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Preface

Portal hypertension is a rise in the pressure gradient between the portal vein and 
the inferior vena cava. Realistically, it is difficult to directly measure the portal vein 
pressure. For this reason, hepatic venous pressure gradient, which can be calculated 
by subtracting wedged hepatic vein pressure from free hepatic vein pressure, has 
been employed in clinical practice to establish a diagnosis of portal hypertension. 
There are various types of portal hypertension, including pre-hepatic, hepatic, 
and post-hepatic. Nowadays, the management of portal hypertension and its 
complications is still a clinical challenge.

This book, Portal Hypertension - Recent Advances does not intend to cover all areas of 
management of portal hypertension, but rather focuses on the recent advances in 
several major topics, including pediatric portal hypertension, sinusoidal obstructions 
syndrome, endoscopy in the management of portal hypertension, and non-invasive 
assessment of esophageal varices. These topics should be interesting and helpful 
for gastroenterologists, hepatologists, endoscopists, and pediatricians interested in 
this field.

Finally, I greatly appreciate the contributions from the chapter authors and the 
assistance from Josip Knapić, Author Service Manager at IntechOpen.

Xingshun Qi
Department of Gastroenterology,

General Hospital of Northern Theater Command,
Shenyang, China
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Chapter 1

Brief Review of Portal 
Hypertension Related 
Complications
Achyut Bikram Hamal

Abstract

The pathologic increase in the pressure gradient between portal vein and inferior 
venacava is called portal hypertension. Increased portal blood flow and increased 
resistance in the portal venous system cause portal hypertension. The structural com-
ponents and the functional components contribute to the resistance. Hepatic venous 
pressure gradient (HVPG) reflects the degree of portal pressure in liver disease. HVPG 
is calculated as the difference between the wedged hepatic venous pressure (WHVP) 
and the free hepatic venous pressure (FHVP). Clinically significant portal hyperten-
sion (CSPH) is defined as HVPG ≥10. Different values of HVPG have been defined 
as threshold for different consequences of portal hypertension. Variceal hemorrhage, 
portal hypertensive gastropathy, ascites, colopathy, biliopathy and hepatopulmonary 
syndrome are main complications of portal hypertension. Besides nonselective beta 
blockers, other drugs like statins, antioxidants, antidiabetic, anti-inflammatory and 
antiapoptotic drugs have also been seen to be effective in reducing portal pressure.

Keywords: portal hypertension, Hepatic venous pressure gradient (HVPG),  
variceal hemorrhage, hepatopulmonary syndrome, cirrhotic cardiomyopathy

1. Introduction

Vesalius [1] was the person who drew an anatomical picture of the portal venous 
system in 1543 and described a case of bleeding hemorrhoids and suggested that 
this was due to a dilatation of the portal branches. Glisson [2] at a dissection in 
London, in 1650 established that blood was collected from the gastrointestinal tract 
by portal vein and finally to the systemic circulation.

Morgagni described a patient who had died from gastrointestinal hemorrhage: at 
the autopsy, dilatation of the splenic vein and of the short gastric veins were found.

The name cirrhosis was introduced in 1819, in Paris, by Renè Laennec, deriving 
from two words of the antique Greek: Skirros (hard, fibrotic) and Kirrhos (yellow-
ish). He used the word “cirrhosis” in the textbook published by him [3].

Dusaussey [4], wrote an important thesis ‘Studies on esophageal varices in liver 
cirrhosis’, in 1872. He believed that the obstruction to portal flow was a consequence 
of liver cirrhosis.

Gilbert [5] introduced the term portal hypertension in 1902. A ‘pressure close to 
that in the portal vein’ without opening the abdomen, was obtained by puncturing 
one of the dilated abdominal wall veins (the caput medusae) by Davidson [6].
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Thompson (1937) [7] directly measured portal pressure for the first time, with 
the open abdomen, the pressure in the portal vein and in the inferior vena cava. In 
1953 Lebon et al. [8] diagnosed portal hypertension by percutaneous measurement 
of the intrasplenic pressure.

2. Definition

Patients with portal hypertension are identified when they present to hospitals 
or clinic after they have complications such as ascites, gastrointestinal bleeding, 
hepatic encephalopathy or hypersplenism. The pressure gradient between the portal 
vein and the inferior vena cava (the so-called portal perfusion pressure of the liver 
or portal pressure gradient) increases to greater than the normal range of values 
(1–5 mm Hg) when there is pathologic increase in portal pressure, which is called 
portal hypertension [9].

3. Portal pressure measurement and its importance

While evaluating them the need for the evaluating the underlying cirrhosis, the 
degree of portal hypertension, the site of obstruction and the presence of collateral 
circulation makes the diagnosis of portal hypertension complete [10]. As the disease 
progresses, the amount of fibrosis increases and in parallel the portal pressure rises 
corresponding to worsening in the prognosis. Direct or indirect measurement of 
portal pressure can be done with various methods.

Measurement of the hepatic venous pressure gradient (HVPG) is the gold 
standard technique used to quantify the degree portal hypertension in liver 
disease. Diagnosis, classification, and monitoring of portal hypertension, risk 
stratification, identification of candidates for liver resection, and monitoring 
efficacy of β-adrenergic blockers are the main clinical applications of HVPG 
measurements.

HVPG is calculated as the difference between the wedged hepatic venous pres-
sure (WHVP) and the free hepatic venous pressure (FHVP) [11]. The WHVP is 
measured by occluding a main hepatic vein which causes the static column of blood 
to transmit the pressure that is present in the preceding vascular territory i. e. the 
hepatic sinusoids. This measurement, in the absence of presinusoidal obstruction, 
reflects portal pressure [12]. The FHVP is a measure of the pressure of unoccluded 
hepatic vein. HVPG calculated with right atrial pressure shows a worse correlation 
with clinical outcomes, therefore FHVP should be used [13]. There are several 
methods to measure portal pressure as enumerated in Table 1.

