Module 18:  Cardiovascular Pathophysiology

Written by Greg Greenberg (GREENBERG@OSU.EDU), 10/97





¥	Books used:

	¥	CecilÕs Essentials of Medicine, 4th Ed., W.B. Saunders Co., Philadelphia, PA, 1997

	¥	HarrisonÕs, Principles of Internal Medicine, 14th Ed., McGraw-Hill, Inc., NY, 1998

	¥	Robbins, Cotran, and Kumar Pathologic Basis of Disease, 5th Ed., W.B. Saunders Co., 

		Philadelphia, PA, 1995

	¥	Bates, B.  A Guide to Physical Examination and History Taking, 6th Ed., J.B. Lippincott Co.,

		Philadelphia, PA, 1995.

	¥	Laiken, N., Laiken, S.L., and Karliner, J.S.  Interpretation of Electrocardiograms:  A Self-

		Instructional Approach, Raven Press, New York, 1988.



	¥	NOTE:  I think that Dr. Fontana wants us to understand the material pretty well, so I have 

		provided more information than the question asks for in many cases to help understand the

		physiology.  For a lot of this information, if you try to understand the physiology behind what

		happens, you wonÕt have to memorize nearly as much.  I also provide the questions so that you 

		can determine what you want to memorize from the questions.  There also seems to be some 

		emphasis on the actual physical exam portions of cardiology as well as interpreting diagnostic 

		tests (ECG, x-ray, echo, etc.).  Bates is a good resource for the physical exam aspects and 

		donÕt forget to look at Dr. FontanaÕs videodisk available in the library!





Submodule A:  General Evaluation of Cardiovascular Disease



Scope and Objectives



	This submodule is concerned with the fundamentals of the clinical evaluation of cardiovascular disease.  A basic understanding of the anatomic and physiologic and electrocardiographic correlates of each event in the cardiac cycle is necessary in order to interpret what you see, feel, and hear when examining patients.  These principles are also indispensable when interpreting the objective tests used in evaluating patients, namely, the electrocardiogram, chest x-ray, echocardiography, and cardiac catheterization.  This submodule combines a review of normal findings with initial exposure to abnormal heart sounds and patterns of heart sounds and murmurs.  Many of the abnormalities introduced here will reappear in later submodules in the context of a specific type of heart disease.



I.	Normal Cardiovascular System



A.	List the normal pressures within the cardiac chambers and great vessels.



	¥	Pressures within the cardiac chambers and great vessels:



		¥	Right atrium: 0-8 mm Hg

		¥	Right ventricle: 15-30/0-8 (systolic/diastolic)

			¥	Pulmonary artery: 15-30/3-12

		¥	Left atrium: 1-10 mm Hg

		¥	Left ventricle: 100-140/3-12

			¥	Aorta: 100-140/3-12

	¥	See Cecil, fig 1-1, p4



B.	Discuss the sequence of activation of the heart, relate it to the parts of the electrocardiogram, and define the leads of a 12-lead electrocardiogram.



	¥	The electrical events of the heart initiate and therefore precede the mechanical (pressure) events

		¥	The P wave represents the wave of depolarization of the atria initiated by the sinoatrial 

			(SA) node

			¥	Shortly after the P wave, the atria contract



		¥	The QRS complex represents ventricular depolarization

			¥	The QRS complex shortly precedes the contraction of the ventricles

				¥	The Q wave represents the movement of depolarization from the AV node through

					the interventricular septum via the Purkinje fibers

				¥	The R wave represents the depolarization of the ventricular muscle from the 

					endocardium to the epicardium

					¥	It is deflected upward because the muscle mass of the left ventricle is much

						greater than that of the right ventricle

				¥	The S wave represents the last portion of the ventricle to depolarize which is 

					near the atria



			¥	During this time, the atria relax and repolarize, but their electrical repolarization is 

				hidden by the large QRS complex



		¥	The T wave represents ventricular repolarization 

			¥	This occurs during relaxation of the ventricles

		¥	See Cecil, fig 1-6, p7



	¥	The 12-lead electrocardiogram represents 12 leads that are placed on various positions on the

		patientÕs chest, arms, and legs, and provides measurements of the electrical impulses of the

		heart from many different angles/directions

		¥	The leads can be divided into 6 chest leads and 6 extremity leads

			¥	The extremity leads record potentials transmitted onto the frontal plane (Harrison, 

				fig 228-5A, p1239)



				¥	The extremity leads are subdivided into bipolar leads (I, II, and III) and unipolar

					leads (aVR, aVL, and aVF)



					¥	Each bipolar lead measures the difference in potential between electrodes at two 

						extremities:

						¥	Lead I = left arm ® right arm

						¥	Lead II = left leg ® right leg

						¥	Lead III = left leg ® left arm



					¥	Unipolar leads measure the voltage at one locus relative to an electrode that has 

						approximately zero potential (the other two limb leads together):

						¥	aVR = right arm ® central terminal

						¥	aVL = left arm ® central terminal

						¥	aVF = left leg (foot) ® central terminal



			¥	The chest leads record potentials transmitted onto the horizontal plane (Harrison, fig 

				228-5B, p1239)



				¥	V1 = fourth intercostal space, right sternal border

				¥	V2 = fourth intercostal space, left sternal border

				¥	V3 = midway between V2 and V4

				¥	V4 = midclavicular line, fifth intercostal space

				¥	V5 = anterior axillary line, same level as V4

				¥	V6 = midaxillary line, same level as V4 and V5

				¥	Harrison, fig 228-7, p1240



C.	Reproduce from memory a drawing relating electrical (ECG) events, mechanical events (pressures), and acoustical events (heart sounds-normal and abnormal)



	¥	See Cecil, fig 1-6

	¥	Cecil, fig 2-3 and 2-4 shows abnormal heart sounds (discussed in a few pages!)



D.	Define the auscultatory areas and the relationships of the cardiac chambers and great vessels to

	specific chest wall landmarks (especially sternal edges, intercostal spaces).



	¥	Major auscultatory zones:

		¥	Aortic valve:  			2nd intercostal space, right sternal border

		¥	Pulmonary valve:		2nd intercostal space, left sternal border

		¥	Tricuspid valve:		4th intercostal space, left sternal border (= lower left sternal border)

		¥	Mitral valve:			Apex of the heart (midclavicular, 4th or 5th intercostal space)

			

		¥	See Bates, A Guide to Physical Examination and History Taking, p266



	¥	Anatomy of the cardiac chambers:

		¥	Right atrium:		Behind right sternal border, 3rd intercostal space to xiphoid process

			¥	Forms the right border of the heart

		¥	Right ventricle:	Behind the sternum, 2nd intercostal space to xiphoid process

		¥	Left atrium:		Behind the heart

			¥	A small atrial appendage may make up a segment of the left cardiac border between

				the pulmonary artery and the left ventricle

		¥	Left ventricle:		Left of the sternum, 3rd intercostal space to xiphoid process

			¥	The anterior portion forms the left portion of the heart

			¥	Makes up only a small portion of the anterior cardiac surface, but produces the apical

				impulse



	¥	The pulmonary artery exits the right ventricle at the 3rd intercostal space, left sternal border

		¥	It bifurcates and travels to each lung around the 2nd intercostal space

	¥	The aorta exits the left ventricle at the 3rd intercostal space, goes up to the manubrium, and

		arches backward and down on the left side

	¥	The superior vena cave lies just to the right of the sternum and empties into the right atrium



		¥	See Bates, p260



II.	Cardiovascular Physical Examination



A.	Jugular Venous Pulse (JVP)



	1.	List the waves and descents of the JVP and response of the JVP to inspiration.



		¥	The purpose of neck vein examination is to estimate the right atrial pressure (central venous 

			pressure) and to evaluate abnormalities in the venous pulse waveform

			¥	The normal JVP falls with inspiration and increases with expiration



			¥	The a wave results from right atrial contraction (Cecil, fig 2-2, p14)

				¥	You would expect this since the jugular veins empty (through the SVC) into the right

					atrium; when the right atrium contracts, some of the pressure is transmitted back

					to the jugular veins

			¥	The c wave is due to transmitted pressure from the closed tricuspid valve thrust upward 

				during ventricular systole



			¥	The x descent is due both to atrial relaxation and to the downward displacement of the 

				tricuspid valve during ventricular systole



			¥	The v wave is normally smaller than the a wave and is due to blood returning from the 

				periphery to the right atrium during ventricular systole when the tricuspid valve is 

				closed



			¥	The y descent represents opening of tricuspid valve and rapid flow of blood into the 

				right ventricle



	2.	List three pathophysiologic conditions in which JVP is elevated.



		¥	JVP is elevated due to elevated right ventricular pressure in:

			¥	Patients who have right ventricular failure 

			¥	Abnormality of right ventricular filling (e.g., tricuspid valve abnormality, constrictive 

				pericarditis, or tamponade)

			¥	Abdominal compression



	3.	List three conditions in which the ÒaÓ wave is accentuated; one in which it is absent.



		¥	Define cannon wave.



		¥	A cannon a wave is when the a wave is accentuated and is often due to atrial contraction 

			against an increased resistance

			¥	An accentuated ÒaÓ wave occurs in:

				¥	Patients with right ventricular hypertrophy (pulmonary hypertension)

				¥	Tricuspid or pulmonic stenosis

				¥	Contraction of the atrium against a closed tricuspid valve, as occurs in heart block 



		¥	The a wave is absent in patients with atrial fibrillation

			¥	This is because the atrium doesnÕt actually contract



	4.	List a cause of a large ÒvÓ wave.



		¥	Tricuspid regurgitation results in a large v wave with attenuation of the x descent

			¥	Due to increased volume in atrium and vena cavae during systole



	5.	 List two causes of diminished ÒyÓ descent; one cause of accentuated ÒyÓ descent.



		¥	Y descent may be diminished in:

			¥	Tricuspid stenosis

			¥	Right atrial myxoma

				¥	Due to obstruction to right ventricular filling



		¥	Y descent is accentuated in:

			¥	Tricuspid regurgitation

			¥	Severe right ventricular failure (with high venous pressure)



B.	Precordial Impulses



	1.	Define the normal location for the left ventricular impulse.



		¥	Precordia are the epigastrium and anterior surface of the lower part of the thorax; it is

			synonymous with antecardium



		¥	The left ventricular impulse can be felt as the apical impulse

			¥	This is normally at or medial to the midclavicular line in the 5th or possibly the 4th

				interspace



	2.	Define the normal location for the right ventricular impulse.



		¥	The right ventricular impulse can be felt on the right ventricular area (refer back to Bates, 

			p260)

			¥	This is located on the left sternal border in the 3rd, 4th, and 5th interspaces

			¥	The right ventricular impulse can also be felt in the epigastric (subxiphoid) area

				

C.	Arterial Pulses (Carotid Pulse)



	1.	Define pulsus parvus, pulsus alternans, bisferiens pulse, pulsus paradoxus and name a cause of 	each.



		¥	Pulsus parvus is a small, weak pulse

			¥	Associated with:

				¥	Decreased left ventricle stroke volume

					¥	Myocardial failure

					¥	Tachycardia

					¥	Hypovolemia

					¥	Severe mitral stenosis

					¥	Constrictive pericarditis

				¥	Narrow pulse pressure

				¥	Increased peripheral vascular resistance



		¥	Pulsus alternans is a regular alternating intensity of the arterial pulse

			¥	Occurs in severe myocardial failure

				¥	Due to alternating left ventricular contractile force

				¥	Usually the 3rd heart sound is also evident (will be explained later, so donÕt get 

					excited!)



