonary hypertension may cause a right-to-left shunt, resulting in reduced

					systemic arterial oxygen saturations

					•	This is due to deoxygenated blood from the right atrium being shunted into the

						systemic circulation



			5)	Electrocardiographic and chest x-ray abnormalities.



				ECG abnormalities in ASD



				•	Ostium secundum type:

					•	Right axis deviation

					•	rSr’ pattern in the right precordial leads

						•	Represents delayed posterobasal activation of the ventricular septum and

							enlargement of the right ventricular outflow tract



				•	Sinus venosus type:

					•	Ectopic atrial pacemaker or first-degree heart block occurs occasionally



				•	Ostium primum type:

					•	Right ventricular conduction defect

					•	Left axis deviation

					•	Superior orientation and counterclockwise rotation of the QRS loop in the

						frontal plane



				•	Varying degrees of right ventricular and right atrial hypertrophy may occur with

					each type of defect, depending on the height of the pulmonary artery pressure



				Chest X-ray abnormalities in ASD

				•	Enlargement of the right atrium and ventricle

				•	Dilatation of the pulmonary artery and its branches

				•	Increased pulmonary vascular markings



		c.	Physical findings.



			1)	Chamber, vessel enlargement by palpation, chest wall landmarks.



				Physical findings in ASD

				•	Prominent right ventricular cardiac impulse

					•	Due to increased volume load



				•	Palpable pulmonary artery pulsation

					•	Yeah, sure, sounds great in theory, but how many of us are really going to feel

						the pulmonary artery pulsation through someone’s chest?  And while you’re

						at it, try to distinguish the different subtle waves of the jugular venous pulse

						on someone’s neck!



			2)	Alterations in heart sounds.

			3)	Additional heart sounds.

			4)	Type and mechanism of murmur, location using chest wall landmarks



				Heart sounds in ASD

				•	First heart sound is normal or split, with accentuation of the tricuspid valve 

					closure sound

					•	Recall the the right side of the heart has a greater output, resulting in a louder

						tricuspic closure sound

				•	Second heart sound is widely split and relatively fixed in relation to respiration



				•	Midsystolic pulmonary ejection murmur

					•	Due to increased flow across the pulmonic valve

				•	Middiastolic rumbling murmur

					•	Loudest at fourth intercostal space along the left sternal border

					•	Reflects increased flow across the tricuspid valve (detect a theme yet?)



				•	In patients with ostium primum defects, an apical thrill and holosystolic murmur

					indicate associated mitral or tricuspid incompetence or a ventricular septal defect



				•	Physical findings are altered when an increase in the pulmonary vascular resistance

					results in diminution of the left-to-right shunt

					•	Pulmonary and tricuspid murmurs decrease in intensity

					•	Pulmonic component of the second heart sound and a systolic ejection sound are

						accentuated

					•	Two components of the second heart sound may fuse

					•	A diastolic murmur of pulmonic regurgitation appears

					•	Cyanosis and clubbing accompany the development of a right-to-left shunt



	5.	Define ventricular septal defect (VSD) in terms of letters a, b, & c above.



		a.	Anatomic types



			1.	Perimembranous septum

				•	The opening is usually single and is in the membranous portion of the septum

			2.	Muscular septum

				•	Only a small number of VSDs occur in the muscular part of the septum, and these 

					may be multiple

			3.	Inlet septum

			4.	Infundibular septum



		b.	Pathophysiology and its consequences.



			•	Equal pressures in the right and left ventricles

			•	Increased right ventricular pressures

				•	Dilatation of the pulmonary artery due to increased blood flow

				•	Can lead to pulmonary hypertension



			•	Increase in right ventricular size and mass

			•	Increase in left ventricular size and mass



			•	Left-to-right shunt might result in secondary pulmonary vascular disease and pulmonary

				hypertension

				•	This significant increase in pulmonary artery pressure and vascular resistance may

					replace the left-to-right shunt with a right to left shunt

					•	This is known as Eisenmenger’s complex

						•	Results in arterial oxygen desaturation and cyanosis

							•	Cyanosis, clubbing, erythrocytosis

						•	May occur whenever a left-to-right shunt is replaced with a right-to-left

							shunt (may occur in ASD)

						•	Once Eisenmenger’s occurs, surgery can’t reverse the problem (due to the

							pulmonary vascular disease that has formed) 



			•	As in VSD, a left-to-right shunt will result in increased oxygen saturation of the right

				ventricle

			•	A right-to-left shunt results in a decreased oxygen saturation of systemic arterial

				blood (Eisenmenger’s)



			•	ECG shows biventricular or left ventricular hypertrophy



			•	Chest X-ray:

				•	Cardiomegaly (right and left ventricular enlargement)

				•	Large pulmonary artery

				•	Increased pulmonary vasculature



		c.	Physical findings.



			•	Normal or moderately split S2

			•	S3 gallop



			•	Holosystolic left parasternal murmur, often with a palpable thrill

			•	Diastolic tricuspid flow murmur



			•	Apical impulse is prominent and displaced laterally with parasternal impulse

			•	Findings of pulmonary hypertension if present



		5a.	Define patent ductus arteriosus (PDA) in terms of “b” and “c” above.



			b.	Pathophysiology and its consequences.



				•	Recall that the ductus arteriosus is a vessel leading from the bifurcation of the 

					pulmonary artery to the aorta just distal to the left subclavian artery

					•	It is normally open in the fetus but closes immediately after birth



				•	The flow across the ductus is determined by the pressure and resistance 

					relationships between the systemic and pulmonary circulations and by the cross-

					sectional area and length of the ductus

					•	Most adults with PDA have normal pulmonary pressures



				•	Pressures in the pulmonary artery and right ventricle increase

				•	Left ventricular hypertrophy due to volume overload

					•	The left ventricular cardiac output is increased due to the left-to-right shunt



				•	Dilatation of the left atrium and left ventricle

				•	Dilated aorta

					•	This is due to volume overload in pulmonary hypertension



				•	When there is a left-to-right shunt, there will be an increased O2 content in the

					pulmonary artery

				•	If a right-to-left shunt forms, deoxygenated blood is shunted to the descending aorta,

					but not the brain and upper extremities



				•	ECG:

					•	Left ventricular hypertrophy



				•	Chest x-ray

					•	Dilatation of pulmonary artery

					•	Increased pulmonary vasculature

					•	Enlarged left atrium, left ventricle, and aorta 

					•	Occasionally calcified ductus arteriosus



			c.	Physical findings.



				•	Widened arterial pulse pressure

				•	Hyperdynamic apical impulse (left ventricle)

				•	Continuous “machinery” murmur with a late systolic accentuation at the upper

					left sternal edge



				•	If present, pulmonary hypertension produces characteristic findings

					•	Toes, but not the fingers, become cyanotic and clubbed (differential cyanosis)

						•	This is because shunted deoxygenated blood from the pulmonary artery is

							shunted after the subclavian arteries have received the fully oxygentated

							blood from the aorta; the feet receive the less oxygentated blood



B.	Simple obstructions to flow.



	1.	Define pulmonic stenosis (PS) in terms of:



		a.	Level of obstruction



			•	Pulmonic stenosis may occur at the:

				•	Supravalvular level

				•	Valvular level

				•	Subvalvular level

				•	A combination of them



			•	The severity of the obstructing lesion, rather than the site of narrowing, is the most

				important determinant of the clinical course

				•	Pressure gradient between right ventricle and pulmonary artery below 50 mmHg is 

					mild

				•	Pressure gradient between 50 and 80 mmHg is moderate

				•	Pressure gradient greater than 80 mmHg is severe



		b.	Pathophysiology and its consequences (as defined in ASD above).



			•	Symptoms and physical findings depend on the severity

				•	Patients with mild pulmonic stenosis are generally asymptomatic and demonstrate

					little or no progression in the severity of obstruction with age

				

			•	The impedance to flow results in increased right ventricular pressures

				•	Right ventricular (RV) hypertrophy

				•	Right atrial enlargement

					•	The RV hypertrophy results in decreased ventricular compliance, requiring 

						more forceful atrial contractions to fill the ventricle

			•	Poststenotic dilation of main or left pulmonary artery



			•	If cyanosis is present, it reflects right-to-left shunting through a patent foramen ovale

				or ASD



			•	Electrocardiogram:

				•	In mild cases, often normal



				•	Moderate and severe cases associated with:

					•	Right axis deviation

					•	Right ventricular hypertrophy



				•	Severe cases:

					•	Ventricular strain pattern

					•	Right atrial enlargement

						•	High-amplitude P waves in leads II and V1



			•	Chest X-ray:

				•	Poststenotic dilation of main or left pulmonary artery

				•	Right atrium and right ventricular enlargement

				•	Pulmonary blood flow normal or reduced



		c.	Physical findings (as defined in ASD above).



