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Normal Portal Venous Pressure

The normal portal venous pressure is about 5-10 mmHg which  is sufficient to maintain a portal blood flow     through the hepatic sinusoids of  approximately             1 L/min.

Definition of Portal Hypertension:
· Portal hypertension (PHT) occurs when portal venous pressure  exceeds 12 mmHg, or there is an increase in portal venous pressure more than 5 mmHg greater than the inferior vena caval pressure.

Pathophysiology of Portal Hypertension:
· Portal pressure is directly related to portal venous inflow and the degree of outflow resistance;    It can be expressed in terms of Ohm’s low as follows:  Portal pressure = portal venous inflow × outflow resistance .

· The main site of portal vascular resistance is at the level of the hepatic sinusoids

A- Increased Vascular Resistance:
· It was found that the initiating event in the development of portal hypertension is increased resistance of portal outflow .

· The increased resistance is primarily due to structural changes that range from collagen deposition in the perisinusoidal space; compression of sinusoids by granulomas (e.g., in primary biliary cirrhosis, schistosomiasis), regenerative nodules, enlarged  hepatocytes (e.g., in steatosis, storage disorders), and hepatic inflammation (e.g., in alcoholic hepatitis)

Increased Vascular Resistance
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B- Increased Blood Flow in the Portal Vein and Hyperdynamic Circulation:
· Under normal conditions, a rise in portal flow can be accommodated by the compliant hepatic sinusoidal bed so that portal pressure increases only in extreme conditions . When the vascular resistance is increased, as in cirrhosis, then small increases in portal venous flow may be associated with significant increases in portal vein pressure .

· The increased inflow is believed to be due to splanchnic arteriolar vasodilatation, a consequence of the generalized peripheral vasodilatation and increase in plasma volume occurring in cirrhosis .
· The mechanisms underlying mesenteric arteriolar vasodilatation include increased level of circulating vasodilators, increased endothelial synthesis of local vasodilators, and decreased vascular responsiveness to endogenous vasoconstrictors. Numerous vasoactive substances have been implicated in the regulation of the mesenteric arteriolar tone, the most important of which is nitric Oxide.

· Nitric oxide is an endothelium-derived relaxant factor and is one of

the most potent vasodilators. It causes relaxation of vascular smooth

muscles .  The level of nitric oxide increases with increasing severity of liver damage 
Pathophysiology of Portal Hypertension
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Classification of Portal Hypertension:
a- Pre-hepatic:

b- Intra-hepatic:


- Pre-sinusoidal:


- Sinusoidal:

- Post-sinusoidal:
c- Post-hepatic:

a- Pre-hepatic:
1) Splanchnic Arterio-Venous Fistula:

2) Splenic Vein Obstruction:

3) Portal Vein Obstruction:
B- Intra-hepatic Portal Hypertension:
1- Pre-sinusoidal:

a) Schistosomiasis:

b) Congenital Hepatic Fibrosis:

c) Myeloproliferative Diseases:

d) Early Primary Biliary Cirrhosis:

e) Sarcoidosis:

2- Sinusoidal:

a) Liver Cirrhosis:

b) Acute and Fulminant Viral Hepatitis

c) Hepato-Portal Sclerosis (Idiopathic Portal Hypertension – IPH)

d) Nodular Regenerative Hyperplasia (NRH):

e) Malignant Diseases of the Liver:
3- Post-sinusoidal:

        Veno-occlusive Disease:

C- Post-hepatic Portal Hypertension:
1) Budd-Chiari Syndrome:

2) Inferior Vena Cava (IVC) Obstruction:

3) Cardiac Diseases:
Complications of Portal Hypertension
· Varices / variceal bleeding

Prolonged portal hypertension leads to development of fragile collateral venous circulation which bypass the liver

 

· Hepatic encephalopathy 

Toxins bypass the liver through porto-systemic collaterals 

 

· Ascites

Accumulation of fluid in the peritoneal cavity due to elevated portal venous pressure and low plasma oncotic pressure

 

· Spontaneous bacterial peritonitis

Increased portal pressure, which increases permeability of the intestinal capillaries, leads to translocation of bacteria and toxins from the gut into the circulation and ascitic fluid

 

· Splenomegaly

Back-up of blood into the spleen

Clinical Assessment of Portal Hypertension:
Clinical Presentations of Portal Hypertension:

· The commonest presentation of portal hypertension is

    haematemesis and/ or melena. The patient may be also presented by dyspepsia, abdominal pain, manifestations of hepatic dysfunction (jaundice, bleeding tendency), abdominal enlargement (due to ascites formation) or manifestations of portosystemic

    encephalopathy

Physical Signs of Portal Hypertension:

1- Abdominal Wall Collaterals:

2- Splenomegaly:

Splenomegaly is the most important diagnostic sign of portal

hypertension. If the spleen cannot be felt or is not enlarged on imaging, the diagnosis of portal hypertension is questionable.