		¥	Bisferious pulse is a carotid arterial pressure contour with two palpable systolic peaks

			¥	Aortic regurgitation

			¥	Hypertrophic obstructive cardiomyopathy



		¥	Pulsus paradoxus is a greater than normal decrease (> 10 mm Hg) in systolic arterial 

			pressure with inspiration

			¥	Pericardial tamponade

			¥	Airway obstruction

			¥	Superior vena cava obstruction



		¥	See Cecil, fig 2-1, p13



	2.	Name a cause of both a slow-rising and a fast-rising carotid pulse.



		¥	A slowly rising, low-amplitude, late-peaking arterial pulse is due to severe aortic outflow 

			tract obstruction

			¥	Heart failure

			¥	Mitral stenosis

			¥	Constrictive pericarditis



		¥	A fast rising carotid pulse results from an increased stroke volume and rate of left 

			ventricular ejection

			¥	Aortic insufficiency 

			¥	Thyrotoxicosis

			¥	Anemia



D.	Heart Sounds.



	¥	NOTE:  I have looked up some web sites with cardio sounds.  They are:

		¥	http://hippocrates.uokhsc.edu/oucurric/ms2/pcm2/Cardiovascular/CVExam2.htm

		¥	http://genome.eerie.fr/bioscience/atlases/heart/index.htm



	¥	See Cecil, fig 2-3, p16



	¥	The first heart sound (S1) occurs at the onset of systole and is generated by the mitral and

		tricuspid valve closure



	¥	The closure of the aortic (A2) and pulmonic (P2) valves at the end systole generates S2

		¥	A2 and P2 occur almost simultaneously at end expiration

		¥	Upon inspiration, venous return increases to the right side of the heart because of decreased 

			intrathoracic pressure and decreases to the left side of the heart because of increased 

			pulmonary vascular capacitance

			¥	These changes delay P2 and slightly advance A2 so that A2 and P2 separate temporally 

				during inspiration, becoming superimposed during expiration

			¥	P2 is normally less intense than A2 and is best heard at the second intercostal space to 

				the left of the sternum

			

		¥	The absolute value of the A2-P2 interval reflects resistance to pulmonary blood flow and 

			impedance characteristics of the pulmonary vascular bed

		¥	The splitting is heard best at the pulmonic area or left sternal border when the patient is

			in the upright position



	¥	An early diastolic gallop rhythm (S3) is a low-pitched sound generated by rapid filling of the left 

		ventricle in early diastole and is a physiologically normal sound in young people into the 

		early 20s

		¥	If S3 is heard in older age groups it signifies left or right ventricular failure or volume 

			overload



	1.	Define the effect of the PR interval on the intensity of the first heart sounds (S1)



		¥	Factors that influence the intensity of S1:

			¥	Position of mitral leaflets at the onset of ventricular systole

			¥	Rate of rise of left ventricular pressure pulse

			¥	Presence or absence of structural disease of mitral valve

			¥	Amount of tissue, air, fluid between mitral valve and stethoscope

		¥	After a short PR interval, the mitral and tricuspid valves are wide open at the onset of 

			systole (louder S1)

			\ ¯ PR ® ­ S1



		¥	After a long PR interval the valves are almost closed at the onset of systole (softer S1)

			\ ­ PR ® ¯ S1

		

	2.	Name a cause of and the mechanism for both an increased and decreased intensity of the first

		heart sound (S1), aortic second sound (A2), and pulmonic second sound (P2).



		¥	S1 is loud in patients who have mitral stenosis and a relatively pliable valve

			¥	The mitral valve is wide open at the onset of left ventricular ejection

		¥	S1 is also louder if:

			¥	Diastole is shortened because of tachycardia

			¥	Atrioventricular flow is increased because of high cardiac output or mitral stenosis

			¥	Atrial contraction precedes ventricular contraction by an unusually short interval 

				(short PR interval)



		¥	The intensity of S1 is reduced if:

			¥	Poor conduction of sound through a thick chest wall

			¥	Mitral regurgitation

			¥	A slow rise of the left ventricular pressure pulse

				¥	This is because valve leaflets drift rather than snap closed

			¥	Long PR interval

			¥	Imperfect closure due to reduced valve substance, as in mitral regurgitation

			¥	Anterior mitral leaflet is immobile because of rigidity and calcification, even in the 

				presence of predominant mitral stenosis



		¥	The intensity of P2 is increased in: 

			¥	Pulmonary hypertension

				¥	The increased pressure against the valve will cause a louder sound

				¥	Splitting of S2 may be diminished, normal, or accentuated depending upon the cause

					of the pulmonary hypertension

			¥	Thin chest wall



		¥	The intensity of P2 is decreased in valvular or subvalvular pulmonic stenosis

			¥	This will decrease the pressure or force with which the pulmonary valve closes



		¥	The intensity of A2 is increased in:

 			¥	Systemic hypertension

				¥	Just as the increased pulmonary hypertension causes increased pressure against the 

					pulmonary valve, the same occurs for the aortic valve in systemic hypertension

			¥	Aortic dilation

			¥	Coarctation of the aorta

		¥	The intensity of A2 is diminished in calcific aortic stenosis

			¥	This is also because of less force upon the aortic valve

			¥	Aortic regurgitation can also create a diminished intensity of A2



	3.	Define wide splitting, fixed splitting, paradoxical splitting of S2; name a cause for each.



		¥	Wide splitting of S2 is when A2 and P2 are further apart than normal because P2 is delayed

			or occasionally when A2 is early

			¥	Mitral regurgitation

			¥	Ventricular septal defect

			¥	Right bundle branch block

			¥	Left ventricular pacing

			¥	Pulmonic stenosis

			¥	Pulmonary embolus

			¥	Idiopathic dilation of the pulmonary artery



		¥	Fixed splitting of S2 occurs when A2 and P2 are split during inspiration and expiration

			¥	Atrial septal defect

				¥	Right atrial inflow is constant due to the extra source

					¥	The volume and duration of atrial ejection are not affected by inspiration so there

						is no exaggeration of the S2 split

			¥	Severe right ventricular dysfunction (e.g., severe pulmonic stenosis)



		¥	Paradoxical splitting of S2 is when P2 precedes A2 during expiration and is coincident with 

			A2 on inspiration and is caused by conditions that delay A2

			¥	Left bundle branch block

			¥	Severe aortic stenosis

			¥	Right ventricular pacemaker

			¥	Angina, myocardial infarction

			¥	Hypertrophic obstructive cardiomyopathy

			¥	Aortic regurgitation



		¥	See Cecil, fig 2-3 and table 2-6



	4.	Describe the timing and physiologic or pathophysiologic correlates of the S3 and S4 gallops; 

		name two specific diagnoses associated with each.



		¥	An early diastolic filling sound (S3 gallop) may be physiologic in older children and young 

			adults, but in adults it occurs with impaired ventricular function and heart failure

			¥	A low pitched sound produced in the ventricle 0.14 to 0.16 seconds after A2 at the

				termination of rapid filling

			

			¥	Left sided S3 can be heart at the left ventricular apex during expiration with the patient

				in the left lateral position

			¥	Right sided S3 is heard at the left sternal border or just beneath the xiphoid process 

				during inspiration with the patient in the left lateral position



			¥	It is found in patients with:

				¥	Chronic A-V valve (aortic or mitral) insufficiency (regurgitation) 

				¥	Impaired left ventricular function

				¥	Conditions that increase the rate or volume of ventricular filling



		¥	The fourth heart sound (S4 gallop) occurs during late diastolic ventricular filling due to atrial 

			contraction (it is absent in atrial fibrillation)

			¥	An S4 is usually abnormal and is associated with reduced ventricular compliance (it is 

				not indicative of systolic dysfunction)

			¥	It is best heard at the left ventricular apex with patient in the left lateral position

			

			¥	A left ventricular S4 is characteristically found in patients with:

				¥	Hypertension

				¥	Aortic stenosis

				¥	Hypertrophic cardiomyopathy

				¥	Myocardial infarction

				¥	Acute mitral regurgitation



			¥	A right ventricular S4 is heard in:

				¥	Pulmonary hypertension

				¥	Pulmonic stenosis



	5.	Describe the timing and pathyophysiologic correlates of ejection clicks, non-ejection clicks, and

		opening snaps;  name an example of each.



		¥	Normal valves make no sound as they open, but an abnormal but pliable aortic or pulmonic 

			valve may generate an opening sound called an ejection click

			¥	Ejection clicks are high pitched and occur early in systole, immediately upon completion

				of isovolumic contraction

				¥	Aortic or pulmonic valve stenosis

				¥	Pulmonary or systemic hypertension

			

		¥	Non-ejection clicks occur mid-systolic and often denote prolapse of one or both leaflets of

			the mitral valve

			¥	They are thought to result from sudden tensing of the mitral valve apparatus (chordae 

				tendonae) as the valve prolapses



		¥	Opening snaps occur during the opening of the mitral and tricuspid valves, which, under

			normal conditions, donÕt make any sound

			¥	The opening snap occurs with mitral or tricuspid stenosis if the valve is still pliable

			¥	It is of higher pitch than an S3 gallop and is located somewhat medial to the apex beat

			¥	More severe stenosis causes it to occur earlier (closer to S2); the higher the left atrial 

				pressure, the earlier the valve opens after the onset of isovolumic relaxation



	6.	Define summation gallop.



		¥	When tachycardia is present and a diastolic gallop canÕt be separated into a distinct S3 and

			S4, it is termed a summation gallop

			¥	It has a distinct cadence



E.	Heart Murmurs



	1.	Describe the mechanism of production of a heart murmur.



		¥	Cardiac murmurs result from vibrations set up in the bloodstream and the surrounding heart

			and great vessels as a result of turbulent blood flow, the formation of eddies, and cavitation

			(bubble formation as a result of sudden decrease in pressure)



	2.	Describe the characteristics of and give an example of a systolic ejection murmur, holosystolic 

		murmur, late systolic murmur, diastolic decrescendo murmur, mid-diastolic murmur, 

		continuous murmur.



		¥	See Cecil, Table 2-9, p19 and fig 2-4, p17



		¥	Heart murmurs are vibrations of longer duration than the heart sounds and represent 

			turbulent flow

			¥	Often, the turbulence results from flow across abnormal cardiac valves, but increased

				flow across a structurally normal valve can also give rise to certain murmurs



		¥	A murmur that is crescendo increases in intensity to a maximum

		¥	A decrescendo murmur begins loud and decreases in intensity (Cecil, fig 2-4, p17)

		¥	A crescendo-decrescendo murmur is Òdiamond-shapedÓ; it increases then decreases

		¥	A plateau murmur continues at a constant intensity



		¥	Systolic ejection murmurs are generated by either abnormalities within or increased flow

			across the aortic or pulmonary outflow tract

			¥	They are crescendo-decrescendo and often harsh

			¥	The systolic ejection murmur of coarctation of the aorta is late in systole compared with 

				valvular ejection murmurs

			

			¥	Prototype is valvular, supravalvular, and subvalvular aortic stenosis



		¥	Holosystolic murmurs extend throughout systole of relatively uniform intensity (plateau)

			¥	Generated by flow between two chambers which have widely different pressures 

				throughout systole

			¥	Occur with: 

				¥	Mitral and tricuspid valve regurgitation

				¥	Ventricular septal defect



		¥	Late systolic murmurs have variable onset and duration and are often preceded by a 

			nonejection click

			¥	Related to papillary muscle dysfunction caused by infarction or ischemia or distortion

				due to left ventricular dilatation

			¥	Heard with mitral valve prolapse



		¥	Diastolic decrescendo murmurs start immediately after the time of closure of the valve, 

			decrease in intensity during diastole and are high-pitched and difficult to hear

			¥	Occur in aortic or pulmonic valve regurgitation

				¥	Pulmonary hypertension



		¥	Mid-diastolic murmurs do not start until the ventricular pressure has fallen below the 

			level of the atrial pressure (fig 2-4, p17)

			¥	This leaves a sound-free interval between the second heart sound and the start of the 

				murmur

			¥	The murmur is low-pitched and rumbling, and its duration is related to the severity of 

				the stenosis and the size of the stroke volume

			¥	Mitral stenosis is the most common cause



		¥	Continuous murmurs are caused by lesions that generate turbulent flow in both systole 

			and diastole owing to a pressure gradient present throughout the cardiac cycle.

