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Learning objectives

Distinguish chronic flow limitation from acute plague complications.

Relate plaque architecture to stenosis, rupture, hemorrhage, and embolism.

Explain why different arterial beds develop different clinical syndromes.

Interpret short clinicopathologic scenarios using lesion morphology.




Four major clinical consequences

HEART BRAIN

Coronary ischemia / infarction Cerebral ischemia / infarction
AORTA LOWER LIMB

Aneurysm / wall failure Claudication / gangrene




Atherosclerosis 1s a systemic arterial disease

Intimal plaque - Target artery —  Reduced perfusion  —| Clinical organ injury

.

The arterial bed determines which organ expresses disease.

Plagues predominantly involve large elastic and large/medium muscular arteries.
The aorta, carotid, iliac, coronary, and popliteal arteries are typical locations.
Symptoms reflect the downstream organ rather than the presence of plague alone.

An individual may harbor plaques in several vascular territories.



Why clinical phenotype depends on territory
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Coronary ischemia / infarction Cerebral ischemia / infarction
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Two major paths to tissue injury

Plaque growth - Fixed stenosis -

.

Demand ischemia

Alternatively, surface disruption creates acute thrombotic occlusion.

Slow plaque enlargement can produce fixed, demand-dependent ischemia.
Acute cap disruption or endothelial erosion can trigger thrombosis.
Either path can ultimately reduce flow below tissue requirements.

Embolization and aneurysmal weakening add distinct mechanisms of harm.




Morphology predicts the type of complication

Luminal encroachment explains chronic Cap fragility and exposure of thrombogenic
stenotic syndromes. plague contents explain acute thrombosis.
Fragile intraplagque microvessels may bleed Medial damage explains the potential for

into the lesion. aneurysm formation.




The atheroma 1s an intimal lesion

Atherosclerotic disease begins and expands
primarily in the intima.

The lesion is generally eccentric rather than
circumferential.

Plague growth can protrude toward the lumen
and compress underlying media.

The vessel wall is biologically active, not an
inert cholesterol deposit.

Media




Major structural components of an atheroma

Smooth muscle cells and inflammatory cells Collagen, elastin, and proteoglycans form
contribute to lesion structure. the extracellular matrix.
Extracellular lipid and necrotic debris Calcification becomes conspicuous in many

accumulate within the plaque core. advanced lesions.




Fibrous cap: The protective surface

The superficial cap is rich in smooth muscle
cells and collagen.

Cap collagen provides mechanical resistance
to rupture.

Cap thickness varies substantially between
plagues.

Structural strength depends on ongoing
matrix synthesis and degradation. Media




Necrotic core and plaque shoulders

A deep lipid-rich core contains cholesterol and
dead-cell debris.

Foam cells arise from lipid-laden macrophages
and smooth muscle cells.

The plaque shoulder is relatively rich in
inflammatory cells.

The interface between cap and core is
relevant to mechanical stability. Media




Eccentric plaques have unequal wall involvement

Atheromas commonly occupy only part of the
arterial circumference.

Cross-sections therefore show a crescentic or
asymmetric lesion.

Adjacent plague-free wall may retain an
unobstructed intimal contour.

Local flow conditions help explain the patchy
distribution. Media




Plaque composition varies across lesions

Mechanism / site Defining finding Major consequence
Lipid-rich Large necrotic core Higher potential for cap vulnerability
Fibrous Matrix / smooth muscle Chronic stenosis or stable cap

Fibrocalcific Prominent calcification Stiffness and structural complexity




Stable plaques and predictable ischemia

A dense collagenous cap generally confers
greater mechanical stability.

A relatively smaller lipid core and less
inflammation favor stability.

Progressive encroachment can still cause
severe chronic ischemia.

Morphologically stable does not mean
clinically harmless. Media




Vulnerable plaques and acute events

A thin cap lies over a sizable lipid-rich necrotic
core.

Active inflammatory cells are often
concentrated near the cap.