			•	Fatigue, dyspnea, right ventricular failure, and syncope may limit the activity of older 

				patients, in whom moderate or severe obstruction may prevent an augmentation of 

				cardiac output with exercise



			•	Prominent a waves in the jugular venous pulse

				•	The blood that would normally flow out of the right ventricle is backing up to the

					systemic veins, demonstrated in the jugular veins during right atrial contraction

			•	Right ventricular parasternal impulse

			•	Might see presystolic pulsation of the liver due to vigorous right atrial contraction



			•	Right ventricular fourth heart sound

			•	Widely split S2 with soft (or inaudible) P2

				•	The obstruction results in prolonged right ventricular ejection



			•	Systolic ejection murmur and thrill at the upper left sternal border

				•	Typically preceded by a systolic ejection sound if the obstruction is valvular

			•	Holosystolic decrescendo murmur of tricuspid regurgitation may accompany severe 

				pulmonic stenosis, especially in the presence of congestive heart failure



	3.	Define aortic stenosis (AS) in terms of a to c above for pulmonary stenosis.



		a.	Level of obstruction

						

			•	Supravalvular aortic stenosis

			•	Valvular aortic stenosis

				•	Three to four times more common in males

			•	Subaortic valvular stenosis



		b.	Pathophysiology and its consequences.



			•	Concentric hypertrophy of left ventricle

				•	Due to the increasing pressure against which the left ventricle must pump



			•	There is a pressure gradient across the aortic valve

				•	Pressure gradient exceeding 50 mmHg is considered a critical obstruction



			•	Dilatation of the ascending aorta

			•	Valvular stenosis may involve calcification of the leaflets of the aortic valve



			•	The resting cardiac output is generally normal but fails to rise with exercise

				•	Can cause exertional syncope, angina



			•	Electrocardiogram:

				•	Left axis deviation associated with left ventricular hypertrophy

				•	May have left bundle branch block

				•	Rarely has heart block from calcific involvement of conduction system



			•	Chest X-ray:

				•	Left ventricular prominence without dilation

				•	Poststenotic aortic root dilation

				•	Aortic valve calcification



		c.	Physical findings.



			•	Left ventricular heave

			•	Decreased pulse pressure and carotid pulse



			•	Palpable S4 gallop

			•	Preserved A2 (noncalcified valve) with single or paradoxical splitting of S2



			•	Systolic ejection murmur, often with palpable thrill

			•	Concomitant aortic regurgitation is common



			•	Aortic ejection click

	3.	Define coarctation (COARC) of the aorta in terms of a to c above for pulmonary stenosis.



		a.	Level of obstruction



			•	Narrowing or constriction of the lumen of the aorta may occur anywhere along its

				length 

			•	It is most common distal to the origin of the left subclavian artery near the insertion

				of the ligamentum arteriosum



		b.	Pathophysiology and its consequences.



			•	Increased left ventricular pressure

			•	Increased aortic pressure proximal to the coarctation



			•	Location of coarctation distal to the origin of the left subclavian artery results in blood

				pressure much higher in arms and thorax than in the legs

				•	Brisk upper extremity pulses, but diminished or late femoral pulses

				•	Can cause severe upper body hypertension (cerebral aneurysms, hemorrhage, 

					rupture of aorta)



			•	Left ventricular hypertrophy

			•	Dilated left subclavian artery and ascending aorta

			•	Notching of aorta at the coarctation with pre- and post-stenotic dilatation



			•	Electrocardiography:

				•	Left ventricular hypertrophy



			•	Chest X-ray:

				•	Left ventricular enlargement

				•	Prominent ascending aorta and dilated left subclavian artery

				•	Pre- and post-stenotic dilatation

				•	Notching of inferior aspects of the ribs

					•	Due to erosion by dilated collateral vessels

				

		c.	Physical findings.



			•	Sustained apical impulse

			•	Reduced lower extremity blood pressure

				•	Diminished or late femoral pulses



			•	S4 gallop



			•	Mid-systolic coarctation murmur at the left sternal border or posterior left

				intrascapular area 

			•	Continuous murmur from collaterals



C.	Cyanotic congenital heart disease.



	1.	Cyanosis with increased pulmonary blood flow.

	

		a.	Define transposition of the great vessels (arteries) (TGA) in terms of:



			1)	Pathophysiology and its consequences as defined for ASD above.



				•	Complete transposition of the great arteries (TGA) is when the aorta arises

					from the right ventricle to the right of and anterior to the pulmonary artery,

					which emerges from the left ventricle (Harrison, fig 235-1, p1307)

					•	This results in two separate and parallel circulations

					•	There must be some communication between the two for survival after

						birth



				•	Results in increased pulmonary arterial pressure

				•	Increased pulmonary blood flow



				•	The mixing of arterial and venous blood results in reduced O2 content throughout

					the heart and circulation



				•	Pulmonary vascular obstruction develops by 1 to 2 years of age in patients with an

					associated large ventricular septal defect or large patent ductus arteriosus in the

					absence of obstruction to left ventricular outflow



			2)	Anatomic requirements for survival.



				•	There must be some communication between the two circulations to sustain life

					after birth

					•	Most patients have an interatrial communication

					•	Two-thirds have a patent ductus arteriosus

					•	One-third have an associated ventricular septal defect



			3)	Describe how you could surgically “correct” the physiology (in general terms).



				1.	Catheter/surgical creation or enlargement of an interatrial communication in the 

					neonate

				2.	Systemic-pulmonary artery anastamosis in patients with severe obstruction to

					left ventricular outflow and diminished pulmonary blood flow

				3.	Rearranging the venous returns so that the systemic venous blood is directed to the

					mitral valve while pulmonary venous blood is diverted through the tricuspid valve

					and right ventricle to the aorta

				4.	Switching the aorta and pulmonary arteries and transposing both coronary 

					arteries to the posterior artery



	2.	Cyanosis with decreased pulmonary blood flow.



		a.	Define Tetralogy of Fallot in terms of:



			1)	Pathophysiology and its consequences as for previous lesions.



				•	The four components are:

					1.	Ventricular septal defect

					2.	Pulmonic stenosis

					3.	Aortic override (straddle) of the ventricular septal defect (right sided aortic arch)

					4.	Right ventricular hypertrophy



				•	The severity of the right ventricular obstruction determines the clinical presentation



				•	The pulmonic stenosis results in resistance to right ventricular outflow

				•	VSD results in equal pressures for right and left ventricles



				•	Right ventricular hypertrophy

				•	May have right atrial hypertrophy



				•	Pulmonary blood flow is reduced

					•	Unoxygenated blood is shunted into systemic circulation, resulting in low 

						systemic arterial O2 content



				•	ECG reveals right ventricular (and sometimes right atrial) hypertrophy



				•	Chest X-ray:

					•	Normal-sized, boot-shaped heart with prominence of the right ventricle and

						a concavity in the region of the pulmonary conus

						•	Due to right ventricular hypertrophy, small pulmonary artery, small left

							ventricle

					•	Pulmonary vascular markings typically diminished

					•	Aortic arch and knob may be on the right side



			2)	Necessary measures for long-term survival



				•	Maintain right ventricular output

				•	Eventually requires corrective surgery



			3)	Physical findings as for previous lesions.