			¥	This is due to a pressure difference between two communicating vessels or chambers at 

				all times in the cardiac cycle

			¥	The most common example is that found in patent ductus arteriosis with left-to-right 

				shunt

			¥	It is loudest at the time of the second heart sound



	3.	Describe how right and left heart auscultatory events can be differentiated.



		¥	Whether a sound is originating in the left or right heart (and which valve/chamber) depends

			on where the sound is loudest when listening.

			¥	Also depend on where murmur radiates

			¥	Different maneuvers can differentiate; accentuation of the murmur during inspiration

				implies that it originates on the right side (inspiration increases systemic venous

				return)



	4.	Define a thrill.



		¥	Passing the cardiology module without remediating!



		¥	Thrills are palpable, sustained, low-frequency vibrations associated with the same

			disturbances that cause heart murmurs

			¥	The significance of palpable thrills is similar to that of cardiac murmurs

			¥	A murmur that is associated with a thrill is likely to have an organic cause



	5.	Define a bruit.



		¥	A bruit is a mumurlike sound of vascular rather than cardiac origin





IV.	Laboratory Evaluation



A.	Chest X-ray.



	1.	Identify the chambers and great vessels forming the heart borders on a PA (postero-anterior)

		and lateral chest x-ray.



		¥	See Cecil, fig 3-1, p21 for lateral chest x-ray

		¥	See Snell (yes, from anatomy), p112 and 113

		¥	See module videodisc

	

	2.	Describe the significance of increased and decreased pulmonary vascularity.



		¥	Pulmonary vessel size is proportionate to blood flow

			¥	Increased blood flow results in enlarged and tortuous vessels

				¥	Left to right shunts



			¥	Decreased blood flow decreases vessel caliber

				¥	Pulmonary emboli

				¥	Emphysematous blebs

				¥	Right to left shunts



		¥	Increased pulmonary venous pressure (e.g. due to left heart failure) leads to enlargement of

			the pulmonary veins and redistribution of flow, such that the upper lobe vessels become

			more prominent

		¥	Significant pulmonary arterial hypertension typically results in disproportionate dilation of 

			the proximal pulmonary arteries

		¥	Increased pulmonary arterial blood in the setting of normal vascular resistance (e.g., due to 

			uncomplicated atrial septal defect) causes dilation of both proximal and distal pulmonary 

			arteries



C.	Electrocardiography Ñ Covered in Submodule C



D.	Echocardiography



	1.	Discuss the basic principle of echocardiography.



		¥	Echocardiography used ultrasound waves emitted from piezoelectric crystals in the 

			transducer that are reflected by structures with differing acoustic densities, particularly at 

			the interface of structures, and return to the transducer where they are recorded

			¥	If transducer crystals emit a moving beam, a larger portion of the heart is imaged in two 

				dimensions, which is the major technique for assessing cardiac chamber size, wall 

				thickness, cardiac movement, and valve structure



	2.	Differentiate M-mode from two dimensional echocardiography.



		¥	In M-mode echocardiography, a single transducer emits 1000 to 2000 pulses per second

			along a single line, providing excellent temporal resolution along a single line

			¥	The intensity of the echo signal is displayed as the brightness of the signal on the 

				oscilloscope screen with the distance from the transducer on the y axis with time on the 

				horizontal axis, while the oscilloscope is moved

			¥	Thus, conventional M mode display shows time on  the horizontal axis, distance on the 

				vertical axis, and intensity of the echo by brightness



		¥	Two dimensional echocardiography is a more expensive ultrasound tracing rapidly and 

			sequentially scanned across a sector field of 90¡ at a rate sufficient to provide a continuous 

			image to the unaided eye (30 times per second)

			¥	It is the major technique used for cardiodiagnostics

	

		¥	See Cecil, fig 3-8, p28 for comparison



	3.	Name six conditions that can be specifically diagnosed by echocardiography (besides congenital

		heart disease).



		¥	Note:  This question was removed by Dr. Fontana because it isnÕt in the new edition

			of Cecil.  It is still useful to look at, though.



		¥	Two-dimensional echocardiography is the major technique for assessing cardiac chamber 

			size, wall thickness, cardiac movement, and valve structure



		¥	Conditions that can be specifically diagnosed by echocardiography:

			¥	Congenital heart disease

			¥	Valvular heart disease

				¥	Mitral stenosis

				¥	Mitral regurgitation

				¥	Aortic stenosis

				¥	Aortic regurgitation

				¥	Tricuspid & pulmonary valvular disease

				¥	Prosthetic valves

				¥	Endocarditis

			¥	Cardiomyopathy

				¥	Dilated

				¥	Hypertrophic

				¥	Restrictive-obliterative

			¥	Pericardial effusion

			¥	Cardiac masses



	4.	Define contrast echocardiography and describe its principle use.



		¥	Ultrasound is particularly sensitive to the presence of microscopic bubbles in the circulation 

			and the interface between the gas in the bubble and the blood reflects ultrasound strongly

			¥	Any freshly made solution or forceful injection of liquid contains or generates sufficient 

				intravascular bubbles to be detectable in either echocardiographic or Doppler recordings 

				from the heart

			¥	They can be used to identify intracardiac shunts by means of ultrasound and establish 

				connections between different areas of the heart and great vessels



	5.	Define Doppler echocardiography; list 3 pathophysiologic states in which it is useful.



		¥	Doppler echocardiography measures blood flow

			¥	Ultrasound frequency changes when reflected from a moving object (e.g., red blood 

				cells), and the frequency change is directly proportional to the speed of the moving 

				object

			

				� EMBED Equation.2  ���



					� EMBED Equation.2  ���



		¥	Pathophysiologic states in which doppler echocardiography is useful:

			¥	Valve regurgitation

			¥	Intracardiac shunts

			¥	Stenotic valves



E.	Cardiac Catheterization.



	1.	Describe the major indications for catheterization.



		¥	Cardiac catheterization involves introduction of hollow, fluid-filled catheters via the arterial 

			and/or venous system into the heart to measure intracardiac pressures, blood flow, and 

			oxygen saturation, and to inject contrast to perform cardiac angiography



			¥	Cardiac catheterization is recommended:



				1.	When there is a need to confirm the presence of a clinically suspected condition

				2.	Define its anatomic and physiologic severity

				3.	Determine whether important associated conditions are present



				¥	This need most commonly arises when a patient is experiencing significant or 

					increasing symptoms of cardiac dysfunction or when objective measures (such as 

					exercise testing or echocardiography) suggest that the patient is at high risk of rapid 

					deterioration, myocardial infarction, or other adverse events.



				¥	In patients suspected of having coronary artery disease, cardiac catheterization is

					indicated when:



					1.	The cause of chest pain remains unclear after noninvasive evaluation

					2.	Angina is refractory to medical management

					3.	Patients are at high risk for having left main or severe three-vessel stenosis and

						may have improved survival with revascularization

					4.	Acute intervation (angioplasty or intracoronary thrombolysis) is contemplated

						in the first 4 to 6 hours after infarction



	2.	List five general types of measurements made during catheterization.



		¥	Five general types of measurements made during catheterization:

			1.	Intracardiac pressures

			2.	Pulmonary wedge pressure (approximately left atrial pressure)

			3.	Blood flow measurements (cardiac output, etc.)

			4.	Oxygen saturation

			5.	Resistances





Submodule B:  Circulatory FailureÑHeart Failure, Shock



Scope and Objectives



	This submodule is primarily concerned with heart failureÑdefinition, causes, the pathophysiologic consequences and compensations, clinical symptoms, and general principles of treatment.  Left and right heart failure are considered in terms of clinical symptoms.  High output cardiac failure is also considered.  The ultimate in circulatory failureÑshock, is covered, with emphasis on the different types and stages of shock, metabolic consequences, clinical manifestations and their mechanisms, and general principles of management.  Both CecilÕs and HarrisonÕs must be used.  CecilÕs has the tables, HarrisonÕs has the pathophysiology.



	If you can describe the pathophysiologic chain of events which occur in heart muscle failure and the compensations that occur in response, then the principles of management make sense and are much easier to remember.  As you study this submodule ask yourself, ÒThe left (or right) ventricle has failed to pump out an adequate stroke volume, what is going to happen as a result and how can I modify it?Ó  Knowledge of whatÕs normal is essential.  Review pages are indicated if needed, or consult the Cardiovascular Module from year 1.



I.	Review From Normal Man.



A.	Cellular Basis of Cardiac Contraction.



	1.	Sarcomere structure



		¥	Each sarcomere consists of a series of overlapping thin actin filaments with interdigitating

			thick myosin filaments	

			¥	The A-band is the dark portion representing the thick myosin filaments

				¥	The H-zone consists of thick filaments without overlapping thin actin filaments

			¥	The I-band consists of thin actin filaments that are not overlapping with thick filaments

				¥	The Z-line is in the middle of the I-band where sarcomeres are attached to each 

					other

					¥	A sarcomere is from one Z-line to the next

			¥	The myosin head interact with the thin actin filaments

		¥	See HarrisonÕs, fig 232-1, p1279



	2.	Contractile process.



		¥	The process of contraction involves a cyclic interaction between the thick and thin filaments

			in the crossbridge cycle which involves attachment of thick-filament crossbridges to sites

			along the thin filaments, production of a mechanical movement, crossbridge detachment 

			from the thin filaments, and subsequent reattachment of the crossbridges at different sites 

			along the thin filaments.

			¥	The crossbridge associated between actin and myosin functions as en enzymeÑthe

				actomyosin ATPase that catalyzes the breakdown of ATP

			¥	Ca2+ activates the crossbridge, stimulating the power stroke, causing contraction and the

				release of ADP and Pi

			¥	The crosslink is detached and reset by the hydrolysis of another ATP molecule

			¥	Repetitive interaction between myosin heads and actin filaments is termed cross-

				bridge cycling, which results in sliding of the actin along the myosin filaments, 

				ultimately causing muscle shortening and/or the development of tension

			¥	See HarrisonÕs, fig 232-2, p1280



	3.	Cardiac activation.



		¥	Cardiac muscle is a highly branched network of cells that form a functional syncytium with

			cells acting in concert both mechanically and electrically due to gap junctions in the

			intercalated disks

			¥	The stimulus for cardiac muscle contraction arises entirely within the heart and 

				conduction of the action potentials (AP) is solely a function of the muscle tissue

			¥	The activation of the AP is due to the intrinsic electrical properties of the myocytes



		¥	The duration of the AP is quite long and lasts as long as the muscle contraction

			¥	One consequence is that the absolute and relative refractory periods of the membrane

				activity are extended and the muscle canÕt be restimulated during any but the latest part

				of the contraction

			¥	The long lasting refractoriness of the cell membrane effectively prevents the 

				development of a tetanic contraction

			¥	When cardiac muscle is stimulated to contract more frequently (increased heart rate), 

				the AP duration becomes less, and consecutive twitches remain separate contraction-				relaxation events



		¥	The rapid depolarization associated with the upstroke of the AP is conducted down the 

			T tubule system of the ventricular muscle, where it functions to cause release of intracellular

			calcium ions from the sarcoplasmic reticulum

		¥	In cardiac muscle the largest part of the calcium released during rapid depolarization is from

			an additional intracellular location just inside the cell membrane (sarcolemma)

