CCC- CV (Murmurs)

	ABNORMAL HEART SOUNDS & MURMURS


	CARDIAC CYCLE

	1. ATRIAL SYSTOLE

1.a. Depolarisation of SA node causes atrial depolarisation.

1.b. Causes atrial systole. Extra 25ml ( ventricle (105ml)= 130ml = End Disatolic Volume

1.c. There are no valves b/w veins and atria and so there may be an a wave of atria and venous pressure reflecting atrial systole.

1.d. Causes P wave on ECG

2. VENTRICULAR SYSTOLE & ISOVOLUMETRIC CONTRACTION

2.a. For about 0.05 secs, both SL and AV valves are closed- (muscle contraction length and ventricular volume are same)

2.b. The increasing pressure causes the AV valves to bulge into the atria ( c wave
3. RAPID EJECTION PHASE

3.a. QRS complex = onset of ventricular depolarisation.

3.b. Causing ventricular systole.

3.c. Contraction ( aortic pressure of about 80mmHg to 120 mmHg (pulmonary trunk from 15 ( 30 mmHg).

3.d. Period when SL valves are open = Ventricular ejection = 0.25 secs

4. REDUCED EJECTION PHASE

4.a. Continued contraction allows left ventricle to pump 70ml ( aorta. Volume remaining in ventricle at end of systole = 60mL (End Systolic Volume)

4.b. Stroke volume 
= EDV  
-
ESV

4.c. 70

= 130
-
60

4.d. T wave marks onset of Ventricular repolarisation

5. ISOVOLUMETRIC RELAXATION

5.a. Ventricular diastole (twice length of systole at rest but decreases in time as heart beats faster)

5.b. Back flow from blood vessels causes SL valves to close. Helped by elasticity of aorta and pulmonary A.

5.c. While the ventricles are contracting, blood continues to enter the left atrium from pulmonary veins causing atrial pressure to ( slowly over this period. This rise is reflected in the v wave.

5.d. Brief period when all valves close since ventricular pressure is still > than atrial = ISOVOLUMETRIC RELAXATION

6. RAPID VENTRICULAR FILLING.

6.a. Ventricles relaxed

6.b. Pressure in them falls below that of atria ( AV valves open ( ventricular filling.

6.c. Filling assisted by elastic recoil of ventricular walls, essentially sucking in blood.

6.d. At end of relaxation, ventricles ¾ full.

7. REDUCED VENTRICULAR FILLING.
7.a. As the ventricles relax completely, refilling slows. Towards the end of diastole, all chambers of the heart are relaxed.
7.b. The AV valves are open and the SL valves are closed.


	SITES OF AUSCULTATION
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	INTRODUCTION

	· IS THE SOUND PATHOLOGICAL? Pathological sounds and murmurs are the product of turbulent blood flow or rapid ventricular filling due to abnormal loading conditions.

· FEATURES OF BENIGN / INNOCENT MURMURS: Soft, Mid Systolic, Heard at Left Sternal Edge, No Radiation, No other cardiac Abnormalities

	EVALUATION OF A MURMUR

	· TIMING:
	Using HS, Carotid pulse. Systolic / Diastolic?

	· INTENSITY: 
	Graded 1-6: V Soft, Soft, Mod, Loud + Thrill, V Loud, Heard Without Stethoscope.

	· LOCATION:
	Where heard best? A, P, T, M, Apex, Base.

	· RADIATION:
	Neck, Axilla Back? Determined by direction of turbulent blood flow. Only detectable when high-velocity jet, e.g. mitral regurgitation (apex to axilla) or aortic stenosis (base to neck)

	· SOUND
	Pitch: High pitch = High Velocity. Continuous/Variable?

