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Heart: Valvular Disease
•

Topics:
A. Abnormalities of the valves
B. Rheumatic heart disease
C. Infectious endocarditis

Abnormalities of the Valves
•

Anatomy of the valves
o Auscultation of the valves is best heard where the flow of blood through the
valve is directed. Understanding this blood flow shows where to place the
stethoscope for auscultation.

o The two most important valves, the aortic and mitral valves, can be
imaged from the long axis view.
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o It is useful to correlate the heart sounds from the mechanical heart with
the EKG of the electrical heart.

٠S1: closure of mitral and tricuspid valves.
٠ S2: closure of aortic and pulmonary valves.
P2 follows A2 in inspiration due to pooling of
blood in pulmonary veins. Fixed split in ASD.
٠ S3: in adults, a pathologic sound heard
from the filling of a dilated ventricle in early
diastole
٠S4: a pathologic sound heard when atria
contract against a stiff left ventricle.

- Mitral Stenosis
•
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Pathophysiology
o Associated with rheumatic fever, which is not seen in the USA and so patients
are immigrants.
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o Note that the acute rheumatic fever occurs in childhood, but the typical age of
presentation is in the 30’s, a natural history of decades.
o There is progressive thickening of the valve ring, leaflets and chordae tendinae.
The appearance is described as a “fish-mouth”. This is like a carp’s mouth.

•

o Elevated left atrial pressure leads to left atrial dilation, pulmonary artery
hypertension and right-sided heart failure
Presentation
o Symptoms:
 Shortness of breath: ↓CO, pulmonary edema, right-sided failure
 Palpitations: atrial fibrillation
 Stroke: right-side thromboembolism
 Dysphagia and hoarseness: the dilated atrium can compress the
esophagus or left recurrent laryngeal nerve

o Signs
 Decreased pulse pressure
 Soft diastolic murmur
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•
•

Diagnosis
o ECHO to assess valve anatomy, flow and pressure gradients
Treatment
o Atrial fibrillation: β blockers, calcium-channel blockers, digitalis
o Anticoagulation
o Percutaneous balloon valvoplasty: dilation cracks open the commissures
o Commissurotomy and replacement: open surgical procedures

Mitral Regurgitation (MR)
•

Pathophysiology
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o Mitral valve function requires the coordinated
actions of the multiple structures around the two
leaflets. Defects in any of these can result in leakage.
o commonest pathologies are myxoid degeneration
of multiple components leading to mitral valve
prolapse and rheumatic fever.
o Other causes include:
 Connective tissues disease: Marfan and EhlersDanlos syndromes
 Degeneration: dystrophic calcification of annulus in
the elderly
 Infectious endocarditis
 Ischemia: papillary muscle rupture in STEMI
 Ventricular chamber dilation
 The backward flow of the left ventricle’s stroke
volume leads to increase in atrial volume and pressure and decreased
cardiac output.
Compensation by the left ventricle leads to increased left ventricular enddiastolic volume and pressure
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•

•

•
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Presentation
o Symptoms:
 Acute MR (e.g. papillary muscle necrosis in STEMI) presents with dyspnea
from pulmonary edema
 Chronic MR presents with symptoms of decreased cardiac output (CO):
fatigue, weakness, low exercise tolerance.
o Signs:
 Pulse: bounding
 Auscultation: blowing pan-systolic murmur in apical region
Diagnosis:
o ECHO to assess structure of the
mitral valve, changes in the
chambers and severity of the
regurgitation
Treatment:
o Reconstruction of the damaged part of the valve. Valve replacement has not
been shown to change natural history.
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MVP is a common and usually asymptomatic bulging of the mitral valve leaflets that may have mitral
regurgitation
o It is seen in 2% of Americans, especially tall lean females
It is seen in connective tissue diseases e.g. Marfan syndrome and Ehlers-Danlos syndrome
Pathophysiology: Enlargement of the valve leaflets due to degenerative myxoid changes allows them to bulge
into the left atrium at peak systole (so-called “parachute effect”).