		¥	In addition to the intracellular source, a significant amount of calcium enters the cell from 

			the outside during the plateau phase of the AP, creating a slow inward current

		¥	The action of calcium ions on the troponin-tropomyosin regulatory system of the thin

			filaments is similar to that in skeletal muscle

			¥	The Ca2+ released diffuses toward the sarcomere and combines with troponin C which 

				normally inhibits contraction



	4.	Frank-Starling relation



		¥	The active portion of the length-tension curve (Rhoades & Tanner, fig 10-7, p201) provides

			the limit to shortening and thus interacts with the particular afterload

			¥	With lower afterloads the muscle will shorten further than it would with a higher

				afterload

			¥	During isotonic shortening the muscle force is limited by the magnitude of the afterload 

				and not by the length-tension capability of the muscle.  It is the extent of shortening at a 

				given afterload that is limited by the length-tension property of the muscle; this is a 

				very important consideration when measuring cardiac performance under conditions of 

				changing blood pressure and filling of the heart

				¥	This length- and force-dependent behavior is the key to self-regulation by cardiac 

					muscle and is the functional basis of the Frank-Starling mechanism  which states 

					that when the muscle is set to a longer length at rest, the active contraction results in 

					a greater shortening that is also more rapid and is preceded by a more rapid isometric 

					phase

					¥	This allows the heart to adjust its pumping to exactly the amount required to 

						keep the circulatory system in balance



B.	Myocardial Mechanics.



	1.	Force-velocity curve

		-	Effect of inotropic stimulation, change in preload



		¥	The variable contractility of cardiac muscle allows it to make physiologically useful 

			adjustments to the varying demands of the circulatory system

			¥	Certain chemical and pharmacologic agents, as well as physiologic circumstances, also

				affect cardiac contractility

			¥	Contractility is altered by inotropic interventions, agents or processes that can change

				the functional state of cardiac muscle

				¥	Common inotropic interventions that increase contractility (positive inotropes) 

					include the action of adrenergic stimulation, blood-borne catecholamine hormones, 

					drugs such as the digitalis derivatives, and an increase in the rate of stimulation

					(i.e., heart rate)

				¥	Negative inotropic interventions (negative inotropes) include a decrease in heart

					rate, disease processes such as myocarditis or coronary artery disease, and some

					drugs 



			¥	On the force velocity curve (Rhoades & Tanner, fig 10-9, p202), shorter muscle length

				at a constant afterload and contractility results in a steeper force-velocity curve

				¥	Decreased starting length produces lower velocities of shortening at a given afterload

			¥	Increased contractility produces increased velocity of shortening at a constant muscle 

				length



			¥	Increases in the left ventricular end-diastolic fiber length (preload) augment the

				ventricular force of contraction, which increases the stroke volume

				¥	This reflects the relationship between length of a muscle and the force of contraction

				¥	End-diastolic fiber length is determined by end-diastolic volume, which is dependent

					on end-diastolic pressure

				¥	In other words, increases in preload results in an increase in muscle length and higher

					velocities of contraction



	2.	Pressure volume curves in the intact heart



		¥	Pressure volume curves in the heart show that increases in end diastolic pressure result in

			an increase in cardiac output/stroke work (Rhoades & Tanner, fig 14-3, p264 and fig 14-5, 

			p265)



		¥	An increase in arterial pressure (afterload) decreases stroke volume by increasing the force

			that opposes the ejection of blood during systole



C.	Determinants of myocardial performance



	1.	Preload (ventricular diastolic volume)

		a.	Blood volume distribution

		b.	Atrial contraction



		¥	End-diastolic fiber length is determined by end-diastolic volume, which is dependent on 

			end-diastolic pressure

			¥	End-diastolic pressure is the force that expands the ventricle to a particular volume

			¥	For a given ventricular compliance, higher end-diastolic pressures increase both diastolic

				volume and fiber length

			¥	The end-diastolic pressure depends on the degree of ventricular filling during ventricular

				diastole, which is influenced largely by atrial pressure (atrial contraction)

			¥	Certain factors, such as venous tone, distribute more blood toward the heart which 

				increases ventricular diastolic volume and thus preload



	2.	Inotropic state (contractility)

		¥	Adrenergic, exogenous influences



		¥	A change in the force of contraction at a constant end-diastolic fiber length reflects a change 

			in the contractility of the heart

			¥	Increases in sympathetic nerve activity increase the force of contraction for a given end-

				diastolic fiber length under different conditions

				¥	The increase in force of contraction causes more blood to be ejected against a given 

					aortic pressure and thus raises stroke volume

			¥	See Cecil, table 1-1, p7, for influences of contractility



	3.	Afterload

		¥	LaplaceÕs law



		¥	Afterload is the force against which the ventricular muscle fibers must shorten, which is

			another determinant of stroke volume

			¥	In normal circumstances, afterload can be equated to the aortic pressure during systole

			¥	If arterial pressure is suddenly increased, a ventricular contraction (at a given level of

				contractility and end-diastolic fiber length) produces a lower stroke volume

				¥	The shortening velocity of ventricular muscle decreases with increasing load, which

					means that for a given duration of contraction the lower velocity results in less

					shortening and a decrease in stroke volume

				¥	Although a sudden rise in systemic arterial pressure causes the left ventricle to eject

					less blood per beat, the output from the right heart remains constant

				¥	Left ventricular filling subsequently exceeds its output

				¥	As the end-diastolic volume and fiber length of the left ventricle increase, the 

					ventricular force of contraction is enhanced

				¥	A new steady state is quickly reached in which the end-diastolic fiber length is 

					increased and the previous stroke volume is maintained

				¥	Over the next 30 seconds, the end-diastolic fiber length returns toward the control

					level, while the stroke volume is maintained despite the increase in aortic pressure

					due to an increase in contractility



			¥	The ventricular radius influences stroke volume because of the relationship between 

				ventricular pressures (PV) and ventricular wall tension (T)

				¥	For a hollow structure such as a ventricle, by the Laplace equation:



							� EMBED Equation.2  ���

			

				¥	r1 and r2 are the radii of curvature for the ventricular wall



	4.	Heart Rate



		¥	Tachycardia (rapid heart rate) results in a reduction in cardiac dimensions, increased velocity

			of ejection, and an enhanced rate of tension development



		¥	Heart rate and stroke volume determine the cardiac output 

			¥	CO = SV X HR



II.	Heart Failure



 A.	Define heart failure



	¥	Heart failure refers to a state in which the heart cannot provide sufficient cardiac output to 

		satisfy the bodyÕs metabolic needs or can do so only with elevated filling pressures



B.	List examples of causes of heart failure.



	1.	Myocardial dysfunction



		¥	Heart failure from intrinsic myocardial disease:

			¥	Coronary heart disease (myocardial ischemia)

			¥	Cardiomyopathy

			¥	Infiltrative diseases, such as:

				¥	Hemochromatosis

				¥	Amyloidosis

				¥	Sarcoidosis

				¥	Myocarditis



	2.	Valve dysfunction



		¥	Heart failure from valve dysfunction:

			¥	Stenosis of aortic or pulmonary valves

			¥	Aortic insufficiency

			¥	Mitral insufficiency

			¥	Tricuspid insufficiency

			

	3.	Other disease states



		¥	Other causes of heart failure:

			¥	Hypertension

			¥	Hypertrophic cardiomyopathy

			¥	Congenital left-to-right shunts

			¥	Increased body demands:

				¥	Thyrotoxicosis

				¥	Anemia

				¥	Pregnancy

				¥	Arteriovenous fistula



	4.	Iatrogenic



		¥	Iatrogenic causes of heart failure

			¥	Drugs such as doxorubicin (Adriamycin) or disopyramide

			¥	Radiation therapy for mediastinal tumors or HodgkinÕs disease



	5.	Causes of decompensation in presence of pre-existing heart disease.



		¥	Causes of heart failure due to decompensation in the presence of pre-existing heart disease:

			¥	Ventricular dilation

			¥	Hypertrophy

			¥	Neurohormonal activation

				¥	Sympathetic nervous system

				¥	Renin-angiotensin system



	General causes can be listed.  The pathophysiology of many of the causes is dealt with later in this submodule and in subsequent submodules.  Listing causes now gives you an idea of the magnitude of the problem in clinical medicine.



C.	Define the hemodynamic abnormalities which occur in heart failure.



	¥	Systolic heart failure which is an impairment of myocardial contractility, causes weakened 

		systolic contraction with leads to:

		¥	Reduction in stroke volume

		¥	Inadequate ventricular emptying

		¥	Cardiac dilatation

		¥	Often elevation of ventricular diastolic pressure



	¥	Diastolic heart failure is impaired relaxation and filling of the ventricle and leads to an elevation 

		of ventricular diastolic pressure



D.	Define and discuss the compensatory mechanisms.



	1.	Frank-Starling mechanism



		¥	An increase in preload results in an increased fiber length or dilation increases the force of

			contraction, as shown by the Frank-Starling law 



	2.	Hypertrophy



		¥	Concentric hypertrophy (hypertrophy without dilation) provides larger contractile cells

			¥	This restores elevated ventricular wall stress to normal



	3.	Tissue oxygen extraction



		¥	The hypertrophy of the cells and the greater pressures that the heart is working against

			result in increased oxygen requirements for the heart

			¥	Heart failure thus results in less work for the same oxygen requirements

			¥	More oxygen is required for the myocardium and more oxygen is extracted of the 

				coronary arteries

			¥	This may result in inadequate perfusion for the demands of the heart (ischemia)



		¥	The redistribution of cardiac output is an important compensatory mechanism

			¥	Blood flow is redistributed so that the delivery of oxygen to vital organs, such as the 

				brain and myocardium, is maintained at normal or near-normal levels, while flow to less 

				critical areas, such as the cutaneous and muscular beds and viscera, is reduced

				¥	Vasoconstriction mediated by the adrenergic nervous system is largely responsible

					for this redistribution



		¥	An integral physiologic component of systolic heart failure is the delivery of an inadequate

			quantity of oxygen required by the metabolizing tissues

			¥	In the absence of peripheral shunting of blood, this is reflected in an abnormal widening

				of the normal arterial-mixed venous oxygen difference

				¥	The mixed venous oxygen saturation is raised by the admixture of blood that has 

					been diverted from the metabolizing tissues, and it may be presumed that even in

					these patients the delivery of oxygen to the tissues is reduced despite the normal or

					even elevated mixed venous oxygen saturation



	4.	Neurohumoral



		a.	Sympathetic nervous system



			¥	In patients with heart failure the levels of circulating norepinephrine (NE) may be 

				markedly elevated

				¥	The prognosis varies inversely with the levels of circulating NE

				¥	This increased activity of adrenergic neurons supports ventricular contractility in

					congestive heart failure and increases heart rate

�				¥	The chronic adrenergic stimulation in heart failure may also increase afterload by

					raising vascular resistance and cause arrhythmias and further myocardial damage

					directly

				¥	Excessive sympathetic tone can also heighten myocardial oxygen requirements and 

					may contribute to myocardial injury



				¥	The density of adrenergic receptors and concentration of cardiac norepinephrine are 

					both reduced in chronic, severe heart failure



				¥	Adrenergic activation also increases venous return and the enhanced arterial tone

					helps maintain blood pressure and perfusion of critical tissues

					¥	This also increases impedance to ventricular ejection and that abnormal ventricle 

						may not be able to maintain output against this resistance



		b.	Renin-angiotensin-aldosterone



			¥	When cardiac output declines, the renin-angiotensin-aldosterone system is activated

				¥	Concentrations of circulating angiotensin II and aldosterone are both increased, the

					former contributing to excess vasoconstriction and the latter to the retention of salt

					and water and potassium excretion



		c.	Atrial natriuretic factor (peptide) (ANF, ANP)



			¥	The retention of salt and water result in increased atrial volumes resulting in the release

				of atrial natriuretic peptide (ANP)

				¥	ANP promotes sodium and water excretion



		Another neurohumoral substance activated is arginine vasopressin (AVP).  Non-osmotic 

		stimulation (ÒhypovolemiaÓ due to decreased cardiac output) causes peripheral 

		vasoconstriction.  AVP may also contribute to hyponatremia which occurs in advanced heart 

		failure.



		In general, the higher the plasma levels of norepinephrine, renin-aldosterone axis, ANF, AVP,

		the more severe the heart failure and the poorer the prognosis.



		Table I integrates the factors in objectives C and D.  Being able to reproduce it from memory

		will greatly facilitate learning all subsequent material in this submodule and others to come!



		¥	See Table I, Cardiology module



E.	Define systolic and diastolic heart failure and describe the hemodynamic abnormalities which

	occur in terms of:



	¥	The distinction between the types of heart failure relates to whether the principal abnormality 

		is the inability to contract normally and expel sufficient blood (systolic heart failure) or 

		inability to relax and fill normally (diastolic heart failure).