	(H)ARD ASS MRS…(Way to remember which Murmurs are Systolic and which are Diastolic)

ARD: 
Aortic Regurgitation is
Diastolic
(or Pulmonary Regurgitation)

ASS: 
Aortic Stenosis is 
Systolic
(or Pulmonary Stenosis)

MRS: 
Mitral Regurgitation is 
Systolic
(or Tricuspid Regurgitation)

MSD: 
Mitral Stenosis is 
Diastolic
(or Tricuspid Stenosis)

	CARDIAC AUSCULTATION

	Valve Closure ( Audible sounds with Stethescope…

· Bell: Used for Low Pitch:

· Mid Diastolic Murmur (MS)

· 3rd HS of CF

· Diaphragm: Used for High Pitch

· 2nd HS

· Ejection Click

· Mid Systolic Click

· Early Diastolic Murmur (AR)

 Mighty Apes (M1T1 A2P2).


	S1

	· Lubb

· Loud and longer than S2.

· Closure of AV valves. Soon after Ventricular systole begins

· After R wave on ECG

	S2

	· Dupp

· Quieter and shorter than S1.

· Closure of SL valves at beginning of Ventricular diastole.

· End of T wave on ECG

· ( P2 is prolonged during inspiration: Inspiration ( -ve Intrathoracic pressure ( ( Venous Return  ( ( RV Volume ( Delayed closure of Pulmonary Valve.

· ( A2 is shortened during inspiration: Inspiration ( Pooling of blood in pulmonary veins ( ( Pulmonary Return  ( (  LV Volume ( Quickened closure of Aortic Valve.

· ( Pathological causes of splitting: Delay of RV contraction (RBBB, Pulm Stenosis). Also A-S Defect (due to same LA-RA pressure)

· ( Pathological causes of splitting on expiration (Reversed Splitting): Delay of RV contraction (LBBB, HOCM).

	S3

	· Blood turbulence at rapid ventricular filling.

· Opening of AV valves at end of isovolumetric relaxation

· Occurs after 2nd heart sound.

· Occurs in thin chested children

	S4

	· Blood turbulence at end of atrial systole.
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	MURMURS

	EJECTION SYSTOLIC:

· SOUND: Crescendo-decrescendo pattern reflecting changing velocity of blood flow

· CAUSE: Associated with Ventricular outflow obstruction in mid systole.
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	PANSYSTOLIC:

· SOUND: Maintain constant intensity. Extend from 1st first HS throughout systole (up to & beyond 2nd HS).

· PATH: Occur in mitral valve prolapse (if the mitral regurgitation is confined to late systole) & Hypertrophic cardiomyopathy (if dynamic obstruction occurs late in systole).
	
[image: image4]

	LATE SYSTOLIC:

· PP: Unusual.

· SOUND: Maintain constant intensity. Extend from 1st first HS throughout systole (up to & beyond 2nd HS).

· PATH: Occur when blood leaks from ventricle into low-pressure chamber at an even or constant velocity;

· ONLY CAUSES: Mitral regurgitation, Tricuspid regurgitation and Ventricular septal defect
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	MID DIASTOLIC

· SOUND: Low-pitched noises that are difficult to hear (should be evaluated with bell of stethoscope).
· PATH: Due to accelerated or turbulent flow across the mitral or tricuspid valves

· CAUSE: May be due to mitral stenosis (located at apex and axilla), tricuspid stenosis (located at left sternal edge), ( flow across mitral valve (e.g. the to and fro murmur of severe mitral regurgitation) or ( flow across tricuspid valve (e.g. left-to-right shunt through large atrial septal defect).
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	EARLY DIASTOLIC

· SOUND: soft, blowing quality with a decrescendo pattern and should be evaluated with the diaphragm of the stethoscope

· CAUSE: due to regurgitation across the aortic or pulmonary valves and are best heard at the left sternal edge with the patient sitting forward in held expiration.
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	CONTINUOUS

· CAUSE: Combination of systolic and diastolic flow (e.g. persistent ductus arteriosus) & must be distinguished from extracardiac noises such as bruits from arterial shunts, venous hums (high rates of venous flow in children) & and pericardial friction rubs.
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	MURMURS AS CORE CASES


	SYSTOLIC
	DIASTOLIC

	EJECTION SYSTOLIC
	EARLY DIASTOLIC

	Aortic /

Pulmonary Stenosis
	Aortic /

Pulmonary Regurgitation

	PAN SYSTOLIC
	LATE DIASTOLIC

	Tricuspid /

Mitral Regurgitation
	Tricuspid /

Mitral Stenosis


	QUICK SUMMARY FOR MAIN CAUSES OF EACH MURMUR

	Aortic Stenosis
	Calcification, Rheumatic Fever, Congenital

	Pulmonary Stenosis
	Congenital

	
	

	Aortic Regurgitation
	Endocarditis, Rheumatic Valvulitis

	Pulmonary Regurgitation
	Dilated pulmonary ring in severe pulmonary HT

	
	

	Tricuspid Stenosis
	Rheumatic HD. Coexistent w Mitral V Disease.

