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Learning objectives

Distinguish a true abdominal aortic aneurysm from pseudoaneurysm and dissection.
Connect atherosclerosis, inflammation, extracellular matrix loss and medial injury.
Recognize the morphology and inflammatory, 1gG4-related and mycotic variants.

Explain rupture, ischemia, embolism and compression as clinical outcomes.




AAA 1s a true aneurysm

e An aneurysm is an abnormal, localized vessel

dilation.

e |In a true aneurysm, attenuated but continuous
wall layers bound the dilation.

e Atherosclerotic aneurysms arise particularly in

the abdominal aorta.

Flowing lumen

Attenuated wall

Simplified transverse schematic




Aneurysm, pseudoaneurysm and dissection

Feature True aneurysm
Fundamental Dilation of intact,
defect weakened wall

Blood location Within dilated lumen

Rupture;

Common danger )
& thromboembolism

Pseudoaneurysm

Wall defect with
extravascular hematoma

Contained outside wall,
communicating with
lumen

Rupture

Dissection

Blood separates planes of
arterial wall

Within a wall channel

Rupture; branch
compromise




Why the abdominal aorta?

Renal artery origins

e Atherosclerosis-associated aneurysms develop
most often in the abdominal aorta and common

iliac arteries.
e The typical AAA lies distal to the renal arteries and —
proximal to the aortic bifurcation.
Infrarenal
e Distribution is a key gross anatomic clue. aneurysm

Common iliac
arteries




Saccular versus fusiform geometry

e Saccular: Focal, asymmetric, roughly spherical
outpouching.

e Fusiform: Circumferential dilation of an elongated

arterial segment. D
e Either shape may occur in the abdominal aorta;

Shape alone does not establish etiology.

Saccular Fusiform




AAA distribution and neighboring arteries

Renal artery origins

e The renal arteries mark the usual upper boundary.

e |Inferior mesenteric and iliac arterial origins may
become involved.

e Smaller accompanying iliac aneurysms are not Infrarenal
aneurysm
uncommon.

Common iliac
arteries




Atherosclerosis 1s central—but not sufficient

Intimal disease Medial vulnerability

e Atherosclerosis is a major cause of AAA.
e Extensive abdominal aortic atherosclerosis can exist without aneurysmal dilation.

e Aneurysm formation requires additional loss of structural wall integrity.




Age, sex and smoking associations

e AAAs are reported more frequently in males and smokers.

e They rarely develop before age 50 years account.

e The risk profile contextualizes an incidental aortic dilation but does not replace
morphologic assessment.




Aortic wall architecture

e Intima: Luminal layer susceptible to atheromatous Intima
thickening.
e Media: Elastic lamellae and smooth muscle cells Media: Elastic lamellae + SMC

provide support.

e Adventitia: Supporting outer wall with vessels

supplying outer media.

Adventitia

Layer relationships are schematic



Vessel-wall strength is actively maintained

Synthesis and assembly of _~ Physiologic degradation = Repair and preservation of
extracellular matrix and remodeling wall integrity

Aneurysmal dilation develops when the balance fails.




Extracellular matrix 1s load-bearing

Elastic recoil Structural strength

e Elastin contributes recoil during pulsatile pressure cycles.
e Collagens and other matrix molecules contribute wall integrity.

e Destruction or deficient repair leaves the aortic media unable to resist dilation.




Inflammation accelerates matrix destruction

Extracellular matrix
—> Proteolytic enzyme release — breakdown and
weakening

Inflammatory cells within
atherosclerotic aortic wall

The pathology is remodeling failure—not merely luminal obstruction.




Macrophages and metalloproteinases

e Macrophages can generate matrix metalloproteinases (MMPs).
e MMPs degrade elastin, collagen and additional matrix constituents.

e Proteolysis weakens the load-bearing aortic wall and facilitates expansion.