	¥	Systolic heart failure results from the inability to expel blood due to impaired inotropic state or

		loss of muscle and results in:

		¥	Reduced stroke volume

		¥	Inadequate ventricular emptying

		¥	Cardiac dilatation

		¥	Elevated diastolic ventricular pressure

		¥	It is associated with dilated cardiomyopathy, ischemic heart disease



	¥	Diastolic heart failure results from increased resistance to ventricular inflow and reduced 

		ventricular diastolic capacity or impaired ventricular relaxation

		¥	The resistance to ventricular inflow is associated with:

			¥	Constrictive pericarditis

			¥	Restrictive hypertensive and hypertrophic cardiomyopathy

			¥	Myocardial fibrosis

			¥	Infiltration cardiomyopathy

		¥	Impaired ventricular relaxation is associated with

			¥	Ischemia

			¥	Hypertrophic cardiomyopathy



	1.	Alterations in the pressure-volume relationship

		¥	Increased or decreased compliance



		¥	Systolic heart failure results in cardiac dilatation which results in a much greater 

			diastolic compliance

			¥	At a given pressure, the volume will be much greater



		¥	Diastolic heart failure, as exemplified by hypertrophic cardiomyopathy, results in

			a decreased compliance

			¥	At a given pressure, the volume will be less than normal



	2.	Pressures, cardiac output



		¥	The major clinical manifestations of systolic failure relate to an inadequate cardiac output 

			and hypoperfusion

			¥	This results in an inadequate stroke volume

			¥	There is often elevation of ventricular diastolic pressure



		¥	In diastolic failure the clinical manifestations relate to an elevation of filling pressures

			¥	This is a result of increased ventricular diastolic pressure

			¥	The pressures are increased to maintain the same cardiac output (more work for the 

				same cardiac output)



	3.	Left ventricular performance (defined by imaging techniques)



		a.	Ventricular volume



			¥	Since systolic heart failure causes dilatation, ventricular volume is increased

			¥	Diastolic heart failure results in hypertrophy and decreased ventricular volumes



		b.	Ejection fraction



			¥	Along with the cardiac dilatation of systolic heart failure, ejection fractions decrease

				from normal ejection fractions of 60-70% to as low as 10-20% in severe failure



			¥	In diastolic heart failure, the ejection fraction remains the same, but it needs a greater

				pressure to maintain the same cardiac output



	4.	Pattern of hypertrophy

		¥	Differentiate concentric vs. eccentric



		¥	Pressure overload states result in concentric hypertrophy

			¥	Increase in muscle mass but not cavity size Ñ ratio between wall thickness and cavity

				size increases

			¥	Concentric hypertrophy occurs with diastolic heart failure



		¥	Volume overload states result in eccentric hypertrophy

			¥	The muscle mass increases in response to the cavity dilation

			¥	The ratio between muscle wall thickness and cavity size remains constant

			¥	Eccentric hypertrophy occurs with systolic heart failure



	5.	Response to exercise



		¥	The factors that tend to augment ventricular filling during exercise in the normal individual 

			push the failing myocardium along its flattened length-active tension curve, and although the 

			left ventricle may perform somewhat better, this occurs only as a consequence of an 

			inordinate elevation of ventricular end-diastolic volume and pressure.



		¥	One of the major features of systolic heart failure is reduced exercise tolerance



	The differentiation of systolic and diastolic failure is important.  ÒForwardÓ vs. ÒbackwardÓ is an

	artificial distinction, so skip it!



F.	Discuss the abnormalities of cardiac metabolism in heart failure.



	Cecil has nothing on this topic and HarrisonsÕ is vague, which is reasonable, since the cellular abnormalities are not fully defined and may differ according to the etiology of the heart failure.  The following have support from research:



	Abnormal handling of intracellular calcium

	Decreased uptake and/or release of calcium by the sarcoplasmic reticulum may be a factor. Abnormal responsiveness of the myofilaments to calcium may play a role Ñ responsiveness

	is decreased during ischemia and acidosis.



	Inadequate myocardial energy supply

	Decreased phosphocreatine and ATP levels could contribute to contractile abnormalities and 

	abnormal calcium metabolism.  Systolic contraction and diastolic relaxation are both energy dependent!



	G protein imbalance

	GS stimulates adenylate cyclase which increases cyclic AMP which increases calcium influx into the cell which increases calcium uptake by the sarcoplasmic reticulum.  Gi inhibits adenylate cyclase creating a reverse effect.  The Gi/Gs ratio is reportedly increased in CHF, so the heart has a decreased capacity to produce cyclic AMP.



	Beta-adrenoreceptor (B1) abnormalities

	Decreased density and down regulation of B1 adrenoreceptors occur in CHF proportional to the 

	severity.  The contractile response to B1 agonists is impaired.  Beta blockers are being used clinically now in heart failure with poor ventricular function.  HarrisonÕs discusses use of low dose metoprolol and a newly released drug canedilol on p.1296.  Influences on neurohumoral activation and beta receptors are being refined by research Ñ youÕll get more on these mechanisms in 

	MED III/IV.



	¥	The common forms of low-output heart failure, secondary to coronary atherosclerosis, 

		hypertension, cardiomyopathy, and certain valvular and congenital lesions, are characterized by 

		an absolute or a relative reduction in the external work delivered by the heart, although 

		myocardial oxygen consumption remains normal or is only slightly lowered



G.	Define and give the pathophysiologic mechanism of each of the following symptoms:



	1.	Dyspnea



		¥	Respiratory distress that occurs as the result of increased effort in breathing is the most

			common symptom of heart failure

			¥	In early heart failure, dyspnea is observed only during activity, however, dyspnea

				appears with progressively less strenuous activity

				¥	Ultimately, breathlessness is present even when the patient is at rest



			¥	Cardiac dyspnea is observed most frequently in patients with elevations of pulmonary 

				venous and capillary pressures

				¥	Such patients usually have engorged pulmonary vessels and interstitial pulmonary

					edema, which may be evident on radiologic examination

					¥	This reduces the compliance of the lungs and thereby increases the work of the 

						respiratory muscles required to inflate the lungs

					¥	The activation of receptors in the lungs results in the rapid, shallow breathing

						characteristic of cardiac dyspnea

				¥	The oxygen cost of breathing is increased by the excessive work of the respiratory

					muscles coupled with diminished delivery of oxygen to these muscles which occurs

					as a consequence of the reduced cardiac output and which may contribute to fatigue 

					of the respiratory muscles and the sensation of shortness of breath



	2.	Orthopnea



		¥	Orthopnea is dyspnea in the recumbent position and is usually a later manifestation of 

			heart failure than exertional dyspnea

			¥	Orthopnea occurs because of the redistribution of fluid from the abdomen and lower

				extremities into the chest causing an increase in the pulmonary capillary hydrostatic

				pressure, as well as elevation of the diaphragm accompanying supine position

			¥	The sensation of breathlessness usually is relieved by sitting upright, since this position 

				reduces venous return and pulmonary capillary pressure

				¥	In far-advanced heart failure, orthopnea may become so severe that patients cannot

					lie down at all and must spend the entire night in a sitting position



	3.	Paroxysmal nocturnal dyspnea



		¥	Paroxysmal (nocturnal) dyspnea refers to attacks of severe shortness of breath and 

			coughing that generally occur at night, usually awaken the patient from sleep, and may be

			quite frightening

			¥	Unlike orthopnea, the coughing and wheezing persists in the sitting position

			¥	The depression of the respiratory center during sleep may reduce ventilation sufficiently

				to lower arterial oxygen tension, particularly in patients with interstitial lung edema and

				reduced pulmonary compliance

			¥	Ventricular function may be further impaired at night because of reduced adrenergic

				stimulation of myocardial function



	4.	Easy fatiguability



		¥	Fatigue, weakness, and abdominal symptoms are common symptoms of heart failure related

			to the reduction of perfusion of skeletal muscle

			¥	Exercise capacity is reduced by the limited ability of the failing heart to increase its 

				output and deliver oxygen to the exercising muscle



	5.	Cough



		¥	Cough is due to increased pulmonary capillary hydrostatic pressure and decreased lung

			compliance



	6.	Nocturia



		¥	In severe heart failure, particularly in elderly patients with accompanying cerebral 

			arteriosclerosis, reduced cerebral perfusion, and arterial hypoxemia, there may be alterations

			in the mental state characterized by confusion, difficulty in concentration, impairment of

			memory, headache, insomnia, and anxiety

			¥	Nocturia, voiding of urine during the night, is a common manifestation in heart failure 



		¥	There is also redistribution of fluids and excretion because of heart failure (mediated by

			atrial natriuretic hormone)



H.	Define and give the mechanism for the following clinical signs of heart failure.

		

	1.	Jugular venous distension



		¥	Jugular venous distension in patients with heart failure occurs as a result of abnormally

			elevated systemic venous pressure

			¥	In the early stages of heart failure, the venous pressure may be normal at rest but may

				become abnormally elevated during and immediately after exertion as well as with

				sustained pressure on the abdomen



	2.	S3, S4 gallops



		¥	S3 gallops are not specific for heart failure, but occur in patients with high cardiac output or

			impairment of ventricular function

			¥	It occurs at the termination of rapid filling as a result an increase in the rate or volume of

				ventricular filling



		¥	S4 gallop is a low-pitched, presystolic sound produced in the ventricle during ventricular 

			filling

			¥	It occurs when diminished ventricular compliance increases the resistance to ventricular

				filling



	3.	Pulsus alternans



		¥	Pulsus alternans is a regular rhythm in which there is alternation of strong and weak 

			cardiac contractions and therefore alternation in the strength of the peripheral pulses

			¥	It is due to alternating left ventricular contractile force and usually denotes severe

				impairment of left ventricular function



	4.	Pulmonary rales



		¥	Moist, inspiratory, crepitant rales and dullness to percussion over the lung bases are 

			common in patients with heart failure and elevated pulmonary venous and capillary 

			pressures

			¥	The increased pressures cause fluid to ÒleakÓ from the alveolar capillaries into the

				lung parenchyma and eventually into the alveoli, causing pulmonary edema



	5.	Pleural effusions (hydrothorax)



		¥	Pleural effusions in heart failure occur because the increased amounts of fluid in the lung 

			interstitial spaces exit in part across the visceral pleura

			¥	Occurs from the elevation of pleural capillary pressure and transudation of fluid into the 

				pleural cavities

			¥	This overwhelms the capacity of the lymphatics in the parietal pleura to remove fluid

			¥	Since the pleural veins drain into both the systemic and pulmonary veins, hydrothorax

				occurs most commonly with marked elevation of pressure in both venous systems but

				also may be seen with marked elevation of pressure in either venous bed

			¥	It is more frequent in the right pleural cavity than in the left



	6.	Peripheral edema



		¥	Peripheral edema usually occurs in the legs symmetrically, particularly in the pretibial

			region and ankles in ambulatory patients, in whom it is most prominent in the evening, and

			in the sacral region of individuals at bed rest

			¥	Pitting edema of the arms and face occurs rarely and then only late in the course of heart

				failure

			¥	This edema occurs as a result of increased venous pressures which increases the 

				hydrostatic pressure in the capillaries and results in transudation of fluid from the 

				capillaries

			¥	It is a result of left heart failure



	7.	Ascites



		¥	Ascites occurs as a consequence of transudation and results from increased pressure in the

			hepatic veins and the veins draining the peritoneum

			¥	Marked ascites occurs most frequently in patients with tricuspid valve disease and

				constrictive pericarditis



	8.	Hepatomegaly



		¥	An enlarged, tender, pulsating liver that accompanies systemic venous hypertension and is

			observed not only in the same conditions in which ascites occurs but also in milder forms of

			heart failure from any cause

			¥	The liver is enlarged because of the systemic venous congestion increasing the pressures

				of the blood draining from the liver to the inferior vena cava



	9.	Cardiac cachexia



		¥	With severe chronic heart failure there may be serious weight loss and cachexia because of:

			1.	Elevation of circulating concentrations of tumor necrosis factor

			2.	Elevation of the metabolic rate, which results in part from the extra work performed by

				the respiratory muscles, the increased oxygen needs of the hypertrophied heart, and/or

				the discomfort associated with severe heart failure

			3.	Anorexia, nausea, and vomiting due to central causes, to digitalis intoxication, or to 

				congestive hepatomegaly and abdominal fullness

			4.	Impairment of intestinal absorption due to congestion of the intestinal veins

			5.	Rarely, in patients with particularly severe failure of the right side of the heart, protein-

				losing enteropathy



I.	Differentiate the pathophysiology and clinical symptoms of Òright heart failureÓ and Òleft heart

	failureÓ.  Define the term ÒcongestiveÓ heart failure in each.