-

Presentation
o Symptoms: incidental murmur, palpitations, syncope, failure
o Signs: mid-systolic click with late systolic murmur

-

Diagnosis: ECHO
Natural History: benign

Aortic Stenosis (AS)
•
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Pathophysiology:
o 2 main causes
1. Age-related dystrophic calcification: seen in ≈5% of population >65 years,
80% males. Considered to be a “wear and tear” process.
2. Congenital bicuspid aortic valve: seen in 1-2 % of population.
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o Left ventricle compensates by concentric
Wall tension α Pressure X R/2T
hypertrophy (for more, see: Heart,
Tension ≡ End Diastolic Pressure/Volume
Structure: cardiovascular regulation).
Pressure
≡ afterload
Increasing the thickness of the wall
R = radius; T = wall thickness
decreases wall tension
o The thickening of the wall decreases stroke volume and compliance.
Note:
1. ↑ atrial pressure: the
atrium may provide up to
25% of filling due to
↓compliance
2. ↑LV pressure means less of
a gradient between
chamber and aorta

•

Presentation
o Symptoms:
1. Angina: due to increased demand and decreased coronary artery
perfusion as there is less of a gradient between the aorta and left
ventricle.
2. Exertional syncope: cardiac output cannot increase due to the stenosis
and there is vasodilation of muscle with exercise → ↓cerebral perfusion.
3. CHF: due to irreversible progression.
o Signs:
1. Pulses: weak and delayed upstroke
2. Auscultation: crescendo-decrescendo systolic murmur

•

Diagnosis
o ECHO: can assess severity of the stenosis and LV wall thickening
Natural History

•
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o Survival for symptomatic patients is poor ( <60% survive 1 year). Treatment is
valve replacement.
o Mild disease has very slow progression (<20% symptomatic over 20 years). There
is no treatment known to slow progression.
Aortic Regurgitation
Pathophysiology
o 2 main causes:
1. Valve leaflet abnormalities: bicuspid valve, infection, rheumatic fever
2. Dilation of the aortic root:
• Aneurysm (see Aneurysms of the Ascending Aorta in Circulation,
Atherosclerosis & Peripheral Vascular Disease)
o Hypertension (>50 years old)
o Connective tissue disease (Marfan and Ehlers-Danlos
syndromes, <50 years old)
o Syphilis
• Rheumatic disease, especially ankylosing spondylitis
o The left ventricle must pump both the normal volume plus
Wall tension α Pressure X R/2T
the regurgitant volume. This increased preload leads to
Tension ≡ End Diastolic Pressure/Volume
eccentric hypertrophy and ventricular chamber dilation. This
Pressure ≡ afterload
allows for the volume but at the price of increased wall
R = radius; T = wall thickness
tension and its resulting stress. (for more, see: Heart,
Structure: cardiovascular regulation)
o The large stroke volume back flow leads to a wide pulse pressure from increased
in systolic pressure and decreased diastolic pressure
•

•
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Presentation
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o Symptoms:
 Heart failure: fatigue, weakness, exercise intolerance, dyspnea
 Sensation of the forceful heart beat
o Signs
 Pulse: “bounding” pulse from the wide pulse pressure
There are more than 8 eponyms associated with the pulse
of AR. The best known is Corrigan’s sign or “water
hammer” sign. This describes the pulse pressure when a
tap suddenly shuts off water flow in a pipe. In domestic
plumbing, this can be heard as “knocking”.