Matrix degradation 1s normally restrained

MMPs: Degradation TIMPs: Restraint

e MMP activity favors proteolytic remodeling.
e Tissue inhibitors of metalloproteinases (TIMPs) oppose excessive matrix breakdown.

e |Increased MMPs or decreased TIMP expression can tip the balance toward matrix loss.




Why loss of elastin matters

Loss and fragmentation of
elastic components

Less effective arterial
recoil and support

Progressive dilation under
pulsatile loading




Local cytokines modify proteolysis

e A shift toward T-helper 2 cytokine signaling in AAA-associated inflammation.

e |nterleukin-4 and interleukin-13 can promote macrophage elastolytic MMP production.

e The inflammatory environment therefore influences structural degradation.




Plaque thickness impairs medial nutrition

e Atherosclerotic intimal thickening increases the
diffusion path from the lumen.

Plaque thickens intima

e Reduced nutrient and oxygen delivery can produce

Media: Elastic lamellae + SMC
ischemic injury in the inner media.

e Smooth muscle cell loss impairs matrix

maintenance and repailtr. Adventitia

Layer relationships are schematic



Smooth muscle loss reinforces wall failure

Inner medial ischemia Smooth muscle cell _. Reduced matrix synthesis
beneath plaque depletion and replacement

Medial thinning follows from impaired repair plus matrix degradation.




Medial degeneration: A shared endpoint

e Elastic tissue injury and smooth muscle cell loss create a structurally weakened media.

e The term medial degeneration describes a pattern, not a specific etiology.

e |nterpret this change with the lesion distribution, plaque burden and inflammatory
context.




AAA pathogenesis: An integrated model

Atherosclerotic plaque and local

. , MMP-driven extracellular matrix injury
inflammation

Linked features of one disease process

Medial ischemia and smooth muscle cell

loss Progressive weakening - enlargement




Typical AAA: Infrarenal distribution

Renal artery origins

e Usually between the renal arteries and the aortic
bifurcation.

e Anatomic involvement can extend toward branch- I
vessel origins.

e The iliac arteries may contain additional Infrarenal
aneurysm

aneurysms.

Common iliac
arteries




AAA size and longitudinal extent

e AAA diameters greater than 3 cm.

e Examples may exceed 5.5 cm and extend up to 25
cm in length.

e These are descriptive textbook morphology, not
stand-alone treatment instructions.

Aneurysmal diameter




Gross wall appearance

e Severe complicated atherosclerosis accompanies
many conventional AAAs.

e The underlying aortic media is destroyed and

attenuated. .
Flowing lumen

e Dilation produces a wall prone to rupture.

Attenuated wall

Simplified transverse schematic




Mural thrombus: A frequent feature

e AAAs frequently contain bland, poorly organized
mural thrombus.

e Thrombus may be laminated and occupy much of

the aneurysmal sac. .
Flowing lumen

e The thrombus is not a replacement for a
structurally competent arterial wall.

Mural thrombus

Simplified transverse schematic




How a mural thrombus is positioned

e Residual flowing lumen lies centrally or
eccentrically.

e Layered thrombotic material abuts the internal

wall. .
Flowing lumen

o Atherosclerotic and thinned medial tissue
remains external to the thrombus.

Mural thrombus

Simplified transverse schematic




Branch-vessel ostia can be compromised

e Aneurysmal extension may directly involve nearby

SR
branch origins.

e Mural thrombus can obstruct a vessel ostium.

e Downstream ischemic injury then reflects the B

supplied vascular territory.
Branch origin

Ostiu,n may be obstructed



Common 1liac aneurysms may coexist

Renal artery origins

e Atherosclerosis-related aneurysmal disease can
extend beyond one short aortic segment.

e Smaller iliac aneurysms may accompany the main
AAA.

Infrarenal
aneurysm

e The complete vascular distribution matters when
interpreting gross findings.

Common iliac
arteries




Reading the gross specimen systematically

Localize dilation relative to renal arteries and bifurcation.

Identify saccular or fusiform configuration.