				•	Due to the right-to-left shunt, systemic O2 content is reduced

					•	Patient is usually cyanotic

					•	Clubbing

				•	Normal jugular venous pressure



				•	Soft P2 with mild stenosis, absent P2 with severe stenosis



				•	Prominent pulmonic ejection murmur along left sternal border

				•	No murmur across ventricular septal defect (equalization of pressure in left

					ventricle and right ventricle)





	3.	List the complications of congenital heart disease.



		a.	Define which ventricle may fail in the shunts, obstructions to flow, and cyanotic lesions

			in the objectives above



			Atrial septal defect			Right ventricular failure

			Ventricular septal defect	Right ventricular failure

			Patent ductus arteriosus	Left ventricular failure

			Pulmonic stenosis			Right ventricular failure

			Aortic stenosis				Left ventricular failure

			Coarctation of the aorta		Left ventricular failure

			Tetralogy of Fallot			Right ventricular failure



		b.	Describe the consequences of right to left shunting



			•	In right to left shunting, deoxygenated blood that should be going to the lungs is

				shunted into the systemic circulation, lowering the oxygen content of the blood being

				delivered to the tissues

			•	Right to left shunting occurs when there is increased pulmonary vascular resistance

				leading to pulmonary hypertension and there is less resistance if the blood is shunted

				into the systemic circulation

				•	Also results in right ventricular and eventually right atrial hypertrophy



		c.	Define the normal relationship between cardiac output and pulmonary artery pressure.



			•	Left-to-right shunts, such as ASD, VSD, etc., result in increased cardiac output to

				the pulmonary circulation

				•	This increase in cardiac output results in increased capillary pressures



			•	In response to this increased flow, pulmonary arteries may constrict in an attempt to 

				restore pulmonary blood flow and capillary pressures

			•	This increases pulmonary arterial pressure, resulting in pulmonary hypertension



		d.	Define the two types of pulmonary hypertension that occur in congenital heart disease in 

			terms of the formula:   Q = P/R



			•	Q = P/R

				•	Q = blood flow

				•	P = pressure

				•	R = resistance



			•	In hyperkinetic pulmonary hypertension (ASD, VSD, patent ductus, peripheral AV 

				shunts), the hypertension is due to increased cardiac output in the pulmonary 

				circulation (the Q part!)



			•	The defects may result in increased pulmonary vascular resistance, which increases

				pulmonary hypertension (the R part!)



		e.	Define Eisenmenger’s physiology.



			•	A left-to-right shunt may produce secondary pulmonary vascular disease which 

				increases the pulmonary vascular resistance and causes pulmonary hypertension

				•	The left-to-right shunt is replaced by a right-to-left shunt as the systemic circulation

					becomes the direction of least resistance

				•	This is known as Eisenmenger’s complex and may show the following findings:

					•	Cyanosis

					•	Clubbing of fingers

					•	Erythrocytosis

					•	Signs of pulmonary arterial hypertension:

						•	Prominent jugular a wave

							•	Decreased ventricular compliance due to right ventricular hypertrophy

						•	Jugular regurgitant wave (if functional tricuspid regurgitation is present)



						•	Left parasternal (right ventricular) lift

						•	Palpable pulmonary artery pulsation

							•	Felt at the second left intercostal space



						•	Loud P2



						•	Pulmonary ejection murmur

						•	Diastolic decrescendo murmur of pulmonic insufficiency

						•	Holosystolic murmur of tricuspid regurgitation





IV.	Define Cor Pulmonale



	•	Cor Pulmonale is enlargement of the right ventricle secondary to diseases of the lung, thorax,

		or pulmonary circulation

		•	It is often accompanied by right ventricular failure, with an elevation of transmural right

			ventricular end-diastolic pressure



A.	Define the determinants of right ventricular function, including the role of the left ventricle.



	•	Flow through the pulmonary vascular bed depends on:



		•	Pumping action of the right ventricle

			•	Preload

			•	Contractility

			•	Afterload



		•	Respiratory movements

			•	Respiratory motion facilitates pulmonary blood flow by aspirating blood into the thorax

				on inhalation and then propelling it forward by the positive pressure of exhalation acting

				on a one-way valved system



		•	Contractions of the left ventricle

			•	Since they share the ventricular septum, they are interrelated

			•	Also, failure of the left ventricle backs up into the pulmonary system



B.	List causes of cor pulmonale (acute and chronic)



	•	The severity of right ventricular enlargement in cor pulmonale is a function of the increase in

		afterload



	1.	Pulmonary vascular causes



		Pulmonary vascular causes of cor pulmonale

		•	Repeated pulmonary emboli

		•	Pulmonary vasculitis

		•	Pulmonary vasoconstriction secondary to high altitude

		•	Congenital heart disease with left-to-right shunting

		•	Pulmonary venoocclusive disease



	2.	Respiratory causes



		Respiratory causes of cor pulmonale



		•	Obstructive

			•	Chronic bronchitis

			•	Emphysema

			•	Chronic asthma



		•	Restrictive

			•	Interstitial fibrosis

			•	Lung resection

			•	Obesity

			•	Myxedema

			•	Muscle weakness

			•	Kyphoscoliosis

			•	Upper airway obstruction

			•	Diminished respiratory drive

			•	High altitude



C.	Define the mechanisms of pulmonary hypertension in “1” and “2” above.



	1.	Pulmonary vascular causes



		•	Vascular obstruction, such as repeated emboli, vasculitis, or other occlusions increase the

			resistance in the pulmonary vasculature

			•	In order to maintain the same pulmonary blood flow (Q = P/R), the pressures created

				by the right heart must increase to compensate

			•	If the disorder develops slowly, pulmonary arterial pressures can reach systemic

				levels



	2.	Respiratory diseases.



		•	Pulmonary vasoconstriction may be directly due to the restriction of the pathology 

			(e.g., severe obstructive bronchitis and emphysema)



		•	Pulmonary hypertension in chronic obstructive lung disease (COLD) is due to:

			•	Pulmonary vasoconstriction caused by the alveolar hypoxia, acidemia, and hypercarbia

			•	Mechanical effects of the high lung volume on the pulmonary vessels

			•	Loss of small vessels in the vascular bed in regions of emphysema and lung destruction

			•	Sometimes by the increased cardiac output and blood viscosity caused by polycythemia

				secondary to hypoxia



D.	Describe the clinical signs and symptoms of pulmonary hypertension.



	•	Breathlessness (dyspnea)

		•	It may be distressing during mild exertion or even at rest and is not relieved by sitting 

			upright

	•	Unproductive cough

	•	Anterior chest pain

		•	Due to acute dilation of the root of the pulmonary artery or right ventricular ischemia



	•	Occasionally cyanosis

		•	Arterial hypoxemia and low cardiac output

		•	May be from right-to-left shunt

	

	•	Right ventricular heave palpable along left sternal border



	•	High-pitched pulmonary ejection click may be audible to the left of the upper sternum



	•	P2 is intensified and may be palpable

	•	May have fixed splitting of S2

	•	S3 gallop which increases during inspiration



	•	Holosystolic murmur of tricuspid regurgitation

	•	May have diastolic decrescendo murmur of pulmonic regurgitation

	

	•	Prominent a (sometimes also v) waves in the jugular venous pulse

	

	•	Electrocardiogram:

		•	Right ventricular enlargement

		•	Right axis deviation



	•	Chest X-ray:

		•	Pulmonary trunk and hilar vessels are enlarged

		•	Widening of the descending right pulmonary artery shadow



E.	Define primary pulmonary hypertension.



	•	Primary pulmonary hypertension is an increase in pulmonary artery pressure and 

		pulmonary vascular resistance without an obvious cause

		•	Evidence suggests that it occurs in predisposed individual who develop the disease 

			after exposure to some intrinsic or extrinsic stimulus (gee, that narrows it down!)





Submodule E:  Valvular Heart Disease, Endocarditis



Scope and Objectives



	This submodule is concerned with abnormalities of cardiac valve function.  The pathophysiologic consequences of these abnormalities are similar regardless of etiology and are most important to learn.  Acute rheumatic fever and subsequent rheumatic heart disease commonly affect the valves; hence, they are included in more detail.  Complications of valvular disease are commonly seen and are included.  One of the more devastating complications of valvular disease (as well as congenital heart disease) is infective endocarditis, which is covered from a cardiac perspective; non-bacterial forms of endocarditis come later in the pathology submodule.



	The Cardiovascular Study Unit (Videodisc) is particularly valuable for this submodule.  As in congenital heart disease, understanding the pathophysiology of a given lesion and the relationship of cardiac structures to chest wall landmarks greatly facilitates learning valvular heart disease, as does a thorough understanding of heart failure; as stated in Submodules B and D.