The changes in HVPG are due to the alterations in the intrahepatic resistance, 
collateral resistance, portal blood inflow or their combination [14]. Dynamic factors 
such as hepatic vascular tone and mechanical factors such as fibrosis, thrombosis 
and formation of regenerative nodules cause the alterations in HVPG.

The complications of portal hypertension increase as HVPG increases. Clinical 
manifestations and complications occur at a threshold of HVPG of 10 mm Hg, 
which is called clinically significant portal hypertension (CSPH). Different thresh-
olds of HVPG correlate with different prognostic significance (Table 2).

3.1 Technique of measurement of HVPG

Under sedation a balloon-tipped catheter is introduced through the central line 
inserted into the right internal jugular vein, usually under ultrasound guidance [28]. 
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The catheter is advanced through the right atrium into the inferior venacava (IVC) 
under fluoroscopic guidance and then pushed into the right hepatic vein. Alternatively, 
the femoral approach can be used.

SN Methods Procedures

1. Indirect estimation of 
Portal hypertension

Ascitic fluid analysis
Serum Ascitic Albumin Gradient
(SAAG) ≥ 1.1

2. Hepatic Vein Pressure 
Gradient (HVPG)

Open-ended catheter placed in one of the hepatic veins via a 
supraclavicular or internal jugular approach.
Double-lumen balloon catheter placed in the hepatic vein via a 
femoral approach

3. Direct measurement 
of the portal pressure 
gradient

The portal vein can be catheterized directly, either by a trans 
hepatic approach or by a catheter placed via the umbilical vein. 
The added advantage is that collaterals can be embolized while 
this procedure. Angiography can be performed at the same time 
to minimize the number of procedures performed.
Portal pressure measurements should be obtained prior to the 
injection of contrast, which in itself can alter pressures.

4. Intrahepatic portal 
vein pressure

Percutaneous catheterization of an intrahepatic branch of the 
portal vein with a thin Chiba needle; a catheter is passed via the 
intrahepatic branch into the main portal vein.

5. Intrasplenic pressure Placement of a needle percutaneously in the substance of the 
spleen.

6. Umbilical vein 
catheter

Requires dissection to expose the umbilical vein; may require 
dilation of the umbilical vein to facilitate advancement of the 
catheter.

Table 1. 
Different methods of measuring portal pressure.

HVPG Clinical characteristics

< 5 mm Hg Normal

5–10 mm Hg Mild portal hypertension

>6 mm Hg Progression of chronic viral hepatitis [15]

High risk of recurrence after liver transplantation [16]

>10 mm Hg Clinically significant Portal hypertension (CSPH)

>10 mm Hg Esophageal variceal development [17, 18]

Decompensation with ascites [19]

Hepatocellular carcinoma (HCC) [20]

Decompensation after Hepatic resection [21]

>12 mm Hg Variceal bleeding [22, 23]

>16 mm Hg High mortality [24]

>20 mm Hg Failure to control bleeding in acute variceal bleed [25]
Low 1-year survival

>22 mm Hg High mortality in severe alcoholic hepatitis [26]

>30 mm Hg Spontaneous bacterial peritonitis (SBP) [27]

Table 2. 
Different thresholds of hepatic venous pressure gradient (HVPG) correlated with prognostic significance.
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FHVP is obtained after the catheter is maintained in the hepatic vein 2 to 4 cm 
from its takeoff from the IVC. Typically, the difference in pressure between the IVC 
(measured at the hepatic vein ostium) and hepatic vein is ≤1 mmHg. If the differ-
ence is >1 mmHg it means the catheter is placed too deep into the hepatic vein. After 
this, WHVP is measured after the hepatic vein is occluded by inflating the balloon at 
the tip of the catheter. A small amount of contrast dye (5 mL) or carbon dioxide (if 
allergic to the contrast) is injected to confirm that the hepatic vein is occluded so that 
no reflux of the dye above the balloon or should washout via communications with 
other hepatic veins. Around 3 each measurements of wedged and free hepatic venous 
pressure are made each time with the stability of the value for at least 45–60 seconds 
[29]. Finally, the HVPG is calculated by subtracting the FHVP from the WHVP.

The findings of hemodynamic measurements in patients with intrahepatic 
portal hypertension are enumerated [28] in Table 3.

At the same time along with HVPG measurement include transjugular liver 
biopsy, measurement of hepatic blood flow and indocyanine green clearance, 
and wedged hepatic retrograde portography using carbon dioxide can be done. 
Complications during the procedure can be arrhythmia or injury to the local site.

3.2 Noninvasive tests

Though these noninvasive tests cannot replace HVPG measurement for confirm-
ing the diagnosis of portal hypertension, ultrasonogram and transient elastography 
may be helpful.

3.2.1 Ultrasonography

Portal hypertension findings in transabdominal ultrasound are [28]:

• Ascites

• Splenomegaly (> 13 cm or Splenic index >20 cm2)

• Coarse echotexture of liver with irregular margin and dull edge

• Portal flow mean velocity < 12 cm/second

• Reversal of flow in the portal vein and left gastric vein

• Portosystemic collaterals (patent-paraumbilical vein, splenorenal collaterals, 
dilated left and short gastric veins)

• Portal vein diameter > 13 mm

• Decreased or no respiratory variation in splenic and superior mesenteric vein 
diameter

• Portal/splenic/superior mesenteric vein thrombosis

Hemodynamic measurement Presinusoidal Sinusoidal Post-sinusoidal

FHVP (a) Normal Sinusoidal Increased

WHVP (b) Normal or mild increased Increased Increased

HVPG (b-a) Normal or mild increased Increased Normal

Table 3. 
Hemodynamic measurements in portal hypertension.
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3.2.2 Transient elastography

Transient elastography using ultrasound is a noninvasive method for detecting 
hepatic fibrosis. Studies are also looking at it as an option for noninvasively diagnosing 
portal hypertension.