	Mitral Stenosis
	Rheumatic heart disease

	
	

	Tricuspid Regurgitation
	Secondary to RVF.

	Mitral Regurgitation
	LVH, MI (Chordae / Papillary Muscle rupture), Endocarditis. 


	AORTIC STENOSIS

	Def
	· Obstruction in left ventricular flow can occur at three levels...

	Class
	· Valvular stenosis

· Subvalvular stenosis

· Supravalvular aortic stenosis

	Cause
	· Senile calcification (most common)

· Congenital: Bicuspid valve, William’s syndrome

· Rheumatic valve disease

	Path
	· Obstruction of LV outflow tract ( ( LV ( LVH…

· Angina, Arrhythmias, LHF (S&S markedly worse at exercise)

	S&S
	· SOB, Angina chest pain, Dizziness / Fainting

· Systemic emboli if infective endocarditis

· CCF S&S

· Sudden death

	
	· Slow rising pulse with narrow pulse pressure (feel for diminished & delayed carotid upstroke- ‘parvus et tardus’)

· Heaving undisplaced apex

· Aortic thrill, LV heave

· Murmur (Ejection systolic)- Rad from R sternal edge to carotids.

	DDx
	· Hypertrophic obstructive cardiomyopathy

	Inv / Dx
	ECG
	P mitrale, LVH, L Axis deviation, LBBB / Complete AV block

	
	CXR
	LVH, Calcified aortic valve, Post Stenotic dilation of ascending aorta.

	
	Echo
	Diagnostic.

	
	Doppler
	Accurate assessment of valve gradient.

	Mx
	· Sx: Valve Replacement (If not fit…percutaneous valvuloplasty)

· Prophylactic antibiotics against infective endocarditis

	Comp
	· LVH, Bacterial Endocarditis, Sudden Cardiac Death

	Prog
	Symptomatic patients have poor prognosis:

· 2-3 Year survival if angina / syncope

· 1-2 Year survival if CF

	Extra
	· Don’t give ACEi / Vasodilators.

· Beta B / Venodilators are OK.


	AORTIC REGURGITATION

	Def
	· 

	Class
	· Due to cusp abnormality or to aortic ring dilatation

	Cause
	May be categorised by frequency, speed on onset (acute  = bold)

COMMON:
· Congenital bicuspid valve, Rheumatic valvulitis, Endocarditis
LESS COMMON:

· Connective Tissue Disease: SLE, Ank Spond, Marfan's, Behcet's, Reiter's syndrome.

· Coarctation / Dissection of the aorta, Traumatic rupture

	Path
	Chronic regurgitation ( LV dilatation ( ( Volume of…

· End-Systolic: Because only fraction goes forward to periphery.

· End-Diastolic: Because of dilatation & hypertrophy of LV as a result of filling with regurgitant blood in addition to that received from LA.

· Stroke ( fast rate of rise of arterial pressure and often ejection murmur

	S&S
	· ASYMPTOMATIC: Often as LV adapts to ( stroke volume. 

· DYSPNOEA: Late feature indicating LVF. (Acute LVF > common when onset of AR sudden, i.e. when LV has no time to adapt to ( in workload.)
· ANGINA may occur and often atypical; in syphilitic regurgitation where there is a narrowing of the coronary ostia.