Degradation of collagen increases the
propensity for rupture.

A plague may be dangerous despite limited
prior luminal narrowing. Media




Stable versus vulnerable plaque

Feature

Fibrous cap

Core

Inflammation

Typical consequence

Relatively stable Vulnerable
Thick / collagen rich Thin / collagen depleted
Often smaller lipid pool Often large necrotic pool
Relatively low Relatively high
Chronic ischemia Sudden thrombosis




Plaques enlarge through several processes

Cell recruitment =» Smooth muscle matrix = Necrotic core —p

.

Plaque expansion

Plaques evolve through living-cell responses, necrosis, and extracellular remodeling.

Smooth muscle cells elaborate extracellular matrix and fibrous tissue.
Death of foam cells adds lipid and necrotic material to the core.
Repeated thrombosis and organization may contribute to lesion growth.

Calcification and matrix turnover modify stiffness and shape.




The vessel mitially remodels outward

Early enlarging plagues may be
accommodated by outward expansion of the
wall.

The luminal caliber can remain relatively
preserved despite substantial plaque.

This compensatory phenomenon is termed
outward or Glagov remodeling.

Plague burden and angiographic stenosis are
not equivalent measures.

Media




Compensatory remodeling has a limat

Continued growth ultimately exceeds the
capacity for outward expansion.

Plaque then impinges on the lumen and
increases flow resistance.

More severe narrowing becomes apparent on
vascular imaging.

The transition from preserved lumen to
critical narrowing may be gradual.

Media




Critical stenosis 1s a functional threshold

Atheroma grows - Lumen narrows - Flow reserve falls - Tissue ischemia

The source describes critical coronary area stenosis, not diameter narrowing.

Critical stenosis means narrowing severe enough to cause tissue ischemia.
In the coronary circulation, approximately 70—-75% loss of luminal cross-sectional area.
This is not the same as a 70-75% reduction in vessel diameter.

Functional significance also depends on demand and collateral flow.



Area stenosis and diameter stenosis differ

Area « radius?

Reference lumen Reduced lumen




Supply—demand mismatch explains exertional symptoms

Fixed stenosis —  Demand increases - Limited flow reserve —| Ischemic symptoms

.

Perfusion can be adequate at rest and inadequate during increased workload.

A narrowed artery may provide adequate flow at rest.
Exercise raises tissue oxygen requirements and required blood delivery.
Fixed resistance limits the increase in perfusion.

Symptoms appear when demand exceeds the supply achievable through the stenosis.



Stable angina from a flow-limiting plaque

Coronary plaque —> Reduced flow reserve -+  Exertional ischemia — Chest discomfort

.

A fixed lesion can cause recurrent ischemic episodes without new rupture.

Fixed coronary stenosis limits hyperemic flow during exertion.
Transient myocardial ischemia causes episodic chest discomfort.
Symptoms may improve when demand decreases.

Acute plaque rupture is not required to explain a stable exertional pattern.



Collateral vessels modify ischemic injury

—[ Plaque stenosis H—

>

Enlarged collateral channel bypasses the restriction




Outcome depends on the target tissue

HEART BRAIN

Coronary ischemia / infarction Cerebral ischemia / infarction
AORTA LOWER LIMB

Aneurysm / wall failure Claudication / gangrene




Chronic 1schemia can affect multiple organs

HEART BRAIN

Coronary ischemia / infarction Cerebral ischemia / infarction
AORTA LOWER LIMB

Aneurysm / wall failure Claudication / gangrene




Chronic coronary consequences

Stable coronary lesion - Limited hyperemia —>

.

Repeated ischemia

Chronically reduced perfusion contributes to ischemic heart disease.

A fixed plague can impair coronary flow reserve.
Repeated ischemia may occur during increased myocardial workload.
Long-standing perfusion impairment contributes to chronic ischemic heart disease.

The presentation is distinct from acute coronary occlusion by thrombus.