3- Hepatomegaly:

The presence of hepatomegaly is variable and dependent on

the cause and stage of underlying liver disease. A small liver may be

as significant as hepatomegaly. The size correlates poorly with the

level of portal pressure. Liver consistency, tenderness, nodularity

should be recorded. A soft liver suggests extrahepatic portal venous

obstruction, whereas a firm edge of the liver supports cirrhosis

4- Ascites:

It is rarely due to portal hypertension alone, although a

particularly high pressure may be a major factor. Ascites in cirrhosis

always indicates liver cell failure in addition to portal hypertension.

The portal hypertension raises the capillary filtration pressure and

determines fluid localization to the peritoneal cavity

Investigations:
Detection of Varices:

1- Barium Studies:

2- Endoscopy:

Endoscopy is the gold standard procedure for the diagnosis of varices and their grading.

3- Capsule Endoscopy:

II- Measurement of the Portal Venous Pressure:

1- Hepatic Vein Catheterization:

2- Direct Transhepatic Portal Venous Pressure Measurement:

3- Umbilicoportography:

III- Imaging of the Portal Venous System:

1- Ultrasound:

A dilated  portal vein suggests portal hypertension, but this is not diagnostic. If collaterals are seen, this confirms portal hypertension. Splenomegaly and ascites can be detected by ultrasonography even if this cannot be achieved clinically.

2- Doppler ultrasonography:

3- Endosonography:

4- Computerized Tomographic (CT) Scan:

5- Magnetic Resonance Angiography:

6- Portal Venography:

7- Splenic Venography:

Treatment of portqal hypertension and esophageal varies:

Primary Prevention of Variceal Hemorrhage (Primary Prophylaxis):

· Primary prophylaxis is indicated in grade IV esophageal varices irrespective of the severity of the liver disease or in grade III esophageal varices with Child B or C disease.

[1] Prophylactic Pharmacotherapy:

[2] Prophylactic Endoscopic Therapy:
[1] Prophylactic Pharmacotherapy:
a- Non-Selective β-Adrenergic Receptor Antagonists

(β-Blockers): 

· They are the most widely used drugs in primary prophylaxis. Propranolol and nadolol are the most investigated drugs.

· Blockade of the vasodilating β2-adrenoreceptors in the

    splanchnic circulation results in unrestricted α-adrenergic activity, splanchnic arteriolar vasoconstriction, and decreased portal venous inflow.

·  Blockade of cardiac β1-receptors decreases the heart rate, cardiac output, and secondarily decreases portal venous inflow.

· Propranolol is recommended for patients with large varices, patients with red color signs and patients with HVPG > 12 mmHg.  No evidence to recommend prophylactic treatment in patients with small varices.

· Propranolol is given at a dose of 10 to 20 mg twice daily and titrated stepwise every three days up to a maximum dose of 160 mg twice daily. In most clinical trials, the dose has been titrated empirically to achieve a decrease in the resting heart rate by 25% of the baseline value or appearance of arterial hypotension
· Unfortunately, neither the pulse rate nor the systemic bloodpressure (reflecting β1 blockade) correlates well with portal pressure which is due to blockade of both β1 and β2 receptors.

· The target reduction of HVPG < 12 mmHg or 20% of the baseline value is seen only in one third of the patients.

· Adverse effects are multiple and the most important are bronchoconstriction, precipitation of heart failure and impotence.

· It is reported that up to one third of patients are intolerant to β- blockers due to their side effects.

· Nadolol should be given in a single daily dose of 20 mg and titrated every 2-3 days up to a maximum dose of 160 mg per day.

