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• BACKGROUND :
• Rheumatic heart disease is the most serious 

complication of rheumatic fever.
• Acute rheumatic fever follows 0,3 % of cases 

group A beta hemolytic streptoccal pharyngitis in 
children As many as 39 % of patients with acutechildren. As many as 39 % of patients with acute 
rheumatic fever may develop varying degrees of 
pancarditis with associated valve 
insufficiency,heart failure,pericarditis, and even 
death.



Valve lesions and their abbreviations
Valve involved Lesion Abbreviation 

Mitral valve Mitral stenosis
Mitral regurgitation
Floppy(prolapsing) mitral valve

MS
MR
MVPppy(p p g)

Aortic valve Aortic stenosis
Aortic regurgitation

AS
AR

Tricuspid valve Tricuspid regurgitation
Tricuspid stenosis

TR
TS

Pulmonary 
valve

Pulmonary stenosis
Pulmonary regurgitation

PS
PR



Mitral Valve Competence:Mitral Valve Competence:

• Integrated function of g
several anatomic 
elements

Posterior LA wall– Posterior LA wall
– Anterior & Posterior 

valve leaflets
Ch d t di– Chordae tendineae

– Papillary muscles
– Left ventricular wall 

where the papillary 
muscles attach



Mitral StenosisMitral Stenosis
Causes

The most common cause of mitral stenosis (MS) is rheumatic fever. 
OthOther causes are:
Congenital (Lutembacher’s syndrome-MS associated with an atrial 
septal defect) 
Malignant-carcinoid (rare)Malignant carcinoid (rare).
Systemic lupus erythematosus
Left atrial myxoma

Rheumatic fever causes fusion of the cusps and commissures and 
thickening of the cusps, which then become immobile and stenosed 
in a fish-mouth configuration. An immobile valve cannot close 
properly and is therefore often regurgitant as wellproperly and is therefore often regurgitant as well.



Mitral Stenosis -PathophysiologyMitral Stenosis Pathophysiology

• Restriction of blood flow 
from LA LV during 
diastole.

• Normal MVA 4-6cm2.

– Mild MS 2-4cm2.

– Severe MS < 1.0cm2.

• MV Pressure gradient –g
• MV grad ~ MV flow//MVA.

– Flow = CO/DFP (diastolic 
filling period).g p )

• As HR increases, diastole 
shortens disproportionately 
and MV gradient increases.g



Clinical featuresClinical features
The main presenting features of MS are:

DDyspnoea
Haemoptysis
Palpitations
Systemic emboli – a recognized complication of 

t i l fib ill tiatrial fibrillation.



S h d ff f l fSymptoms that are secondary to effects of left 
atrial enlargement include :
H d t t t hi f th tHoarseness due to stretching of the recurrent 
laryngeal nerve.
Dysphagia due to oesophageal compressionDysphagia due to oesophageal compression.
Left lung collapse due to compression of the left 
main bronchusmain bronchus.



On examination

The principal clinical findings are:
Loud first heart sound (S1) due to the mitral valve slamming shut atLoud first heart sound (S1) due to the mitral valve slamming shut at 
the beginning of ventricular systole.
A tapping apex beat that is not displaced.
opening snap after the second heart sound (S2) followed by a low 

bli id di t li h d b t t th ith thrumbling mid-diastolic murmur heard best at the apex with the 
patients on his or her left side and in expiration.
If the patients is in sinus rhythm, the mid-diastolic murmur has a 
presystolic accentuation; this is absent if the patients has atrial p y p
fibrillation. Severity is related to the duration, not the intensity, of the 
mid-diastolic murmur.
If pulmonary hypertension has developed then the pulmonary 
componentof the second heart sound (P2) is loud and palpable andcomponentof the second heart sound (P2) is loud and palpable and 
there may be a right ventricular heave. Tricuspid regurgitation may 
be present.



InvestigationsInvestigations
Electrocardiography
Chest radiographyChest radiography
Echocardiography
Cardiac catheterizationCardiac catheterization



Mitral Valve Disease – Echo findingsMitral Valve Disease Echo findings

• Mitral Stenosis
– Thickened, deformed MV 

leaflets
– 2D MVA 
– Doppler Gradient
– Associated LAE, RVH, 

PHTN, TR,MR, LV function
• Mitral Regurgitation

– Determine etiology –
leaflets, chordae, MVP, MI

– Doppler severity of MR jet
– LV function



Management
Medical management

Digoxin or a small dose of a β-blocker (β-
d t t i t)adrenoceptor antagonist)

Anticoagulation with warfarin is recommended in 
all patients who have MS and atrial fibrillationall patients who have  MS and atrial fibrillation.
Diuretics are used to treat the pulmonary and 
peripheral oedema.p p

Surgical managementg g
This is indicated in patients who have a mitral 

valve area of 1 cm2 or less.



