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Learning objectives

By the end of this lecture, explain:

Why portal pressure rises in prehepatic, intrahepatic, and posthepatic disease.
How sinusoidal resistance and increased splanchnic inflow reinforce one another.

The mechanisms behind ascites, collateral veins, splenomegaly, and pulmonary
complications.

Which clinical findings follow from pressure, shunting, or impaired liver function.




The portal circulation links abdominal organs to liver

Venous return from the splanchnic region reaches hepatic sinusoids before systemic outflow.
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Portal hypertension reflects resistance and flow

Pressure is determined by resistance to drainage and by blood entering the portal system.

1 resistance — 1 portal inflow — 1 portal pressure

e Fixed anatomical narrowing limits venous outflow.
e Dynamic vascular contraction adds a reversible component of resistance.

e Splanchnic hyperdynamic circulation increases inflow into the same high-resistance bed.




Localize the level of obstruction first

The anatomical classification identifies the disease mechanism.

PREHEPATIC INTRAHEPATIC POSTHEPATIC
e Prehepatic: Obstruction e Intrahepatic: Resistance in e Posthepatic: Impaired
or excess flow upstream parenchymal and venous drainage after
of hepatic branches. intrahepatic vascular sinusoidal blood exits the

channels. liver.




Prehepatic portal hypertension: Obstruction

Resistance may arise before the portal vein ramifies within the liver.

Portal blood —  Portal-vein obstruction Upstream congestion

e Portal-vein obstructive thrombosis blocks blood entering the liver.
e Structural narrowing reduces the effective portal venous lumen.

e These lesions need not imply diffuse cirrhosis of the liver parenchyma.




Prehepatic portal hypertension: Increased inflow

Massive splenic enlargement is a distinct hemodynamic route.

Large spleen — 2 splenic venous flow 1 portal inflow

e Splenomegaly can increase splenic vein blood flow.
e Greater delivery into the portal vein raises the flow burden.

e This mechanism differs from a narrowed or thrombosed portal vein.




Intrahepatic causes have a broad ditferential

Cirrhosis dominates but is not the only intrahepatic cause.

e Cirrhosis from any cause is the principal intrahepatic etiology.

e Nodular regenerative hyperplasia and primary biliary cholangitis can occur without
established cirrhosis.

e |nfection, infiltration, fibrosis, and tumor can also obstruct intrahepatic flow.




Cirrhosis is the dominant intrahepatic cause

Diffuse fibrosis and nodular remodeling change both architecture and perfusion.

Dense septa alter the sinusoidal route

e Nodular architecture

e Fibrotic bands

e Disrupted vascular flow

Parenchymal nodules

Schematic architecture, not histological evidence




Noncirrhotic intrahepatic causes

Portal hypertension can develop without a fully cirrhotic liver.

Condition Textbook mechanism/context

Nodular regenerative

. Disease of intrahepatic portal microcirculation
hyperplasia

Primary biliary . . _ |
cholangitis May cause portal hypertension without cirrhosis

Schistosomiasis Intrahepatic portal hypertensive disorder

Fibrosing granulomatous

) Diffuse fibrosis; Sarcoid example
disease




Fatty, infiltrative, and neoplastic causes

Several processes impair sinusoidal or portal venous transit.

Infiltration / steatosis — Disrupted channels — 1 resistance

e Massive fatty change and amyloid deposition occur among listed intrahepatic causes.
e |nfiltrative primary or metastatic malignancy may impede perfusion.

e Focal hepatic tumor invading a portal vein can produce vascular obstruction.




Hepatocellular carcinoma can aftect portal flow

Tumor-associated obstruction is a specific intrahepatic mechanism.

e Focal malighancy may invade branches of the portal venous system.
e Hepatocellular carcinoma is particularly noted in the Robbins etiologic table.

e Portal hypertension from tumor need not result solely from diffuse scar formation.




Posthepatic portal hypertension

Venous outflow impairment transmits resistance back to sinusoids.

Hepatic venous outflow

Sinusoids — block —

Venous congestion

e Severe right-sided heart failure elevates downstream venous pressure.
e Constrictive pericarditis limits cardiac filling and contributes to hepatic venous congestion.

e Hepatic vein outflow obstruction creates a venous drainage block.




Prehepatic, intrahepatic, and posthepatic: Compare

The same portal-pressure phenotype can originate at different sites.

Level Principal examples Primary anatomical issue

Portal vein thrombosis; Narrowing; High

Prehepatic splenic flow

Before liver branching

Cirrhosis; NRH; Biliary, infectious,

. ) . Within liver microcirculation
infiltrative disorders

Intrahepatic

Right heart failure; Constrictive

Posthepatic pericarditis; Hepatic vein block

After hepatic sinusoids




Fibrosis and nodules impose fixed resistance

Structural remodeling distorts the vascular route through cirrhosis.

