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Learning outcomes

Differentiate hyperemia from congestion by mechanism and appearance.

Explain how venous outflow impairment produces edema, hemorrhage, and chronic
hypoxic damage.

Recognize acute and chronic pulmonary and hepatic congestion.

Connect gross and microscopic findings to their hemodynamic causes.



Blood volume alone does not identify the mechanism

Hyperemia Congestion
Increased arterial inflow expands the vascular Reduced venous drainage leads to blood
bed. The process is active. accumulation. The process is passive.

The two processes can look red, but their oxygenation and implications differ.



Tissue perfusion depends on inflow and outflow

Arteriole

Blood normally enters and leaves a capillary bed

Capillary bed

Balanced delivery and drainage under baseline conditions

Schematic

Venule




Hyperemia is an active vascular response

Raised local blood

Arteriolar dilation Increased inflow Erythema
volume
— — —
Larger resistance- More blood enters Capillary perfusion Oxygenated blood
vessel caliber tissue increases gives a red appearance

The key initiating event is upstream arteriolar dilation.



Why hyperemic tissue appears red

e Increased flow delivers more oxygenated blood to the affected area.
e Visible erythema reflects the increased oxygenated vascular blood content.

e Color must be interpreted with the vascular mechanism, not in isolation.

Characteristic appearance: Red (erythema)



Arteriolar dilation changes tissue blood flow

Increased inflow with a patent outflow pathway

Arteriole

Capillary bed

Arteriolar dilation = increased delivery of oxygenated blood

Schematic

Venule




Exercise is a physiologic example of hyperemia

Exercising muscle Arteriolar dilation Higher local perfusion

Increased oxygenated blood

Physiologic vascular demand Active adjustment of inflow :
delivery

Physiologic hyperemia is a controlled response, not venous stasis.



Inflammation can produce active hyperemia

Inflammatory focus Arteriolar dilation Increased perfusion Redness

Increase in arterial More oxygenated

inflow blood within tissue MBS ER

Local tissue response

Hyperemia contributes to redness at inflammatory sites.



Redness is not synonymous with passive congestion

Hyperemic red tissue Congested blue-red tissue
Active vessel dilation; Oxygenated blood; Venous backup; Reduced outflow; Greater
Increased perfusion. deoxygenated hemoglobin.

Histologic and clinical context distinguishes the two.



Congestion begins with impaired venous outflow

Reduced drainage Blood accumulation Red-cell stasis Cyanotic hue

Venous outflow Increased volume in Slower clearance of

impeded capillaries and veins deoxygenated blood Dusky blue-red tissue

Passive congestion results from downstream obstruction or impaired return.



The venous bottleneck

Arteriole

Outflow obstruction with continued inflow

Capillary bed

Schematic

— Venule

Reduced venous drainage



Venous congestion may be localized

e A discrete venous obstruction reduces drainage from one affected region.
e The increased venous pressure is geographically limited.

e The same mechanism explains local tissue swelling when hydrostatic pressure rises.

Localized congestion: Isolated venous obstruction



Cardiac failure can cause systemic congestion

Venous pressure

Cardiac failure . Congestion Edema risk
rises
— — —
Impaired effective Tissues become Fluid transudation
Blood pools upstream :
venous return engorged increases

The distribution depends on the cardiac failure context and affected vascular beds.



Why congested tissues look blue-red

Deoxyhemoglobin

Venous stasis Oxygen extraction continues
accumulates
— —
Blood remains in local vascular Relative deoxygenation of :
Blue-red color predominates
bed stagnant blood

This dusky hue as cyanosis.



Congestion promotes interstitial edema

. Higher capillary hydrostatic Lymphatic clearance may be
Reduced venous drainage 8 piliary ny ymp Y
pressure exceeded
— —
Pressure builds upstream Fluid is driven outward Fluid accumulates in interstitium

Edema is a common consequence, not the definition, of congestion.



Edema and congestion describe different compartments

Congestion Edema

Excess blood remains within the vascular Excess fluid accumulates outside blood vessels
compartment because venous outflow is in the tissue interstitium.

impaired.

Elevated hydrostatic pressure links the two.



Prolonged venous congestion causes chronic hypoxia

Persistent venous Reduced oxygen

i . Ischemic injur Scarrin
stasis availability jary 8
. - : . - - Fibrosis follows
Inefficient local Tissue hypoxia .
. Cellular loss may occur repeated or sustained
drainage develops il

Severity and duration determine whether structural damage develops.



Capillary rupture introduces blood into tissue

Chronically congested

. Focal capillary rupture Hemorrhagic foci
capillaries priary rup &

Raised pressure and stasis Extravasation of erythrocytes Blood appears outside vessels

This is focal tissue hemorrhage secondary to congestion.