A value <13.6 kPa can be used to rule out portal hypertension, whereas a value 
≥21.1 kPa is likely to have portal hypertension [28].

4. Pathophysiology of portal hypertension

With the concept of physics, it is important to note that portal hypertension is 
related to both flow and resistance.

Pressure (P) equals flow (Q ) times resistance (R), demonstrated by the formula.

 P = Q X R  

Resistance is a function of the length and radius as shown by the formula R = 8n 
L/IIr4, where n is the coefficient of viscosity, L is the length of the vessel, and r is the 
radius. The pathophysiology of portal hypertension is explained in Figure 1.

4.1 Etiology of portal hypertension

Various etiologies of portal hypertension can be enumerated as:
Prehepatic
Splenic vein thrombosis
Portal vein thrombosis
Congenital portal vein stenosis
Cavernomatosis of the portal vein
Arteriovenous fistula
Tropical splenomegaly
Intrahepatic
Presinusoidal: Schistosomiasis
Sarcoidosis
Primary Biliary Cirrhosis (Early)
Chronic active hepatitis
Congenital hepatic fibrosis
Hepatic artery portal vein fistula
Porto-sclerosis
Drugs
Arsenic, copper sulfate and Vinyl chloride poisoning.
Amyloidosis
Tuberculosis
Wilsons disease
Hemochromatosis
Mastocytosis
Sinusoidal: Acute alcoholic Hepatitis
Liver cirrhosis independent of etiology
Amyloidosis
Partial nodular transformation
Nodular regenerative hyperplasia
Hypervitaminosis A
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• Portal flow mean velocity < 12 cm/second

• Reversal of flow in the portal vein and left gastric vein

• Portosystemic collaterals (patent-paraumbilical vein, splenorenal collaterals, 
dilated left and short gastric veins)

• Portal vein diameter > 13 mm

• Decreased or no respiratory variation in splenic and superior mesenteric vein 
diameter

• Portal/splenic/superior mesenteric vein thrombosis

Hemodynamic measurement Presinusoidal Sinusoidal Post-sinusoidal

FHVP (a) Normal Sinusoidal Increased

WHVP (b) Normal or mild increased Increased Increased

HVPG (b-a) Normal or mild increased Increased Normal

Table 3. 
Hemodynamic measurements in portal hypertension.
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3.2.2 Transient elastography

Transient elastography using ultrasound is a noninvasive method for detecting 
hepatic fibrosis. Studies are also looking at it as an option for noninvasively diagnosing 
portal hypertension.

A value <13.6 kPa can be used to rule out portal hypertension, whereas a value 
≥21.1 kPa is likely to have portal hypertension [28].
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With the concept of physics, it is important to note that portal hypertension is 
related to both flow and resistance.

Pressure (P) equals flow (Q ) times resistance (R), demonstrated by the formula.

 P = Q X R  

Resistance is a function of the length and radius as shown by the formula R = 8n 
L/IIr4, where n is the coefficient of viscosity, L is the length of the vessel, and r is the 
radius. The pathophysiology of portal hypertension is explained in Figure 1.

4.1 Etiology of portal hypertension

Various etiologies of portal hypertension can be enumerated as:
Prehepatic
Splenic vein thrombosis
Portal vein thrombosis
Congenital portal vein stenosis
Cavernomatosis of the portal vein
Arteriovenous fistula
Tropical splenomegaly
Intrahepatic
Presinusoidal: Schistosomiasis
Sarcoidosis
Primary Biliary Cirrhosis (Early)
Chronic active hepatitis
Congenital hepatic fibrosis
Hepatic artery portal vein fistula
Porto-sclerosis
Drugs
Arsenic, copper sulfate and Vinyl chloride poisoning.
Amyloidosis
Tuberculosis
Wilsons disease
Hemochromatosis
Mastocytosis
Sinusoidal: Acute alcoholic Hepatitis
Liver cirrhosis independent of etiology
Amyloidosis
Partial nodular transformation
Nodular regenerative hyperplasia
Hypervitaminosis A
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Cytotoxic drugs
Acute fatty liver of pregnancy
Peliosis hepatitis
Polycystic liver disease
Idiopathic portal hypertension
Metastatic malignant disease
Post-sinusoidal: Veno-occlusive disease
Alcoholic central hyaline sclerosis
Post-hepatic
Budd-Chiari syndrome
Congenital malformations and thrombosis of the inferior vena cava
Constrictive pericarditis
Congenital heart diseases
Cardiomyopathy
Tricuspid valve diseases
Miscellaneous
Arteriovenous fistulas (splenic, aorto-mesenteric, aorto-portal, and hepatic 

artery-portal vein)
Formation of collateral circulation connects the portal blood vessels to systemic 

circulation, bypassing the liver and leading to portal hypertension [30]. Sometimes, 
when a pathological process causes occlusion of the splenic vein and the resultant 

Figure 1. 
Pathophysiology of portal hypertension.
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elevated splenic bed venous pressure causes formation of gastric varices which 
can lead to hematemesis it is called sinistral portal hypertension. Sinistral portal 
hypertension is a rare, less than 1%, but life-threatening cause of upper gastric 
bleeding. In fact, the name sinistral portal hypertension is a misnomer since portal 
pressure is usually within the normal range in these cases. Other names for sinistral 
portal hypertension are left sided portal hypertension, segmental, regional, local-
ized, compartmental, lineal, or spleno-portal hypertension [31–33]. It accounts for 
less than 5% of all patients with portal hypertension [33].