Dense septa alter the sinusoidal route

e Nodular architecture

e Fibrotic bands

e Disrupted vascular flow

Parenchymal nodules

Schematic architecture, not histological evidence




Dynamic resistance is superimposed on scarring

Vascular contraction further constricts the intrahepatic channels.

Fibrosis and nodules —_ Cell contraction — M sinusoidal resistance

e Vascular smooth muscle cells and myofibroblasts contract.
e This contractile response limits the caliber of the intrahepatic vascular bed.

e Anatomical scar and active contraction therefore contribute simultaneously.




Sinusoidal endothelial dysfunction alters tone

Changes in vasoactive signals favor intrahepatic vasoconstriction.

Mediator / change Intrahepatic effect described
J nitric oxide Less vasodilator influence
™ endothelin-1 More vasoconstrictor signaling

Angiotensinogen;

. . Additional contribution to vasomotor imbalance
Eicosanoids




Myofibroblasts link remodeling to resistance

Cells within the remodeled vascular environment can contract.

Myofibroblast

) — Reduced vascular caliber
contraction

Scarred architecture —

e Fibrotic remodeling changes how sinusoids are supported.
e Contractile myofibroblasts and vascular smooth muscle oppose blood passage.

e The source places this response alongside fibrous scarring as a driver of pressure.




Septal vascular remodeling reshapes intrahepatic tflow

New pathways do not necessarily restore physiologic perfusion.

Vascular cross-connections can expose portal channels to arterial pressure.

Portal inflow — Sinusoidal bed »  Hepatic outflow

Arterial input — Septal shunt




Arterial-portal anastomoses can raise portal pressure

The source describes transmission of arterial pressure into a low-pressure system.

Arterial input — Septal anastomosis —»  Portal pressure loading

e Arterial and portal channels may connect within fibrous septa.
e These connections expose portal venous channels to a higher-pressure source.

e They add to pressure beyond passive obstruction by fibrosis alone.




Remodeling also impairs metabolic exchange

Shunting can bypass the normal contact of sinusoidal blood and hepatocytes.

Sinusoidal remodeling — Intrahepatic bypass — < hepatocyte exchange

e The exchange interface between blood and hepatocytes is less effectively used.
e Blood diverted into intrahepatic shunts avoids ordinary sinusoidal transit.

e Portal hypertension therefore has consequences beyond pressure itself.




Splanchnic vasodilation increases portal inflow

A hyperdynamic vascular state supplies additional blood to the portal system.

Splanchnic vasodilation . 4 splanchnicblood flow _. 4 portal venous inflow

e Arterial vasodilation occurs prominently in splanchnic vessels.
e |ncreased arterial delivery raises venous return from abdominal organs.

e More venous inflow reaches an already resistant hepatic vascular bed.




Nitric oxide predominates among proposed splanchnic mediators

Vasodilator biology is compartment-dependent.

e Nitric oxide is highlighted as the major contributor to splanchnic arterial dilation.
e The source also implicates prostacyclin and tumor necrosis factor a.

e |[ncreased splanchnic flow contributes to portal venous hypertension.




Nitric oxide changes in opposite vascular compartments

Low sinusoidal NO and splanchnic NO-mediated dilation coexist.

Compartment NO-related change Hemodynamic outcome
Intrahepatic sinusoids Reduced nitric oxide bioavailability /M vascular resistance
Splanchnic arterial bed NO-driven vasodilation ™ blood delivery to portal veins

Combined portal

. . + . . . .
system High resistance + high inflow Sustained portal hypertension




Two mechanisms reinforce portal hypertension

The pressure phenotype requires both sides of the hemodynamic equation.

Fixed resistance Dynamic resistance 1 splanchnic inflow

\/

Portal hypertension




Four major downstream consequences

The core clinical syndrome follows pressure, transudation, and collateral formation.

Ascites Portosystemic shunts

Congestive splenomegaly Hepatic encephalopathy




Ascites is peritoneal fluid accumulation

Portal hypertension makes fluid accumulation a common complication of cirrhosis.

e Ascites is defined by excess fluid in the peritoneal cavity.
e The textbook associates approximately 85% of ascites cases with cirrhosis.

e Clinical detectability usually requires roughly 500 mL of fluid.




Ascites results from interacting mechanisms

No single lesion explains fluid accumulation in all cirrhotic patients.