Describe the following specific valvular lesions in terms of:



•	Etiology

•	Changes in chamber sizes (volume and/or mass) and pressures.  ECG and chest x-ray correlates

•	Symptoms produced and why

•	Physical findings

	•	Chamber enlargement by palpation, chest wall landmarks

	•	Alterations in heart sounds

	•	Additional heart sounds

	•	Type and mechanism of murmur

•	Tests useful in making the diagnosis

•	Natural history

•	Complications

	•	Heart failure — right and/or left ventricle

	•	Pulmonary congestion (in absence of traditional ventricular failure)

	•	Arrhythmias

	•	Clots — thrombi and emboli



I.	Mitral Stenosis.



	Etiology

	•	Mitral stenosis (MS) is generally rheumatic in origin 

		•	Rarely it is congenital

		•	Pure or predominant MS occurs in approximately 40 percent of all patients with rheumatic

			heart disease



	•	The valve leaflets are diffusely thickened by fibrous tissue and/or calcific deposits

	•	Mitral commissures fuse, chordae tendineae fuse and shorten, the valvular cusps become

		rigid

		•	These changes lead to narrowing at the apex of the funnel-shaped valve

	•	Thrombus formation and arterial embolization may arise from the calcific valve itself



	Changes and chamber sizes and pressures

	•	Blood flow from left atrium to left ventricle requires abnormally elevated left atrioventricular

		pressure gradient

	•	Results in elevated left atrial, and pulmonary venous and capillary pressures



	•	Left atrial hypertrophy

	•	If pulmonary hypertension results, right ventricular hypertrophy



	Electrocardiogram

	•	Left atrial abnormality



	•	May develop atrial arrhythmias:

		•	Premature atrial contractions

		•	Paroxysmal tachycardia

		•	Atrial flutter

		•	Atrial fibrillation



	Chest x-ray

	•	Large left atrium

		•	Double-density, posterior displacement of esophagus, elevation of left mainstem bronchus

	•	Severe pulmonary hypertension may result in enlarged right atrium

		•	P wave tall and peaked in lead II and upright in lead V1

	•	Straightening of left heart border due to enlarged left appendage



	•	Large pulmonary artery

	•	Pulmonary venous congestion

	•	Enlarged right ventricle if there is pulmonary hypertension



	Symptoms

	•	Most patients don’t experience symptoms until 20 years after the rheumatic fever

		•	If valvular obstruction is mild, there may not be any symptoms



	•	Dyspnea and cough from exertion, excitement, fever, severe anemia, paroxysmal tachycardia,

		sexual intercourse (bummer!), pregnancy, and thyrotoxicosis

		•	Elevation of pulmonary capillary pressure due to the increased cardiac output

		•	As stenosis progresses, lesser stresses precipitate dyspnea and pt’s activities are limited

	•	Orthopnea and paroxysmal nocturnal dyspnea

		•	Redistribution of blood from the dependent portions of the body to the lungs, which occurs

			in the recumbent position

	•	Pulmonary edema

		•	From pulmonary congestion

	•	Hemoptysis (expectoration of blood arising from the airway)

		•	From rupture of pulmonary-bronchial venous connections secondary to pulmonary venous

			hypertension

	•	Fatigue, abdominal discomfort, edema

		•	Associated with right ventricular failure secondary to increased pulmonary vascular 

			resistance



	Physical findings

	•	JVP prominent a waves due to vigorous right atrial systole in patients with sinus rhythm with 

		severe pulmonary hypertension

	•	JVP reveals only single expansion during systole (c-v wave) in patients with atrial fibrillation



	•	Enlarged right ventricle (elicited by a right ventricular tap along left sternal border)

	•	Palpable S1 in patients with pliable valve leaflets

	•	Palpable P2 in second and third left intercostal spaces, left sternal border in patients with 

		pulmonary hypertension

	•	Diastolic thrill at the cardiac apex



	•	Loud S1

	•	Mitral opening snap

		•	S2 to opening snap duration varies inversely with the severity of mitral stenosis

	•	P2 accentuated in patients with pulmonary hypertension

	•	Pulmonary systolic ejection click in patients with sever pulmonary hypertension



	•	Low-pitched, rumbling, diastolic murmur (following opening snap) 

		•	Heard best at apex

		•	Duration of the murmur correlates with severity

	

	Diagnostic tests

	•	Auscultation

	•	ECG — atrial enlargement

	•	Echocardiogram and the most sensitive and specific noninvasive method for diagnosing MS

	•	X-ray

	•	Cardiac catheterization



	Natural history

	•	Onset of symptoms is usually greater than 10 years after rheumatic fever

	•	Disease is slowly progressive

	•	Without valvuloplasty, once a patient with MS becomes seriously symptomatic, continuous

		progression of the disease to death usually occurs in 2 to 5 years



	Complications

	•	Pulmonary hypertension 

	•	Right heart failure (secondary to pulmonary hypertension)

	•	Atrial tachyarrhythmias, especially atrial fibrillation

	•	Systemic emboli may form, especially in the presence of atrial fibrillation





II.	Mitral Regurgitation



	A.	Differentiate acute and chronic.



	Etiology

	•	Chronic rheumatic heart disease is the cause of severe mitral regurgitation (MR) in about one-

		third of cases

	•	Rheumatic process produces rigidity, deformity, and retraction of the valve cusps and 

		commissural fusion, as well as shortening, contraction, and fusion of the chordae tendineae



	•	MR may occur as a congenital anomaly

	•	May occur with fibrosis of a papillary muscle in patients with healed MI and in patients with

		infarction involving the base of the papillary muscle

	•	May occur with marked left ventricular enlargement of any cause in which dilatation of the

		mitral annulus and lateral displacement of the papillary muscles interfere with coaptation of

		the valve leaflets

	•	Calcification of the mitral annulus can cause MR

	•	Prolapsing mitral valve leaflet syndrome



	Changes in chamber sizes and pressures

	•	There is decreased resistance to left ventricular emptying

		•	The initial compensation is increased emptying of the left ventricle

			•	This is because part of the cardiac output returns to the left ventricle and is not useful

				for perfusion

	•	Left ventricle hypertrophy increases as MR progresses 

		•	Left ventricular function deteriorates along with depressed forward cardiac output

	•	In chronic MR, there is often an increase in left ventricular compliance

		•	Ventricular volume may be increased with little elevation in end-diastolic pressure



	•	Left atrium enlarged if chronic, normal size if acute

	•	Left atrial pressures elevated if acute, but normal if chronic

	•	Pulmonary vascular congestion if acute

		•	In acute MR, the left ventricle hasn’t had time to compensate and the forward cardiac 

			output is inadequate, the blood backs up into the pulmonary circulation



	Electrocardiogram and chest x-ray

	•	Left ventricular hypertrophy

	•	Left atrial enlargement (if chronic)

	•	Pulmonary venous congestion (if acute)

	•	Atrial fibrillation (if chronic)

	•	There may be no clear-cut ECG evidence of regurgitation

	

	Symptoms produced

	•	Prominent v wave in JVD

	•	Rapid y descent in JVD if there is no accompanying mitral stenosis



	•	Pulmonary congestion (if acute)

		•	Due to increased pressures in left atrium backing up through pulmonary veins

	•	Fatigue (decreased cardiac output), exertional dyspnea, orthopnea



	•	Right heart failure with painful hepatic congestion, ankle edema, distended neck veins, ascites

	•	In patients with acute, severe MR, left ventricular failure with acute pulmonary edema and/or

		cardiovascular collapse is common

	

	Physical findings

	•	Systolic thrill is often palpable at the cardiac apex

	•	Hyperdynamic, brisk left ventricular impulse displaced laterally

	•	When the left atrium is markedly enlarged, it may extend anteriorly, and its expansion may be

		palpable along the sternal border during ventricular systole, resembling a right ventricular lift

	•	Right ventricular tap and shock of pulmonary valve closure may be palpable in patients with

		marked pulmonary hypertension



	•	S1 soft or absent

	•	Wide splitting of S2 (due to early A2)

	•	Low pitched S3 

		•	After A2 at the completion of the rapid-filling phase of the left ventricle, due to sudden

			tensing of the papillary muscles, chordae tendineae, and valve leaflets

		•	Absence of S3 indicates that, if MR exists, it may not be severe

	•	S3 may be followed by short, rumbling, diastolic murmur

	•	S4 is often audible in patients with acute MR, not in chronic



	•	Strong holosystolic murmur is most prominent at the apex and radiates to the axilla