Chronic pancreatitis, pancreatic cancer, pancreatic cysts and neuroendocrine 
tumor are common causes of sinistral portal hypertension. Most involved ves-
sel in pancreatitis-related splanchnic vein thrombosis is splenic vein followed by 
portal vein and mesenteric vein. It is mainly related to pancreatic inflammation 
and compression by pancreatic pseudocyst [34]. Around 8% of patients of chronic 
pancreatitis experience splenic vein thrombosis, the majority do not experience any 
form of symptomatic GI bleeding [35]. They present with hypersplenism, abdomi-
nal pain and gastrointestinal bleeding. They should undergo gastroscopy evaluation 
in search of varices. Suspicion of this portal hypertension should be done when 
patient has gastric varices only in fundus with or without any aberrant liver func-
tions or features of liver cirrhosis with the presence of splenomegaly.

Iatrogenic splenic vein injury, ectopic spleen, colonic tumor infiltration, 
peri-renal abscess, post liver transplantation, Hodgkin’s disease, retro-peritoneal 
fibrosis, pancreatic transplantation, and spontaneous thrombus formation are 
among the less common causes of splenic vein thrombosis that can lead to left sided 
hypertension [31, 32].

5. Complications of portal hypertension

Patients with portal hypertension are usually asymptomatic until they develop 
complications. Complications of portal hypertension include:

1. Variceal hemorrhage

2. Portal hypertensive gastropathy (PHG)

3. Ascites

4. Spontaneous bacterial peritonitis

5. Hepatorenal syndrome (HRS)

6. Hepatic hydrothorax

7. Hepatopulmonary syndrome (HPS)

8. Porto-pulmonary hypertension (POPH)

9. Portal hypertensive colopathy

10. Cirrhotic cardiomyopathy

11. Portal Biliopathy
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5.1 Variceal hemorrhage

Bleeding occurs in 30%–40% of patients with cirrhosis and varices [36]. The inci-
dence of first variceal bleeding is about 12–15% per year in patients with cirrhosis and 
esophageal varices and mortality ranges from 17% - 57% in patients at first episode 
of variceal bleeding [37]. Carbonell et al. has also estimated mortality during the first 
episode of bleeding to be 15–20% but with Child Pugh C, it is around 30% [38].

The preventive measures advocated are beta blockers and endoscopic variceal 
ligation (EVL). Beta blockers provide protection against rebleeding after index 
hemorrhage while local obliteration of varices is done by EVL.

Nonselective beta blockers have been used daily in patients with cirrhosis and 
portal hypertension with varices either for primary or secondary prophylaxis. 
Recommended agents for primary prophylaxis of variceal hemorrhage are pro-
pranolol and nadolol [39, 40].

Secondary prophylaxis with nonspecific beta blocker (NSBB) has been shown to 
be effective in decreasing both the risk of recurrent bleeding and mortality [41, 42]. 
Without secondary prophylaxis, rebleeding occurs in approximately 60% to 70% of 
patients, usually within one to two years of the index hemorrhagic event [43]. Most 
used NSBB for secondary prophylaxis is propranolol but carvedilol can also be used. 
The decrease in HR at 6 weeks was significantly higher in carvedilol than proprano-
lol group (p = 0.036). The rebleeding at least once within 6 months was also higher 
in propranolol group than carvedilol group (32 vs. 22.7%) [44].

5.2 Portal hypertensive Gastropathy

It is the characteristic appearance which is a mosaic-like pattern or a diffuse, 
erythematous and reticular cobblestone pattern of gastric mucosa consisting of 
small polygonal areas, with or without superimposed red punctate lesions, >2 mm in 
diameter and a depressed white border [45–47]. PHG is classified as mild or severe.

Mild PHG has features like fine pink speckling (scarlatina-type rash), and 
mosaic pattern (snakeskin appearance) and Severe one has discrete red spots or 
diffuse hemorrhagic lesion [48].

The prevalence of PHG in Nepalese population with Chronic Liver Diseases 
(CLD) was 67 percent [49] though it varies significantly from 16 to 100 percentage 
[50]. Acute bleeding in PHG is estimated to occur in 2 to 12 percent [51].

5.3 Ascites

Patients with cirrhosis with portal hypertension may present with ascites leading 
to distension of abdomen and dyspnea. They will have flank fullness with dullness 
on examination. The grading of ascites as graded by International Club for Ascites 
are [52]:

• Grade 1 – Mild ascites detectable only by ultrasound examination

• Grade 2 – Moderate ascites manifested by moderate symmetrical distension of 
the abdomen

• Grade 3 – Large or gross ascites with marked abdominal distension

Ascites may range from mild to refractory. Mild to moderate ascites should 
be managed by modest salt restriction and combination of loop diuretics and 
potassium sparing diuretics.
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Ultrasonographic detection of mild ascites is either pelvic or perihepatic or 
peri splenic ascites, while moderate ascites is presence of pelvic and perihepatic 
and perisplenic ascites, and marked ascites is diffuse ascites in the peritoneal 
cavity [52].

Diuretics should be added in a stepwise fashion along with sodium restriction. 
Gross ascites should be treated with therapeutic paracentesis followed by colloid 
volume expansion, and diuretic therapy. Sometimes refractory ascites is managed 
by repeated large volume paracentesis or insertion of a transjugular intrahepatic 
portosystemic stent shunt (TIPS) [53].