Auscultation: “blowing" early diastolic murmur

o Diagnosis: ECHO to evaluate valve, ventricle and may determine cause
o Natural history:
o Progression is slow, so asymptomatic patients can be followed with
ECHO
o Symptomatic patients have a life expectance <4 years and so get surgical
correction

Summary of Valvular disease
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Infectious Endocarditis (IE)
- A model of infections: there are three basic types of infections.
1. Pathogenic:
• This is our default idea of infection. An organism is a “pathogen” when it
can infect a normal person. It gets past the innate and adaptive immune
systems, with virulence factors. These are mechanisms that include
things like adhesion, masking of antigenicity, cytotoxicity etc.
• The infections are by single organisms and have well-defined clinical
patterns
2. Opportunistic
• These have an abnormality in the host, unrelated to their immune
system. A good example is obstruction and the aphorism “Obstruction
leads to infection”.
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The infections usually involve organism from the normal flora and are
often multiple. Treatment requires correction of the underlying
abnormality.
3. Immunodeficient
• These are infections that arise because of a defect in the host immune
system.
• They can be classified by:
i. Congenital versus acquired
ii. General (e.g. marrow toxicity) versus specific cell lines
iii. Innate system versus adaptive immune system
• Infection patterns are complex and can involve normal flora, pathogens
or reactivation of latent organisms.
•

- Classified by:
1. Clinical course
a. Acute IE
o Presents with the rapid onset of fever, shakes and chills and heart failure
over 1-2 days
o Commonest organism is the pathogenic bacteria S. aureus, which is
introduced by IV use, usually drug addicts
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o Underlying valve is normal; right side valves often infected
b. Subacute IE
o Non-specific presentation of fatigue, anorexia and night sweats over days
SIRS (Systemic Inflammatory
to weeks i.e. chronic SIRS)
Response Syndrome)
o Embolic events occur because the time frame of the infection is long
enough to develop large thrombi on the valve leaflets (e.g. Janeway
The symptoms can be attributed
to the high levels of cytokines:
lesions, splinter hemorrhages and Roth spots on the retina)
• Fever / night sweats…IL-1
o Immune complex events of vasculitis (e.g., Osler nodes) and
• Weight loss………………TNF
glomerulonephritis can occur due to the longer time frame of the infection.
• Malaise…………………….TNF
2.
Valve normality
Laboratory testing is for the
o Endocarditis by normal flora requires an endothelial injury (due to
acute phase reactants CRP and
turbulence in an abnormal valve) which allows surface thrombosis to which
ESR (fibrinogen) from IL-6.
the organism can adhere.
o Note that rheumatic fever is not seen in the US and so the only 2 abnormal
valves found in native-born Americans are aortic stenosis (congenital
bicuspid and degenerative calcification) and mitral valve prolapse.
3. Organism
a. S. aureus is pathogenic and can adhere and infect a normal valve
c. Abnormal valves can be infected by normal flora which enter the vascular space
by a breach in the epithelium
 S. epidermidis………….cut or abrasion of skin
 S. viridans………………..dental procedure
 Enterococcus…………..colonoscopy
 S. bovis………………...…colon cancer
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- Diagnosis
•

These are based on the modified Duke criteria. Diagnosis is established by 2 major
criteria or 1 major and 3 minor criteria.
Major criteria
Minor criteria
Murmur (regurgitation) Abnormal valve
Vegetation (by ECHO)
Fever
(+) blood culture
Emboli
Immune complex disease
Equivocal blood cultures

•

Culture-Negative IE
o 2% of IE is caused by bacteria that do not easily grow in routine blood culture
medium.
o These fastidious organisms require much longer incubation periods to be
identified
o When culture results are reported “Negative” by the laboratory in a patient with
many of the criteria of IE, the lab should be asked to incubate
the blood cultures for a period > 1 week.
o The organisms collectively go by the acronym “HACEK”
Non-bacterial Thrombotic
Endocarditis (NBTE)
 The best one to know is Eikenella corrodens (the “E”),
as it is seen in cat bites and has a distinctive “bleachIn hypercoagulable states,
like” odor in culture
vegetations can form on valve