Mitral Valve Disease : TreatmentMitral Valve Disease : Treatment

• Mitral Stenosis • Chronic Mitral Regurgitation
– Medical Rx for Class I & II

• HR control – Dig & BB
• Anticoagulation 

– Afib, >40yrs, LAE, MR,

– Medical Rx for mild to mod 
MR with vasodilators, 
diuretics, anticoagulation

Afib, >40yrs, LAE, MR, 
prior  embolic event

– Surgical Rx -Class III &IV 
Balloon Mitral Valvuloplasty
• Commissural fusion

– Surgical Rx –ideally before 
LV systolic function 
declines.

• MV replacement• Commissural fusion
• pliable, noncalcified leaflets
• No MR of LA thrombus
Mitral Valve Surgery

MV replacement
• MV ring & CABG
• MR repair – associated with 

improved long-term LV 
f ti• Open commissurotomy

• MV replacement
funvtion

– MVP, ruptured chords, 
infective endocadritis, pap 
ms rupture.



Balloon Mitral CommissurotomyBalloon Mitral Commissurotomy



Mitral valvuloplasty
Mitral valvuloplasty involves the passage of a 
balloon across the mitral valve and its inflation, 

t t hi th t d l Thi dso stretching the stenosed valve. This procedure 
is carried out via a percutaneous route and only 
requires a local anaesthetic and light sedationrequires a local anaesthetic and light sedation. 
The following features make a patients 
unsuitable for this procedure :p

Marked mitral regurgitation
A history of systemic emboliA history of systemic emboli
Calcified or thickened rigid mitral valve 
leaflets.



Open mitral valvotomy
Open mitral valvotomy is performed under general 
anaesthetic using a median sternotomy incision and 
requires cardiopulmonary bypass It is used in patientsrequires cardiopulmonary bypass. It is used in patients 
who have already had a mitral valvuloplasty or who have 
mild mitral regurgitation.

Closed mitral valvotomy
This has now been superseded by mitral valvuloplasty. It p y p y
does not require cardiopulmonary bypass; a curved 
incision is made under the left breast. It is worth knowing 
this because patients in finals examinations may havethis because patients in finals examinations may have 
this scar.

Mitral valve replacementMitral valve replacement



Mitral regurgitationMitral regurgitation

The mitral valve may become incompetent for fourThe mitral valve may become incompetent for four 
reasons :
Abnormal mitral valve annulus
Abnormal mitral valve leaflets
Abnormal chordae tendineae
Abnormal papillary muscle function



PathophysiologyPathophysiology

In mitral regurgitation (MR) the regurgitant jet ofIn mitral regurgitation (MR) the regurgitant jet of 
blood flows back into the left atrium and with 
time the left atrium dilates and accommodates 
the increased backpressure in the pulmonary 
veins and as the MR worsens pulmonary 
hypertension develops, which may eventually 
cause right ventricular hypertrophy and failure.



Clinical featuresClinical features

Chronic mitral regurgitation develops slowly soChronic mitral regurgitation develops slowly so 
allowing the heart to compensate and usually 
presents with a history of fatigue and dyspnoea.
Acute MR presents with severe dyspnoea due to 
pulmonary oedema.



Causes of MR
Site of pathology Pathology S te o pat o ogy at o ogy

Mitral annulus Senile calcification
Left ventricular dilatation and enlargement of the 

lannulus
Abscess formating during infective endocarditis

Mitral valve leaflets Infective endocarditis
rheumatic fever 
Prolapsing (floppy) mitral valve
Congenital malformation
Connective tissue disorders-Marfan syndrom, Ehlers-
Danlos syndrome
Osteogenesis imperfecta, pseudoxanthoma elasticum

Chordae tendinae Idiopathic rupture
Myxomatous degeneration
Infective endocarditis
Connective tissue disorders

Papillary muscle Myocardial infarction
Infiltration-sarcoid, amyloid



On examination
Atrial fibrillation – an irregularly irregular pulse is 
common, especially in patients who have chronic MR 
and a dilated left atriumand a dilated left atrium.
Jugular venous pressure may be elevated – if the 
patients has developed pulmonary hypertension and 
right heart failure, or fluid retentionright heart failure, or fluid retention
The apex is displaced downward and laterally as the left 
ventricle dilates
The murmur of MR is pansystolic and best heard at theThe murmur of MR is pansystolic and best heard at the 
apex
Signs of congestive cardiac failure
P may be loud and there may be a right ventricularP2 may be loud and there may be a right ventricular 
heave



Floppy mitral valve

Investigations
ElectrocardiographyElectrocardiography
Chest radiography
EchocardiographyEchocardiography
Cardiac catheterization

Management
Medical management
This may consist of diuretics and ACE inhibitors to treat 
the congestive cardiac failure.