5.4 Spontaneous bacterial peritonitis (SBP)

Spontaneous bacterial peritonitis occurs with a prevalence of 10–25% in cir-
rhotic patients with ascites [54]. It can be community acquired, health care associ-
ated or nosocomial.

Major pathogenic organisms are E. coli (24.3%), followed by Klebsiella pneu-
moniae (12.0%) and Enterococcus faecium (10.5%). Nosocomial SBP has significantly 
higher proportion of Enterococcus (27.7% vs. 6.1%, P < 0.001) than community 
acquired SBP. Nosocomial SBP has a poorer outcome than community acquired 
pneumonia (24.6% vs. 36.8%; P = 0.016). The independent predictors for 30-day 
mortality are nosocomial infection, Child-Pugh classification, hepatocellular 
carcinoma, renal failure and hepatic encephalopathy [54].

Suspicion of nosocomial SBP should be done in a patient with SBP with a 
history of ICU stay during the previous 3 months or on prophylactic antibiotics 
for infection or had antibiotic treatment during previous 3 months or had a recent 
intervention in the hospital setting. Resistance to 3rd generation cephalosporins and 
quinolones has been documented in 40–50% of such cases [55].

Recently, Elsadek et al. found that Patients with SBP (n = 60) have significantly 
higher serum PEC index than those with sterile ascites (n = 118) (41.0/31.2–93.0 
vs. 9.9/5.9–15.0, P < 0.001) and it distinguished culture positive cases significantly 
(P < 0.001) [56].

Diagnostic paracentesis should be performed in all patients who present with 
[57] (1) compatible signs or symptoms (abdominal pain and/or tenderness on 
palpation, fever, and chills); (2) impairment of the hepatic or renal function; (3) 
unexplained hepatic encephalopathy; (4) gastrointestinal bleeding.

SBP is diagnosed by polymorphonuclear cells ≥250 cells/mm3 in ascitic fluid 
in the absence of an intra-abdominal and surgically treatable source of infection. 
Other potential diagnostic methods are leukocyte esterase reagent strips (LERS), 
measurement of leukocyte-derived proteins such as granulocyte elastase and 
lactoferrin, detection of bacterial DNA using polymerase chain reaction (PCR) and 
detecting bacterial DNA in SBP ascites using in situ hybridization [57].

5.5 Hepatorenal syndrome (HRS)

HRS occurs in the setting of advanced cirrhosis and portal hypertension [58] 
with prevalence of 13–45 percentage [59]. It is characterized by peripheral arterial 
vasodilatation and intrarenal vasoconstriction with decrease in renal blood flow 
and renal dysfunction. The most recent proposed diagnostic criteria for HRS-AKI 
are as-.

Diagnostic Criteria for HRS-AKI [60].

• Cirrhosis with ascites; acute liver failure; acute-on-chronic liver failure
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• Increase in serum creatinine ≥0.3 mg/dl within 48 h or ≥ 50% from baseline 
value according to International Club of Ascites (ICA) consensus document 
and/or urinary output ≤0.5 ml/kg B.W. ≥ 6 h*

• No full or partial response, according to the ICA consensus, after at least 2 days 
of diuretic withdrawal and volume expansion with albumin. The recom-
mended dose of albumin is 1 gm/kg of body weight per day to a maximum of 
100 gm/day

• Absence of shock

• No current or recent treatment with nephrotoxic drugs

• Absence of parenchymal disease as indicated by proteinuria >500 mg/day, 
micro-hematuria (>50 red blood cells per high power field), urinary injury 
biomarkers (if available) and/or abnormal renal ultrasonography**.

• Suggestion of renal vasoconstriction with FENa of <0.2% (with levels <0.1% 
being highly predictive)

*The evaluation of this parameter requires a urinary catheter.
**This criterion would not be included in cases of known pre-existing struc-

tural chronic kidney disease (e. g. diabetic or hypertensive nephropathy). AKI, 
acute kidney injury; FENa, fractional excretion of sodium; HRS, hepatorenal 
syndrome.

Nowadays, HRS has been classified as HRS-AKI and HRS-NAKI. The diagnosis.
of HRS-NAKI has been proposed to be made in the context of CKD, or AKD that 

does not meet the criteria for AKI and lasts for <90 days.
HRS-AKD is defined as a percent increase in sCr <50% or as an eGFR <60 min/

ml per 1.73 m2 for <3 months with the fulfillment of the ICA criteria for HRS.
HRS-CKD defined as an eGFR <60 ml/min per 1.73 m2 for ≥3 months with the 

fulfillment of the ICA criteria.
Treatment can be done with terlipressin with albumin as medical treatment or 

with liver transplantation.

5.6 Hepatic hydrothorax

Hepatic hydrothorax (HH) is defined as the excessive (> 500 mL) accumulation 
of transudate fluid in the pleural cavity in patients with decompensated liver cirrho-
sis (LC) with exclusion of cardiopulmonary and pleural diseases [61]. It is present 
in 5–10% of cirrhotic patients. Right sided HH is common accounting for almost 
85% of cases followed by left sided (13%). The mechanism of HH is due to negative 
intrathoracic pressure and liver acting as piston which results the ascitic fluid to 
move from the peritoneal cavity into the pleural space through small defects located 
mainly on the right side of the diaphragmatic tendon [61, 62]. Huang et al. [63] 
classified diaphragmatic defects into four types: (1) Type 1 - no obvious defects; (2) 
Type 2 – blebs lying on the diaphragm; (3) Type 3 – broken defects (fenestrations) 
in the diaphragm; (4) Type 4 – multiple gaps in the diaphragm.