· b- Organic Nitrates:

They include nitroglycerine (short acting), isosorbide dinitrate

(ISDN), and isosorbide 5-mononitrate (ISMN) (long acting).

· Their efficacy depends on dual mechanisms;

A- They reduce portal vascular resistance by decreasing intrahepatic resistance.

B- Also, they reduce splanchnic inflow. The latter mechanism results

from a decrease in arterial pressure triggering a baroreceptor mediated

reflex splanchnic vasoconstriction.

· Adverse effects of nitrates in patients with cirrhosis are due to

reduction of arterial blood pressure, leading to reflex activation of

endogenous vasoactive system with sodium and water retention

which results in expansion of plasma volume, accumulation of

ascites and renal affection.

· Consequently, it has been reported that ISMN cannot be administered alone in patients with portal hypertension.

· The combination of ISMN to β-blockers has been shown to

    cause a greater reduction in portal pressure than either drug alone with less systemic side effects.

·  It has been noted that about one third of non-responders to β-blockers became responders after the addition of ISMN. The rationale of this combination is that the nonresponse to β-blockers may be due to increased porto-collateral (may be intrahepatic) resistance hindering the reduction in portal

    pressure, which can be effectively prevented by the addition of

    ISMN.

· It is preferred to add nitrates only after failure of β-blockers to optimally reduce portal pressure.

c- Angiotensin Receptor Antagonists:

· Renin angiotensin system has been found to be activated in

    cirrhotic patients with portal hypertension, and the degree of

    activation increases with the severity of the disease. This is thought to represent a homeostatic response to counterbalance the systemic and splanchnic vasodilatation and arterial hypotension observed in portal hypertension. 

· Angiotensin II acting on angiotensin (AT1) receptors may cause portal hypertension by increasing intrahepatic resistance (through activated hepatic stellate cells) and portocollateral

    resistance (through vasoconstrictor effect).

· Selective AT1 blockade results in relaxation of activate hepatic stellate cells, leading to reduction of intrahepatic resistance.

· Losartan, specific AT1 receptor antagonist, has a significant portal hypotensive effect in 40% of portal hypertensive patients in a dose 25 mg per day. Irbesartan, another AT1 receptor antagonist with longer half life, is also found to have portal hypotensive effect.

· It was found that propranolol produced significantly greater reduction in HVPG than with losartan. Also, there was reduction of glomerular filtration rate in patients taking losartan but not in those taking propranolol.

d- Other Drugs:
Prazosin (α1-adrenergic blocker):
· markedly reduces HVPG in patients with cirrhosis which is associated with increased hepatic blood flow suggesting a reduction in the hepatic vascular resistance . But its chronic administration affects systemic and renal hemodynamics resulting in significant reduction in systemic vascular resistance and arterial pressure resulting in reflex activation of endogenous vasoactive systems that

    lead to sodium and water retention, plasma volume expansion and accumulation of ascites.

·  These findings discourage the use of prazosin in portal hypertension.

ii- Clonidine (Centrally acting α2-adrenergic agonist):

· In the splanchnic circulation, it reduces the HVPG by decreasing portal and hepatic resistance and splanchnic inflow. But the drug also causes significant reduction in cardiac output and mean arterial pressure.

iii- Calcium channel blockers:

· Experimental studies suggested that calcium channel blockers may decrease portal pressure in cirrhosis by reducing the hepatic vascular resistance. However, several studies in cirrhotic patients in which verapamil,nifedipine and nicardipine were tested failed to show any reductionin HVPG.

iv- Carvedilol (Non-selective β-blocker with intrinsic α1-adrenergic antagonist activity):

· In a recent study, the administration of carvedilol induced a marked decrease in the HVPG. The reduction in HVPG was significantly greater than that achieved with propranolol, even though both agents caused similar reductions in splanchnic blood flow. This finding suggests that carvedilol lowers hepatic and collateral resistance through its α1-adrenergic antagonist activity. However, the greater portal hypotensive effect of carvedilol was accompanied by a pronounced reduction in mean arterial pressure, which is a matter of concern in patients with cirrhosis.

[2] Prophylactic Endoscopic Therapy:
· As primary prophylaxis, endoscopic therapy offers several distinct advantages over pharmacotherapy: 

(1) the duration of therapy is limited only to the time required for obliteration of varices; 

(2) there is no need for indefinite therapy, so, compliance is improved

a- Endoscopic Variceal Ligation (EVL):
· It can significantly improve survival and reduce the incidence of first variceal bleeding in cirrhotic patients with high risk EV when compared to no treatment.

