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Learning objectives

After this lecture, explain and distinguish:

• How chronic valvular injury produces calcific outflow obstruction

• The characteristic cusp, fibrosa and commissural morphology

• The ventricular response and major clinical consequences

• How bicuspid anatomy accelerates calcific disease



Stenosis is impaired forward opening

A primary leaflet abnormality restricts valve excursion.

Abnormal cusp opening → Obstructed forward blood 
flow

→ Chronic acquired stenotic 
lesion



Stenosis is not the same as insufficiency

Different mechanical failures create different flow disturbances.

Stenosis Insufficiency

Failure to open fully Failure to close fully

Impeded forward flow Blood regurgitates backward

Calcification or scar is an example Leaflet or supporting-structure failure



Aortic stenosis: Main acquired substrates

Calcification dominates the acquired aortic stenosis category.

Nonrheumatic calcific Postinflammatory

Previously normal aortic valve Rheumatic valve disease

Congenitally bicuspid valve Postinflammatory scar

Progressive nodular calcification Commissural fusion



Calcification converts pliable cusps into an obstruction

Anatomical form determines whether cusps can open.

Three pliable cusps Nodules restrict opening



Two anatomical starting points

Calcific obstruction can arise in two distinct valve architectures.

Calcific aortic stenosis

Initially normal tricuspid valve Congenitally bicuspid valve

Two anatomic substrates; Both can undergo degeneration



A common age-associated valve abnormality

The source characterizes calcific aortic stenosis as the most common valvular abnormality.

≈5%

Age ≥65 years

• Estimated prevalence: 5% at age 65 years and 
older

• The overall burden increases as populations age

Textbook estimate; Not a population-specific contemporary rate



Bicuspid anatomy is present from development

A pre-existing developmental substrate can accelerate later calcification.

≈1%

Population prevalence of BAV

• Bicuspid aortic valves occur in approximately 1% 
of the population

• Calcification develops on an anatomically 
different leaflet configuration



Valves sustain repetitive mechanical deformation

High-cycle loading is part of the source’s injury model.

Millions of cardiac 
contractions per year

→
Substantial cusp 

deformation at each 
contraction

→
Repeated strain 

concentrates at hinge 
points



Cusp hinge points are stress-exposed

Mechanical deformation is particularly important near leaflet attachment.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Maximal flexion occurs close to 
the attachment margin

• The calcific process begins near 
these mechanically stressed sites



Aortic valves experience a closed-phase gradient

Closure itself places a pressure load across the cusps.

≈80

Mm Hg in the closed phase

• The source reports an approximate 80 mm Hg 
transvalvular pressure difference in the closed 
phase

• A second force acts as the cusps repeatedly flex



Chronic injury is multifactorial

Several contributors rather than one initiating cause.

Hyperlipidemia Hypertension
Inflammation and 
additional chronic 

insults

Cumulative valvular injury



The working pathogenic sequence

From recurrent injury to mechanical valve obstruction.

Chronic valvular 
injury →

Degeneration with 
calcium deposition →

Nodular restriction of 
opening →

Progressive outflow 
obstruction



Atherosclerotic risks overlap with valve injury

The common risk factors do not imply identical diseases.

Shared context Important distinction

Hyperlipidemia Valve-specific osteogenic activity

Hypertension Hydroxyapatite deposition

Chronic inflammation or injury Different response to statin treatment



Osteoblast-like cells are found in diseased valves

Valve calcification has features of a regulated osteogenic process.

Abnormal valve contains 
osteoblast-like cells

→ These cells synthesize 
bone matrix proteins

→
Matrix production 

promotes calcium salt 
deposition



Hydroxyapatite is the deposited calcium salt

The mineral accumulating in the degenerating valve is also found in bone.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Injured valve tissue becomes a 
substrate for mineral deposition

• Mineral accumulation stiffens the 
cusp and contributes to nodules



Atherosclerosis analogy has limits

Robbins cautions against equating vascular plaque biology with valve degeneration.