The diagnostic criteria [61] for HH are listed in Table 4.
The options for treatment for refractory HH are low sodium diet with therapeu-

tic thoracocentesis, pleurodesis, mesh repair of diaphragmatic defects, transjugular 
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intrahepatic portosystemic shunt (TIPS), pleuro-venous or peritoneo-venous 
shunting though liver transplantation is the definite therapy.

5.7 Hepato-pulmonary syndrome (HPS)

HPS is defined as a disorder in pulmonary oxygenation, caused by intrapulmonary.
vasodilatation and, less commonly, by pleural and pulmonary arteriovenous 

communications occurring in the clinical setting of portal hypertension. HPS has 
been reported in 10% of patients with chronic viral hepatitis in 15–23% of those 
with cirrhosis and in 28% of those with Budd-Chiari syndrome [64].

The diagnostic criteria for HPS are [64]:

1. Hypoxia with partial pressure of oxygen <80 mmHg or alveolar–arterial oxygen 
gradient ≥15 mmHg in ambient air (≥20 mmHg in patients older than 65 years).

2. Pulmonary vascular defect with positive findings on contrast-enhanced echo-
cardiography (i.e., microbubble opacification of the left heart chambers three 
to six cycles after right atrial passage) or abnormal uptake in the brain (>6%) 
with radioactive lung-perfusion scanning.

Spontaneous resolution of HPS is less likely and the definite treatment is liver 
transplantation however long-term oxygen therapy remains the most frequently 
recommended therapy for symptoms in patients with severe hypoxaemia. No estab-
lished medical therapy is found however some improvement in Pao2 with garlic has 
been seen [65].

5.8 Portopulmonary syndrome (POPH)

Vasoconstriction, vascular remodeling, and proliferative and thrombotic events 
within the pulmonary circulation lead to POPH. The presence of portal hyperten-
sion, hemodynamic measurements of mean pulmonary artery pressure > 25 mmHg 
at rest, mean pulmonary capillary wedge pressure < 15 mmHg, and pulmonary 
vascular resistance >240 dynes/cm−5 confirm POPH [66].

POPH is commonly diagnosed during fifth decade of life, 4–7 years after the 
presence of portal hypertension has been established [67]. Symptoms include 
dyspnea, fatigue, light headedness, and orthopnea in patients with liver cirrhosis 
or portal hypertension. Diuretics can be used for symptomatic control with close 
monitoring. Calcium channel blockers can worsen portal hypertension by causing 
mesenteric vasodilatation.

Criteria Values

Count of white blood cells in pleural fluid
Pleural effusion total protein level
Pleural effusion total protein/serum total protein ratio
Pleural effusion Lactate dehydrogenase (LDH)/serum LDH ratio
Pleural effusion albumin/serum albumin ratio
Pleural effusion bilirubin /serum bilirubin ratio
pH
Pleural effusion glucose level is equal to serum glucose
level

< 250/mm3

< 25 g/L
< 0.5
> 0.6
> 1.1
< 0.6
> 7.4

Table 4. 
The diagnostic criteria for hepatic hydrothorax.
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The options for treatment for refractory HH are low sodium diet with therapeu-

tic thoracocentesis, pleurodesis, mesh repair of diaphragmatic defects, transjugular 
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intrahepatic portosystemic shunt (TIPS), pleuro-venous or peritoneo-venous 
shunting though liver transplantation is the definite therapy.

5.7 Hepato-pulmonary syndrome (HPS)

HPS is defined as a disorder in pulmonary oxygenation, caused by intrapulmonary.
vasodilatation and, less commonly, by pleural and pulmonary arteriovenous 

communications occurring in the clinical setting of portal hypertension. HPS has 
been reported in 10% of patients with chronic viral hepatitis in 15–23% of those 
with cirrhosis and in 28% of those with Budd-Chiari syndrome [64].

The diagnostic criteria for HPS are [64]:
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gradient ≥15 mmHg in ambient air (≥20 mmHg in patients older than 65 years).
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cardiography (i.e., microbubble opacification of the left heart chambers three 
to six cycles after right atrial passage) or abnormal uptake in the brain (>6%) 
with radioactive lung-perfusion scanning.

Spontaneous resolution of HPS is less likely and the definite treatment is liver 
transplantation however long-term oxygen therapy remains the most frequently 
recommended therapy for symptoms in patients with severe hypoxaemia. No estab-
lished medical therapy is found however some improvement in Pao2 with garlic has 
been seen [65].

5.8 Portopulmonary syndrome (POPH)

Vasoconstriction, vascular remodeling, and proliferative and thrombotic events 
within the pulmonary circulation lead to POPH. The presence of portal hyperten-
sion, hemodynamic measurements of mean pulmonary artery pressure > 25 mmHg 
at rest, mean pulmonary capillary wedge pressure < 15 mmHg, and pulmonary 
vascular resistance >240 dynes/cm−5 confirm POPH [66].

POPH is commonly diagnosed during fifth decade of life, 4–7 years after the 
presence of portal hypertension has been established [67]. Symptoms include 
dyspnea, fatigue, light headedness, and orthopnea in patients with liver cirrhosis 
or portal hypertension. Diuretics can be used for symptomatic control with close 
monitoring. Calcium channel blockers can worsen portal hypertension by causing 
mesenteric vasodilatation.

