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ÅHTP : gradient de 

pression entre 

pression veine porte 

et VCI ²5 mmHg

ÅBloc intrahépatique, 

infra- ou 

suprahépatique

ÅHTP sinusoïdale, 

présinusoïdale et 

postsinusoïdale

D®finition, types dôhypertension portale
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Pathophysiology of portal hypertension

1) ¬intrahepatic 

resistance

2) ¬portal blood 

flow

DPortal pressure = Resistance x Blood flow



¬Intrahepatic

resistance

¬portal venous 

inflow

Bosch et al., J Hepatol 2010

Hennenberg et al., Gut  2008

Splanchnic and 

systemic

vasodilatation

Ascites

Variceal bleeding

Hemodynamic consequences of cirrhosis
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¬Intrahepatic resistance 

Structural factors: 

- fibrosis

- regenerative nodule formation

- vascular remodeling

- vascular occlusion

Dynamic component  = ¬hepatic vascular tone: 

-®bioavailability of intrahepatic vasodilators (NO) 

-¬activity of endogenous vasoconstrictors
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Structural factors: fibrosis and nodules

Asselah, Gut 2009 
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Structural factors: fibrosis and nodules
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Structural factors: vascular remodeling
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Structural factors: vascular remodeling



Structural factors: vascular remodeling

Lee, Hepatology 2007



¬Intrahepatic resistance 

Structural factors: 

- fibrosis

- regenerative nodule formation

- vascular remodeling

- vascular occlusion

Dynamic component  = ¬hepatic vascular tone: 

-®bioavailability of intrahepatic vasodilators (NO) 

-¬activity of endogenous vasoconstrictors
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Procoagulant imbalance in cirrhosis



Procoagulant imbalance in cirrhosis

ÅPortal vein thrombosis: 8-25% in candidates for LT

ÅRelative risk of DVT/PE: 1.5

Valla, Hepatology 2008

Tripodi, J Thromb Haemost 2011



Hepatic vein thromboses

ω~ 70% of veins involved

ωSmallest first

ωParenchymal extinction

Vascular occlusions

Wanless, Hepatology 1995. Shimamatsu, Hepatology 1997
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Vascular occlusions



PVT Prophylaxis ïCirrhosis (CTP B7-C10)

Villa. Gastroenterology 2012. Enoxaparin 4.000 UI/d, for 12 mo.

N. of patients 36 34

Partial PVT 3 0

Complete PVT 3 0

Control Enoxaparin

Intrahepatic vascular occlusions in cirrhosis



Survival

Villa. Gastroenterology 2012. Enoxaparin 4.000 UI/d, for 12 mo.

Liver decompensation

Intrahepatic vascular occlusions in cirrhosis

Enoxaparin

Enoxaparin

Control

Control



¬Intrahepatic resistance 

Structural factors: 

- fibrosis

- regenerative nodule formation

- vascular remodeling

- vascular occlusion

Dynamic component  = ¬hepatic vascular tone: 

-®bioavailability of intrahepatic vasodilators (NO) 

-¬activity of endogenous vasoconstrictors
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¬hepatic vascular tone in cirrhosis

Garcia-Pagan, J Hepatol 2012

ET: endothelin

NO: nitric oxide

NORMAL LIVER CIRRHOSIS
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¬hepatic vascular tone in cirrhosis

Garcia-Pagan, J Hepatol 2012

ET: endothelin

NO: nitric oxide

STATINS

Trebicka, Hepatology 2007

Marrone, J Hepatol 2013

NORMAL LIVER CIRRHOSIS

NO

NO

NO
NO

NO



SIMVASTATIN

Abraldes, Gastroenterology. 2009 

Double-blind randomized trial, 59 patients

Simvastatin

(20 then 40 mg/day)
Placebo

Simvastatin to target hepatic vascular resistance



14 centres espagnols

Oct 2010 à Oct 2013

RVO sur 

cirrhose

J5 J10J0

Randomisation

BB + LVO + placébo

N=78

BB + LVO + simvastatine*

N=69

* 20 mg/j pdt 2 sem puis 40 mg/j si bonne tolérance

2 ans

Simvastatin to target hepatic vascular resistance

Abraldes, Gastroenterology 2016
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Simvastatin to target hepatic vascular resistance



Abraldes, Gastroenterology 2016



Gelman, Anesthesiology. 2004

Carvedilol

Reiberger, J Hepatol 2017



Intrahepatic

vasoconstriction

¬Intrahepatic

resistance

Iwakiri, J Hepatol 2014 

Garcia-Pagan, J Hepatol 2012

PORTAL 

HYPERTENSION

Vascular tone in cirrhosis

Statins

Ŭ-bloquant
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Pathophysiology of portal hypertension