Surgical management

Patients are considered for surgery if the MR is severe at 
echocardiography and cardiac catheterization. It is important to act 
before irreversible left ventricular damage has occurred.

Mitral valve repair
This may take the form of mitral annuloplasty, repair of a ruptured y p y p p
chorda or reapir of a mitral valve leaflet. These procedures are 
performed on patients who have mobile non-calcified and non-
thickened valves.

Mitral valve replacement
This is performed if mitral valve repair is not possible. Both repair 
and replacement of the mitral valve require a median sternotomyand replacement of the mitral valve require a median sternotomy 
incision and cardiopulmonary bypass.



Aortic stenosis
The most common form of aortic stenosis (AS) is 
valvular AS; however, aortic stenosis may also occur at 
the sub or supravalvular levelthe sub-or supravalvular level.

Pathophysiology
The left ventricular outflow obstruction results in an 
increased left ventricular pressure. The left ventricle 
undergoes hypertrophy and more vigorous and 
prologned contraction to overcome the obstruction andprologned contraction to overcome the obstruction and 
maintain an adequate cardiac output. Myocardial oxygen 
demand is increased and, because systole is prolonged, 
diastole is shortened and therefore myocardial blooddiastole is shortened and therefore myocardial blood 
supply from the coronary arteries is reduced (coronary 
artery flow occurs during diastole).



Causes of AS
Type of AS Cause 

Valvular AS Congenital most commonValvular AS Congenital most common, 
males>females (deformed valve can 
be uni-, bi-, or tricuspid)
Senile calcification
Rheumatic fever 
Severe atherosclerosis

Subvalvular AS Fibrimuscular ringSubvalvular AS Fibrimuscular ring
HOCM

Supravalvular AS Associated with hypercalcaemia inSupravalvular AS Associated with hypercalcaemia in 
Williams sydrome, a syndrome 
associated with elfin facies, mental 
retardation, strabismus, 
hypervitaminosis D and 
hypercalcaemia; the inheritance is 
autosomal dominant



Clinical featuresClinical features

Dyspnoea – may lead to orthopnoea and paroxysmal y p y p p y
nocturnal dyspnoea as the left ventricle fails.
Angina – due to the increased myocardial work and 

d d bl d l (th t i breduced blood supply (the coronary arteries may be 
normal).
Dizziness and syncope – especially on exertion.Dizziness and syncope especially on exertion.
Sudden death.
Systemic emboli.



On examinationOn examination

A slow rising, small volume pulse – best felt atA slow rising, small volume pulse best felt at 
the carotid pulse.
A low blood pressure.p
Heaving apex beat – rarely displaced
Ejection systolic murmur at the aortic areaEjection systolic murmur at the aortic area 
radiating to the carotids accompanied by a 
palpable thrill
Signs of left ventricular failure



Aortic Stenosis:  Physical Findings
Severity of AS Mild Moderate Severe

Carotid pulse normal Slow rising Parvus et Tardus
LV apical 
impulse

normal heaving Heaving & 
sustained

Auscultation
S4 gallop - +/- ++
Systolic 
ejection Click

+ +/- -
SEM, peaking Early systole midsystole mid-to-late 

systole
S normal Normal or Single orS2 normal Normal or 

single
Single or 
paradoxical



InvestigationsInvestigations 
Electrocardiography
Chest radiography
Echocardiography
Cardiac catheterizationCardiac catheterization
Management
Medical management

Have a negative inotropic effect and result in acuteHave a negative inotropic effect and result in acute 
pulmonary oedema
Vasodilate the patients, resulting in hypotension because 
the left ventricle is unable to compensate by increasingthe left ventricle is unable to compensate by increasing 
cardiac output.



Balloon Aortic ValvuloplastyBalloon Aortic Valvuloplasty

• Indications for BAV in critical Aortic Stenosis
– Younger patients with congenital AS and predominant 

commissural fusion
– Bridge to eventual AVRBridge to eventual AVR
– Moderate to severe heart failure/cardiogenic shock 
– Extremely high risk for AVR

U t/ t d f di– Urgent/emergent need for noncardiac surgery
– Patient with limited lifespan – cardiac or noncardiac 
– Patient refuses surgery



Surgical managementSurgical management

This is considered in all symptomatic patientsThis is considered in all symptomatic patients 
who have marked stenosis (aortic valve gradient 
>50 mmHg).Without operation the outcome for 
these patients  is very poor.
Aortic valve replacement is usually perfomed 
using a median sternotomy incision and requires 
cardiopulmonary bypass.
A i l l l i f d i hild dAortic valvuloplasty is performed in children and 
rarely in the very elderly.