	
	· WATERHAMMER PULSE - wide pulse pressure

· PULSE VISIBLE in carotids - Corrigan's sign

· JVP only ( if HF
· APEX BEAT is displaced and volume overloaded:

· Dilatation of LV with relatively little hypertrophy.
· EARLY DIASTOLIC MURMUR
· EJECTION MURMUR: Due to increased blood flow

· AUSTIN FLINT MURMUR:
· Low-pitched rumbling presystolic murmur
· In severe cases may occur as a mid-diastolic murmur

	DDx
	· 

	Inv / Dx
	BP
	Wide Pulse Pressure: ( Systolic, & ( Diastolic pressure

	
	ECG
	Left Ventricular Hypertrophy

	
	CXR
	Dilated left ventricle and dilated ascending aorta

	
	Echo, US- Doppler, Cardiac catheterization, Angiocardiography

	Mx
	· No curative medical treatment

· Avoid severe physical activity

· Prophylaxis indicated against infective endocarditis

· LVF: Managed as caused by other aetiologies

	
	ACUTE:

· Medical stabilisation: Diuretic & vasodilator (( afterload and thus regurgitant volume). Urgent valve replacement

	
	CHRONIC

· Conservative for Mild – Mod. Sx in asymptomatic if ( diastolic blood pressure, dilated LV and evidence of LVH.

· Warfarin For MS & MR. If AF / Dilated LA (>5cm on echo.)

· Diuretic If Required

· Digoxin In AF

· Antibiotic Prophylaxis To Prevent Endocarditis

( Sx before LV dilates to end systolic dimension of 5.5cm or more. If this has occurred then LV Function has poor prognosis.

	Prog
	Usually well tolerated unless Acute Or Severe. Asymptomatic patients but have triad of low diastolic pressure, LVH on ECG and marked dilatation on CXR & Echo (> 5cm in systole) likely to deteriorate with irreversible damage to LV.


	MITRAL STENOSIS

	PP
	· 25% patients with rheumatic heart disease have pure MS

· F>M (4:1). Due to ( incidence of RhF, MS > common and generally more severe in developing countries.

	Cause
	· Almost always (99%) due to rheumatic heart disease although a clear history is obtained in only 50%
· Others (Rare): Congenital malformation, Libman-Sachs endocarditis, Obstructive vegetations of infective endocarditis, Calcified mitral valve ring

	Path
	· Not significant until valve area < 25% N (1.0 - 1.5 cm sq.)

· Stenosis ( ( LA Pressure ( ( Pulm Venous Pressure ( Pulmonary Oedema + ( Pulmonary arterial pressure ( Dilation of RV and Tricuspid Ring (( TR) ( ( CO.

	S&S
	2 Main presentations of MS:

· 1) Patients with N pulmonary vascular resistance present principally with: SOB AND PULMONARY OEDEMA

· > Common in young and exacerbated by situations of ( blood volume e.g. pregnancy.

· 2) Patients with ( pulmonary vascular resistance present principally with FATIGUE, MITRAL FACIES, ( JVP, RVH.

· > Common in elderly with ( CO and RHF. SOB < prominent. When mitral valve immobile, frequently present with Dx of cor pulmonale as opening snap and murmur may not be detected.

	
	GENERAL S&S of MS on examination include:

· Small Pulse, Which May Be Irregularly Irregular 

· JVP only ( if HF

· RVH, tapping apex beat

· Loud S1, loud P2 if pulmonary hypertension

· Opening Snap

· Mid-Diastolic Murmur (heard at the apex only)

· Pre-Systolic Accentuation Murmur if no atrial fibrillation

( The more severe stenosis, the larger the LA, worse the dyspnoea, closer opening snap is to second heart sound, longer the murmur.

	DDx
	· 

	Inv / Dx
	CXR
	Left Atrial Enlargement; Pulmonary Congestion with increased pulmonary vascular shadows and Kerly B lines

	
	ECG
	P-Mitrale; AF in 60-70% of patients

	
	ECHO
	Allows diagnosis and assessment of severity

	
	CC
	Cardiac Catheterization: quantifies the gradient across the mitral valve; permits measurement of cardiac output and right heart pressures; severe stenosis is indicated by a gradient of more than 10 mmHg across the stenotic valve

	Mx
	· PREVENTION: Of Recurrent Rheumatic Fever: Penicillin for 5 years after last attack of rheumatic fever or until age of 20.

· ANTICOAGULATION: Prevent thrombo-embolism.