Sinusoidal pressure Hypoalbuminemia 1 hepatic lymph

\/

Ascites




Sinusoidal hypertension increases filtration

Intrahepatic vascular pressure contributes to peritoneal fluid production.

Portal resistance — 1 sinusoidal pressure — M fluid filtration

e Sinusoids operate under higher hydrostatic pressure when portal drainage is resisted.
e Greater filtration increases the fluid load handled by hepatic interstitium and lymphatics.

e Sustained pressure contributes to ascitic fluid accumulation.




Hypoalbuminemia reduces plasma oncotic retention

The fluid balance changes when albumin concentration falls.

Hypoalbuminemia — J/ oncotic retention — Ascites tendency

e Albumin is the major protein emphasized in the described ascitic fluid.
e Low circulating albumin weakens the oncotic force retaining vascular water.

e This supports ascites formation along with increased filtration pressure.




Hepatic lymph flow rises as filtration increases

Excess interstitial fluid challenges the normal lymphatic pathway.

Sinusoidal hypertension ™ hepatic lymph flow — Peritoneal fluid

e Hepatic lymph production is increased in the setting of sinusoidal hypertension.
e Fluid accumulation becomes more likely when the lymphatic load is excessive.

e The source treats increased lymph formation as a key part of the ascites mechanism.




Splanchnic vasodilation further favors ascites

The circulatory adaptation perpetuates the pressure and fluid abnormalities.

Arterial dilation — Hyperdynamic inflow — Ascites promotion

e Arterial dilation produces hyperdynamic splanchnic circulation.
e |ncreased return to the portal vein maintains the flow burden.

e This mechanism interacts with sinusoidal hypertension and reduced albumin.




Ascites: Integrated mechanism

Portal pressure, oncotic change, and lymph load converge.

/ sinusoidal filtration

J, oncotic retention

\/

Ascites

1 hepatic lymph




Ascitic fluid is usually serous

The fluid composition described in cirrhosis reflects a low-protein process.

e Serous fluid commonly contains less than 3 g/dL total protein, largely albumin.
e A small number of mesothelial cells and mononuclear leukocytes may be present.

e Appearance and cell composition add clues beyond the presence of fluid.




Serum-ascites albumin difference is informative

A relatively high serum-to-ascites albumin gradient.

e Serum albumin normally exceeds ascitic fluid albumin in portal hypertensive
ascites.

e A relatively high serum-to-ascites albumin gradient is associated with portal-
hypertensive ascites.

e |nterpret results alongside the clinical and vascular context.




Ascitic cell findings prompt differential interpretation

The source distinguishes expected scant cells from suspicious populations.

Observed finding Clinical interpretation

Scant mesothelial /

May accompany uncomplicated ascites
mononuclear cells

Neutrophils Suggest infection

Red cells Prompt consideration of disseminated intraabdominal cancer




Hepatic hydrothorax can follow longstanding ascites

Peritoneal fluid may reach the pleural compartment.

Longstanding ascites — Transdiaphragmatic — Usually right hydrothorax
passage

e Fluid can pass via transdiaphragmatic lymphatic channels.
e The resulting hydrothorax is usually right-sided.

e The pleural complication is downstream of persistent ascitic fluid formation.




Chronic pressure promotes portosystemic shunts

Venous remodeling opens alternatives to sinusoidal passage.

Venous dilation and

remodeling - Systemic bypass

Chronic portal pressure

e Collateral veins connect portal and systemic vascular beds.
e They become dilated, thin-walled bypass channels.

e These channels reduce dependence on portal flow through liver sinusoids.




Collateral vessels emerge at shared vascular territories

Portal and systemic veins can connect at several anatomical sites.

Esophagogastric junction
Portal circulation Rectal territory Systemic venous
return

Periumbilical wall

Retroperitoneum




Esophagogastric varices are the most dangerous shunts

Thin-walled venous channels near the gastroesophageal junction can bleed massively.

Portal hypertension —  Esophagogastric varices — Massive hematemesis

e Portosystemic collaterals develop in the submucosal venous territory.
e The source identifies esophagogastric bleeding as a leading lethal complication.

e Large hematemesis in cirrhosis warrants recognition of variceal bleeding risk.




The variceal bleeding burden is substantial

Textbook estimates convey the potential severity of the complication.

e Varices in about 40% of advanced cirrhosis.
e |t describes approximately 30% mortality for each bleeding episode.

e These are source-specific textbook estimates, not individualized risk predictions.




Caput medusae shows abdominal wall collateralization

Venous channels may become visible around the umbilicus.

Falciform / periumbilical

. —  Abdominal wall dilation —, Caput medusae
veins

e Collaterals involve vessels in the falciform-ligament/periumbilical territory.
e Dilated veins radiate from the umbilicus toward the rib margins.

e This visible pattern is a clinical sign of chronic portal hypertension.