Aortic regurgitationAortic regurgitation
Aortic regurgitation (AR) may be due to an abnormality of 

th l th l dil t ti f th ti tthe valve cusps themselves or dilatation of the aortic root 
and therefore the valve ring.

Pathophysiology
The regurgitation of blood back into the left ventricle after 

each systole results in an increased end diastolic volume 
and an increased stroke volume. The left ventricle works 
harder and becomes hypertrophied If the AR worsensharder and becomes hypertrophied. If the AR worsens 
the left ventricle may no longer be able to compensate 
and left ventricular failure will result. If the situation 
deteriorates further congestion results Thedeteriorates further, congestion results. The 
backpressure from the left ventricle may also cause 
pulmonary hypertension and right ventricular failure, but 
this is uncommon.



Causes of AR
Type of disease Cause 

Valve disease Congenital
rheumatic fever 
Infective endocarditis
Rheumatoid arthritisRheumatoid arthritis
SLE
Connective tissue disease (e.g. 
Marfan syndromeMarfan syndrome, 
pseudoxanthoma elasticum)

Aortic root disease Marfan syndrome
Osteogenesis imperfecta
Type A aortic dissection
Ankylosing spondylitisy g p y
Reiter’s syndrome
Psoriatic arthritis



Clinical features
On examinationOn examination

A collapsing high-volume pulse (waterhammer pulse)-due to the 
increased stroke volume and the rapid run-off of blood back into theleft 
ventricle after systole. This is better felt at the carotid pulse, but it can 
also be felt at the radial pulse by lifting the arm and feeling the pulse withalso be felt at the radial pulse by lifting the arm and feeling the pulse with 
the fingers across it. The tapping quality is felt between the examiner’s 
middle and distal interphalangeal joints.
A wide pulse pressure on measuring blood pressure.
Downward and laterally displaced apex, which has a thrusting nature.
Murmur best heard at the left lower sternal edge with the patients sitting 
forward and in full expiration-it is a soft-pitched early diastolic murmur, 
which is sometimes difficult to hear, so be sure to listen for it properlywhich is sometimes difficult to hear, so be sure to listen for it properly 
with a diaphragm.
Increased flow across the aortic valve may produce an ejection systolic 
murmur.
May be signs of left ventricular or congestive failureMay be signs of left ventricular or congestive failure.
Other signs include de Musset’s sign (head bobbing with each beat), 
Quincke’s sign (visible capillary pulsation in the nailbed), pistol shot 
femoral pulses (an audible murmur over the femoral arteries-a to-and-fro 

d)sound).
The Austin Flint murmur heard when the regurgitant jet causes vibration 
of the anterior mitral valve leaflet. The murmur is similar to that of MS but 
with no opening snap. 



InvestigationsInvestigations

ElectrocardiographyElectrocardiography
Chest radiography
EchocardiographyEchocardiography
Cardiac catheterization



ManagementManagement

Medical managementMedical management
The use of diuretics and ACE inhibitors is valuable to 
treat cardiac failure in these patients. It is, however, p
important to make the diagnosis and surgically treat 
this condition before the left ventricle dilates and fails.

S i l tSurgical management
Aortic valve replacement is considered if the patients is 
symptomatic or if there are signs of progressive leftsymptomatic or if there are signs of progressive left 
ventricular dilatation. The aortic root may also need to 
be replaced if it is grossly dilated.



Tricuspid regurgitationTricuspid regurgitation

CausesCauses
Most cases of tricuspid regurgitation (TR) are 

due to dilatation of the tricuspid annulus 
resulting from dilatation of the right ventricle. 
This may be due to any cause of right ventricular 
failure or pulmonary hypertensionfailure or pulmonary hypertension.

Occasionally, the tricuspid valve is affected 
by infective endocarditis (usually in intravenous y ( y
drug abusers). Rarer causes include congenital 
malformations and the carcinoid syndrome.



Clinical featuresClinical features
The symptoms and signs are due to the backpressure 

ff t f th it t j t i t th i ht t i hi heffects of the regurgitant jet into the right atrium, which 
are transmitted to the venous system causing a 
prominent v wave in the jugular venous waveform.

F ti d di f t d t it h tiFatigue and discomfort due to ascites or hepatic 
congestion are the commonest feature. Patients usually 
present with symptoms of the disease causing the 
underlying right ventricular failure;the TR is often anunderlying right ventricular failure;the TR is often an 
incidental finding.