· CONTROL OF TACHYCARDIA: Digoxin, +/- Beta-Blocker

· DIURETICS - ( Pulmonary venous pressure.

· BALLOON VALVULOPLASTY

· SURGICAL Mitral Valvotomy Or Valve Replacement

	Comp
	AF; Thrombo-Embolism (Can originate from LA or appendage with AF); Pulmonary HT; Infective Endocarditis (Rare in Pure MS)

	Prog
	· Many survive to age of 60, or even into old age in mild cases.

· Thromboembolism is most serious complication.

· condition may be more severe if further attacks of RhF.


	MITRAL REGURGITATION

	PP
	· Retrograde flow of blood from LV into LA through mitral valve during ventricular systole.

	Cause

Onset
	· CHRONIC CAUSES INCLUDE:

· LV DILATION ( Ring distortion / papillary muscle problem.

· MITRAL VALE PROLAPSE (Commonest cause in West)
· CALCIFICATION of the ring (Elderly. Rare)
· RUPTURE Of Chordae

· INFARCTION Of Papillary Muscles

· CARDIOMYOPATHY (of any sort)

	
	· ACUTE CAUSES INCLUDE:

· INFECTIVE ENDOCARDITIS

· CHORDAL RUPTURE

· PAPILLARY MUSCLE RUPTURE.

	Path
	Depends on speed of onset and severity of mitral regurgitation.

· If, for example, acute MR into a small LA then this assoc with large systolic pressure wave ( Pulmonary oedema.

· If, there chronic MR then opportunity for compensatory LV and LA dilatation with little ( in pressure (although usual for there to be a dominant systolic wave in LA). In this case decrease in ejection fraction is delayed.

	S&S
	· MILD MR: May be asymptomatic. Ventricular ectopics may occur in patients with prolapsing mitral valves. Often non-specific chest pains in patients with prolapsing valves but these are usually skeletal in origin and are exaggerated by anxiety.

· LVF: SOB on exertion, Orthopnoea, PND. If assoc angina on exertion then this makes IHD a likely cause.

	
	· PULSE: May be fibrillating

· JVP ( only if HF
· LVH & RVH.

· HEART SOUNDS: Soft S1; Loud P2 if Pulmonary HT
· MURMUR: High frequency pan systolic At apex. Rad to axilla.

	
	Classically: Soft blowing pansystolic murmur with ( / absent S1, radiating to axilla and back, heard best at apex, especially in left lateral position with breath held in expiration.

	DDx
	· 

	Inv / Dx
	CXR
	May show cardiac enlargement

	
	ECG
	AF, LVH

	
	Echo
	Enlargement of LA and LV, and an abnormal valve

	
	Doppler
	May be useful in assessment of severity of flow disturbance

	
	CC
	Cardiac catheterization: quantitates gradient across valve

	Mx
	· See Aortic Regurgitation

	Comp
	· Ventricular Ectopics: Common, but VT /VF /Sudden death rare.

· AF: Occurs with increasing age and LA enlargement.

· Thrombo-Embolism: Rare.

· Infective Endocarditis: > With Mild MR than any other (~ 5%).

· Chordal Rupture: Occurs in small proportion of patients with prolapsing valves. Causes a sudden increase in MR and LVF which is often transient.

· Pulmonary HT - < Common in MR than MS. > Frequent in patients with small LA.

	Prog
	MILD REGURGITATION:

· Good. Risk of infective endocarditis and rarely, chordal rupture in redundant prolapsed cusps. Regurgitation tends to increase with age.

	
	SEVERE REGURGITATION:

· Initially, well tolerated as little resistance to LV outflow.

· With time LVF develops. Contractility may appear good on echo due to diminished afterload. If Sx repair left too late, abolition of MR ( Sudden ( in afterload which may not be tolerated by a poor LV.

	
	ISCHAEMIC REGURGITATION:

· In longterm the prognosis is of underlying coronary disease

	
	RESULTS FROM SURGERY:

· Mortality: Valve replacement 6%, Repair 2%. > with LVF.