Hemosiderin records previous erythrocyte leakage

Extravasated Macrophage Hemoglobin .
. Siderophages
erythrocytes phagocytosis breakdown
Leaye damaged ) el a1 frpeesias Iron.-cor?tammg. Pigmented |
microvessels hemosiderin remains macrophages persist

Pigment-laden macrophages are evidence of prior hemorrhage.



Feature

Dominant process

Hemorrhage

Tissue response

Typical lesson

Acute versus chronic passive congestion

Acute

Rapid engorgement and edema

Focal extravasation may occur

Predominantly vascular changes

Look for engorged vessels

Chronic

Persistent stasis and hypoxic injury

Repeated red-cell leakage may
persist

Macrophage pigment and fibrosis
may emerge

Seek remodeling and hemosiderin



General morphologic hallmarks of congestion

e Grossly: Dusky reddish-blue discoloration from stasis and deoxygenation.
e Microscopically: Engorged blood vessels and region-specific edema or hemorrhage.

e Chronically: Hemosiderin-laden macrophages, tissue loss, and fibrosis may appear.

Interpret morphologic findings in their organ context



The lung is vulnerable to venous back-pressure

Congestive cardiac Pulmonary venous Higher hydrostatic Gas exchange is
failure congestion pressure impaired
— — —
Impaired pressure Alveolar capillaries Septal and alveolar Hypoxemia may
handling engorge fluid accumulates develop

Pulmonary morphology changes with duration of congestion.



Acute pulmonary congestion: The triad

Capillary engorgement Septal edema Focal hemorrhage

Alveolar capillaries are Fluid accumulates in the Some erythrocytes leak into
distended by blood. alveolar septal interstitium. alveolar spaces.



Acute lung: Capillary engorgement

Alveolar air spaces

Acute congestion

Capillary engorgement; Septal
fluid; Focal blood extravasation

Schematic — not a histology image




Alveolar septal edema follows pressure elevation

Pulmonary venous pressure . . : Alveolar septa become
. Fluid exits microvasculature
rises edematous

Upstream capillary hydrostatic

load Interstitial space expands Diffusion distance may increase

The underlying problem is vascular pressure rather than primary epithelial proliferation.



Focal intra-alveolar hemorrhage

Alveolar air spaces

Alveolar hemorrhage

Focal erythrocytes enter alveolar
spaces

Schematic — not a histology image




Pulmonary venous congestion can become chronic

Persistent Recurrent Alveolar
congestion microhemorrhage macrophage uptake

— — —
Ongoing venous . Hemosiderin pigment Fibrosis and thickenin
§0Ins Red cells enter alveoli PIg &

pressure elevation accumulates develop

Septal remodeling

Siderophages and fibrotic septa in chronic disease.



Heart failure cells are hemosiderin-laden macrophages

Alveolar air spaces

Persistent congestion
Macrophages ingest extravasated

erythrocytes; Iron pigment
persists

Schematic — not a histology image




Why alveolar macrophages contain iron pigment

. Macrophage Hemoglobin :
Capillary leakage . p' . ; . Heart failure cells
ingestion catabolism
— — —
Erythrocytes enter Red cells are Iron is stored as Pigment-bearing
alveoli phagocytosed hemosiderin alveolar macrophages

The pigment is a record of prior intra-alveolar red-cell leakage.



Chronic congestion thickens alveolar septa

Alveolar air spaces

Remodeled septa

Interstitial and alveolar septal
fibrosis develops during chronic
congestion

Schematic — not a histology image




Chronic pulmonary congestion: Combined morphology

Alveolar septa

Thickened and fibrotic rather
than only acutely
edematous.

Air spaces

Contain hemosiderin-laden
alveolar macrophages.

Microcirculation

Capillary engorgement and
past focal hemorrhage
underlie findings.



Edema fluid in lung impedes oxygen transfer

.. . Diffusion and ventilation i
Interstitial or alveolar fluid . . Hypoxemia
impaired
Clinical consequence of
pulmonary edema

Aerated exchange units are

: Gas exchange efficiency falls
compromised

The source emphasizes a potentially life-threatening consequence of lung edema.



Pulmonary edema can coexist with pleural effusion

Pulmonary edema Pleural effusion
Fluid in lung interstitium and alveolar spaces Fluid in pleural space compresses adjacent
directly hinders gas exchange. lung and further impairs gas exchange.

Both can exacerbate respiratory compromise.



Gross pulmonary edema: Fluid and weight

e Pulmonary edema can markedly increase lung weight.
e Sectioning may yield frothy blood-tinged fluid.

e The fluid contains air, edema fluid, and extravasated erythrocytes.

