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Pre-hepatic
Portal vein thrombosis

Splenic vein thrombosis

Massive splenomegaly

Post-hepatic

Budd-Chiari syndrome

Inferior vena caval webs

Cardiac causes
Restrictive cardiomyopathy
Constrictive pericarditis
Severe congestive heart failure

Causes of Portal Hypertension

Hepatic

Pre-sinusoidal
Schistosomiasis
Congenital hepatic fibrosis

Sinusoidal
Cirrhosis
Alcoholic hepatitis

Post-sinusoidal
Hepatic sinusoidal obstruction



Portal Hypertension 

Increased hepatic resistance to blood flow

Increased portal blood inflow

Cirrhotic Liver

Splachnic 
vasodilation/neo-

angiogenesis 



Functional 
alterations

Active contraction of hepatic stellate cells, 
vascular smooth cells in the portal 

venules, and myofibroblasts

Dynamic Component 

(modifiable by drugs)

Architectural 
disturbances

Distortion of vascular architecture by 
fibrosis, scarring, regenerative nodules.

Thrombosis

Mechanical Component
όάŦƛȄŜŘέύ

~70 % ~30%

Increased Intrahepatic Resistance in Cirrhosis



VascularNetwork in Cirrhosis& Portal Hypertension

Portal VenousSystem Splanchnic(Arterial) Vasculature

A

A B

Increasedintrahepaticresistance
- Sinusoidalvasoconstriction
- Mechanical compression: fibrosis
- Impairedsinusoidalflow, microthrombosis

CollateralCirculation
- PHT GI Bleeding
- PortosystemicShunting

B C
IncreasedSplanchnicInflow
- Mesenteric vasodilation

C



VascularImplicationsof LiverCirrhosis

Cirrhotic 
Cardiomyopathy

Splanchnic 
Hyperperfusion

έCapillarizationέ

Sinusoidal 
Immunothrombosis

Hepatic 
Microcirculation

Systemic Portal-Hyperdynamic
Syndrome

Peripheral 
Malperfusion



Healthy Liver

Kupffer Cells

Quiescent Hepatic Stellate Cell (HSC)

Fenestred / disontinuous LSECs

Activated HSCs ĄMyofibroblasts
Extracellular Matrix Deposition

Inflammatory Cells / Kupffer Cells

Tyrosine Kinases, Angiocrine 

Nonfenestred, continuous LSECs

Liver Cirrhosis

Sinusoidalremodeling: the abnormal vascularnichein cirrhosis



Sinusoidalremodeling: the abnormal vascularnichein cirrhosis

Rosmorduc& Housset(SemLiv Dis 2010)



3D Human Healthy and Fibrotic  Liver ECM    

Explanted cirrhotic liver 

Donor healthy human liver 

Mazza G et al, Nature Scientific Report 2015; Mazza G et al, Nature Scientific Report 2017



Fibrous Septum

Sinusoids

A

A
BD

PVB

PVB

IHC: a-SMA

Contractile Cells in Cirrhotic Angio-architecture



ET-1 

Thrombin

A-II 

SubstanceP 

Adenosine

TxA2, LTs, PAF 

Vasopressin

ElectricField

Nitric Oxide

Adrenomedullin

CarbonMonoxide

ANP, CNP, 

cAMP, cGMP

Actionsof VasoactiveAgonistson HSC
Thrombin 

смΩΩ 

млмΩΩ тфΩΩ 

Kawada et al., Biochem J. 1992; 285:367-371

A B C

Pinzani M. et al. J.Clin.Invest. 1992;90:642-646 

Contractile Features of Activated HSC



A

B

Co-distribution with FVIII -
positive cells: activated 
sinusoidal endothelial cells

Co-distribution with a-SMA-
positive cells: activated hepatic 
stellate cells

Pinzani M. et al., Gastroenterology1996; 110:534-548

Expression and Distribution of Pre-pro ET-1 mRNA in Human Cirrhotic Liver 



Endothelial Dysfunction in Cirrhosis



CLV

Portal tract expansion and 
fibrosis

e.g. : chronic viral hepatitis, 
autoimmune, PBC, PSC        

Capillarization of sinusoids

Pericentral fibrosis

e.g. : chronic alcoholic 
hepatitis, steatohepatitis

Capillarization of sinusoids

Normal hepatic lobule

portal tract

CLV

PORTAL TRACT

1.- Thickening of portal vein 
branches

2.- Increased diameter of 
hepatic artery branches

3.- ARTERIALIZATION

Fibrogenesis and Portal Hypertension



FIBROGENESIS (Chronic 

Wound Healing)

ARTERIALIZATION OF 

SINUSOIDS

CAPILLARIZATION OF 

SINUSOIDS

Shear Stress

TISSUE HYPOXIA

ANGIOGENESIS

PERIPORTAL FIBROSIS

Leptin, HCV proteins

Fibrogenesis and Angiogenesis in CLDs



1.- Sinusoidal blood flow becomes 
ƳƻǊŜ ŀƴŘ ƳƻǊŜ άŀǊǘŜǊƛŀƭƛȊŜŘέ

2.- Liver tissue progressively adapts to a 
higher PO2

3.- Capillarization of    sinusoids impairs O2

diffusion

Why progressive liver fibrosis is associate with tissue hypoxia?