1) ¬intrahepatic 

resistance

2) ¬portal blood 

flow

DPortal pressure = Resistance x Blood flow



ÅDilation of splanchnic arteries

ÅIncreased cardiac output and portal blood 
flow

ÅIncreased plasma volume 

ÅPortosystemic venous collaterals

Splanchnic and systemic consequences of 

portal hypertension



Arterial dilation and angiogenesis

Fernandez et al. Hepatology 2007

Control 

rat

Portal 

vein 

stenosis 

rat
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ÅDilation of splanchnic arteries

ÅIncreased cardiac output and portal blood 
flow

ÅIncreased plasma volume 

ÅPortosystemic venous collaterals

Splanchnic and systemic consequences of 

portal hypertension



Henriksen, J Hepatol 2001

Increased cardiac output and plasma volume

RBC

Plasma



Intrahepatic

vasoconstriction

¬Intrahepatic

resistance

Splanchnic

vasodilation

Systemic

vasodilation

¬Cardiac

output

¬Portal blood

flow

Iwakiri, J Hepatol 2014 

Garcia-Pagan, J Hepatol 2012

PORTAL 

HYPERTENSION

Vascular tone in cirrhosis

PORTAL 

HYPERTENSION

Statins

b2-blockers

Terlipressin

Somatostatin



ÅDilation of splanchnic arteries

ÅIncreased cardiac output and portal blood 
flow

ÅIncreased plasma volume 

ÅPortosystemic venous collaterals

Splanchnic and systemic consequences of 

portal hypertension



Van Steenkiste Gastroenterology 2009

Portosystemic collaterals
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Pathophysiology of portal hypertension
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Friedman, Gastroenterology 2008

Portal pressure and liver disease progression

HVPG: hepatic venous pressure gradient



Many applications of HVPG measurement

ÅDiagnosis and classification of portal 

hypertension (e.g. ascites of unkown origin)

ÅPreoperative evaluation (hepatic resection)

ÅPrognosis of portal hypertension and cirrhosis

ÅAssessment of new agents for portal 

hypertension

ÅSurrogate marker in clinical trials (viral and 

metabolic liver disease)
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Berzigotti Hepatology 2014

Boleslawski et al., Br J Surg 2012

Llovet et al., Hepatology 1999

HVPG < 10 mm Hg

HVPG ²10 mm Hg 

and bili < 17 µmol/L

HVPG ²10 mm Hg and bili ²17 µmol/L

HVPG for preoperative evaluation



Berzigotti, Hepatology 2015

HVPG before liver resection

Résultats similaires pour mortalité à 1 et 5 ans 

Décompensation hépatique post-résection hépatique



Reverter E, J Hepatol 2019

Å 140 patients with cirrhosis: Child-Pugh A/B/C: 59/37/4%

Å elective extrahepatic surgery: 121 abdo; 9 cardiovascular/thoracic; 10 ortho

HVPG before extrahepatic surgery
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ÅDIRECT measurement into the portal vein

ïInvasive

ïTricky

How to measure portal hypertension?



HVPG = Wedge ïFree 

hepatic venous pressure

Bosch, Nat Rev Gastroenterol Hepatol 2009

ÅIndirect: Hepatic venous 

pressure gradient (HVPG)

How to measure portal hypertension?



Free hepatic venous pressure

Free



Free hepatic venous pressure



Balloon Wedged

Wedge hepatic venous pressure



Wedge hepatic venous pressure





NORMAL HEPATIC VENOUS PRESSURE GRADIENT (HVPG) IS 3-5 mmHg

Normal HVPG: 3-5 mmHg

IVC

Portal Pressure = 6 mm Hg

Hepatic Vein

Sinusoidal pressure = 5 mm Hg

Wedge hepatic 

pressure = 5 mm Hg

Free Hepatic pressure

= 2 mm Hg

HVPG = 5-2 = 3 mm Hg



HVPG IS INCREASED IN SINUSOIDAL PORTAL HYPERTENSION

VCI

Wedge hepatic 

pressure = 20 mm Hg

HVPG = 20-2 = 18 mm Hg

Portal Pressure =  

20 mm Hg

Increased HVPG in Cirrhosis

Free Hepatic pressure

= 2 mm Hg

Sinusoidal pressure = 20 mm Hg

Hepatic Vein



HVPG = Wedge ïFree 

hepatic venous pressure

Bosch, Nat Rev Gastroenterol Hepatol 2009

ÅIndirect: Hepatic venous 

pressure gradient (HVPG)

How to measure portal hypertension?

Not influenced by: 

- Changes in intra-abdominal pressure

- Inadequate positioning of the external 

zero reference point



Perello, Hepatology 1999 

How to measure portal hypertension?

Direct portal pressure (mm Hg)