Chronic cerebral perfusion compromise

Carotid / cerebral lesion - Compromised perfusion —> Cerebral ischemia

.

Collateral anatomy strongly modifies the phenotype.

Flow-limiting disease in arteries supplying the brain can reduce cerebral perfusion.
Collateral channels may buffer hemodynamic compromise.
Persistent perfusion insufficiency can contribute to ischemic encephalopathy.

Cerebral infarction may also occur acutely after vascular thrombosis or embolism.



Peripheral arterial ischemia

lliac / leg artery plaque = Low exercise flow - Claudication —>| Threatened viability

Progressive reduction in perfusion can culminate in limb gangrene.

Lower-extremity atherosclerosis impairs flow during muscular work.

Intermittent claudication is a characteristic exertional manifestation.

More severe ischemia can threaten tissue viability.

Gangrene represents a major downstream consequence of severe limb ischemia.



Mesenteric hypoperfusion

Mesenteric narrowing —> Insufficient bowel flow —>

.

Intestinal ischemia

Severity is strongly affected by collateral arterial pathways.

Atherosclerotic stenosis may limit blood delivery to the intestines.
The clinical impact depends on vessel involvement and collateral circulation.

Persistent or severe perfusion failure can cause bowel ischemia.

Intestinal injury reflects inadequate oxygen delivery, not a unique plague morphology.




Renal arteries and perfusion

Renal supply lesion - Reduced perfusion —>

Renal consequence

Mechanistic overview; No textbook-specific quantitative criterion is asserted.

The kidneys are among the clinically important vascular territories affected.
Renal arterial disease can diminish perfusion pressure to renal tissue.
The textbook overview does not specify a single universal renal presentation.

Assess anatomic involvement and functional impact separately.




Arterial distribution 1s nonuniform

Lower abdominal aorta + iliac

Coronary

Popliteal

Internal carotid

Circle of Willis




Clinical severity cannot be inferred across beds

Mechanism / site Defining finding Major consequence
One arterial bed Local plague composition Local symptoms
Another bed Different lesion burden Different disease stage

e A high plaque burden in one territory does not guarantee equivalent burden in another.

e The same patient may have different lesion stages in different arteries.




Acute plaque change creates a new emergency

Plague rupture /

erosion —p Thrombus forms - Lumen occlusion —»| Acute tissue infarction

.

Acute events may emerge from plaques that were previously clinically silent.

An established atheroma may suddenly rupture or erode.
Exposed plague or subendothelial material activates thrombosis.
Partial or total occlusion can develop quickly.

Myocardial or cerebral infarction may be the immediate result.



Three patterns of acute plaque change

Rupture or fissuring exposes the Surface erosion or ulceration exposes
thrombogenic core. thrombogenic subendothelial tissue.
Hemorrhage into the atheroma rapidly These changes can coexist with

expands plague volume. superimposed luminal thrombosis.




Plaque rupture: Loss of cap continuity

Mechanical stress exceeds the strength of the

fibrous cap.

A rupture creates direct contact between
blood and plaque contents.

Highly thrombogenic

constituents provoke

platelet/coagulation activation.

The resulting thrombus may become

completely occlusive.

Media




Plaque erosion: A different thrombotic route

Loss of the endothelial surface exposes the
underlying thrombogenic substrate.

Erosion does not require complete rupture
into the lipid core.

Thrombosis can occur over a plaque without
the classic cap fissure.

The source describes complete occlusion as
less frequent than after rupture.

Media




Rupture and erosion are not synonymous

Mechanism / site Defining finding Major consequence
Surface lesion Cap fissure / rupture Endothelial denudation / erosion
Plaque core Exposed to blood Need not be exposed

Outcome Often occlusive thrombosis Can also cause thrombosis




An occlusive thrombus abruptly ends perfusion

Plague disruption creates an adhesive and
procoagulant surface.

Platelets and fibrin accumulate at the injury
site.

Thrombus may obstruct the lumen
completely.