	¥	Many of the clinical manifestations of heart failure result from the accumulation of excess fluid

		behind either one or both ventricles (congestion)

		¥	This fluid usually localizes upstream to (behind) the specific cardiac chamber that is 

			initially affected



		¥	The augmented ventricular end-diastolic volume and pressure characteristic of heart failure 

			helps to maintain the reduced cardiac output, despite causing pulmonary and/or systemic 

			venous congestion, e.g. congestive heart failure

			¥	The location of the congestion is a result of the side of the heart that is failing and the

				resultant symptoms are due to the type of congestion



			¥	Patients in whom the left ventricle is mechanically overloaded (e.g. aortic stenosis) or

				weakened (e.g. postmyocardial infarction) develop dyspnea and orthopnea as a result of 

				pulmonary congestion, a condition referred to as left-sided heart failure



			¥	When the underlying abnormality affects the right ventricle primarily (e.g. valvular 

				pulmonic stenosis or pulmonary hypertension secondary to pulmonary 

				thromboembolism), symptoms resulting from pulmonary congestion such as orthopnea 

				or paroxysmal nocturnal dyspnea are less common, and edema, congestive 

				hepatomegaly, and systemic venous distention (clinical manifestations of right-sided 

				heart failure) are more prominent



�

Heart Failure�Symptoms�Signs��Left Heart Failure�Dyspnea

Orthopnea

Paroxysmal nocturnal 

     dyspnea�Tachypnea Ñ excessive rapidity of respiration

Left Ventricular S3 gallop

Left Ventricular S4 gallop

Rales

Wheezes

Functional mitral regurgitation

Pulsus alternans��Right Heart Failure�Peripheral edema

Nocturia

Abdominal fullness�Jugular venous distension

Peripheral edema

Ascites

Anasarca Ñ generalized massive edema

Hepatomegaly, splenomegaly

Hepatojugular reflex

Right ventricular S3, S4 gallops

Tricuspid regurgitation��Either Left or Right Heart Failure�Fatigue

Weakness

Anorexia�Tachycardia

BP often elevated

Narrow pulse pressure

Sweaty, cool extremities

Pleural effusion

Cardiomegaly

Cheyne-stokes respirations

Mental confusion��



J.	Compare and contrast low output and high output failure in terms of symptoms, physical signs, and

	hemodynamic measurements.



	¥	Low-output heart failure occurs secondary to ischemic heart disease, hypertension, dilated 

		cardiomyopathy, and valvular and pericardial disease; it is the usual manifestation of heart

		failure

		¥	It refers to heart failure with low cardiac output

			¥	Low output heart failure occurs when myocardial dysfunction prevents normal

				metabolic requirements from being meant

		¥	Many patients with low-output heart failure may be just within the normal range at rest, 

			but it fails to rise with exertion

			¥	These patients experience dyspnea, fatigue, etc. due to the inability to raise the cardiac

				output to levels necessary for exercise

			¥	The low cardiac output results in congestion downstream of the failure, resulting in the

				classic symptoms of pleural effusion, pulmonary edema, peripheral edema, etc.



	¥	High-output heart failure is seen in patients with heart failure and hyperthyroidism, 

			anemia, pregnancy, arteriovenous fistulas, beriberi, and PagetÕs disease

		¥	The heart is called on to pump abnormally large quantities of blood in order to deliver the

			normal quota of oxygen to the metabolizing tissues

			¥	This occurs secondary to increased tissue demands for oxygen that require increased

				cardiac output

			¥	Systemic vascular resistance is decreased in these conditions

			¥	The burden placed on the myocardium by the increased flow load resembles that 

				produced by chronic regurgitant valvular lesions

		¥	In patients with high cardiac output states, such as those associated with arteriovenous 

			fistula or thyrotoxicosis, the arterial-mixed venous oxygen difference is normal or low

			¥	The mixed venous oxygen saturation is raised by the admixture of blood that has been 

				diverted from the metabolizing tissues, and it may be presumed that even in these 

				patients the delivery of oxygen to the latter is reduced despite the normal or even 

				elevated mixed venous oxygen saturation

			¥	The decreased systemic vascular resistance causes large amounts of blood to pass from

				the arteries to the veins, increasing the venous return and hence the cardiac output



K.	Define acute pulmonary edema.  Discuss differences and similarities with chronic heart failure in

	terms of the following:



	¥	Acute pulmonary edema is a sudden, gross transudation of fluid into the alveoli



	1.	Causes



		¥	Causes of acute pulmonary edema

			¥	Chronic heart failure is caused by damaged heart, increased blood pressure, etc.

			¥	Acute pulmonary edema is caused by:

				¥	Sudden increase in pulmonary capillary pressure ( >25 mm Hg)

				¥	Decreased plasma oncotic pressure

				¥	Increased negativity of interstitial pressure

				¥	Lymphatic insufficiency



				¥	Acute pulmonary edema can be caused by an imbalance of Starling forces 

					¥	Recall the Starling equation:



						Liquid accumulation  � EMBED Equation.2  ���



							K 	= 	hydraulic conductance (directly proportional to membrane surface 

									area and inversely proportional to membrane thickness)

							PC 	= 	mean intracapillary pressure

							pIF	=	oncotic pressure of interstitial liquid

							s	=	reflection coefficient of macromolecules

							PIF	=	mean interstitial liquid pressure

							ppl	=	oncotic pressure of the plasma

						Qlymph	=	lymphatic flow



	2.	Symptoms

	3.	Gas exchange

	4.	Time course



		¥	Cardiogenic pulmonary edema:

			¥	Initially, when the lungs become less compliant and there is more extravasation of fluid,

				the lymphatic flow increases to compensate and there is a mild tachypnea (rapid 

				breathing)



			¥	When edema worsens, interstitial edema develops, and:

				¥	Symptoms worsen

				¥	Tachypnea increases

				¥	Gas exchange deteriorates further

				¥	Radiographic changes, such as Kerley B lines and loss of distinct vascular margins 

					are seen



		¥	Further elevations in intravascular pressure result in alveolar edema, an acute pulmonary

			edema with the following symptoms:

			¥	Bilateral wet rales and rhonchi

			¥	Anxiety and perspiration

			¥	Sputum is frothy and blood tinged

			¥	Chest radiograph may show diffuse haziness of the lung fields, with greater density

				in the more proximal hilar regions

			¥	If untreated, progressive acidemia, hypercapnia, and respiratory arrest ensue



		¥	Acute pulmonary edema tends to show the blood tinged sputum, rales, and cough, while

			chronic pulmonary edema is usually more well maintained

		

		¥	Gas exchange is severely compromised in acute pulmonary edema, not as much in 

			chronic heart failure (which is slower, less severe, and has had more time to compensate)



		¥	Acute pulmonary edema implies that it happens quickly, while chronic heart failure

			is a slow, chronic problem



		¥	A major theme throughout this module is that slow, chronic processes can be compensated

			for by the body through stretching, collateral vessels, metabolic changes, etc. and are not

			usually as eminently sever.  Acute changes donÕt allow the body to compensate, resulting

			in more severe consequences and more severe symptoms at a given level of dysfunction



	There is a difference in opinion in the texts as to pulmonary capillary pressure at which acute

	pulmonary edema occurs.  25mmHg is the average.  It may be considerably higher in pre-existing

	chronic heart failure.



L.	Describe the abnormalities seen in a chest x-ray in left heart failure and give pathophysiologic 

	explanation for each.



	¥	The x-ray abnormalities seen in left heart failure are:

		¥	Enlargement of the particular chambers characteristic of the lesion responsible for the heart

			failure

		¥	Distension of pulmonary veins and redistribution to the apices

			¥	This is due to the increased venous pressure created by the failing left heart

		¥	Pleural effusions, may be associated with interlobar effusions

			¥	This is due to the transudation of fluid created by the increased venous pressures

		¥	Kerley B lines represent fluid collection in the interlobular septum



M.	Define the principles of management of heart failure



	¥	The treatment of heart failure can be divided into three components:

		1.	Removal of the precipitating cause

		2.	Correction of the underlying cause

		3.	Control of the congestive heart failure state (can be further subdivided):

			1.	Reduction of cardiac work load, including both the preload and the afterload

			2.	Control of excessive retention of salt and water

			3.	Enhancement of myocardial contractility



	1.	Describe treatment modalities which reduce cardiac workload (¯  preload and/or afterload).



		¥	Treatments which reduce cardiac workload include:

			¥	Reducing physical activity

			¥	Instituting emotional rest

				¥	Diazepam (Valium = Vitamin V)

			¥	Reducing afterload

				¥	Meals should be small in quantity, but perhaps more frequent

				¥	Vasodilators

			¥	Weight reduction in obese patients



		a.	List the site and mechanism of action, expected hemodynamic effects, effects on heart failure

			symptoms, and common side effects of the following vasodilators.



			1)	Nitroglycerine



				¥	Nitroglycerine is a vasodilator which acts mostly on the veins, arteries to a lesser 

					extent and arterioles minimally



				¥	The release of nitric oxide (NO) stimulates guanylyl cyclase and increases cGMP

					concentration in smooth muscle



				¥	Nitro causes pooling of the blood in the venous bed and acts primarily to reduce 

					ventricular filling pressures

					¥	This venodilation leads to decreased diastolic heart size and fiber tension

					¥	This causes a reduced cardiac output through reduced preload



				¥	Nitroglycerine can reduce pulmonary edema by decreasing the preload on the left

					ventricle

					¥	The pooling of blood also helps to reduce blood pressure



				¥	The most common toxic effects of nitrates are the responses evoked by vasodilation

					¥	Tachycardia

					¥	Orthostatic hypotension

					¥	Throbbing headache from meningeal artery vasodilation

					

			2)	Hydralazine.



				¥	Hydralazine is a vasodilator that has more effect on arterioles than on veins

					

				¥	Hydralazine decreases afterload:

					¥	Reduced end systolic volume and pressure

					¥	Reduced ventricular oxygen consumption

					¥	Increased cardiac output and stroke volume

					¥	Lowered blood pressure



				¥	Side effects are:

					¥	Tachycardia

					¥	Salt and water retention

					¥	Drug-induced lupus erythematosus



			3)	Angiotensin-converting enzyme inhibitors (ACE inhibitors); captopril the prototype



				¥	ACE inhibitors (captopril) inhibit the enzyme known as angiotensin-converting

					enzyme (aka kininase II, peptidyl dipeptidase), resulting in a reduction of blood

					levels of angiotensin II and aldosterone



				¥	Clinical effects:

					¥	Decrease vascular resistance

					¥	Reduction of preload and afterload

					¥	Decreases left ventricular filling pressure and diastolic volumes

					¥	­ Cardiac output



				¥	Side effects:

					¥	Cough

					¥	Renal damage in pre-existing renal disease and fetuses

					¥	Hyperkalemia

					¥	Postural hypotension



			4)	Sodium Nitroprusside



				¥	It is a short-acting agent (duration of action is a few minutes) that must be infused

					continuously

					¥	It is toxic if given orally because it is metabolized to cyanide (that can be bad)



				¥	The release of nitric oxide (NO) stimulates guanylyl cyclase and increases cGMP

					concentration in smooth muscle



				¥	Acts equally on arterial and venous smooth muscle

						¥	Decreases preload and afterload



				¥	Side effects include:

					¥	Hypotension

					¥	Hyperglycemia

					¥	Salt and water retention

					¥	It is metabolized to cyanide, but not usually in enough quantities to be toxic

						(thiocyanate toxicity)





	



			5)	Alpha adrenergic blockers (prazosin the prototype) Ñ these unfortunately have little

				clinical utility due to the occurrence of tachyphylaxis.