Management
The mainstay of management is medical with diuretics andThe mainstay of management is medical with diuretics and 

angiotensin-converting enzyme inhibitors to treat the 
right ventricular failure and fluid overload. Tricuspid valve 
replacement is considered in very severe cases.replacement is considered in very severe cases.



Features indicating severity of valve 
didisease

Valve disease Features

MS Proximity of opening snap to second heart sound and duration of murmur 
Valve area assessed on echocardiography 
Evidence of pulmonary hypertension on echocardiography and cardiacEvidence of pulmonary hypertension on echocardiography and cardiac 
catheterization

MR Symptoms and signs of pulmonary oedema    
Size of regurgitant jet and poor left ventricular function on echocardiography     
Evidence op pulmonary hypertension on echocardiography and cardiac 
catheterization   

AS Presence of symptoms
Low- volume pulse and BPLow- volume pulse and BP
Severity of aortic gradient and poor left  venticular function on 
echocardiography or cardiac catheterization

AR Signs of LVFAR
Left ventricular function and size of regurgitant jet on echocardiography or 
cardiac catheterization



Overview of other valve lesions

Valve lesion Cause Clinical features Management

Tricuspid 
stenosis

Rheumatic fever; rare Venous congestion – JVP 
raised, large a waves, ascites, 

Treat pulmonary 
hypertension, valve stenosis hepatomegaly, peripheral 

oedema, soft deastolic 
murmur at left lower sternal 
edge

replacement

P l C it l If ild t ti if P l l l l tPulmonary 
stenosis

Congenital 
malformation-
Noonan’s syndrome, 
maternal rubella 
syndrome, carcinoid 

If mild asymptomatic, if 
severe- RVF and cyanosis, 
ejection systolic murmur in the 
pulmonary area (second left 
ICS), wide splittting of second 

Pulmonary valvuloplasty or 
Pulmonary valve 
replacement

y
syndrome

) p g
heart sound

Pulmonary 
regurgitation 
(PR)

Dilatation of the valve 
ring secondary to 
pulmonary 

RVF in severe cases, low-
pitched diastolic murmur in 
pulmonary area, Graham 

Treat underlying disease

(PR) hypertension, infective 
endocarditis

Steel murmur- in severe PR 
the murmur is high pitched 
due to the forceful parasternal 
edge(i.e. similar to that in 
aortic regurgitation but whithaortic regurgitation but whith 
signs of severe pulmonary 
hypertension and RVF)



Types of biological heart diseaseTypes of biological heart disease
Type of valve Features

Xenograft Manufactured from porcine valve 
i di d t dor pericardium and mounted on a 

frame(on chest x- ray only the 
mounting ring can be seen) 
Lasts for about 10 years

Homograft Cadaveric valve graftHomograft Cadaveric valve graft

More durable than a xenograftMore durable than a xenograft



Normal Valve FunctionNormal Valve Function

• Maintain forward flowMaintain forward flow 
and prevent reversal 
of flow.

• Valves open and 
close in response to 
pressure differences 
(gradients) between 
cardiac chamberscardiac chambers.



Abnormal Valve Function

• Valve Stenosis
– Obstruction to valve flow during that phase of the cardiac– Obstruction to valve flow during that phase of the cardiac 

cycle when the valve is normally open.
– Hemodynamic hallmark -“pressure gradient”  ~ flow// VA

• Valve Regurgitation Insufficiency Incompetence• Valve Regurgitation, Insufficiency, Incompetence
– Inadequate valve closure--- back leakage

• A single valve can be both stenotic and regurgitant; 
b t b th l i t b !!but both lesions cannot be severe!!

• Combinations of valve lesions can coexist
– Single disease process
– Different disease processes
– One valve lesion may cause another 
– Certain combinations are particularly burdensome (AS & p y (

MR)



Mitral Valve Competence:Mitral Valve Competence:

• Integrated function of g
several anatomic 
elements

Posterior LA wall– Posterior LA wall
– Anterior & Posterior 

valve leaflets
Ch d t di– Chordae tendineae

– Papillary muscles
– Left ventricular wall 

where the papillary 
muscles attach



Mitral Valve Disease:  
Etiology

Mitral Stenosis Chronic Mitral Regurgitation
Rheumatic  - 99.9%!!!
Congenital
Prosthetic valve stenosis