Abrupt downstream ischemia risks irreversible
infarction. Media




Partial versus complete thrombosis

Mechanism / site

Partial clot

Complete clot

Variable clot

Defining finding Major consequence
Residual blood flow Reduced perfusion
No effective downstream flow High infarction risk

Transient or changing obstruction Fluctuating ischemia




Severe events can follow mild antecedent stenosis

Media Media

Before: Preserved lumen After: Acute thrombosis




A quiet lesion can be biologically unstable

Absence of angina does not prove that a
plague has a durable cap.

The cap may be thin even when the lumen is
relatively spacious.

Angiography predominantly assesses lumen
contour, not plague biology.

Unpredictable plague change limits the value
of symptoms as a sole risk signal.

Media




Cap collagen determines resistance to rupture

SMC collagen synthesis - Cap tensile strength —> Resistance to rupture

.

Loss of cap matrix and smooth muscle makes rupture more likely.

Smooth muscle cells synthesize much of the cap collagen.
Collagen-rich matrix maintains tensile strength.
Loss of smooth muscle cells impairs matrix replacement.

Net collagen loss renders the cap more fragile.



MMPs and TIMPs regulate matrix turnover

MMP activity T — Collagen degradation T

Cap stability |

.

TIMPs counterbalance matrix-degrading proteases.

Matrix metalloproteinases can degrade collagen and other matrix constituents.

Tissue inhibitors of metalloproteinases restrain this enzymatic activity.

Macrophages and smooth muscle cells participate in the matrix-remodeling balance.

A shift toward degradation compromises cap integrity.



Inflammation destabilizes the cap

Macrophage activation =  Matrix breakdown  — Thin fibrous cap

=>

.

Rupture vulnerability

Inflammatory activity changes plaque mechanics, not only cell number.

Activated inflammatory cells promote extracellular matrix breakdown.

Inflammation may also reduce effective collagen replacement.

A thin cap over a necrotic core is particularly susceptible to disruption.

Plaque inflammation contributes to acute risk beyond the degree of stenosis.




Extrinsic forces contribute to rupture

Cap mechanical

: —>  Surface disruption =
loading

Pressure / flow stress =

Thrombus

Intrinsic weakness and extrinsic stress interact.

Blood pressure fluctuations alter mechanical stress on the cap.
Local vasoconstriction can increase hemodynamic forces.
Platelet reactivity influences the consequences of disruption.

Stress triggers do not replace the importance of intrinsic plaque architecture.




Adrenergic activation and acute events

Sympathetic activation = Pressure + constriction — Plaque stress —

Platelet activation

Temporal association with morning acute events.

Sympathetic stimulation may raise blood pressure and constrict arteries.

A morning peak in myocardial infarction occurrence.

Heightened platelet reactivity can compound the prothrombotic setting.

Intense emotional or environmental stress may act as an extrinsic precipitant.




Vasoconstriction amplifies luminal compromise

Dysfunctional - More constrictor

) : . Smaller lumen - Greater ischemia
endothelium signaling

.

Vasoconstriction compounds structural stenosis and plague stress.

Adrenergic agonists can increase smooth muscle contraction.
Platelet products may produce local vasoconstrictor effects.
Endothelial dysfunction reduces the balance of relaxing against constricting signals.

Perivascular inflammatory mediators may also accentuate constriction.



Clinically silent disruption promotes plaque growth

Small cap injury —> Superficial thrombus — Organization — Plaque growth

.

A disruption can be clinically silent but alter future lesion geometry.

Not every surface disruption causes a major infarction.
Small thrombi may remain superficial and subclinical.
Organization incorporates thrombus into the evolving lesion.

Repeated healing events can progressively increase plaque volume.



Thrombosis also influences the vessel wall

Thrombosis => Thrombin / platelets = SMC activation —>

.

Plaque expansion

Thrombus may act as both an occlusive event and a growth stimulus.

Thrombin and related mediators can stimulate vascular smooth muscle cells.
Platelet-derived signals participate in local cell activation.
Organized clot may become part of the plaque architecture.