Anorectal collaterals have a different risk profile

The location of a portosystemic shunt influences the bleeding phenotype.

Anorectal site Esophagogastric site
e Rectal / perirectal pathways e Esophagogastric varices
e Bleeding can occur e Potential massive hematemesis

e Usually less dramatic e High-risk complication




Retroperitoneal collaterals may be less visible

Portosystemic bypass is not limited to the abdominal wall or esophagus.

Portal tributaries — Retroperitoneal veins — Systemic circulation

e The retroperitoneum contains portal-systemic venous connections.
e Collateral enlargement can occur without obvious superficial veins.

e Shunt anatomy is broader than any single outward clinical sign.




Shunting can worsen hepatic encephalopathy

Diversion of portal blood contributes to the systemic consequences of liver disease.

Portosystemic bypass — J/ hepatic processing — Encephalopathy risk

e Portosystemic collaterals circumvent sinusoidal processing of blood.
e Hepatic encephalopathy is one of the four major consequences listed by Robbins.

e The neurologic syndrome must also be interpreted in the context of liver failure.




Collateral sites vary in clinical importance

Visible collateralization does not indicate the same hemorrhagic threat at every site.

Territory Manifestation Clinical implication

Esophagogastric Varices Potential massive upper Gl bleeding
Periumbilical Caput medusae Visible sign of chronic portal hypertension
Rectal / perirectal Anorectal venous collaterals Bleeding usually less severe in the source

Retroperitoneal Deep venous collaterals May be clinically inapparent




Portal hypertension congests the spleen

Sustained venous backpressure produces congestive splenomegaly.

Portal venous pressure Splenic congestion — Splenomegaly

* Increased portal/splenic venous pressure impedes splenic drainage.
e The red pulp expands with retained blood elements.

e The spleen may enlarge substantially over time.




Splenic enlargement does not map linearly to severity

The spleen is a chronic-pressure target, not a precise portal-pressure meter.

e The source reports possible splenic weight near 1000 g.
e This may represent approximately five- to six-fold normal weight.

e Splenic size does not necessarily correlate with other portal hypertension features.




Hypersplenism alters peripheral blood counts

Enlarged red pulp sequesters circulating blood elements.

Thrombocytopenia /

Expanded red pulp — Blood-cell sequestration ST

e Platelets can be retained in the expanded splenic vascular compartment.
e Thrombocytopenia is a particularly important hematologic consequence.

e More extensive sequestration can result in pancytopenia.




Two pulmonary syndromes have different vascular lesions

Portal hypertension and chronic liver failure can affect pulmonary vessels.

Hepatopulmonary syndrome Portopulmonary hypertension
e Pulmonary vessel dilation e Vasoconstriction + remodeling
e Shunting and hypoxemia e Pulmonary arterial hypertension

e Postural dyspnea e Exertional dyspnea




Hepatopulmonary syndrome: Intrapulmonary dilation

Abnormally dilated pulmonary microvessels impair oxygen transfer.

e Intrapulmonary vascular dilation

Alveolar gas

e \Ventilation—perfusion mismatch

e Right-to-left shunting and hypoxemia

|
|
|
A4

Dilated blood channel

Conceptual illustration; Not clinical imaging




Hepatopulmonary syndrome causes hypoxemia

Ventilation—perfusion mismatch is central to the explanation.

Vascular dilation — V/Q mismatch and shunt _—, Hypoxemia / dyspnea

e Dilation creates abnormal relationships between alveolar ventilation and perfusion.
e Functional right-to-left shunting reduces oxygenation.

e Patients may develop symptomatic dyspnea.




Posture accentuates hepatopulmonary dyspnea

Worsening in the upright position.

Gravity-dependent

Upright posture - perfusion

— Worse oxygenation

e Gravity alters pulmonary blood distribution.
e The ventilation—perfusion mismatch becomes more pronounced when upright.

e Dyspnea that worsens upright is a useful physiologic clue.




Hepatopulmonary pathogenesis remains incompletely understood

An altered balance of liver-derived vasoactive signals is proposed.

Altered mediator Pulmonary endothelial

: — Vasodilation
clearance signals

e The source hypothesizes reduced hepatic clearance of signals such as endothelin-1.
e These signals may stimulate endothelial nitric oxide production in the lung.

e This is a proposed mechanism rather than a settled causal model.




Portopulmonary hypertension is pulmonary arterial disease

Pulmonary hypertension here reflects vasoconstriction and vascular remodeling.