Ischemic Heart disease
Papillary ms dysfunction
Inferior & posterior MI

Mitral Annular 
Calcification
Left Atrial Myxoma

Mitral Valve prolapse
Infective endocarditis
Rheumatic

Acute Mitral Regurgitation
Infective endocarditis
Ischemic Heart disease

Prosthetic
Mitral annular calcification
CardiomyopathyIschemic Heart disease

Papillary ms rupture
Mitral valve prolapse

Chordal rupture

LV dilatation
IHSS

Chest trauma



Mitral Regurgitation-
P th h i lPathophysiology

• MR: Leakage of blood 
into LA during systole

• 10 Abnormality -Loss of1 Abnormality Loss of 
forward SV into LA

• Compensatory 
MechanismsMechanisms
– Increase in SV (& EF)
– Forward SV + regurgitant 

volumevolume
– LV (LA) dilatation
– Left Ventricular Volume 

Overload (LVVO)Overload (LVVO)



Chronic Mitral Regurgitation - LVVOChronic Mitral Regurgitation LVVO

• LVVO
– LV dilatation
– Eccentric hypertrophy

• Increased LA pressure• Increased LA pressure
• Pulmonary HTN
• DyspneaDyspnea
• Atrial arrhythmias
• Low output state



Pathophysiology –Acute vs Chronic 
Mit l R it tiMitral Regurgitation

• Acute MR
– Normal (noncompliant) LA
– Increase LA pressure
– large “V” waves

A t P l Ed– Acute Pulmonary Edema
• Chronic MR

– Dilated, compliant LA
LA pressure normal or– LA pressure normal or 
slightly increased

– Fatigue, low output state
– Atrial arrhythmias- a. fib.y

• Most patients fall between 
these two extremes!!



Mitral Regurgitation: 
Ph i l Fi diPhysical Findings

• Auscultatory Findingsy g
– S1 – soft or normal
– P2 – increased
– Holosystolic blowing murmur @ apexy g @ p

• MVP – mid-systolic click
• IHSS – murmur increases with Valsalva
• Acute MR – descrescendo systolic murmur

– S3 gallop & diastolic flow rumble
• Hyperdynamic Left Ventricle

– Brisk carotid upstrokesBrisk carotid upstrokes
– Hyperdynamic LV apical impulse
– LA lift; RV tap



Mitral Stenosis -PathophysiologyMitral Stenosis Pathophysiology

• Restriction of blood flow 
from LA LV during 
diastole.

• Normal MVA 4-6cm2.

– Mild MS 2-4cm2.

– Severe MS < 1.0cm2.

• MV Pressure gradient –g
• MV grad ~ MV flow//MVA.

– Flow = CO/DFP (diastolic 
filling period).g p )

• As HR increases, diastole 
shortens disproportionately 
and MV gradient increases.g



Relationship between MV gradient 
and Flow for different Valve Areasand Flow for different Valve Areas

• Cross hatched area 
indicates range of normalindicates range of normal 
resting flow.

• The vertical line represents 
the threshold for developingthe threshold for developing 
pulmonary edema.

• Pressure gradient increases 
as flow increases:
– to a small degree with 

normal  valve area(4-6cm2).
– to  greater degrees with 

smaller valve areassmaller valve areas.
– in severe stenosis, a 

significant gradient is 
present at rest.



Mitral Stenosis-PathophysiologyMitral Stenosis Pathophysiology

• MV gradient Incr LA pr
• Pulmonary HTN

– Passive
– Reactive- 2nd stenosis

• RV Pressure Overload
– RVH
– RV failure

T i id it ti– Tricuspid regurgitation
– Systemic Congestion

• Paradoxes of MS
Disease of Pulm Arts & RV– Disease of Pulm Arts & RV

– LV unaffected (protected)
– As RV fails, pulmonary 

symptoms diminishy p



Mitral Stenosis- Clinical SymptomsMitral Stenosis Clinical Symptoms

• Symptoms related to severity of 
MVA reduction-

• Symptoms unrelated to severity 
of MS-

At i l fib ill ti– Atrial fibrillation
– Systemic thromboembolism

• Symptoms due to Pulmonary 
HTN and RV failureHTN and RV failure-
– Fatigue, low output state
– Peripheral edema and 

hepato-splenomegalyhepato-splenomegaly
– Hoarseness –recurrent 

laryngeal nerve palsy



Mitral Stenosis: Physical FindingsMitral Stenosis:  Physical Findings

• Auscultatory findings
– S1 – variable intensity; increased early, progressively decreases
– OS –opening snap, variable intensity
– A2-OS interval – varies inversely with severity of MS; shortens as 2