		•	May be decrescendo and cease in late systole with acute, severe MR with tall v wave

		•	In MR due to papillary muscle dysfunction of mitral valve prolapse, the murmur

			commences in midsystole

	

	Acute vs. chronic

	•	Acute MR occurs in patients with normal or reduced compliance

		•	Little enlargement of the left atrium

		•	Marked elevation of the left atrial pressure, particularly the v wave

		•	Pulmonary edema is common

		•	S4 audible



	•	Chronic MR is associated with a marked increase in left atrial compliance

		•	Marked enlargement of the left atrium

		•	Normal or only slightly elevated left atrial and pulmonary artery patients

		•	Complain of severe fatigue and exhaustion secondary to a low cardiac output

		•	Symptoms from pulmonary congestion are less prominent

		•	Atrial fibrillation is almost invariably present



	Tests useful in diagnosis

	•	Doppler echocardiography can see and measure the regurgitation

	•	Chest x-ray — calcification of the mitral annulus may be present

	•	Catheterization



	Natural history

	•	If chronic, there is a long asymptomatic phase despite moderately severe regurgitation

	•	If acute, there is severe, rapid deterioration



	Complications

	•	May have right ventricular failure

	•	Pulmonary congestion (in acute failure)

	•	Left heart failure

	•	Atrial fibrillation (chronic)



B.	Describe mitral valve prolapse.

	•	Anatomic definition, auscultatory findings and response to postural and vasoactive maneuvers.



	Etiology

	•	Causes of mitral valve prolapse:

		•	Excessive or redundant mitral leaflet tissue

			•	Involved with myxomatous degeneration

		•	Frequent finding in patients with connective tissue disorder

		•	Congenital (collagen tissue disorder)

		•	Occur as a sequel of acute rheumatic fever, in chronic rheumatic heart disease 

		•	Ischemic heart disease

		•	Cardiomyopathies



	•	Most patients are asymptomatic and remain so 



	ECG

	•	May be normal

	•	May have PVCs and/or paroxysmal supraventricular and ventricular tachycardia

	•	May show biphasic or inverted T waves in leads II, III, and aVF

			

	Symptoms

	•	May cause palpitations, light-headedness, and syncope

	•	Many patients have chest pain that is difficult to evaluate

		•	It is often substernal, prolonged, poorly related to exertion, and rarely resembles typical

			angina pectoris



	•	May have transient cerebral ischemic attacks secondary to emboli from the mitral valve due to 

		endothelial disruption



	Physical findings

	•	Mid- or late (nonejection) systolic click occurs after the first heart sound 

		•	Generated by the sudden tensing of slack, elongated chordae tendineae or by the prolapsing

			mitral leaflet when it reaches its maximum excursion

		•	Systolic clicks may be multiple



		•	May be followed by a high-pitched late systolic crescendo-decrescendo murmur

			•	Occasionally “whooping” or “honking” which is heard best at the apex

		•	Some patients have a midsystolic click without the murmur and others have the murmur

			without the click



		•	The click and murmur occur earlier with:

			•	Standing

			•	Valsalva maneuver

			•	Inhalation of amyl nitrate

			•	The previous interventions decrease left ventricular volume, exaggerating the propensity

				of mitral leaflet prolapse

		•	Squatting and isometric exercise, which increase left ventricular end-diastolic volume, 

			diminish mitral prolapse, and the click-murmur complex is delayed and may even disappear



	Tests for Diagnosis

	•	Two-dimensional echocardiography is particularly useful in identifying the abnormal position

		and prolapse of the mitral valve leaflets

		•	An echocardiographic definition of mitral valve prolapse is systolic displacement (in the

			parasternal view) of the mitral valve leaflets into the left atrium with coaptation superior to			the plane of the mitral annulus



	•	Color imaging and doppler studies can reveal and evaluate accompanying mitral regurgitation



C.	Aortic stenosis (etiologies are the important addition to material included in Submodule D)



	Etiology

	•	May be congenital

		•	May already be stenotic at birth 

			•	Becomes progressively more fibrotic, calcified, and stenotic

		•	Valve may be congenitally deformed, usually bicuspid, without serious narrowing of the 

			aortic orifice during childhood

			•	It is susceptible to otherwise ordinary hemodynamic stresses, leading to valvular 

				thickening, calcification, increased rigidity, and narrowing of the aortic orifice



	•	May be secondary to rheumatic inflammation of the aortic valve

		•	Produces commissural fusion, sometimes resulting in a bicuspid valve

			•	Makes leaflets more susceptible to trauma and ultimately leads to calcification and

				further narrowing

		•	Rheumatic AS almost always associated with rheumatic involvement of the mitral valve



	•	May be due to degenerative calcification of the aortic cusps of unknown cause

		•	Common disorder in the elderly

		•	May be associated with fibrosis and fusion of the valve cusps

		•	Probably due to “wear-and-tear”

		•	May produce many of the characteristic systolic murmurs of AS, but valvular obstruction

			is usually relatively mild with little, if any, hemodynamic significance



	Changes in chamber sizes and pressures

	•	A large a wave in the left atrial pulse	

	•	Obstruction to left ventricular outflow produces a systolic pressure gradient between the left

		ventricle and aorta

		•	Increased left ventricular pressures

	•	Left ventricular concentric hypertrophy maintains left ventricular output

	•	A peak systolic pressure gradient exceeding 50 mmHg or effective aortic orifice less than

		one-third the normal (0.5 cm2/m2 of body surface area) represents critical obstruction to left

		ventricular outflow



	•	Late in the course, the cardiac output and left ventricular—aortic pressure gradient decline

		•	Mean left atrial, pulmonary artery wedge, pulmonary arterial, and right ventricular 

			pressures rise



	ECG

	•	Left ventricular hypertrophy

	•	ST-segment depression and T-wave inversion in standard leads I and aVL and in left precordial 		leads

		•	Occurs in advanced cases

		•	Evidence of left ventricular “strain”



	•	The absence of ECG signs of left ventricular hypertrophy doesn’t exclude severe obstruction

	•	The presence of left atrial enlargement should suggest the possibility of associated mitral valve

		disease



	Chest x-ray

	•	Little or no cardiac enlargement for many years

	•	Hypertrophy without dilatation may produce some rounding of the cardiac apex

	•	Critical AS is often associated with poststenotic dilatation of the ascending aorta

	•	Calcification of the aortic valve

	•	In later stages of disease, left ventricular enlargement, pulmonary congestion, and enlargement

		of the left atrium, pulmonary artery, and right side of the heart



	Symptoms

	•	Although the cardiac output at rest is within normal limits in most patients with severe AS,

		it may fail to rise normally during exercise

	•	Exertional dyspnea

		•	From elevation of the pulmonary capillary pressure



	•	Fatigue

		•	Caused by elevations of left atrial and left ventricular end-diastolic pressures secondary to

			reduced compliance and/or left ventricular dilatation

	•	Marked fatiguability, weakness, peripheral cyanosis, and other clinical manifestations of a low

		cardiac output occur later in the course when the heart can no longer maintain cardiac output



	•	Angina pectoris

		•	Develops later and reflects imbalance between myocardial oxygen requirements of 

			hypertrophied left ventricle and reduced oxygen availability from accompanying coronary 

			artery disease



	•	Orthopnea, paroxysmal nocturnal dyspnea, and pulmonary edema (symptoms of left 

		ventricular failure) occur in the advanced stages

	•	Severe pulmonary hypertension leading to right ventricular failure and systemic venous 

		hypertension leading to right ventricular failure and systemic venous hypertension, 

		hepatomegaly, atrial fibrillation are usually preterminal findings

	

	Physical findings

	•	Pulsus parvus et tardus — the peripheral arterial pulse rises slowly to a delayed sustained

		peak

	•	JVP a wave accentuated in many patients

		•	Results from diminished distensibility of the right ventricular cavity caused by the bulging,

			hypertrophied interventricular septum

	

	•	Apex beat active and displaced laterally 

		•	From left ventricular hypertrophy

	•	Systolic thrill present at the base of the heart, in the jugular notch, and along carotid arteries

		•	Occasionally only palpable during expiration and with the patient leaning forward