Thus, thrombus is both an acute hazard and a contributor to plaque progression.




Distal embolization after plaque disruption

Distal microartery

- :
Plaque rupture Debris released [ ——

Focal ischemia

Atheroembolism transfers plaque material downstream.

A ruptured atheroma can release cholesterol-rich debris.
Released material may embolize into smaller downstream arteries.
Microvascular blockage causes focal downstream ischemic injury.

Atheroembolism is distinct from local occlusive thrombosis.




Thromboembolism versus atheroembolism

Mechanism / site Defining finding Major consequence
Thromboembolus Dislodged platelet—fibrin clot Distal thrombotic blockage
Atheroembolus Fragment of plague material Small artery obstruction

e Thromboemboli consist primarily of fragments of superimposed clot.

e Atheroemboli contain fragments of the atherosclerotic plaque itself.




Intraplaque hemorrhage expands the lesion

Bleeding can arise from a disrupted fibrous
cap.

Thin-walled intraplaque neovessels can also
be a source.

A contained hematoma increases plaque
volume.

Expansion may worsen stenosis or contribute
to further rupture. Media




Neovessels create a route for bleeding

Intraplaque microvessels - Microvascular bleeding - Hematoma expansion

.

Plague hemorrhage may precipitate additional luminal compromise.

Microvessels develop within advanced atherosclerotic lesions.
Their walls may be thin and prone to disruption.
Blood entering the plaque enlarges the lipid-rich lesion.

Neovascularization is therefore relevant to secondary complications.



Plaque hemorrhage and luminal thrombosis differ

Mechanism / site Defining finding Major consequence
Intraplaque hemorrhage Within plague / core Plaque volume expansion
Luminal thrombosis Within arterial lumen Obstructed blood passage

e Intraplaque hemorrhage occurs within the lesion and expands its volume.

e Luminal thrombosis forms within the arterial lumen over a disrupted surface.




Atherosclerosis can weaken the aortic media

Progressive medial thinning

Loss of elastic support

Media



Aneurysm 1s a wall failure, not simple stenosis

Mechanism / site Defining finding Major consequence
Stenosis Plaque encroaches on lumen Chronic flow reduction
Aneurysm Media loses elastic support Pathologic arterial dilation

e Stenosis reflects reduction of the flow lumen by an intimal lesion.

e Aneurysm reflects pathological dilation of a weakened vessel wall.




Plaque-induced medial atrophy: Causal sequence

Intimal plaque

. Media loss — Wall weakening —>| Aneurysmal dilation
expansion

This is a wall-integrity complication distinct from stenosis.

Advanced atheroma alters the mechanical and nutritional environment of media.
Medial smooth muscle and elastic elements are depleted.
The vessel wall becomes less capable of resisting pulsatile pressure.

Dilation may progress to clinically important aortic aneurysm.



Four outcomes, four proximal mechanisms

HEART BRAIN

Coronary ischemia / infarction Cerebral ischemia / infarction
AORTA LOWER LIMB

Aneurysm / wall failure Claudication / gangrene




Myocardial infarction: Lesion to necrosis

Acute coronary plaque -

Thrombosis —> Myocardial ischemia — Infarction
change

.

The culprit plague may have shown only modest earlier luminal compromise.

Rupture or erosion may precipitate coronary thrombosis.

Acute reduction in coronary flow causes myocardial ischemia.

Prolonged severe ischemia produces myocardial necrosis.

The vascular culprit need not have been critically stenotic beforehand.



Cerebral infarction: Vascular mechanism

Cervico-cerebral

T~ => Thrombosis / embolus = Distal ischemia —>

.

Cerebral infarction

Cerebral injury localizes to the compromised downstream territory.

Atheromatous disease can reduce flow to brain-supplying vessels.
Thrombosis at a disrupted plague can cause acute arterial occlusion.
Embolization can also impair smaller downstream arteries.