Helpful analogy Not equivalent

Shared cardiovascular risk factors Osteoblast-like valvular cells

Chronic tissue injury Bone matrix protein production

Progressive mineral deposition
Lipid-lowering therapy is not clearly effective 

against valve calcification



Statin effects cannot be extrapolated to valves

A mechanistic lesson from the source’s therapeutic observation.

• Statins improve atherosclerotic risk

• They do not appear to substantially prevent calcific valvular degeneration

• Shared exposures do not guarantee identical intervention responses



Bicuspid valves undergo greater mechanical stress

Altered cusp geometry provides a plausible explanation for earlier degeneration.

Two functional cusps 
instead of three

→
Greater mechanical stress 

than a normal tricuspid 
valve

→ Accelerated development 
of stenosis



Calcific disease is progressive, not abrupt

The same pathogenic process accumulates structural and functional effects.

Recurrent chronic 
injury →

Progressive calcific 
deposits →

Increasingly 
restricted cusp 

opening
→

Left ventricular 
pressure overload



Timing differs by valve substrate

The age of clinical presentation reflects underlying anatomy.

Previously normal valve Bicuspid valve

Often presents in the seventh to ninth decades
Clinically important disease develops one to two 

decades earlier

Later expression of acquired degeneration Higher leaflet stress may accelerate stenosis



A normal aortic valve has three cusps

A three-cusp outline provides the anatomic comparator for calcific and bicuspid disease.

• Three functional leaflets form the usual aortic 
valve

• Calcification may affect a previously normal 
valve

Schematic; Not a clinical specimen



Gross hallmark: Heaped-up calcific masses

Nodular mineral deposits obstruct cusp excursion.

• Large raised calcific deposits sit on the cusps

• Cusp opening becomes increasingly restricted

Schematic; Not a clinical specimen



Calcification favors the outflow surface

The process is not described as diffuse, uniform leaflet thickening.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Deposits occur on the outflow 
aspect of the aortic cusps

• The fibrosa on that aspect is an 
early site



The free edges are usually spared

Deposit distribution can help recognize nonrheumatic calcific stenosis.

• Heaped deposits are away from the free cusp 
margins

• The free edges are usually not involved

Schematic; Not a clinical specimen



Commissural fusion is usually absent

A critical distinction from rheumatic aortic stenosis.

• Calcific nodules restrict opening without 
requiring commissural fusion

• In rheumatic stenosis, commissural fusion is a 
characteristic feature

Schematic; Not a clinical specimen



Layered valve architecture is largely preserved

Microscopy differs from the deforming scarring of rheumatic valvulitis.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• The usual valve layers remain 
broadly identifiable

• Calcific deposits occur in the 
fibrosa, rather than replacing the 
entire architecture



Fibrosa is the initiating anatomic compartment

Start at the outflow-side leaflet layer to localize the lesion.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Calcification begins in the fibrosa

• This is on the outflow surface of 
the valve



Maximal flexion marks the favored onset site

The attachment margin brings mechanical and morphologic observations together.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Sites of maximal cusp bending lie 
near the attachment margins

• These regions are where fibrosa 
calcification begins



Inflammation is variable

Absence of prominent inflammation does not negate calcific degeneration.

Consistent hallmarks Variable findings

Nodular cusp calcification Degree of inflammation

Outflow-surface localization Metaplastic bone may be present

Generally preserved valve layers



Metaplastic bone may accompany calcification

The tissue can show bone-like transformation.

Outflow side / fibrosa

Central valve layer

Opposite leaflet layer

• Hydroxyapatite is deposited in the 
valve

• Metaplastic bone may be seen on 
histologic assessment



Nodules narrow the functional orifice

Gross pathology translates into obstruction to blood ejection.

Increasing calcific deposit 
burden

→ Restricted opening of stiff 
cusps

→ Reduced functional valve 
area



Rheumatic stenosis has a different architecture

Distribution and commissures are discriminating pathology features.