Portal hypertension Pulmonary

. .. — Arterial remodeling
context vasoconstriction

e The disorder occurs in association with liver disease and portal hypertension.
e Excessive pulmonary vasoconstriction is implicated.

e Pulmonary arterial remodeling contributes to elevated vascular resistance.




Hepatopulmonary vs portopulmonary: Mechanism

Despite similar names, the vascular behavior is opposite.

Feature Hepatopulmonary Portopulmonary

Pulmonary lesion Vessel dilation Arterial constriction/remodeling
Functional disturbance Shunting and V/Q mismatch Pulmonary arterial hypertension
Clinical emphasis Hypoxemia; Posture-related dyspnea Exertional dyspnea; Clubbing described

Mechanism status Not fully resolved Not fully resolved




Pulmonary presentation should guide mechanism

Different pulmonary symptoms signal different vascular changes.

e Hepatopulmonary syndrome: Dyspnea and oxygenation impairment, worse
upright.

e Portopulmonary hypertension: The source highlights exertional dyspnea and digital
clubbing.

e A pulmonary complaint in cirrhosis should not automatically be assigned to one
syndrome.




Portal hypertension is not synonymous with cirrhosis

The hemodynamic lesion may occur with or without end-stage scarring.

Cirrhotic mechanism Noncirrhotic mechanism
e Distorted hepatic architecture e Other obstruction site
e Sinusoidal resistance e No obligatory diffuse cirrhosis

e Fibrous septa and nodules e Anatomic localization is central




Acute and chronic portal hypertension differ

Time available for vascular remodeling affects the phenotype.

Setting Source-described behavior
Acute liver failure Portal hypertension may appear over days to weeks; Ascites is prominent
Chronic liver disease Develops over months to years; Broad collateral and organ consequences

Interpretation Longstanding shunts and splenomegaly imply chronic adaptation




Splanchnic vasodilation also links to renal impairment

Portal hypertension can accompany systemic consequences beyond ascites.

Splanchnic vasodilation _—, J/ renal perfusion —  Hepatorenal physiology

e The parent liver-failure section links splanchnic vasodilation to perceived low effective
perfusion.

e Renin—angiotensin activation may further diminish renal perfusion.

e Hepatorenal syndrome is a liver-failure complication, not a histologic renal lesion.




Advanced cirrhotic shunting increases vulnerability

Acute-on-chronic liver failure can follow an additional insult.

Advanced cirrhotic New systemic / hepatic

i . Decompensation
shunting insult - P

e Extensive vascular shunts may leave functioning hepatic tissue with marginal perfusion.
e Systemic infection, hypotension, or cardiac failure may precipitate deterioration.

e Vascular reorganization explains part of the fragility of apparently compensated disease.




Case: Localize portal hypertension

A patient has obstructive portal-vein thrombosis but no described parenchymal scarring.

CLINICOPATHOLOGIC APPLICATION

e Which anatomical level is primarily affected?
e |nterpretation: Prehepatic portal hypertension from an inflow conduit obstruction.

e The lesion demonstrates why portal hypertension is not restricted to cirrhosis.




Case: Correlate ascites and splenomegaly

A patient with established cirrhosis develops peritoneal fluid and a low platelet count.

CLINICOPATHOLOGIC APPLICATION

e Ascites reflects pressure, lymph, albumin, and splanchnic circulatory factors.
e Thrombocytopenia can reflect sequestration within congested splenic red pulp.

e Both findings arise from the portal hypertensive syndrome but via different mechanisms.




Case: Separate pulmonary vascular syndromes

A patient with chronic liver disease becomes hypoxemic and more dyspneic upright.

CLINICOPATHOLOGIC APPLICATION

e The position-dependent oxygenation problem favors a hepatopulmonary mechanism.

e Pulmonary microvascular dilation and shunting explain the pattern.

e Pulmonary arterial constriction/remodeling characterizes the distinct portopulmonary
syndrome.




The entire syndrome in one causal model

An anatomical resistance problem develops a circulatory and multiorgan phenotype.

Portal inflow + resistance Ascites / hydrothorax

Varices and other shunts Splenic and pulmonary effects




Source and interpretation boundaries

Primary teaching source: Robbins, Cotran & Kumar, Pathologic Basis of Disease, 11th ed.

Chapter 18, “Portal Hypertension,” pp. 754-755; adjacent “Chronic Liver Failure and
Cirrhosis” and liver-failure context.

e The slide content is paraphrased from the supplied Robbins Markdown extract and its
directly adjacent sections.

e Original chapter PDF and original pathology figures were unavailable; visuals are editable
explanatory schematics.

e Numerical textbook estimates are descriptive, not clinical management recommendations.




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66