	•	Rhythm is generally regular until very late in the course

	•	An early systolic ejection sound (opening snap of aortic valve) audible in children and 

		adolescents with congenital noncalcific valvular AS

	•	A2 becomes synchronous with P2 or even follow pulmonic valve closure, causing paradoxic 

		splitting of the second heart sound

		•	Because left ventricular systole becomes prolonged

	•	S4 gallop audible at the apex

		•	Reflects left ventricular hypertrophy and elevated left ventricular end-diastolic pressure

	•	S3 if the left ventricle dilates and fails



	•	Systolic ejection murmur shortly after S1, increases in intensity to reach a peak toward the 

		middle of ejection, and ends just before aortic valve closure

		•	Low pitched, rough, and rasping

		•	Loudest at the base of the heart, usually in the second right intercostal space

		•	Transmitted to the jugular notch and upward along the carotid arteries



	Tests useful in making the diagnosis

	•	Left heart catheterization

	•	Doppler echocardiography



	Natural history

	•	Progresses slowly and death usually in the seventh and eighth decade

	•	Once symptoms appear, rapid deterioration (death usually within 4 years of no surgery)

	•	Rarely appears as sudden death without prior symptoms



	Complications

	•	Aortic insufficiency

	•	Left ventricular failure

	•	Pulmonary congestion

	•	Bacterial endocarditis



D.	Aortic regurgitation

	1.	Differentiate acute and chronic

	2.	Define Austin-Flint murmur



	Etiology

	•	In two-thirds of patients with AR, the disease is rheumatic in origin

		•	Results in thickening, deformation, and shortening of the individual aortic valve cusps

			•	Prevents their proper opening during systole and closure during diastole

	•	Acute AR may also result from infective endocarditis



	•	Subaortic stenosis may develop thickening of the aortic valve leaflets

	•	AR may occur in patients with congenital bicuspid aortic valves

	•	May result from nonpenetrating cardiac injuries

	•	Acute or chronic AR may be due to marked aortic dilatation

		•	Aortic root disease without primary involvement of the valve leaflets — widening

			of the aortic annulus and separation of the aortic leaflets are responsible for the AR

		•	Syphilis and ankylosing rheumatoid spondylitis

	

	Changes in chamber sizes and pressures

	•	An increase in end-diastolic volume (preload) is the major hemodynamic compensation for AR

	•	Dilatation of the left ventricle

	•	Thickening of left ventricular wall, sometimes making the heart get huge



	•	Reverse pressure gradient from aorta to left ventricle (responsible for regurgitant flow) falls

		progressively during diastole

		•	Accounts for decrescendo nature of the diastolic murmur

	•	Aortic and left ventricular pressures equilibrate and left ventricular end-diastolic pressure may

		be elevated, occasionally to extremely high levels



	•	May have myocardial ischemia due to:

		•	Increased myocardial oxygen requirements by left ventricular dilatation and systolic tension

		•	The major portion of coronary blood flow occurs during diastole, when arterial pressure is

			subnormal, reducing coronary perfusion pressure



	ECG

	•	May be no ECG abnormalities in mild AR

	•	Left ventricular hypertrophy in patients with severe, chronic AR

		•	Frequently exhibit ST-segment depression and T-wave inversion in leads I, aVL, V5, V6

			•	Due to left ventricular strain

	•	Left axis deviation and/or QRS prolongation signify poor prognosis



	Chest x-ray

	•	Apex displaced downward and to the left in the frontal projection

	•	Cardiac shadow frequently below the left diaphragm

	•	Ascending aorta and aortic know may be moderately dilated



	Symptoms

	•	Patients with AR may be asymptomatic for as long as 10 to 15 years

	•	Uncomfoartable awareness of the heartbeat, especially on ying down, may be an early 

		complaint

	•	Sinus tachycardia during exertion or with emotion or PVCs and head pounding

	•	Exertional dyspneas is usually the first symptom of diminished cardiac reserve

	•	Orthopnea, paroxysmal nocturnal dyspnea, excessive diaphoresis

	•	Chest pain frequently, even in younger patients

	•	Nocturnal angina may be accompanied by diaphoresis

	•	Systemic fluid accumulation

		•	Congestive hepatomegaly

		•	Ankle edema

		•	Ascites



	Physical findings

	•	Increased pulse pressure, causing jarring of the body and a bobbing head

		•	Abrupt distention and collapse of the larger arteries

		•	Recall that the diastolic blood pressure is maintained by the elastic properties of the

			aorta, pushing the blood forward during diastole and a competent aortic valve keeping

			it out of the left ventricle; AR disrupts this, widening pulse pressure

		•	Systolic pressure greater (as high as 300 mmHg!) and diastolic depressed

	•	Rapidly rising “water-hammer” pulse, which collapses suddenly as arterial pressure falls 

		rapidly during late systole and diastole

	•	Alternate flushing and paling of the skin at the root of the nail while pressure is applied to

		the tip of the nail — characteristic of free AR



	•	A booming, “pistol shot” sound can be heard over the femoral arteries (Traube’s sign)

	•	To-and-fro murmur (Duroziez’s sign) is audible if the femoral artery is lightly compressed with

		a stethoscope



	•	Apex beat is heaving and displaced laterally and inferiorly

	•	Systolic expansion and diastolic retraction of the apex are prominent and contrast sharply with

		the sustained systolic thrust characteristic of severe aortic stenosis



	•	Diastolic thrill is often palpable along the left sternal border

	•	Prominent systolic thrill may be palpable in the jugular notch and transmitted upward along the

		carotid arteries

		•	The thrill and systolic murmur are due to the markedly increased blood flow across the 

			aortic orifice and don’t necessarily signify the coexistence of aortic stenosis

	•	Carotid pulse may be bisferiens — two systolic waves separated by a trough



	•	A2 diminished or absent in patients with severe aortic regurgitation (A2 = aortic valve closure)

	•	S3 and systolic ejection sound frequently audible

	•	S4 gallop occasionally



	•	Decrescendo diastolic murmur is typically a high-pitched, blowing murmur

		•	Heard best in the third intercostal space along the left sternal border

		•	As severity increases, murmur becomes louder and longer and can become holodiastolic

	•	Midsystolic ejection murmur frequently audible

		•	Heard best at the base of the heart and transmitted along carotid vessels

	•	Austin Flint murmur is frequently heard in patients with severe AR

		•	Soft, low-pitched, rumbling middiastolic bruit

		•	Produced by displacement of the anterior leaflet of the mitral valve by the aortic regurgitant

			stream but does not appear to be associated with hemodynamically significant mitral

			obstruction

		•	Loudest at the apex

		•	Murmur of MS is usually accompanied by a loud first heart sound and immediately follows

			opening sound of the mitral valve while Austin Flint murmur is often shorter in duration



	Acute aortic regurgitation

	•	Infective endocarditis, aortic dissection, and trauma are the most common causes

	•	Since the left ventricle doesn’t have time to dilate, stroke volume declines and ventricular

		diastolic pressure rises markedly



	•	Elevation of left ventricular end-diastolic pressure may lead to:

	 	•	Early closure of the mitral valve

		•	Associated middiastolic sound

		•	Soft or absent S1

		•	Pulse pressure that is not particularly wide

		•	Soft, short diastolic murmur



	•	The physical signs characteristic of severe chronic AR may be absent

	•	Pulmonary congestion and edema

	•	Hypotension secondary to a low cardiac output

	•	Requires prompt surgical treatment which may be lifesaving



	Tests useful in making the diagnosis

	•	Echocardiography

	•	Chest x-ray

	•	Cardiac catheterization



	Natural history

	•	Chronic is asymptomatic for many years and irreversible damage occurs over time

	•	Acute involves rapid deterioration



	Complications

	•	Left ventricular hypertrophy



E.	Tricuspid stenosis



	Etiology

	•	Relatively uncommon valvular lesion in North America

	•	Generally rheumatic in origin

	•	Does not occur as an isolated lesion but is generally associated with mitral stenosis



	Changes in chamber sizes and pressures

	•	Diastolic pressure gradient increased

	•	Increased right atrial pressure

	•	Right atrial enlargement



	ECG

	•	Right atrial abnormality

	•	Atrial fibrillation is common

	•	NO right ventricular hypertrophy 

		•	Suggests tricuspid stenosis in patient thought to have mitral stenosis



	Chest x-ray

	•	Large right atrium

	•	Prominent superior vena cava without much enlargement of the pulmonary artery and

		less evidence of pulmonary congestion in TS and MS than in patients with isolated MS