Criteria Values

Count of white blood cells in pleural fluid
Pleural effusion total protein level
Pleural effusion total protein/serum total protein ratio
Pleural effusion Lactate dehydrogenase (LDH)/serum LDH ratio
Pleural effusion albumin/serum albumin ratio
Pleural effusion bilirubin /serum bilirubin ratio
pH
Pleural effusion glucose level is equal to serum glucose
level

< 250/mm3

< 25 g/L
< 0.5
> 0.6
> 1.1
< 0.6
> 7.4

Table 4. 
The diagnostic criteria for hepatic hydrothorax.
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5.9 Portal hypertensive colopathy

Severe portal hypertension can cause lower gastrointestinal bleeding and cause 
anemia. Portal hypertensive colopathy has been defined endoscopically in patients 
with vascular ectasia, redness, and blue vein. Vascular ectasia is classified into two 
types: type 1, solitary vascular ectasia; and type 2, diffuse vascular ectasia. Overall 
portal hypertensive colopathy is found in 2/3rd of the cirrhotic patients including 
solitary vascular ectasia in 36%, diffuse vascular ectasia in 42%, red ness in 21% 
and blue vein in 12 percent [68]. Worsening of Child Pugh class and decrease in 
platelet count increases prevalence of portal hypertensive colopathy in patients with 
liver cirrhosis warranting colonoscopy to prevent lower gastrointestinal bleeding.

5.10 Cirrhotic cardiomyopathy

The diagnostic criteria of cirrhotic cardiomyopathy [69] are enumerated in 
Table 5. Decreased cardiac responsiveness (chronotropic and inotropic incompe-
tence) through the defect in cardiac β-adrenergic receptor signaling is the main 
mechanism for systolic dysfunction in cirrhotic cardiomyopathy. The presence of 
cardiodepressant substances such as nitric oxide (NO) and carbon monoxide (CO) 
and endogenous cannabinoids also play role [70, 71]. Potential mechanisms for 
diastolic dysfunction are alteration in collagen configuration, sodium retention and 
activation of renin angiotensin aldosterone System (RAAS) [72].

Salt and fluid restriction, diuretics and afterload reduction are the aspects of 
treatment in cirrhotic cardiomyopathy. Compared with non-cirrhotics the benefit 
of β-blockers in cirrhotic heart failure is not clear. The use of non-selective β-blocker 
has been shown to reduce prolonged QT interval toward normal values in patients 
with cirrhosis along with some beneficial effect in improving electromechanical 
uncoupling [73]. Possible cure for cirrhotic cardiomyopathy is liver transplantation.

5.11 Portal biliopathy

Presence of biliary abnormalities in patients with non-cirrhotic/non-neoplastic 
extrahepatic portal vein obstruction (EHPVO) and portal cavernoma (PC) is called 

Systolic dysfunction Resting ejection fraction <55%

Blunted increase in cardiac output with exercise or pharmacological stimuli

Diastolic dysfunction Early diastolic atrial filling (E/A ratio) < 1.0 (age corrected)

Deceleration time (DT) > 200 ms

Prolonged isovolumetric relaxation time > 80 ms

Supportive criteria Electrophysiological abnormalities (prolongation of QT)

Abnormal chronotropic response

Electromechanical uncoupling

Enlarged left atrium

Increased myocardial mass

Increased brain natriuretic peptide or pro-peptide

Increased troponin I

Table 5. 
Diagnostic criteria for cirrhotic cardiomyopathy.
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portal biliopathy. Compression of bile ducts by PC and/or to ischemic damage sec-
ondary to an altered biliary vascularization in EHPVO and PC leads to contribution 
of this complication.

Normally, epicholedochal venous plexus of Saint and the paracholedochal plexus 
of Petren, whose normal diameter does not exceed 1 mm, are responsible for the 
venous drainage of the biliary tree. Dilation of plexus of Saint causes fine irregulari-
ties in biliary walls while dilation of plexus of Petren causes extrinsic compression in 
chronic portal vein obstruction. Patients present with jaundice, cholangitis, cholecys-
titis, abdominal pain, and cholelithiasis. Around 5%–38% of patients develop biliary 
symptoms [74]. Dhiman et al. [75] identified four stages in PB progression (Table 6).

On the aspect of treatment, surgical porto-systemic shunt or transjugular 
intrahepatic porto-systemic shunt can be performed, and treatment on the biliary 
stenosis includes endoscopic (Endoscopic retrograde cholangiopancreatography 
with endoscopic sphincterotomy, balloon dilation, stone extraction, stent place-
ment) and surgical (bilioenteric anastomosis, cholecystectomy) approaches are 
used for decompression of portal cavernoma.

6. Future perspectives

Besides different surgeries with portosystemic shunting, there are newer drugs 
developed for reduction of portal pressure. Few drugs which have been seen to be 
beneficial are:

6.1 Farnesoid X receptor (FXR) agonists

Obeticholic acid (OCA), a semisynthetic FXR agonist tested in preclinical 
models of cirrhosis has shown beneficial effects as transcriptional modulator on PH 
by reducing the intrahepatic vascular resistance (IHVR) [76].

6.2 Statins

Statins have antioxidative, antiproliferative and anti-inflammatory effects, and 
can improve endothelial dysfunction [77].

They have shown strong hepatosinusoidal protective effects in preclinical 
models of chronic liver diseases, ultimately leading to reduction in portal pressure 
[78, 79]. Simvastatin has shown beneficial effects when administered alone or 
combined with beta blockers [80, 81].

Stage Portal 
cavernoma

Biliopathy Liver 
function 
tests

Symptoms Complications

Preclinic Yes No Normal No No

Asymptomatic Yes Early 
changes

Normal or 
abnormal

No No

Symptomatic Yes Advanced 
changes

Abnormal yes No

Complicated Yes Advanced 
changes

Abnormal Yes Yes

Table 6. 
Characteristics of four stages in portal biliopathy natural history.
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6.3 Anti-apoptotic drugs

Emricasan has been seen to improve portal pressure and IHVR compared with 
vehicle-treated rats, in addition to improved liver function and microcirculation, 
and finally with improved liver sinusoidal endothelial cell (LSEC) and hepatic stel-
late cells (HSC) phenotype and reduced inflammation [82].