· Recent meta-analysis reported that EVL is better than β-blockers in preventing the first variceal bleeding.

· However, EVL does not act by reducing portal pressure which

    reduces the risk of developing complications other than variceal

    bleeding ,also due to advantages of β-blockers in term of cost and relative convenience for the patient, β-blockers should be considered the first-line of primary prophylactic therapy. 

· EVL is the option for primary prophylaxis in patients with high risk varices and contraindications to β-blockers

b- Endoscopic Variceal Sclerotherapy (EVS):
· EVS has been largely discouraged in primary prophylaxis due to the procedure related complications.

· It was found that prophylactic EVS had no benefit in preventing the fist attack of variceal bleeding.

Prevention of Recurrent Variceal Hemorrhage
(Secondary Prophylaxis):
[1] Endoscopic Treatment:

[2] Pharmacotherapy:

[3] Combined Endoscopic and Pharmacologic Therapy:

[4] Transjugular Intrahepatic Portosystemic Shunt

    (TIPS):

[5] Surgery:
[1] Endoscopic Treatment:
a- Endoscopic Variceal Sclerotherapy (EVS):

· EVS has been extensively evaluated for the long-termprevention of recurrent variceal hemorrhage. It has been shown to decrease the risk of rebleeding and death.

· In a study done to compare between partial obliteration and complete eradication of bleeding esophageal varices using injection sclerotherapy, it was found that both methods are effective in preventing rebleeding from esophageal varices. Partial obliterationis less costly and less time consuming than complete eradication due to smaller number of sessions needed for variceal obliteration when

    compared to that of eradication.

b- Endoscopic Variceal Ligation (EVL):
· EVL may be the treatment of choice and has replaced EVS as the first line of treatment for prevention of recurrent bleeding.

· EVL is superior to EVS in terms of safety and efficacy

    in preventing rebleeding and reducing mortality, reducing number of sessions required to achieve obliteration of varices, and it has lesser complications.

· EVL is especially more effective than EVS in management of large EV.

· Problems associated with EVL in comparison to EVS include:

1. First, EVL is technically difficult when varices are small. Sclerotherapy can be used to treat such small varices.

2. Second, EVL has greater risk of variceal recurre.The risk of variceal recurrence after EVL has been linked to the presence of large paraesophageal varices, and EVL does not have an effect on communicating or

          perforating vessels from esophageal collaterals.

· To overcome the drawback of high recurrence rate with EVL, many solutions were suggested:

(1) Endoscopic variceal scleroligation (EVSL):

(2) Supplemental Photodynamic Therapies:

    to improve the rate of long-term eradication of EV following EVL, argon plasma coagulation (APC) and low-power diode laser treatment have been recommended to promote fibrosis of esophageal inner wall.

c- Mini-Detachable Snare Ligation (MDSL):
· It is done using a ligating device with detachable small circular Nylon-loop 11 mm in diameter. 

· In a study  comparing EVL and MDSL, the results are nearly the same as regard initial hemostasis, rebleeding, variceal recurrence, and complications

[2] Pharmacotherapy:
· The mainstay of pharmacologic treatment for prevention of recurrent variceal hemorrhage is non-selective β-adrenergic receptor antagonists with or without concomitant administration of nitrates.

· there is no more significant benefit from combination therapy than monotherapy in terms of rebleeding or survival.

[3] Combined Endoscopic and Pharmacologic Therapy:
· The combination of sclerotherapy and β-blockers could improve the results obtained by either of them alone because of different mechanisms of actions.

· Also, β-blockers were found to have a beneficial effect in lowering the recurrence rate of esophageal varices when combined to endoscopic variceal ligation.

[4] Transjugular Intrahepatic Portosystemic Shunt
(TIPS):
· TIPS significantly reduces rebleeding and it is more effective than endoscopic therapy in preventing variceal rebleeding.

·  It is also better than combined pharmacotherapy with propranolol and ISMN but 2 years survival was equal in both groups

[5] Surgery:
· The surgical procedures for managing portal hypertension fall into three broad groups; decompressive shunts, devascularization procedures, and liver transplantation
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