This is source-derived edema context, not a unique sign of congestion



Pulmonary congestion is not equivalent to inflammation

Hydrostatic process Permeability process
Venous pressure drives noninflammatory fluid Inflammation increases vascular permeability;
movement; Congestion accompanies cardiac Protein-rich exudates can develop.

dysfunction.

Different causes may produce alveolar fluid by different mechanisms.



The liver has a downstream vulnerable zone

® O
O

Central vein

Q O

Periportal Periportal

Schematic — not a histology image

Perfusion gradient

Oxygenated blood enters at portal
tracts and traverses sinusoids toward
the central vein.



Acute hepatic congestion dilates central drainage

Venous back-pressure Central vein distension Sinusoidal dilation
— —
: . . Blood accumulates in draining Centrilobular vascular spaces
Hepatic outflow is impaired
venules engorge

The vascular abnormality is most evident near the central vein.



Zone 3 lies furthest downstream for oxygen delivery

Q Centrilobular vulnerability
® O The centrilobular region is furthest
® ® downstream, making it especially
@ ‘ ® vulnerable to reduced oxygen delivery.
@ @
Cegiral @in
Periportal Periportal

Schematic — not a histology image




Centrilobular hepatocytes may undergo necrosis

Venous congestion Low oxygen exposure Ischemic necrosis

Hepatocytes near central veins

Sinusoidal stasis develops Centrilobular zone is vulnerable J—

The source describes centrilobular hepatocytes as particularly susceptible.



Periportal hepatocytes may show fatty change

e Periportal hepatocytes lie closer to oxygenated blood entering via hepatic arterioles.

e They may remain better oxygenated than centrilobular hepatocytes.

e The described acute pattern includes periportal fatty change while zone 3 may become
necrotic.

Spatial perfusion gradients explain different hepatocyte responses



Acute hepatic congestion: Key contrasts

Region Vascular setting Cellular consequence
Central vein Distended by impaired outflow Nearby hepatocytes at risk
Centrilobular sinusoids Marked blood engorgement Hypoxia; Possible necrosis

Periportal region Relatively better oxygen supply May show fatty change



Chronic hepatic congestion creates a mottled liver

Prolonged Central hepatocyte Red-brown
. . . . Nutmeg appearance
congestion injury centrilobular zones
0 —_— —) —
Persistent Dropout and Contrast with Characteristic gross

centrilobular

depression surrounding tan liver mottling
engorgement

Red-brown depressed centers alternate with paler, relatively uncongested parenchyma.



Nutmeg liver: Gross pattern and mechanism

Red-brown centers Paler surrounding liver Slightly depressed centers

Congested, hemorrhagic Relatively uncongested tan Reflect loss of hepatocytes
centrilobular tissue. regions. during chronic injury.



Hepatic congestion leaves microscopic hemorrhage

Centrilobular stasis RBC extravasation Macrophage cleanup

Hemosiderin-laden

Sinusoids remain distended Hemorrhage in the affected zone
macrophages develop

Together these findings localize chronic vascular injury.



Hepatocyte dropout reflects persistent injury

Chronic congestion Cell death Cellular dropout Architectural change
— — —
Repeated or sustained . Hepatocytes are lost Centrilobular areas
: Necrosis may develop :
hypoxia from affected regions become depressed

The degree of loss and necrosis varies.



Chronic hepatic congestion: Microscopic checklist

Centrilobular sinusoidal congestion and hemorrhage.
Hemosiderin-laden macrophages in previously hemorrhagic regions.
Variable hepatocyte dropout and necrosis.

Gross correlation: Depressed red-brown centrilobular tissue.

Morphology must be assigned to a vascular territory



Acute and chronic liver findings are linked

Acute hepatic congestion

Central vein distension

Sinusoidal dilation

Possible zone 3 necrosis

Relative periportal sparing

With sustained injury

Persistent vascular back-pressure

Tissue hypoxia and leakage

Continued cell loss

Regional color contrast

Chronic hepatic congestion

Centrilobular engorgement

Hemorrhage; Siderophages

Depressed red-brown centers

Nutmeg pattern



Pulmonary and hepatic congestion differ by architecture

Pathologic feature

Initial vascular site

Acute extravascular change

Chronic pigment-bearing cells

Chronic remodeling

Lung

Alveolar capillaries

Septal edema; Focal hemorrhage

Heart failure cells in alveoli

Fibrotic alveolar septa

Liver

Central veins and sinusoids

Centrilobular hypoxic injury

Hemosiderin-laden macrophages

Hepatocyte loss and depressed
zones



Venous obstruction raises hydrostatic pressure

Pressure Fluid movement
Impaired outflow transmitted to Interstitial edema
e outward
capillaries
— — —
Venous blood cannot Hydrostatic pressure : : : Lymphatic return may
: . . Net filtration rises
drain efficiently increases be exceeded

This parent-section mechanism links congestion with swelling.