Inspect plaque burden, media attenuation, mural thrombus and rupture site.

Assess branch ostia and iliac extension.




Microscopic correlation: Common AAA

e Atheromatous intimal lesions overlie the affected
region.

Plaque thickens intima

e The media shows depletion of smooth muscle and
elastic support.

Media: Elastic lamellae + SMC

e |Inflammatory and proteolytic injury can contribute

to structural failure. Adventitia

Layer relationships are schematic



Inflammatory AAA i1s a distinct variant

Inflamed aortic wall Periaortic scarring

e Inflammatory AAAs account for approximately 5%—10% of all AAAs.
e They exhibit conspicuous inflammation and periaortic fibrosis.

e Their recognition changes the expected presentation and differential.




Clinical pattern of inflammatory AAA

e Patients tend to be younger than those with conventional AAA description.
e Back painis a frequent presentation.

e Inflammatory markers such as erythrocyte sedimentation rate may be elevated.




Inflammatory 1infiltrate in the wall

Lymphoplasmacytic cells Macrophages / giant cells

e Numerous lymphocytes and plasma cells are present.
e Macrophages and sometimes giant cells accompany the inflammation.

e This infiltrate is linked to surrounding fibrosing tissue reaction.




Periaortic fibrosis and regional extension

e Dense periaortic scarring is characteristic.

e Fibrosis can extend into the anterior
retroperitoneum.

e Anatomic extension helps explain compressive
conseguences.

Periaortic fibrosis




Inflammatory AAA may remain localized

e The inflammatory response is presumed to be directed against the abdominal aortic
wall.

e Most such cases are not accompanied by inflammation of other arteries.

e Localized periaortitis should not automatically be labeled systemic vasculitis.




A subset 1s associated with IgG4-related disease

Evaluate characteristic
—>  tissue pattern and organ
involvement

Inflammatory AAA _, Consider systemic 1gG4-
phenotype related disease in a subset

Association is not synonymous with every inflammatory AAA being IgG4-related.




IgG4-related disease: Tissue clues

o Affected tissue may show storiform fibrosis.
e |gG4-positive plasma cells can be present within the inflammatory infiltrate.

e Circulating IgG4 is elevated in many, but not all, affected patients.




IgG4-related disease may involve other organs

Aorta and adjacent retroperitoneum Pancreas

Linked features of one disease process

Other vascular sites, including ascending

Thyroid B




Retroperitoneal fibrosis can affect ureters

e Dense fibrosis may involve tissues around both —
ureters.

e Obstructed urinary drainage can lead to bilateral
hydronephrosis. B

e This link makes an inflammatory aortic lesion
clinically more than a focal aneurysm. Adjacent ureter / fibrosis

Scarrin9 can obstruct drainage



Why identifying IgG4-related disease matters

Treatable inflammation Mechanical aneurysm risk

e Response of IgG4-related disease to glucocorticoid and anti-B-cell therapies.

e Recognition may affect treatment of the systemic inflammatory/fibrosing component.

e Aneurysm integrity and rupture risk remain separate clinical concerns.




“Mycotic” aneurysm means infection

e A mycotic AAA is infected; The term does not imply a fungal cause.

e Circulating microorganisms can seed the aortic wall.

e The infected lesion is pathobiologically different from uncomplicated atherosclerotic
dilation.




Infection further destroys the media

Accelerated weakening,
dilation and potential
rupture

Microbial seeding of __,Suppurative inflammatory
aneurysmal wall injury

Destructive suppuration is the mechanistic warning sign.




Conventional, inflammatory and mycotic AAA

Feature Conventional AAA Inflammatory AAA
. Atherosclerosis with Inflammatory infiltrates
Dominant context e . .
medial injury and fibrosis
. . Medial loss; atheroma; Lymphoplasmacytic cells
Histologic clue i .p . v
thrombus and periaortic scar
Characteristic Rupture, thrombus, branch = Pain, inflammation,

concern effects fibrosis/ureters

Mycotic AAA

Infection of aortic wall

Suppuration and medial
destruction

Rapid dilation and rupture




Most AAASs cause no symptoms

e Many are discovered incidentally rather than because of a specific symptom.
e A pulsating abdominal mass may be detected on physical examination.

e A mass-like presentation can simulate an abdominal tumor.