MVA diminishes
– Low-pitched diastolic rumble @ apex

• Duration of murmur correlates with severity of MS
• Pre-systolic accentuation

– Increased P2

• Body habitus – thin, asthenic, female
• Low BP
• LA lift & RV tap



Mitral Valve Disease – Echo findingsMitral Valve Disease Echo findings

• Mitral Stenosis
– Thickened, deformed MV 

leaflets
– 2D MVA 
– Doppler Gradient
– Associated LAE, RVH, 

PHTN, TR,MR, LV function
• Mitral Regurgitation

– Determine etiology –
leaflets, chordae, MVP, MI

– Doppler severity of MR jet
– LV function



Mitral Valve Disease : TreatmentMitral Valve Disease : Treatment

• Mitral Stenosis • Chronic Mitral Regurgitation
– Medical Rx for Class I & II

• HR control – Dig & BB
• Anticoagulation 

– Afib, >40yrs, LAE, MR,

– Medical Rx for mild to mod 
MR with vasodilators, 
diuretics, anticoagulation

Afib, >40yrs, LAE, MR, 
prior  embolic event

– Surgical Rx -Class III &IV 
Balloon Mitral Valvuloplasty
• Commissural fusion

– Surgical Rx –ideally before 
LV systolic function 
declines.

• MV replacement• Commissural fusion
• pliable, noncalcified leaflets
• No MR of LA thrombus
Mitral Valve Surgery

MV replacement
• MV ring & CABG
• MR repair – associated with 

improved long-term LV 
f ti• Open commissurotomy

• MV replacement
funvtion

– MVP, ruptured chords, 
infective endocadritis, pap 
ms rupture.



Balloon Mitral CommissurotomyBalloon Mitral Commissurotomy



Aortic Valve Disease:  Etiology

• Aortic Stenosis • Chronic Aortic Insufficiency
A ti l fl t di– Degenerative calcific 

(senile)
– Congenital – Uni or bicuspid

• Aortic leaflet disease
– Infective endocarditis
– Rheumatic

Bicuspid Aortic valve– Rheumatic
– Prosthetic

– Bicuspid Aortic valve
– Prolapse & congenital VSD
– Prosthetic

• Aortic root disease

• Acute Aortic Insufficiency
– Infective endocarditis

Aortic root disease
– Aortic aneurysm/dissection
– Marfan’s syndrome
– Connective tissue disorders

– Acute Aortic Dissection
• Marfan’s Syndrome
• Chest trauma

– Syphilis
– HTN
– Annulo-aortic ectasia



Aortic Stenosis - PathophysiologyAortic Stenosis Pathophysiology

• Normal AVA 2.5-3.0cm2

– Severe AS <1.0cm2

– Critical AS <0.7cm2; 
<0 5cm2/m2<0.5cm /m

• Hemodynamic Hallmark 
– Systolic pressure 

gradient
– AV grad ~ AV flow//AVA

• AV flow = CO/SEP 
(systolic ejection period)

– 50-100mmHg gradients 
are common in severe AS



Relationship between AV gradient 
and Flow for different Aortic valveand Flow for different Aortic valve 

areas.
• Like Mitral Stenosis –

as flow increases so 
does the gradient.

• Unlike Mitral Stenosis –Unlike Mitral Stenosis 
– Resting flows are higher

• smaller AV area 
• shorter SEPshorter SEP

– Larger gradients
– Significant (>50mmHg) 

gradient can be present g p
at rest in asymptomatic 
individuals.



Pathophysiology of Aortic Stenosis-
LVPOLVPO

• Chronic LV Pressure 
Overload Concentric LVH

• “Stiff”  noncompliant LV
– Increased LVEDP

I d LV I d– Increased LV mass Increased 
MVO2

• Well tolerated for decades 
– LV fails CHFLV fails CHF

• Atrial fibrillation
– Poorly tolerated

• Loss of atrial “kick”
• Rapid HR
• Acute pulmonary edema and 

hypotension.



Aortic Stenosis: Natural History & 
Cli i l S tClinical Symptoms

• Asymptomatic for many • Natural History Studies-
years

• Symptoms develop 
when valve is critically 

d d LV

– Pts grad 25mmHg –20% 
chance of intervention in 
15 years

– Pts with asymptomaticnarrowed and LV 
function deteriorates
– Bicuspid AV  5th - 6th