	Symptoms

	•	Manifestations of right heart failure

		•	Hepatomegaly, ascites, edema

		•	Fatigue due to lowered cardiac output that fails to rise



	Physical findings

	•	Very tall right atrial a wave in JVP

	•	Diminished y descent in JVP

		•	Because tricuspid obstruction impedes right atrial emptying during diastole

	•	Right ventricle and shock of pulmonic valve closure are usually not palpable

		•	A giant a wave in the JVP without palpatory evidence of pulmonary hypertension or

			right ventricular enlargement should suggest the possibility of tricuspid stenosis

	

	•	Opening snap of tricuspid after P2

	•	Diastolic murmur (similar to diastolic murmur of MS)

		•	Tricuspid murmur generally heard best along the left lower sternal margin and over the

			xiphoid process

		•	Most prominent during presystole in patients with sinus rhythm

		•	Louder during inspiration and reduced during expiration



	Tests useful in making the diagnosis

	•	Echocardiogram

	•	Catheterization



	Natural history

	•	Gradually progressive with onset in mid-adulthood



	Complications

	•	Right heart failure

	•	Atrial fibrillation



F.	Tricuspid regurgitation



	Etiology

	•	Most commonly functional and secondary to marked dilatation of the right ventricle and the

		tricuspid annulus

		•	May occur due to inferior wall infarcts

		•	Commonly seen in the late stages of heart failure due to rheumatic or congenital heart 

			disease with severe pulmonary hypertension, as well as ischemic heart disease, 

			cardiomyopathy, and cor pulmonale

		•	May result from congenitally deformed tricuspid valves



	Changes in chamber sizes and pressures

	•	Right atrial enlargement

	•	Right ventricular hypertrophy or dilatation



	ECG

	•	Changes characteristic of the lesion responsible for the enlargement of the right ventricle that

		leads to TR

	•	Right atrial abnormality

	•	Atrial fibrillation is usually present



	Chest x-ray

	•	Enlarged right ventricle

	•	Enlarged right atrium



	Symptoms

	•	Symptoms of systemic venous congestion and reduction of cardiac output



	Physical findings

	•	Neck veins distended with prominent v waves

	•	Marked hepatomegaly, ascites, pleural effusions, edema, systolic pulsations of the liver,

		positive hepatojugular reflex

	•	Prominent right ventricular pulsation along the parasternal region



	•	Blowing holosystolic murmur along the lower left sternal margin

		•	May be intensified during inspiration and reduced during expiration



	Tests useful in making the diagnosis

	•	Doppler echocardiography

	•	ECG and x-ray, as usual



	Natural history

	•	Depends on the underlying etiology

	•	May improve if the associated lesions are corrected



	Complications

	•	Atrial fibrillation

	•	Right heart failure



G.	Pulmonary regurgitation



	•	Pulmonic valve is affected by rheumatic fever far less frequently than are other valves

	•	It is uncommonly the seat of infective endocarditis

	•	Most common acquired abnormality affecting the pulmonic valve is regurgitation secondary

		to dilatation of the pulmonic valve ring as a consequence of severe pulmonary hypertension



	•	Graham Steell murmur — high-pitched, decrescendo, diastolic blowing murmur 

		•	Along the left sternal border

		•	Difficult to differentiate from the far more common murmur produced by aortic 

			regurgitation

	

	•	Usually of little hemodynamic significance



H.	Pulmonary stenosis (already covered in Submodule D).



•	See submodule D — I don’t feel like repeating myself!





III.	Define Acute Rheumatic Fever in Terms of the Following:



A.	Causative agent.



	•	Acute rheumatic fever is caused by group A streptococcal respiratory tract infections

	•	The mechanisms for the pathogenesis of acute rheumatic fever are not known, but hypotheses

		include:

		1.	Direct infection by the group A streptococcus

		2.	A toxic effect of streptococcal extracellular products on host tissues

		3.	An abnormal or dysfunctional immune response to one or more as yet unidentified somatic

			or extracellular antigens produced by all (or perhaps some) group A streptococci



B.	Jones criteria — major and minor



	Major Jones criteria for rheumatic fever

	•	Carditis

		•	A pancarditis involving the pericardium, myocardium, and endocardium

		•	Between 40 and 60 percent of patients with acute rheumatic fever have evidence of carditis

		•	Characterized by one or more of the following:

			•	Sinus tachycardia

			•	Murmur of mitral regurgitation

			•	S3 gallop

			•	Pericardial friction rub

			•	Cardiomegaly

			•	May also have a prolonged PR interval and evidence of heart failure



	•	Migratory polyarthritis

		•	Most often affects ankles, wrists, knees, and elbows over a period of days

		•	Present in as many as 75% of cases



	•	Sydenham’s chorea

		•	Latent period between the onset of the initiating streptococcal infection and onset of

			Sydenham’s chorea may be as long as several months

		•	Occurs in fewer than 10% of patients with rheumatic fever



	•	Subcutaneous nodules and erythema marginatum

		•	Present in fewer than 10% of cases

		•	Subcutaneous nodules found over extensor surfaces of joints

			•	Seen most often in patients with long-standing rheumatic heart disease

			•	Extremely rare in patients experiencing initial attack

		•	Erythema marginatum is an evanescent macular eruption with rounded borders

			•	Usually concentrated on the trunk



	Minor Jones criteria for Rheumatic Fever

	•	Fever

	•	Arthralgia

	•	Elevated acute phase reactants

	•	Prolonged PR interval



	*	To fulfill the Jones criteria, either two major criteria, or one major criterion and two minor

		criteria, plus evidence of an antecedent streptococcal infection (e.g., anti-streptolysin O, 

		anti-deoxyribonuclease B, anti-hyaluronidase)



C.	Epidemiology



	•	Epidemiology of acute rheumatic fever is identical to that of group A streptococcal upper

		respiratory tract infections

		•	Occurs most often in children

			•	Peak age-related incidence is between 5 and 15 years

		•	Most initial attacks take place at the end of the second and beginning of the third

			decades of life

		•	Rarely occur as late as fourth decade and recurrent attacks may occur in fifth and sixth

			decades



	•	Risk factors include

		•	Lower standards of living, especially crowding

		•	Most common among socially and economically disadvantaged populations



	•	Recent outbreaks in late 1980s and early 1990s can’t be explained by these factors — primarily

		middle class families with ready access to medical care

	•	Approximately 3% of individuals with untreated group A streptococcal pharyngitis will

		develop rheumatic fever



D.	General treatment principles and prophylaxis



•	There are two main therapeutic approaches to patients with acute rheumatic fever:

	1.	Anti-streptococcal therapy

	2.	Therapy for the clinical manifestations of the disease



•	At the time of infection, all patients should be treated as if they have a group A streptococcal

	infection, whether or not the organism is recovered by culture

	•	Complete 10-day course of penicillin, erythromycin, or injection of penicillin G



	•	Secondary prophylaxis should be initiated to prevent subsequent colonization of the upper

		respiratory tract with group A streptococci

		•	Intramuscular injection of benzathine penicillin G every 4 weeks or oral penicillin or oral

			sulfadiazine daily

	

	•	Medical therapy for the manifestations of rheumatic fever depends on the clinical status of

		the patient

		•	For adults with the arthritis of rheumatic fever, salicylates are very effective and will result

			in marked clinical improvement

		•	Salicylates may be given for 4 to 6 weeks and gradually tapered so as to prevent a rebound

		•	Glucocorticoids may be used in patients with severe carditis accompanied by congestive

			heart failure

			•	Neither salicylates nor glucocorticoids influence the future development of valvular

				heart disease

			•	In adults, prednisone can be started in doses as high as 30 mg four times daily in

				especially severe cases (that’s a lot!)

		•	In the presence of congestive heart failure, conventional medical measures are indicated

			(bed rest, etc.)