An aneurysm can simulate a mass lesion

Mass effect Arterial pulsation

e Palpable pulsation suggests a vascular origin of an abdominal mass.
e The lesion is a dilated arterial lumen and wall rather than a solid neoplasm.

e Gross location and thrombus help account for the mass-like enlargement.




Rupture 1s the catastrophic complication

Major hemorrhage with
potentially fatal
consequences

Progressive structural wall Failure of aneurysmal wall
attenuation continuity

Wall integrity—not mere luminal diameter—is the immediate pathologic determinant.




Rupture can enter two compartments

Intraperitoneal Retroperitoneal

e Hemorrhage may extend into the peritoneal cavity.
e Alternatively, bleeding may enter retroperitoneal tissues.

e Both routes can produce massive blood loss.




Branch obstruction causes territorial ischemia

e Direct extension or occlusion of branch ostia —
compromises arterial flow.

e The end-organ effects depend on which vessel is
affected. B

e Mural thrombus can be part of the obstructing
material. Branch origin

Ostiu,n may be obstructed



[l1ac involvement threatens leg perfusion

Reduced downstream __, Ischemic injury in supplied

lliac arterial compromise — ) .
lower-limb flow tissues

Aortic aneurysm can produce symptoms remote from the abdomen.




Renal involvement threatens kidney perfusion

Renal artery ostial _,  Decreased renal arterial Ischemic renal tissue
involvement supply injury

Differentiate arterial ischemia from ureteric obstruction due to fibrosis.




Mesenteric compromise threatens bowel

Ischemic damage to the
affected intestinal
territory

Superior or inferior
mesenteric ostial
obstruction

Reduced gastrointestinal
arterial supply

The precise territory depends on the branch affected.




Mural thrombus can embolize

Atheromatous materialor = Embolic fragmentationand _ = Distal vascular occlusion
aneurysmal thrombus downstream travel and ischemic injury

Aneurysm-associated embolism is distinct from fixed ostial obstruction.




Adjacent structures can be damaged

Ureteral compression Vertebral erosion

e An enlarged AAA can compress a ureter.
e Long-standing impingement may erode vertebral structures.

e These manifestations arise from mass effect rather than embolic disease.




Mechanism determines the complication

Mechanism

Rupture

Fixed branch
obstruction

Embolism

Compression

Pathologic event

Wall defect and major bleeding

Ostial coverage or aneurysmal involvement

Thrombus or atheroma migrates

Expansion impinges on adjacent structures

Potential consequence

Fatal hemorrhage

Organ ischemia

Distal ischemia

Ureter/vertebral injury




Rupture risk increases with diameter

Estimated annual rupture risk

Negligibl
e

<4cm
1%

4-5cm

5-6cm 11%

Risk estimates are historical textbook descriptors, not modern individual-patient risk predictions.



AAA enlargement 1s heterogeneous

e Most AAAs are described as expanding about 0.2—

Common expansion estimate
0.3 cm per year.

e Approximately one-fifth expand more rapidly - 0.2 cm/year

account.

e Average enlargement therefore does not imply
uniform individual behavior.




Why increasing size changes management

Greater textbook- . Stronger rationale for

Larger aortic diameter — . : .. i
& estimated rupture risk preventive intervention

Management requires specialist assessment; Textbook thresholds are not presented as current guidelines.




Aggressive management at > 5 cm

 More active management for aneurysms at or above approximately 5 cm.

e Choice includes open graft reconstruction or an endovascular stent-graft approach.

e This is a source-specific teaching statement, not an updated eligibility algorithm.