decade

Pts with asymptomatic 
severe AS require close 
f/u

– Gradient progression
6 10 H /decade

– Senile AS  7th-8th decades
• Classic Symptom Triad

– Angina pectoris – 5 years

• 6-10mmHg/yr
– Risk Factors

• Age > 70
• CAD, hyperlipidemiaAngina pectoris 5 years

– CHF   1-2 years
– Syncope 2-3 years
– Sudden Death 

CAD, hyperlipidemia
• Chronic renal failure



Aortic Stenosis:  Physical Findings
Severity of AS Mild Moderate Severe

Carotid pulse normal Slow rising Parvus et Tardus
LV apical 
impulse

normal heaving Heaving & 
sustained

Auscultation
S4 gallop - +/- ++
Systolic 
ejection Click

+ +/- -
SEM, peaking Early systole midsystole mid-to-late 

systole
S normal Normal or Single orS2 normal Normal or 

single
Single or 
paradoxical



Aortic Insufficiency-Aortic Insufficiency
Pathophysiology

• 10 abnormality – LVVO
• Severity of LVVO

– Size of regurgitant orifice
– Diastolic pressure gradient p g

between Ao & LV
– HR or duration of diastole

• Compensatory Mechanismsp y
– LV dilatation & eccentric 

LVH
– Increased LV diastolic 

compliance
– Peripheral vasodilation



LV Volume vs Pressure OverloadLV Volume vs Pressure Overload

Feature LVPO (AS) LVVO (MR AI)Feature LVPO (AS) LVVO (MR,AI)

LV Volume normal Dilated**

Wall thickness Conc. LVH Normal to slightly 
increased

LV compliance “stiff” IncreasedLV compliance stiff  
noncompliant

Increased 
compliance

LV diastolic Pr increased Normal to slightly 
increasedincreased

LV systolic Pr Increased** Normal to slightly 
increased

l i dLVEF normal increased



Acute vs Chronic AR 
Pathophysiology and Clinical Presentation

• Acute Aortic Regurgitation
– Sudden AoV incompetence
– Noncompliant LV
– Acute Pulmonary Edema
– Emergency AVR

• Chronic Aortic Regurgitation
– Long asymptomatic phaseg y p p
– Progressive LV dilatation
– DOE, orthopnea, PND
– Frequent PVC’sFrequent PVC s



Chronic Aortic Regurgitation:  
Ph i l Fi diPhysical Findings

• Widened Pulse Pressure  > 70mmHg   (170/60)
• Low diastolic pressure  <60mmHg
• Hyperdynamic LV –

– DeMusset’s signs
Corrigan’s pulse– Corrigan’s pulse

– Quincke’s pulsations, 
– Durozier’s murmur

• Auscultation:Auscultation:
– Diminished A2
– Descrescendo diastolic blowing murmur @ LSB
– Austin-Flint murmur – diastolic flow rumble @ apex@ p

• Due to interference with trans-mitral filling by impignement from aortic 
regurgitant jet.

• DDx - mitral stenosis(increases intensity with amyl nitrite)



Aortic Valve Disease:
Di ti T tiDiagnostic Testing

• Aortic Stenosis • Aortic regurgitaiton
• EKG- NSR, LVH with strain, 

LAE,LAD
• CXRay – frequently normal

g g
• EKG- LVH without strain
• CXRay-

Chronic AI “cor bovinum”
• 2D-ECHO

– Aortic cusps –thickened, 
calcified, decreased 
mobility

– Chronic AI – cor bovinum
– Acute AI – pulmonary 

edema with nl heart size
• 2D ECHOmobility

– Assessment of LVH & LV 
systolic function

– Concomitant MR, AR

• 2D ECHO
– Assess Ao valve and root
– Assess LV 

function/dilatation
– Doppler assesment of AoV 

gradient
– Planimetry of AV area

function/dilatation
• LVES dimension>55mm

– Doppler severity of 
regurgitant jet



Relationship between AV gradient 
and Flow for different Aortic valveand Flow for different Aortic valve 

areas.
• Like Mitral Stenosis –

as flow increases so 
does the gradient.

• Unlike Mitral Stenosis –Unlike Mitral Stenosis 
– Resting flows are higher

• smaller AV area 
• shorter SEPshorter SEP

– Larger gradients
– Significant (>50mmHg) 

gradient can be present g p
at rest in asymptomatic 
individuals.



Balloon Aortic ValvuloplastyBalloon Aortic Valvuloplasty

• Indications for BAV in critical Aortic Stenosis
– Younger patients with congenital AS and predominant 

commissural fusion
– Bridge to eventual AVRBridge to eventual AVR
– Moderate to severe heart failure/cardiogenic shock 
– Extremely high risk for AVR

U t/ t d f di– Urgent/emergent need for noncardiac surgery
– Patient with limited lifespan – cardiac or noncardiac 
– Patient refuses surgery



Aortic Valve Surgery: Ross 
P dProcedure

• Autotransplant of pulmonic 
valve to the aortic position

• Reimplantation of the 
coronary arteries

• Homograft valve in the 
pulmonic position

• Indications
– Younger patients
– No anticoagulation
– Requires similar sized aorticRequires similar sized aortic 

and pulmonic roots



Valvular Heart DiseaseValvular Heart Disease

The EndThe End