The final tissue lesion depends on vascular distribution and collaterals.




Limb gangrene: Endpoint of inadequate supply

Peripheral stenosis = Severe hypoperfusion - Tissue necrosis —

Gangrene

Progressive distal perfusion failure explains the endpoint.

Progressive peripheral disease first limits muscular perfusion during exertion.
Advanced obstruction can compromise basal tissue oxygen delivery.
Prolonged severe ischemia can cause irreversible tissue death.

The anatomical site and collateral reserve modify the extent of damage.




Vascular territory and clinical syndrome

Mechanism / site

Coronary

Carotid / cerebral

lliac / popliteal

Abdominal aorta

Defining finding Major consequence
Supply to myocardium Angina / myocardial infarction
Supply to brain Ischemia / infarction
Supply to lower limb Claudication / gangrene

Arterial wall integrity Aneurysm




Clinical case: Exertional chest pain

Coronary plaque —> Reduced flow reserve -+  Exertional ischemia —

.

Chest discomfort

A fixed lesion can cause recurrent ischemic episodes without new rupture.

A patient has reproducible chest pain while climbing stairs.
Rest predictably relieves symptoms, and no acute event is described.
Fixed coronary flow restriction becomes important with increased demand.

Interpretation: A chronic stenotic consequence, not necessary plaque rupture.




Clinical case: Sudden infarction

A patient without previous angina develops
abrupt prolonged chest pain.

A recently disrupted coronary plaque bears an

occlusive thrombus.

Prior noncritical stenosis does not exclude a

fatal plaque complication.

Interpretation: Acute plaque change with

thrombosis.

Media




Clinical case: Limb 1schemia and gangrene

lliac / leg artery plaque = Low exercise flow - Claudication —>| Threatened viability

.

Progressive reduction in perfusion can culminate in limb gangrene.

An individual initially has walking-induced calf pain.

Over time, severe arterial insufficiency compromises tissue viability.

Reduced collateral reserve may accelerate tissue loss.

Interpretation: Chronic peripheral atherosclerotic ischemia with tissue necrosis.



Clinical case: Aortic enlargement

Reference arterial section Dilated, structurally weak wall




Mechanism-based diagnostic reasoning

Identify plaque Determine affected Predict tissue
= =

: Assess acuity —>
mechanism artery response

.

A mechanism-first diagnosis unifies disparate clinical manifestations.

Ask whether the lesion compromises flow chronically, occludes suddenly, embolizes, or weakens the wall.
Correlate the arterial location with the threatened organ.
Distinguish lumen severity from cap vulnerability.

Use morphology and temporal course together—not either in isolation.



Synthesis: Predict the clinical consequence

Mechanism / site Defining finding Major consequence
Progressive stenosis Fixed perfusion restriction Chronic ischemia
Surface disruption Thrombosis Infarction
Plaque fragmentation Atheroembolization Distal microischemia

Medial degeneration Wall weakening Aneurysm




Knowledge check: Apply the mechanisms

Why can an artery with a noncritical prior stenosis cause myocardial infarction?

Which anatomic feature best explains cap resistance to rupture?

How does intraplague hemorrhage differ from luminal thrombosis?

Why can atherosclerosis cause both arterial narrowing and aneurysm?




Knowledge check: Explanations

Abrupt rupture/erosion and thrombosis can occlude a previously noncritical plaque.

Cap collagen made largely by smooth muscle cells supplies strength.

Intraplaque bleeding expands the lesion; Luminal clot obstructs flowing blood.

The intimal plaque restricts lumen while underlying medial degeneration weakens wall.




Clinical synthesis: recognize the mechanism

Progressive fixed narrowing reduces perfusion reserve and produces chronic ischemia.

Surface rupture or erosion precipitates thrombotic obstruction and acute infarction.

Plague hemorrhage and atheroembolism are distinct secondary complications.

Loss of medial elastic support can produce aneurysmal dilation rather than simple stenosis.
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