Calcific nonrheumatic Rheumatic

Heaped nodular deposits Postinflammatory valve scarring

Free edges usually spared Thickened, distorted cusps

Commissures generally not fused Commissural fusion



Aortic and mitral calcification differ in location

Not all degenerative valve calcification is cuspal.

Calcific aortic stenosis Mitral annular calcification

Aortic cusp deposits Fibrous annulus deposits

Outflow-side fibrosa Base of mitral leaflets

Obstructed cusp opening Usually no important functional effect



Normal and severely narrowed orifice areas

The source supplies a concrete scale of anatomic loss of valve area.

4 → 0.5–1

Cm²; Normal → severe (textbook 
values)

• Normal valve area: Approximately 4 cm²

• Severe aortic stenosis in the text: Approximately 
0.5–1 cm²

Source-based illustrative values, not a current guideline grading algorithm



As area narrows, the pressure gradient rises

The heart faces a progressively higher outflow load.

Functional valve opening 
diminishes

→
An increasing gradient 

develops across the 
stenotic valve

→ Left ventricle generates 
greater pressure



Left ventricular pressure may become very high

This is the pressure cost of ejection through a fixed obstruction.

≥200

Mm Hg left ventricular pressure 
reported in severe cases

• In severe obstruction, left ventricular pressures 
can reach 200 mm Hg or more

• That elevated afterload drives a myocardial 
response



Pressure overload produces concentric hypertrophy

The myocardial wall adapts to the increased ejection pressure.

Persistent obstruction to 
left ventricular outflow

→ Progressively increased 
ventricular pressure

→ Concentric left ventricular 
hypertrophy



Concentric hypertrophy is a pressure response

Distinguish the response to obstruction from regurgitant volume loading.

Stenotic valve Insufficient valve

Forward-flow obstruction Regurgitant flow

Pressure overload Volume overload

Concentric ventricular hypertrophy Different chamber-loading mechanism



Hypertrophied myocardium tends to be ischemic

Wall thickening does not guarantee adequate microvascular perfusion.

Pressure-driven 
myocardial hypertrophy

→ Diminished 
microcirculatory perfusion

→ Myocardial ischemia and 
possible angina



Coronary atherosclerosis can compound ischemia

The stenotic-valve burden and coronary disease may coexist.

Hypertrophied muscle 
with reduced 

microperfusion

→ Concurrent coronary 
atherosclerosis

→ Added susceptibility to 
ischemic symptoms



Angina links obstruction to myocardial ischemia

Chest pain can arise in the setting of valve-related hypertrophy.

Restricted aortic 
outflow →

Pressure-overload 
hypertrophy →

Diminished perfusion 
of myocardium → Angina pectoris



Systolic function may become impaired

The compensated ventricle can progress to pump dysfunction.

Chronic stenotic pressure 
overload

→ Myocardial hypertrophy 
and ischemia

→ Potential systolic 
dysfunction



Diastolic function may also deteriorate

The source specifies impairment of both phases of ventricular function.

Long-standing ventricular 
response to obstruction

→
Diastolic dysfunction may 

accompany systolic 
changes

→ Clinical heart failure can 
follow



Decompensation may culminate in heart failure

Progression from valve lesion to whole-heart consequence.

Progressive obstruction 
and pressure overload

→ Impaired ventricular 
function

→
Cardiac decompensation 

and congestive heart 
failure



Three symptom groups signal danger

Symptom onset as an adverse clinical turning point.

Angina Syncope
Congestive heart 

failure

Symptom onset is a clinical warning of decompensation



Source-reported prognosis without treatment

Historical textbook figures emphasize the serious significance of symptom onset.

Symptom onset Source: most untreated patients die

After onset of angina Within 5 years

After onset of syncope Within 3 years

After onset of CHF Within 2 years

These are untreated textbook estimates, not modern individualized predictions.



Symptomatic severe obstruction requires valve therapy

Correction of the mechanical lesion.