IV.	Define: infective endocarditis



•	Infective endocarditis is a disease that produces vegetations on the endocardium

	•	It is virtually always fatal if untreated

	•	A heart valve is usually involved, but the infection may develop on a septal defect or on

		the mural endocardium



A.	Name the general groups of causative agents.



	•	Acute endocarditis most frequently is cause by Staphylococcus aureus, occurs on a normal heart

		valve, is rapidly destructive, produces metastatic foci, and, if untreated, is fatal in less than

		6 weeks

	•	Subacute endocarditis usually is caused by viridans streptococci, occurs on damaged valves,

		doesn’t produce metastatic foci, and, if untreated, takes more than 6 weeks — perhaps as long

		as a year — to be fatal



	•	Correlations between organism and course are not perfect; Staphylococcus aureus can produce

		subacute and viridans strep can be associated with an acute course



	•	Endocarditis can be classified in three categories:

		1.	Native valve endocarditis

			•	Streptococci cause about 55% of cases of native valve endocarditis in patients who do

				not abuse IV drugs

				•	Group A b-hemolytic streptococci attack normal or damaged heart valves and may

					cause their rapid destruction

				•	Group B streptococci also attack normal valves and result in large, friable 

					vegetations (yum, get out the wok!) and large emboli

				•	Other streptococci are much more likely to infect damaged valves and rarely cause

					rapid valve destruction

			•	Enterococci cause about 6% of native valve endocarditis

			•	Staphylococci cause about 30% of cases of native valve endocarditis

			•	HACEK group of bacteria (Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, 

				and Kingella) are part of the oropharyngeal flora

				•	Produce endocarditis with a subacute presentation and large vegetations

			•	Other bacteria and fungi

		2.	Endocarditis in intravenous drug abusers

		3.	Prosthetic valve endocarditis



B.	Name predisposing lesions — valvular, congenital — and describe why they are more commonly

	affected.



	•	Between 60 and 80 percent of patients have an identifiable predisposing cardiac lesion

		•	Rheumatic valvular disease accounts for 25% of cases

			•	Mitral valve most commonly, aortic valve next most commonly, tricuspid in rare cases

		•	Congenital heart disease other than mitral valve prolapse is the underlying lesion in about

			10 to 20 percent of patients with endocarditis

			•	Predisposing lesions include patent ductus arteriosus, ventricular septal defect, tetralogy

				of Fallot, coarctation of the aorta, pulmonary stenosis, and bicuspic aortic valve but

				not uncomplicated atrial septal defect

		•	Mitral valve prolapse is the underlying lesion in about 10 to 33 percent of cases

		•	Degenerative heart disease predisposes to endocarditis

		•	Calcific aortic stenosis is an important lesion in the elderly

		•	Other predisposing lesions may cause it

		•	20 to 40 percent of patients with endocarditis have no underlying heart disease



	•	The disease is usually secondary to the colonization by microorganisms of sterile vegetations

		composed of platelets and fibrin

		•	Sterile vegetations form over areas of trauma to the endothelium (from intracardiac foreign

			bodies, for example), in areas of turbulence (as on deformed valves), over scars, or in the

			setting of wasting disease, particularly malignancy

		•	Infection of a sterile vegetation is most likely when bacteremia involves bacteria that adhere

			well to platelets, fibrin, and fibronectin

		•	The vegetation of infective endocarditis then results from deposition of platelets and fibrin 

			over the bacteria, which forms a “protected site” into which phagocytic cells penetrate

			poorly



C.	Describe circumstances in which endocarditis is likely to occur.



	•	Transient bacteremia is common in various infections

	•	May be caused by traumatic procedures involving epithelial surfaces that are colonized

		by a bacterial flora:

		•	After trauma to tissues of the mouth, viridans streptococci are the most common bacteria

			isolated from the blood, often from dental procedures

		•	Bacteremia is also common with prostatic surgery, cystoscopy, urethral dilation or 

			catheterization, and procedures involving the female reproductive tract

		•	About 50% of patients with enterococcal endocarditis have recently undergone surgery or

			instrumentation of the genitourinary or gastrointestinal tract

		•	About 35% of patients with staphylococcal endocarditis have had a preceding 

			staphylococcal endocarditis have had a preceding staphylococcal infection at a remote site

		

D.	Differentiate intravenous drug abuser vs. usual endocarditis vs. prosthetic valve endocarditis.



	Endocarditis in intravenous drug abusers

	•	Frequently young males

	•	The skin is most often the source of microorganisms, contamination of drugs less common

		•	S. aureus causes >50%, streptococci and enterococci about 20% and fungi (Candida) and

			gram-negative bacilli (Pseudomonas) about 6% each

	•	Onset is usually acute

	•	Tricuspid is affected in about 50% of cases, aortic in 25%, and mitral valve in about 20%

	•	Pulmonary emboli or pneumonia consequent to septic pulmonary emboli is common in 

		tricuspid valve endocarditis, and murmurs are frequently absent



	Prosthetic valve endocarditis

	•	Any intravascular prosthesis predisposes to endocarditis and makes cure difficult

	•	Most patients with prosthetic valve endocarditis are males over the age of 60

	•	Intravascular sutures, pacemaker wires, and Teflon-Silastic tubes can also be foci for infection

	•	Aortic valve prostheses are much more likely to be involved than mitral valve prostheses



	Usual endocarditis

	•	Affects older people

	•	Often with rheumatic, congenital, or degenerative diseases



E.	Describe the clinical manifestations.



	•	See Harrison, Table 126-1, p787



	•	Symptoms generally start within 2 weeks of the precipitating event

	•	With organisms of low pathogenicity, the onset is usually gradual, with mild fever and malaise

	•	With organisms of high pathogenicity, the onset if often acute, with high fever

	•	Fever is present in almost all patients with endocarditis

	•	Arthalgias and myalgias, especially low-back pain, are common, and arthritis develops 

		occasionally



	•	Splenomegaly and petechiae tend to occur in disease of long duration

		•	Petechiae are most frequently found on the conjunctivae, palate, buccal mucosa, and upper

			extremities

		•	Splinter hemorrhages are sublingual, linear, dark-red streaks that may appear in 

			endocarditis but also commonly result from trauma

		•	Roth’s spots are oval, retinal hemorrhages with a clear, pale center

		•	Osler’s nodes are small, tender nodules, usually on the finger or toe pads, which persist for

			hours or days

		•	Janeway lesions are small hemorrhages with a slightly nodular character on the palms and

			soles and are most commonly seen in acute endocarditis



	•	Emboli to large arteries (e.g. femoral arteries) are often the result of fungal endocarditis, with its

		large, friable vegetations (once again, yum!)

	•	Pulmonary emboli are common in drug abusers with right-sided endocarditis and may be seen

		in patients with left-sided endocarditis who have left-to-right cardiac shunts



	•	Mycotic aneurysms occur in about 10% of patients but symptoms are usually lacking but may

		be those of an expanding mass

		•	They can rupture during or even years after therapy

	•	Neurologic manifestations are more common with left-sided endocarditis and with S. aureus

		than with viridans streptococcal infection

		•	Cerebral emboli, encephalopathy (microemboli), leakage from mycotic aneurysm, and

			meningitis or a macroscopic brain abscess

	•	Heart failure due to valve destruction, myocarditis, coronary artery emboli with infarction,

		and myocardial abscess

	•	Renal disease due to renal emboli or immune-complex glomerulonephritis



F.	Describe how laboratory tests are used to make the diagnosis — blood, urine, echocardiography.



	•	Normocytic normochromic anemia is usual in infective endocarditis

	•	Proteinuria and/or microscopic hematuria is found in most patients (urine test)

	•	Serum creatinine level may be elevated

	•	Erythrocyte sedimentation rate is almost always elevated except in cases with heart failure

	•	50% of patients with endocarditis of at least 6 weeks have a positive serum test for

		rheumatoid factor and most have circulating immune complexes (disappear with cure)



	•	Critical diagnostic finding is bacteremia or fungemia from blood cultures (>95%)



	•	Echocardiography is very useful for identifying vegetations:

		Transesophageal echocardiography demonstrates the vegetations with a high degree of 

		accuracy.  It is the best test for determining cardiac involvement in patients with unexplained 

		persistent fever with or without positive blood cultures.’’

	

G.	Describe the complications and natural history



	•	Possible complications:

		•	Embolization

		•	Glomerulonephritis

		•	Pneumonia

		•	Arthritis



	•	The natural history varies from acute with bad symptoms to chronic without many symptoms

	•	It is lethal if not treated



H.	Define endocarditis prophylaxis.



	• 	High risk patients should take antibiotics before and after procedures to prevent bacterial

		colonization of potentially existing sterile vegetations

		•	For example, patients who have a history of rheumatic fever should take antibiotics before

			any dental procedures
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