Vasculartube formation by LSECs andHSC co-culture

Time-lapse(D-G): closeappositionof LSEC andHSCs

Coculturewith HSC leadsto stabilizationof LSEC-vasculartube formation

SemelaD, Shah V  (Gastroenterology2008;135:671-679)



Activated Stellate Cells Release Pro-angiogenic Cytokines in Human 
Cirrhotic  Liver

Novo E et al. , Am J Pathol 2007 



Aleffi S. et al., Hepatology 2005; 42:1339-1348

Leptin Promotes the Pro-angiogenic Role of Human HSC 



Sinusoidalremodeling: the abnormal vascularnichein cirrhosis

άFibrogenicangiocrineǎƛƎƴŀƭƛƴƎέ

άAngiogenicǎƛƎƴŀƭƛƴƎέ

Rosmorduc& Housset(SemLiv Dis 2010)



Control Sunitinib

vWF vWF

FITC-dextran angiography

LiverLiver

IntestineIntestine

ANTI-ANGIOGENIC IS
ALSO 

ANTI-FIBROGENIC



Targetingmultiple angiogenicpathways: Tyrosin KinaseInhibitors



SorafenibandPortal Hypertension: First in human study

SORATACE: 
Sorafenib+TACEfor HCC
2 week lead-in phasewith
sorafenibwithout TACE

Change in HVPG: -9%

HemodynamicResponse:
4/10 patients (40%)
(>20% decreasein HVPG)

Pinter M, Sieghart W, Reiberger T, FerlitschA, Peck-Radosavljevic M (APT 2012)



SinusoidalImmunology



Changes in Microbiota    
Bacterial Overgrowth

Decreased Bile Acids

Immunosuppression  

Mesenteric Vein Congestion

Mucosal Injury (ETOH)

Chronic Liver Disease

Obesity/Overweight        
High Fat Diet

Increased Pathogen-Associated 
Molecular PatternsάPAMPsέ όƛΦŜΦ [t{ύ 
in the portal circulation      
(proportional to disease stage)

Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2007; 292:G518-G525
Brun P., et al., Am J Physiol Gastrointest Liver Physiol 2005; 289:G571-G578

Seki E and Brenner DA. Hepatology 2008; 48:322-335 
Seki E, et al., Nat Med. 2007; 13:1324-1332 

Damaged /Apoptotic Hepatocytes Activated Hepatic 
Stellate Cells/MFs

TLR4

TLR9

Damage-Associated Molecular 
PatternsάDAMPsέ όƛΦŜΦ ŀǇƻǇǘƻǘƛŎ 
hepatocyte DNA)

WatanabeA,et al. Hepatology2007; 46:1509ς1518

Increased 
Collagen I 
synthesis

Increased Pro-fibrogenic (TGF-
b) and Pro-inflammatory (IL-6, 
MCP-1) action 

PinzaniM and MaciasBarraganJ. Expert RevGastroenterologyand Hepatology2010

Intestinal Permeability and the Activation of the Gut-Liver Innate Immunity



Pilsczek(J Immunol2010):  A novel mechanism of rapid nuclear neutrophil extracellular trap formation in response to Staphylococcus aureus. 
Clark (Nat Med 2007): Platelet TLR4 activates neutrophil extracellular traps to ensnare bacteria in septic blood. 
Ma (J ThrombHaemost2008): Platelets and neutrophils interact to create bacterial traps in sepsis.
Lee (Nat Immunol 2010):  An intravascular immune response to Borreliaburgdorferi involves Kupffercells and iNKTcells.

Intestinal integrity andsinusoidalimmunothrombosis



Modifiedfrom Krag(Gut 2010)

<10mmHg
No Varices

>10mmHg
No Varices

>10mmHg
Varices

>12mmHg
Varices, Bleeding

>16 mmHg                      >20mmHg
Ascites               Refractory Ascites

Portal Hypertension in the Natural History of Chronic Liver Disease

CSPH



?

ά5ŜŎƻƳǇŜƴǎŀǘƛƴƎ 
9ǾŜƴǘέ

Stage 3

Bleeding

Stage 4
First non
bleeding

decompensation

Stage 5

Second
decompensation

Death or
OLT

SEPSIS
Renal 
Failure

Compensated 
Cirrhosis

Decompensated 
Cirrhosis

Stage 1

Stage 2

No Varices
No Ascites

Varices
No Ascites

Years
Months

Compensated Cirrhosis a Clinical Stage with Very Limited Diagnostic Resources

Detection of Clinically Significant 
Portal Hypertension (CSPH) in 

compensated cirrhosis 



Non Invasive Evaluation of Liver Tissue Fibrosis (Staging)

Liver Biopsy: 1:50,000 of liver tissue

Serum Markers
Imaging: US, TC, MRI

HVPG

Elastography (FibroScan, 
MRE, ARFI, Supersonic 
etc.)



HVPG

UpperGI endoscopy
Besttechniqueto identify gastroesophageal

varices (consequencesof PH)

Indicatedon first diagnosis of 
cirrhosis

BavenoV consensusconference

Assessment of Portal Hypertension: Reference Standards