				¥	Induces vasodilation by blocking adrenergic vasoconstriction mediated by a1 

					receptors



				¥	Reduces afterload, increasing cardiac output and stroke volume



				¥	Side effects:

					¥	Orthostatic hypotension, especially in the first dose

					¥	Nausea and vomiting



				¥	Tachyphylaxis is a rapid appearance of progressive decrease in response following

					repetitive administration of a pharmacologically or physiologically active substance



		b.	Use Table I to put each drug where it belongs



			¥	See Module Table I



�Vasodilator summary:



Agent�Site�Mechanism�Common side effects��Nitroglycerine�Veins�Metabolized to nitrous oxide (NO) which induces smooth muscle relaxation�Postural Hypotension

Headaches

Dizziness��Hydralazine�Arteries�Unknown�Tachycardia

Salt and water retention

Drug-induced lupus    

     erythematosus��ACE Inhibitors

(Captopril)�Veins &

Arteries�Inhibits angiotensin-converting

     enzyme:

¯ Angiotensin II

¯ Aldosterone�Cough (up to 30% of patients)

Hypotension

Renal damage in pre-existing

    renal disease and fetuses

Hyperkalemia��Sodium Nitroprusside�Veins &

Arteries�Metabolized to nitrous oxide (NO) which induces smooth muscle relaxation�Hypotension

Hypoglycemia

Salt and water retention

Thiocyanate toxicity��Prazosin�Veins &

Arteries�Induces vasodilation by blocking adrenergic vasoconstriction mediated by a1 receptors�Hypotension after first dose

Headache, nausea��

¥	Vasodilators:

	¥	¯ Preload (like diuretics)

	¥	¯ Wall size

	¥	¯ O2 consumption

	¥	Since the function curve is relatively flat in heart failure, the decreased left ventricular end

		diastolic pressure (LVEDP) doesnÕt decrease cardiac output

	¥	Since they just target veins, they can relieve pulmonary congestion with only a little increase

		in cardiac output



¥	Ateriodilators:

	¥	¯ Afterload

	¥	­ Cardiac output (shifts ventricular function curve up and to the left)

	¥	Since the heart becomes more effective, there is decreased preload and less work for the heart



Symptom�Cause�Vasodilator of Choice��Dyspnea�Left Ventricular filling pressure

(pulmonary congestion)�Preload reduction (nitrates)��Fatigue�Cardiac output�Afterload reduction (hydralazine)��Dyspnea and Fatigue�LV filling pressure and cardiac output�Balanced vasodilatation

(hydralazine + nitrates, captopril)��	2.	Describe treatment modalities which improve cardiac performance (positive inotropes).



		a.	Discuss digitalis in terms of mode of action (myocardial and conduction system), indications

			for use, and identification of toxicity.



			¥	The most important effect of digitalis on cardiac muscle is to shift its force-velocity 

				relation upward (see Cecil, fig 4-1, p34)



				¥	Digitalis inhibits transmembrane Na+ and K+ movement by inhibiting the 

					Na+,K+-ATPase

					¥	This increases intracellular calcium concentration through a Na+-Ca2+ exchange

						carrier mechanism

					¥	The increased myocardial uptake of calcium augments calcium released to the 

						myofilaments during excitation and, therefore, invokes a positive inotropic 

						response

						¥	This increases contractile force



					¥	Digitalis also slows the conduction of electrical impulses in the heart

						¥	This is accomplished due to a lowered membrane resting potential 

							of the cardiac cells

					¥	Digitalis prolongs the effective refractory period of the AV node

						¥	This is due to enhanced vagal activity



					¥	Digitalis glycosides exert an action on the peripheral vasculature, causing venous 

						and arterial constriction in normal individuals and reflex dilatation resulting from 

						withdrawal of sympathetic constrictor activity in patients with congestive heart 

						failure



					¥	Because of the previous effects, it improves ventricular emptying:

						¥	­ cardiac output

						¥	­ ejection fraction	

						¥	­ diuresis

						¥	¯ the elevated diastolic pressure and volume and end-systolic volume

							¥	¯ symptoms from pulmonary vascular congestion and elevated systemic 

								venous pressure



			¥	Indications for usage:

				¥	Heart failure with reduced ventricular contractility (e.g.,  chronic ischemic heart 

					disease) or excessive volume or pressure load (hypertension, valvular, congenital

					heart disease)

				¥	Particularly effective for heart failure associated with atrial flutter, fibrillation, or 

					rapid ventricular rate

					¥	These patients (pts) benefit from both slowing of the ventricular rate and the 

						positive inotropic effect

				¥	Little value for most forms of cardiomyopathy, myocarditis, beriberi with heart

					failure, mitral stenosis, thyrotoxicosis (all with sinus rhythm), chronic constrictive 

					pericarditis, and any form of diastolic heart failure



			¥	Identification of toxicity:

				¥	The lethal dose is approximately 5 to 10 times the minimal effective does and only

					about twice the dose that leads to minor toxic manifestations

				¥	Anorexia, nausea, and vomiting, are the earliest signs of digitalis intoxication

					¥	Caused by direct stimulation of centers in the medulla

				¥	Ventricular premature beats, bigeminy, ventricular tachycardia, and, rarely, 

					ventricular fibrillation

				¥	Atrioventricular block

				¥	Nonparoxysmal atrial tachycardia with variable atrioventricular block is quite

					characteristic of digitalis intoxication

				¥	Sinus arrhythmia, sinoatrial block, sinus arrest, and atrioventricular junctional and 

					multifocal ventricular tachycardia may occur

				¥	Chronic digitalis intoxication may be insidious in onset and characterized by 

					exacerbations of heart failure, weight loss, cachexia, neuralgias, gynecomastia, yellow 

					vision, and delirium



		b.	Discuss the effect of sympathomimetic amines.



			¥	Sympathomimetic amines include:

				¥	Norepinephrine

				¥	Epinephrine

				¥	Isoproterenol (isoprenaline)

				¥	Dopamine

				¥	Dobutamine



			¥	Agonists for b-adrenergic receptors



			¥	Improve myocardial contractility in various forms of heart failure



			¥	Dopamine and dobutamine appear to be most effective in the management of heart

				failure

				¥	They must be administered by constant intravenous infusion

				¥	Useful in pts with intractable heart failure, particularly those with a reversible 

					component, such as exists in pts who have undergone cardiac surgery, and in some 

					instances of myocardial infarction and shock or pulmonary edema



				¥	Dopamine, at very low doses, dilates renal and mesenteric blood vessels through 

					stimulation of specific dopaminergic receptors, augmenting renal and mesenteric 

					blood flow and sodium excretion

					¥	It also improves myocardial contractility with little tachycardia



				¥	Dobutamine stimulates myocardial contractility with little tachycardia and lowers

					peripheral vascular resistance

					¥	Useful in pts who require short-term therapy (like dopamine)



				¥	Side effects:

					¥	Sinus tachycardia

					¥	Tachyarrhythmias

					¥	Hypertension



				¥	A major problem with all sympathomimetics is the loss of responsiveness, 

					apparently due to ÒdownregulationÓ of adrenergic receptors, which becomes evident

					within 8 hours of continuous administration



		3.	Describe treatment modalities which control salt and water excess (expanded intravascular

			volume), and relate to Table I.



			¥	Restriction of Na+ intake

				¥	3-5 grams of salt daily



			¥	Diuretics:

				¥	Thiazide diuretics:

					¥	Reduce the reabsorption of sodium and chloride in the first half of the distal 

						convoluted tubule and a portion of the cortical ascending limb of the loop of 

						Henle, and water follows the unreabsorbed salt

					¥	Do not increase free water clearance (may reduce it)

					¥	They are calcium sparing (unlike loop diuretics)

					¥	May contribute to dilutional hyponatremia

						¥	If the pt drinks a lot of water, the urine is still high in solutes and may have 

							trouble excreting more free water; the blood may be diluted by the excess 

							water

					¥	Kaliuresis may occur (increased urinary excretion of potassium)



				¥	Loop diuretics:

					¥	Furosemide, bumetanide, ethacrynic acid, piretanide, torsemide

					¥	Reversibly inhibit the reabsorption of sodium, potassium, and chloride in the 

						thick ascending limp of HenleÕs loop

						¥	Blocking a cotransport system in the luminal membrane

					¥	May induce renal cortical vasodilatation and can produce rates of urine formation 

						that may be as high as one-fourth of the GFR

					¥	Unlike other diuretics, loop diuretics remain effective despite the elimination of 

						excessive extracellular fluid volume

					¥	Adverse effects:

						¥	Contraction of the plasma volume

						¥	Circulatory collapse

						¥	Reductions in renal blood flow and GFR

						¥	Development of prerenal azotemia (uremia; excess urea in the blood)

						¥	N/V, dizziness

						¥	Hypokalemia, hyponatremia



				¥	Potassium sparing diuretics

					¥	Spironolactone

						¥	Acts on the distal half of the convoluted tubule and the cortical portion of 

							the collecting duct by competitive inhibition of aldosterone

							¥	Blocks the exchange between sodium and both potassium and hydrogen 

								in the distal tubules and collecting ducts

						¥	Promote sodium dieresis and result in potassium retention



						¥	Combined administration with thiazide and/or loop diuretics opposes the 

							actions of the drugs on potassium and makes possible a sodium diuresis 

							without either hyper- or hypokalemia

						¥	Adverse effects:

							¥	Nausea

							¥	Epigastric distress

							¥	Mental confusion

							¥	Drowsiness

							¥	Gynecomastia (but what man doesnÕt want breasts?)

							¥	Erythematous eruptions



					¥	Triamterene and amiloride

						¥	Block sodium reabsorption and secondarily inhibit potassium secretion in the

							distal tubules

							¥	Mechanism unknown; they still work in adrenalectomized animals and 

								their action doesnÕt depend on the presence of aldosterone



						¥	Adverse effects:

							¥	N/V

							¥	Diarrhea

							¥	Headache

							¥	Granulocytopenia

							¥	Eosinophilia

							¥	Skin rash







�

Agent�Site/Action�Mechanism�Common side effects��Vasodilators�����Nitroglycerine�Veins�Metabolized to nitrous oxide (NO) which induces smooth muscle relaxation�Postural Hypotension

Headaches

Dizziness��Hydralazine�Arteries�Unknown�Tachycardia

Salt and water retention

Drug-induced lupus    

     erythematosus��ACE Inhibitors

(Captopril)�Veins &

Arteries�Inhibits angiotensin-converting enzyme:

¯ Angiotensin II

¯ Aldosterone�Cough (up to 30% of pts)

Hypotension

Renal damage in pre-existing

    renal disease and fetuses

Hyperkalemia��Sodium Nitroprusside�Veins &

Arteries�Metabolized to nitrous oxide (NO) which induces smooth muscle relaxation�Hypotension

Hypoglycemia

Salt and water retention

Thiocyanate toxicity��Prazosin�Veins &

Arteries�Induces vasodilation by blocking adrenergic vasoconstriction mediated by a1 receptors�Hypotension after first dose

Headache, nausea��Positive Inotropes�����Digitalis�­ myocardial 

   contractility

¯ electrical 

    conduction

Vasodilator in pts

    w/heart failure�Inhibits Na+,K+-ATPase

­ intracellular Ca2+

¯ membrane resting potential�Digitalis intoxication:

  Anorexia, N/V

  Premature vent. beats

  AV block

  Nonparoxysmal atrial tachy

    w/variable AV block��Sympathomimetic Amines�­ myocardial 

   contractility�b-adrenergic agonist�Sinus tachycardia

Tachyarrhythmias

Hypertension

Receptor downregulation���



Agent�Site/Action�Mechanism�Common side effects��Diuretics�����Thiazide diuretics�­ NaCl excretion

Does not ­ free 

  water clearance�Reduce reabsorption of Na+

  and Cl- in first half of distal

  convoluted tubule and a 

  portion of cortical 

  ascending limb of loop of 

  Henle�Dilutional hyponatremia

Kaliuresis��Loop Diuretics�­ NaCl excretion

­ Urine formation�Inhibit reabsorption of Na+,

  Cl-, K+ in thick ascending 

  limp of loop of Henle�Contraction of plasma volume

Circulatory collapse

¯ renal blood volume, GFR

Prerenal azotemia

N/V, dizziness

Hypokalemia, hyponatremia��Spironolactone�­ NaCl excretion

¯ K+ excretion�Blocks exchange between 

  Na+ and both K+ and H+ in 

  distal tubules and collecting 

  ducts�Nausea

Epigastric distress

Mental confusion

Drowsiness

Gynecomastia 

Erythematous eruptions��Tramterene,

Amiloride�­ NaCl excretion

¯ K+ excretion�Unknown�N/V

Diarrhea

Headache

Granulocytopenia

Eosinophilia

Skin rash���III.	Shock



A.	Define the term shock.



	¥	Shock is a profound and widespread reduction in the effective delivery of oxygen and other

		nutrients to tissues which leads first to reversible and then to irreversible cellular injury



B.	Define the three stages of shock.



	¥	Note:  This objective was recently taken out of the module because it is in the 3rd edition of

		Cecil, but not in the 4th edition.  I left the answers here for your information/amusement!