Localized venous obstruction produces regional edema

A patient has a venous obstruction confined to one lower extremity. The tissue is
swollen and congested.

Which mechanism best explains the distribution?

A. Localized impaired venous return
B. Generalized loss of plasma albumin

C. Diffuse inflammatory permeability change



The local-edema case: Interpretation

One obstructed venous Local hydrostatic pressure .
. Unilateral edema
segment rises
— —
: . : . Swelling restricted to affected
Regional outflow impaired Net outward fluid movement &

drainage territory

The original chapter uses lower-limb DVT as an example of localized impaired return.



Dependent edema follows gravity

e Elevated hydrostatic pressure can be more apparent in dependent tissue.
e Fluid tends to accumulate in the legs while standing.

e In recumbent patients, sacral tissues may show dependent swelling.

Dependent edema reflects pressure distribution, not a separate vascular disease



Pitting edema retflects mobile interstitial fluid

Excess interstitial water Finger pressure applied Persistent indentation

Subcutaneous tissues become

Fluid is mechanically displaced Pitting edema is observed
swollen

Pitting edema can accompany systemic or localized hydrostatic disorders.



Transudate and exudate are not interchangeable

Transudate Exudate
Usually protein poor; Typical of increased Protein rich; Typically caused by inflammatory
pressure or reduced oncotic pressure. increases in vascular permeability.

Edema fluid composition helps distinguish pathophysiologic mechanisms.



An inflammatory focus is not venous congestion

Redness develops in an inflamed tissue region. There is increased local delivery of
oxygenated blood.

Which process best accounts for the redness?

A. Active arteriolar hyperemia
B. Passive venous outflow obstruction

C. Long-standing hemosiderin accumulation



The inflammatory redness case: Interpretation

Inflammation Increased inflow Visible erythema

Greater oxygenated blood

Local arteriolar dilation .
delivery

Active hyperemia

Correct choice: Active arteriolar hyperemia.



Pulmonary case: Identifying chronicity

A lung section from a patient with chronic cardiac failure contains thickened
alveolar septa and alveolar macrophages bearing coarse brown pigment.

Which process best explains the pigmented macrophages?

A. Phagocytosis of leaked erythrocytes
B. Acute arteriolar dilation without leakage

C. Periportal hepatocyte fatty change



Pulmonary case: Mechanism of heart failure cells

Chronic pulmonary

) Erythrocytes in alveoli Iron pigment remains
congestion y y P1§

Hemosiderin-containing heart

Recurrent microhemorrhage Macrophages phagocytose RBCs failure cells

Septa may also become thickened and fibrotic with chronicity.



Hepatic case: Recognizing nutmeg morphology

A chronically congested liver shows depressed red-brown central regions
alternating with relatively tan surrounding tissue.

What best explains the depressed central regions?

A. Centrilobular hepatocyte loss
B. Diffuse arteriolar hyperemia

C. Isolated pleural transudation



Hepatic case: Spatial reasoning

Chronic hepatic Contrasting

. Zone 3 hypoxia Cell dropout . .
venous congestion periportal tissue
— — —
Central sinusoidal Hepatocyte injury and Depressed red-brown
) Nutmeg appearance
engorgement necrosis zones

Correct choice: Centrilobular hepatocyte loss.



Integrated comparison: Mechanisms and outcomes

Question

Initiating event

Active / passive

Blood oxygenation appearance

Tissue consequences

Classic examples

Hyperemia

Arteriolar dilation

Active

Red oxygenated blood

Increased flow; Erythema

Exercise; Inflammation

Congestion

Reduced venous outflow

Passive

Dusky blue-red deoxygenated blood

Edema, hemorrhage, hypoxia,
fibrosis

Venous obstruction; Cardiac failure



Morphology is a record of time and tissue

Immediate vascular change

Engorged capillaries or
sinusoids.

Subsequent extravasation

Edema fluid and
erythrocytes enter tissue
spaces.

Long-term consequence

Siderophages, cell loss, or
fibrosis reveal persistent
injury.



Final synthesis: Three diagnostic questions

What drives blood volume?

Increased inflow suggests
hyperemia; Impaired outflow
suggests congestion.

Where is the fluid or
pigment?

Intravascular blood,
interstitial edema, or
macrophage hemosiderin.

Which organ and duration?

Acute pulmonary triad;
Chronic heart failure cells;
Hepatic nutmeg change.



Primary reference and figure status

Robbins, Cotran & Kumar: Pathologic Basis of Disease

11th edition (2026)

Scientific teaching diagrams are original editable schematics. No genuine
microscopic or gross specimen image is reproduced in this deck.
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