Open repair replaces a weakened segment

A prosthetic graft Blood is carried through
—>  reconstructs the arterial —>  the graft instead of the
channel untreated sac

Aneurysmal segment is
approached surgically




Endovascular repair excludes the sac

Deployment of a cloth- Luminal pathway is
Femoral arterial access = —> covered wire-frame stent —> separated from the
graft aneurysmal sac

Schematic principle of endovascular aneurysm repair (EVAR).




The timing of repair matters

Unruptured intervention After rupture

e Approximately 5% operative mortality for unruptured aneurysms.

e After rupture, fewer than half survive even with emergency surgery account.

e These historic textbook figures motivate prevention; They are not individualized outcome
estimates.




AAA 1s a marker of systemic atherosclerosis

Coronary arteries: Ischemic heart disease

Abdominal aorta: Aneurysmal disease ek

Linked features of one disease process

Other vascular beds: Coexistent plaque

Cerebral circulation: Stroke risk i
disease




Clinical case: Incidental pulsatile mass

A man older than 60 with a smoking history is found to have a pulsatile
abdominal mass.

Aneurysmal dilation is seen below the renal arteries.

What mechanism best accounts for the weakening of the aortic wall?




Case interpretation: Wall injury, not just plaque

Matrix breakdown and
—> medial smooth muscle cell —
loss

Structural weakening with
aneurysmal expansion

Atherosclerotic plague and
local inflammatory injury

The correct mechanism combines inflammatory proteolysis and medial injury.




Clinical case: Back pain and a fibrosing aorta

A patient has an infrarenal aneurysm, back pain and elevated inflammatory
markers.

The periaortic tissue is densely fibrotic and lymphoplasmacytic.

Which AAA variant is supported, and what associated disease warrants
consideration?




Case interpretation: Inflammatory AAA

Inflammatory phenotype Consider 1gG4-RD subset

e The pattern supports inflammatory AAA.

e An IgG4-related component is possible in a subset, especially with characteristic fibrosis
and other organ involvement.

e Bilateral hydronephrosis can reflect retroperitoneal fibrosing disease.




Clinical case: Suppurative aortic lesion

An aortic aneurysm contains an infected wall with suppurative medial
destruction.

The lesion is enlarging rapidly.

What form of AAA is indicated and why is the lesion dangerous?




Case interpretation: Mycotic AAA

Circulating microorganisms Suppuration intensifies _ Rapid dilation and rupture
seed the vessel wall medial destruction risk increase

The defining feature is infection—not fungal etiology.




Distinguishing related aortic disorders

Entity

Abdominal aortic
aneurysm

Thoracic ascending
aneurysm

Aortic dissection

Typical textbook association Structural pattern

Atherosclerosis and smoking association Infrarenal dilation with medial loss

Aortic wall degeneration in thoracic

Hypertension; selected inherited disorders
segment

Blood enters and separates wall planes Intramural blood-filled channel




AAA pathology: Integrated synthesis

Matrix degradation + smooth muscle cell

Risk and atherosclerotic context loss

Linked features of one disease process

Medial weakening and aneurysmal Rupture, embolism, obstruction or
dilation compression




Core diagnostic and clinical distinctions

The infrarenal location, attenuated media, complicated plague and mural thrombus
typify common AAA.

Inflammatory AAA adds lymphoplasmacytic inflammation and dense periaortic fibrosis.

Mycotic AAA adds microbial infection and destructive suppuration.

Diameter relates to rupture risk; Associated atherosclerosis signals broader vascular
risk.




Primary source and scope

Robbins, Cotran & Kumar: Pathologic Basis of Disease, 11th edition.

Chapter 11, “Blood Vessels”: “Aneurysms and Dissection” and “Abdominal Aortic Aneurysm,”
printed pp. 458—-462.

All morphology, mechanisms and quantitative estimates in this lecture are from the supplied
textbook extraction.

Original schematic diagrams are educational models—not clinical photographs or histologic
specimens.
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