	1.	Compensated hypotension



		¥	The first stage of shock is Òcompensated hypotensionÓ

			¥	The fall in cardiac output (CO) or in delivery of cardiac output to the tissues stimulates

				a variety of compensatory mechanisms that alter myocardial function and peripheral

				vascular resistance to maintain circulation to vital organs such as the brain and heart

			¥	Symptoms are minimal



	2.	Failure of compensation



		¥	In the second stage of shock, the compensatory mechanisms for dealing with the low 

			delivery of nutrients to the body are overwhelmed, and tissue perfusion is decreased

			¥	Early signs of cerebral, renal, and myocardial insufficiency and of excessive sympathetic

				discharge are present



	3.	Severe ischemia



		¥	In stage 3, severe ischemia occurs along with damage to tissues by toxins, antigen-antibody

			reactions, or complement activation

			¥	Especially prone to damage are the capillary endothelia in the kidneys, liver, and lungs

			¥	Ischemic damage to the gastrointestinal tract allows invasion by bacteria

			¥	Renal ischemia may lead to acute renal insufficiency

			¥	Damage to capillary endothelia throughout the body allows transudation of fluid and

				protein into the extracellular space, exacerbating hypotension

			¥	The severe acidosis and toxins released into the blood contribute to further myocardial

				depression



C.	Define the sympathetic vasoconstrictor response in terms of:



	1.	Effect on organ flow



		¥	Sympathetic stimulation causes:

			¥	­ blood flow to the brain and heart

			¥	¯ blood flow to the skin, kidneys, intestines, etc.



	2.	Vascular tone at different levels



		¥	In the early stages of shock, sympathetic stimulation affects the arterioles (precapillary)

		¥	Later, the effects are also postcapillary



	3.	Metabolic consequences



		¥	When compensatory mechanisms begin to fail, impairment of tissue perfusion is manifested 

			as organ dysfunction

			¥	Tissue starts anaerobic metabolism, causing acidosis

			¥	There is a depletion of cellular ATP reserves



D.	Define the effects on cellular metabolism of hypoperfusion, especially:



	1.	Oxygen extraction



		¥	Initially, oxygen extraction increases with hypoperfusion

		¥	With extreme reductions in perfusion, oxygen extraction decreases



	2.	Substrate utilization



		¥	As tissues switch from aerobic to anaerobic metabolism, much more glucose is needed

			to produce ATP

			¥	There is a large production of lactic acid

			¥	Fatty acids canÕt be used for energy in anaerobic conditions since they require

				b-oxidation



	3.	Production of metabolic acidosis and compensations which occur.



		¥	In hypoperfusion, there is insufficient O2 to meet the energy requirements of the tissues

		¥	Pyruvate builds up and is converted to lactic acid

		¥	Lactic acid is normally taken up by the kidneys and the liver, but in shock, these organs

			are hypoperfused



E.	Divide shock into 3 major categories:  cardiogenic or vascular obstructive, hypovolemic or

	oligemic, and distributive (septic, anaphylaxis)



	1.	List causes for each type







		¥	See HarrisonÕs, Table 38-1, p215



		¥	Cardiogenic/vascular obstructive:

			¥	Severe depression of systolic cardiac performance

				¥	Acute myocardial infarction (>40% of myocardium) is most common

				¥	Myocarditis

				¥	Cardiac arrest

				¥	Arrhythmias

				¥	Pericardial tamponade

			¥	Mechanical abnormalities of ventricle

				¥	Acute mitral or aortic regurgitation

				¥	Left ventricular outflow obstruction

				¥	Ventricular septal defect

				¥	Ventricular aneurysm

			¥	Vascular obstruction

				¥	Pulmonary embolism



		¥	Hypovolemic/oligemic

			¥	Hemorrhage

			¥	Fluid depletion

				¥	Vomiting, diarrhea

				¥	Diabetes

				¥	AddisonÕs disease (lack of mineralocorticoids)

				¥	Burns

				¥	Peritonitis

				¥	Pancreatitis



		¥	Distributive

			¥	Septic shock

			¥	Toxic products (drug overdose)

			¥	Anaphylaxis

			¥	Neurogenic shock

			¥	Endocrinologic shock



	2.	Define the hemodynamic abnormalities of each in terms of:

		a.	Cardiac output; arteriovenous O2 difference

		b.	Left ventricular filling pressures

		c.	Vascular resistance



		¥	See Cecil, Table 23-2, p168



		¥	Cardiogenic Shock

			¥	Results from severe depression of cardiac performance

			¥	Systolic blood pressure <80 mm Hg

			¥	¯ cardiac output

			¥	­ left ventricular filling pressure

				¥	Pulmonary edema is usually present

			¥	­ vascular resistance (compensatory vasoconstriction to maintain arterial pressure)

			¥	A-V O2 difference is increased because there is less perfusion and the same or

				greater metabolic demands



		¥	Hypovolemic Shock

			¥	Due to a reduction in circulating blood volume

			¥	Decreases preload

				¥	¯ ventricular filling

				¥	¯ left and right ventricular end-diastolic volumes and pressure

				¥	¯ stroke volume and inadequate cardiac output

			¥	­ vascular resistance (compensatory vasoconstriction to maintain arterial pressure)

			¥	A-V O2 difference is increased because there is less perfusion and the same or

				greater metabolic demands



		¥	Distributive Shock

			¥	Cardiac output is the same or increased

			¥	Organ blood flow appears adequate, but a mediator-induced Òmetabolic blockÓ

				prevents adequate utilization of oxygen and other nutrients by the tissues

				¥	Results in a low A-V difference

			¥	Inflammatory mediators induce peripheral vasodilation, resulting in decreased vascular

				resistance

				¥	Results in lower left ventricular filling pressures







Shock�

CO�A-V O2 

difference�LV filling 

pressure�Vascular

Resistance��Cardiogenic�¯�­�­�­��Vascular Obstructive�¯�­�¯ or normal�­��Hypovolemic�¯�­�¯�­��Distributive�­ or normal�¯�¯ or normal�¯��



	3.	Define the effects of mediators in septic shock on vessels and myocardium.



		¥	Vasodilators:

			¥	Histamine

			¥	Kinins

			¥	Some prostaglandins

			¥	Lipid A (endotoxin)

			¥	Endorphins

			¥	TNF

			¥	IL-1

			¥	IL-2



		¥	Vasoconstrictors

			¥	Prostaglandins and leukotrienes



		¥	Net peripheral vasodilatation results in decreased systemic vascular resistance

			¥	There is a reflex increase in cardiac output

		¥	The maldistribution of blood flow results in lactic acidemia despite high cardiac output

		¥	Left and right ejection fractions are reduced (myocardial depression)

			¥	Caused by ventricular dilatation in initial stages of septic shock

			¥	Increased preload maintains cardiac output despite depression of myocardial

				contractility

			¥	Tachycardia and constant stroke volume result in constant cardiac output (despite

				myocardial depression)

F.	Describe the indications for the use of the Swan-Ganz catheter and how it helps differentiate

	types of shock.



	¥	The use of invasive monitoring, including pulmonary arterial pressure monitoring (Swan-Ganz

		catheterization) helps to distinguish the different types of shock, measure cardiac output, 

		peripheral vascular resistance, and central venous pressure

		¥	It is indicated in most cases of shock that canÕt be reversed rapidly

		¥	It can also be used when the patient doesnÕt respond to treatment and the cause must be

			verified or you canÕt make a non-invasive diagnosis
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CO�Pulmonary Capillary Wedge press.�

Comments��Cardiogenic�¯ ¯�­­���Vascular Obstructive�¯ ¯�¯ or N�Usual finding is elevated right-sided pressures��Hypovolemic�¯ ¯�¯ ¯���Distributive�­ or N�¯ or N���



�G.	List the clinical manifestations of shock, their significance, and pathophysiologic mechanism.



Finding�Significance�Mechanism��Hypotension�¯ perfusion of tissue

BP is normal in early shock because of effective compensatory mechanisms�¯ volume, ¯ CO��Tachycardia�Helps ­ CO

Early manifestation�Increased sympathetic input��­ Respiratory Rate�May be an early sign�Compensation for metabolic

acidosis or pulmonary congestion��Fever�Septic shock�TNF��Cool, pale, moist skin��Sympathetic-mediated vasoconstriction��Warm skin�Septic shock or late shock of any cause when compensatory mechanisms fail�TNF (fever)��Elevated neck veins�Cardiogenic shock

Cardiac tamponade�Systemic venous congestion��Collapsed neck veins�Hypovolemic shock

Septic shock�Hypotension��Rales�Pulmonary edema

Adult respiratory distress syndrome�Pulmonary venous congestion��Arrhythmias, murmurs, gallops�Suggest cardiac etiology���Abnormal abdominal exam�Source of sepsis, hemorrhage���Blood on rectal exam�Source of hemorrhage�Bleeding...werenÕt you paying attention?��Abnormal neurologic status�Neurogenic shock

Manifestation of cerebral hypoperfusion���Oliguria�Sign of renal hypoperfusion�Hypoperfusion��Metabolic acidosis

(anion gap)�Early sign of hypoperfusion�Loss of fluid��¥	Table information from Cecil, 3rd edition, p43





H.	Describe the rationale for use of the following modalities in the management of the different

	categories of shock.



	1.	Bladder catheter.



		¥	Used to monitor urine output

		¥	Especially useful in hypovolemic shock

�	2.	Vasopressors (sympathomimetic amines)



		¥	General measures to maintain blood pressure



	3.	Fluid administration (intravenous).



		¥	Maintain blood pressure and perfusion

		¥	In oligemic shock, helps correct the loss of fluids

		¥	In septic shock, fluid loss may occur from leaky capillaries



	4.	Inotropic agents.



		¥	Increases cardiac output

			¥	Especially useful for cardiogenic shock



	5.	Diuretics.



		¥	Unload work from heart in cardiogenic shock

			¥	Reduces venous return



	6.	Vasodilators.



		¥	Unloads workload from the heart

		¥	Nitrates increase the perfusion of the myocardium in cardiogenic shock from myocardial

			infarction (MI)



	7.	Intra-aortic balloon pump (aortic counterpulsation).



		¥	Used for MI induced cardiogenic shock

			¥	Unloads the left ventricle mechanically and augments coronary perfusion to save 

				reversibly damaged myocardium



	8.	Antibiotics.



		¥	Removes the source of sepsis
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