- Natural history
•
•
•

100% mortality without treatment and 20% mortality within 6
months with treatment
4-6 weeks of IV antibiotics
Prophylaxis: patients with abnormal valves require antibiotic
coverage during procedures that can introduce bacteria into the
blood (e.g. dental procedure).

leaflets. These are composed of
platelets and fibrin and have no
infecting bacteria. They are
asymptomatic unless they
embolize, the major
complication being stroke. The
commonest cause in hospital
patients is malignancy. NBTE is
seen in 30% of SLE patients and
the valve vegetations are called
Libman-Sacks endocarditis

Acute Rheumatic Fever (ARF)
- Pathophysiology
•
•
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This has disappeared in the US since the introduction of penicillin in the 1950’s but is
still the most common acquired heart disease in children in the developing world.
It follows about 3% of cases of Streptococcal pharyngitis, with symptoms after 2-3
weeks
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•
•
•

o Two-thirds of children with ARF will develop mitral valve disease and 25% will
develop aortic valve disease.
It is presumed to be due to cross-reactivity of cardiac and bacterial antigens.
Inflammation involves all three layers of the heart (endocarditis, including valves,
myocarditis and pericarditis)
Histopathology of the myocardium shows areas of fibrinoid necrosis, often miscalled
granulomas, called Aschoff bodies. Note that these have not been seen by American
pathologists as rheumatic fever is not present.
o There is a distinctive macrophage called an Anitschkow in these foci.

- Presentation and diagnosis
•

These are known collectively as the Jones criteria. ARF is a clinical diagnosis that can be
made if there are 2 major criteria or 1 major and 2 minor criteria.

Major criteria
Carditis
Polyarthritis
Sydenham chorea
Erythema marginatum
Subcutaneous nodules
*acute phase reactants

Minor criteria
Migratory arthralgias
Fever
↑*APRs (CRP, ESR, leukocytosis)
↑ P-R interval on EKG
Evidence of a streptococcal infection (ASOT, culture)

- Natural history
•
•
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Treatment during the acute attack consists of penicillin to clear any streptococcal
infection and high dose aspirin to reduce inflammation
Symptoms from valvular damage take decades to manifest
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Do You Know It?
Heart: Valvular Disease
-

Where are the optimal sites to hear:
o Mitral valve
o Aortic valve
o Pulmonary valve
o Tricuspid valve

-

Draw an EKG and correlate to S1, S2, S3 and S4 heart sounds.

-

Mitral Stenosis
o Describe the pathophysiology

o Presentation
 Symptoms
 Signs
• Draw the murmur
• Pulse:

S1

S2

S1

o Diagnosis
o Treatment:

-

15

Mitral Regurgitation
o Describe the pathophysiology:
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o Presentation:
 Symptoms:
 Signs:
• Draw the murmur
• Pulse:



Diagnosis:



Treatment:

o Mitral valve prolapse: compare and contrast with MR
-

Aortic Stenosis
o Pathophysiology:
o Presentation



Symptoms:
Signs:
• Draw the murmur
• Pulse

o Diagnosis:

o Prognosis and treatment:
Aortic Regurgitation
-
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Pathophysiology
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-

Presentation
o Symptoms:
o Signs
 Draw the murmur
 Pulse:

-

Diagnosis

-

Prognosis and treatment

-

Fill in the table:

Valve

Etiology

Mitral
stenosis

Pathology

Presentation

Murmur (draw) &
pulse

Mitral
regurgitation
٠MVP
٠Papillary
muscle
rupture
Aortic
stenosis
Aortic
regurgitation
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-

Infectious Endocarditis

o Fill in the table:

Acute

Time
course

Severity

Pre-existing Organism
valve

Extracardiac
manifestations

Subacute

o What are the diagnostic criteria for infectious endocarditis?
o Describe “Culture Negative” endocarditis

o Describe non-bacterial endocarditis
-

Acute Rheumatic Fever
o Describe the pathology
o What are the diagnostic criteria?
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