	JUGULAR VENOUS PRESSURE

	INTRODUCTION

	· Info about RA & RV function may be provided by Internal Jugular Vein

· Preferred to external jugular which runs a more tortuous course and is subject to compression as it enters chest.

· Pulsations observed in jugular vein reflect movements of top of a column of blood that extends into RA.

	EXAMINATION

	Good light. 45 degrees. Head supported & turned away:

	HEIGHT: Expressed as vertical distance from manubriosternal angle to max height of pulsations. N < 3cm i.e. equates to a RA pressure of 8 cm.

	CHARACTER: JVP has ACXVY components:

	A WAVE: Due to Atrial systole;
	· Abnormally Large Waves indicate ( resistance to RA Emptying: RVH, Severe PE, Pulmonary / Tricuspid Stenosis.

· Cannon waves: V Large A waves that occur when RA contracts against closed tricuspid valve: Irregularly incomplete heart block and VT and more. 

	C WAVE: Due to rapidly increasing RV pressure before tricuspid valve closes; Small and rarely visible

	X DESCENT: Due to relaxation of RA.

	V WAVE: Due to venous return filling RA as tricuspid valve remains closed during ventricular systole: Height provides indication of right heart filling pressure
	· Giant V waves: TR (direct transmission of RV pressure to RA and great veins).

	Y DESCENT: Due to opening of tricuspid valve & rapid ventricular filling; 
	· Slow Y descent: Tricuspid stenosis & RA myxoma.

· Sharp Y descent: RV failure.

· Dramatic Y descent: Constrictive pericarditis with calcified pericardium, and TR.

	ANATOMY

	· Internal jugular runs along a line joining depression between the sternal and clavicular heads of sternomastoid muscle, up behind angle of jaw, and towards ear lobe ( Medial to sternomastoid muscle.

	JVP CAN BE DISCRIMINATED FROM CAROTID PULSE BECAUSE

	· Cannot Be Palpated

· Has A Complex Wave Form (Flicker twice within each cardiac cycle)

· Moves on respiration (( on inspiration, ( on expiration; Exceptions…!)

· POSITIVE HEPATO-JUGULAR REFLEX: Mild pressure applied over liver will expel more blood into right side of heart and elevate JVP.

	RAISED JVP

	Causes of a raised JVP may be classified into those due to:

· ( RV FILLING PRESSURE

· Right Ventricular Failure

· Pulmonary Embolism

· High Output States

· Increased Blood Volume - Overtransfusion, Acute Nephritis

· Restricted Right Ventricular Filling - Tamponade, Constrictive pericarditis

· RA TO RV OBSTRUCTION OF BLOOD FLOW

· Right atrial myxoma

· Tricuspid stenosis

· SVC OBSTRUCTION: Distended veins do not pulsate.

· Retrosternal Thyroid Goitre

· Bronchogenic Carcinoma

· +VE INTRATHORACIC PRESSURE

· Pneumothorax

· Pleural effusion

· Emphysema

	KUSSMAUL’S SIGN

	JVP usually drops on inspiration with intrathoracic pressure. Reverse pattern (Kussmaul's sign) may be seen where RV filling is limited (Pericardial fluid / Non-compliant pericardium or myocardium): 

· Constrictive pericarditis

· Restrictive cardiomyopathy

· Cardiac tamponade



































































































































CONTINUOUS





S2





S1





EJECTION SYSTOLIC








PAN SYSTOLIC





LATE SYSTOLIC





MID DIASTOLIC















































MITRAL AREA





Mitral Regurgitation


( L Axilla


(Breathe Out)





Mitral Stenosis (B)


 (Lean to R Side)





Aortic Stenosis


( R Sternum / R Carotid























EARLY DIASTOLIC
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S1





Opening Snap
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Click








TRICUSPID AREA





Tricuspid Regurgitation


( R Sternum





Aortic Regurgitation (B)


( Apex


(Breathe Out)





PULMONARY AREA





Pulmonary Stenosis


( L Clavicle


(Breathe Out)





AORTIC AREA





KEY:


( = Radiate;     (*) = Position / Breathing;


(B) = Best heard with Bell of Stethoscope





…i.e. All LHS valves murmurs are best heard in Mitral Area (except AR)
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