• The source identifies valve replacement as necessary treatment

• Medical therapy alone is described as ineffective in severe symptomatic aortic 
stenosis

• The statement is textbook-specific, not an updated procedural guideline



BAV begins as a developmental anomaly

Two functional cusps create a distinct calcific substrate.

• A normal aortic valve has three cusps

• A bicuspid valve has only two functional cusps

Schematic; Not a clinical specimen



Unequal cusps and a raphe are common

The larger cusp often contains a central raphe.

• The two cusps are usually unequal in size

• A midline raphe marks incomplete 
commissural separation

Schematic; Not a clinical specimen



Some bicuspid valves have no raphe

Raphe morphology is common but not universal.

Common configuration Less frequent configuration

Unequal cusp sizes Cusps may be similar in size

Larger cusp contains a raphe A raphe may be absent

Incomplete commissural separation Still two functional cusps



Raphe is a favored calcification site

The developmental seam can become heavily mineralized.

• Calcific deposits commonly involve the raphe

• The resulting pathology is still a form of 
calcific aortic stenosis

Schematic; Not a clinical specimen



Bicuspid valves make up many adult AS cases

BAV is uncommon in the population but important among patients with stenosis.

≈50%

Of adult aortic stenosis cases (source 
estimate)

• Calcified bicuspid valves comprise about 50% of 
adult aortic stenosis cases in the source

• Do not confuse this proportion with population 
prevalence



BAV sometimes clusters in families

Congenital valve anatomy can coexist with other structural abnormalities.

Familial clustering occurs 
in some cases

→
Associated aortic or LV 
outflow malformations 

may occur

→
Most BAV is not 

attributed to a single gene 
in this text



NOTCH1 has a limited familial association

Do not overgeneralize a gene association observed in a few families.

• Loss-of-function mutations of the NOTCH1 receptor gene have been associated 
with BAV

• Robbins specifies this association in a few families

• This is not a claim that all bicuspid valves are caused by NOTCH1



BAV may be clinically silent early in life

Later calcification changes the clinical trajectory.

Congenital abnormality 
may remain 

asymptomatic

→ Calcific degeneration 
appears over time

→
The clinical course then 

resembles calcific stenosis 
of a normal valve



BAV has complications beyond stenosis

Cusp pathology and aortic-wall pathology should be distinguished.

Valve-related Aortic wall-related

Calcific stenosis Associated wall structural abnormality

Aortic regurgitation Potential aortic dilation

Infective endocarditis Potential aortic dissection



Aortic-wall risk can exist despite valve function

A normal gradient does not eliminate the aortic-wall association.

Bicuspid anatomy → Associated aortic-wall 
structural abnormalities

→ Possible aortic dilation or 
dissection



A lesion-to-symptom causal map

Integrate morphology, ventricular response and clinical presentation.

Outflow-side calcific 
nodules →

Reduced valve area 
and pressure 

gradient
→

Concentric left 
ventricular 

hypertrophy
→

Ischemia, 
dysfunction and 

symptoms



Morphology application: Identify the lesion

A specimen shows nodules on the outflow surfaces of aortic cusps; The free edges and 
commissures are not fused.

Interpretation questions

• Which process best explains the obstruction?

• What microscopic layer is first involved?



Clinical application: Explain the angina

A severely calcified aortic valve accompanies marked concentric left ventricular 
hypertrophy and angina.

Interpretation questions

• Trace the causal sequence from valve to myocardium.

• How could concurrent coronary atherosclerosis modify symptoms?



Key distinctions to retain

Pathologic recognition, functional consequence and substrate.

Morphologic signature Physiologic consequence

Outflow-side fibrosa calcification Progressively reduced orifice

Heaped cusp nodules Increased LV pressure

Usually no commissural fusion Concentric hypertrophy and ischemia



Primary source and scope

Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th ed. (2026).

• The Heart: valvular disease and calcific valvular degeneration

• Calcific Aortic Stenosis: mechanism, morphology and clinical course

• Calcific Stenosis of Congenitally Bicuspid Aortic Valve
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