6.4 Anticoagulants

Rivaroxaban, direct inhibitor of factor Xa has been shown to reduce liver 
microthrombosis, HSC activation and portal pressure in experimental models of 
cirrhosis [83].

6.5 Antidiabetic drugs

Liraglutide has shown antifibrotic effects in NASH patients, thus with high 
probabilities of success as a treatment for portal hypertension and chronic liver 
disease [84]. Metformin has shown to improve liver hemodynamic and fibrosis by a 
reduction in inflammation and oxidative stress [85].

6.6 Anti-inflammatory agents

Anti-inflammatory drugs such as rapamycin have reduced portal pressure in rats 
with Portal hypertension due to its intrahepatic and extrahepatic effects [86, 87].

6.7 Taurine

Taurine has pleiotropic effects. A small cohort of patients with clinically signifi-
cant PH (HVPG >12 mmHg) has reported reduction in portal pressure [88]. Thus, 
consumption of low carbonated ‘energy drinks’ rich in taurine may have a positive 
impact in portal hypertension.

7. Conclusion

Portal Hypertension is responsible for many complications in liver cirrhosis. 
Reduction of portal pressure decreases the rate of complications in advanced liver dis-
eases. This can improve the quality of life and increase the survival of such patients.
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Chapter 2

Pediatric Portal Hypertension
Reda A. Zbaida

Abstract

Portal hypertension is increased intravascular pressure of the portal vein. The 
prevalence of causes in children is different from adults ones. The commonest 
cause of pediatric portal hypertension is the extra-hepatic portal hypertension, 
comparing with an adult where liver cirrhosis is the comments cause. Also, 
taking into consideration, the fundamental physiological differences between 
the two age groups. These elements are making the attempt to extrapolate the 
adult guidelines to the pediatric age group unpractical. On the other hand, the 
limitation of well-designed studies in the pediatric age group makes reaching 
a consensus about the safety and efficiency of primary prophylaxis of variceal 
bleeding difficult. In contrast, there were enough data to recommend the 
secondary prophylaxis of variceal bleeding and the safety and efficiency of 
Meso-Rex shunt for portal hypertension have been confirmed. These indicate 
the necessity of further studies to reach a complete algorithm of guidelines for 
pediatric portal hypertension.

Keywords: portal hypertension, children, esophageal varices, variceal bleeding, 
selective shunts, non-selective shunts

1. Introduction

The portal hypertension is caused by an increased resistance to venous flow in 
portal vein. Which leads to an increase to pressure in the portal circulation. It is a 
result of chronic liver disease, obstruction of portal vein, or portosystemic shunt, 
which leads to hyperdynamic circulation.

The normal hepatic venous pressure gradient (HVPG) correlates with normal 
portal pressure which is 1–4 mm Hg. A pressure gradient of more than 10 mm 
Hg links to esophageal varices. The pressure 12 mm Hg predicts the risk of active 
bleeding. [1]

The most common complication of pediatric portal hypertension is acute 
variceal bleeding. The grading system of the Japanese Research Society for Portal 
Hypertension of esophageal varices is as follows: grade 1: flattened by insuffla-
tion, grade 2: not flattened by insufflation but is not circumferential, grade 3: not 
 flattened and is circumferential. [2]

2. Embryology

The three main venous embryo systems will be recognizable by the end of the 
3rd week of gestation.
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They include (1) the 2 cardinal veins which drain the embryo blood (intra-
embryonic system). To the sinus venosus (primitive atrium). The other two are 
extraembryonic systems, one of them transports the blood from the yolk sac to the 
heart (sinus venosus) which is called (2) the vitelline veins (two pairs). Finally, 
(3) the 2 umbilical veins transport the oxygenated blood from the placenta to the 
embryo’s heart. [3]

The hepatic bud starts branching off from the caudal end of the foregut, which 
expands into the transversum septum (Mesenchymal tissue in the pericardiac area). 
The cephalic part of the hepatic bud will eventually form the liver. And the caudal 
part will form the biliary tree and the gall bladder. During liver development, the 
primitive liver tissue in the transversum septum is in close contact with the two 
extraembryonic venous systems (Figure 1).

Figure 1. 
Schematic drawing represents the relation between the primitive hepatic bud and the major fetal venous 
systems. (Courtesy of Collardeau-Frachon and Scoazec et al. [4]. All the rights reserved).
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The portal circulation of the liver develops between the 4th and 6th weeks, 
which is the result of a complex interaction between a primitive liver and a pair of 
vitelline veins and umbilical veins.

Initially, the vitelline veins form 4 sites of anastomoses between each other in 
their way to the sinus venosus, which are the caudal-ventral anastomosis, middle 
dorsal (they named according to their relation to the foregut), subhepatic, and 
finally the subdiaphragmatic anastomosis.

A net of smaller anastomoses between the right and the left vitelline veins 
extend in the area between the subdiaphragmatic and the subhepatic anastomoses 
in the same site where the hepatic bud will proliferate and develop to form the liver 
(the caudal part of the septum transversum). Synchronously, the umbilical veins 
in their way to the sinus venosus each vein are divided into 2 branches. One runs 
in parallel to the primitive liver and the other one ends in the liver parenchyma. 
The right umbilical vein and its branches atrophy in the 4th week. Also, the direct 
branch to the sinus venosus disappears in the same period. But the left branch of the 
umbilical vein to the liver parenchyma persists. It increases in size gradually inside 
liver parenchyma till communicates with the left end of the subhepatic anastomosis 
of the vitelline veins. That is known as a portal sinus. So, all the oxygenated blood is 
conveyed to the liver via the left umbilical vein. Due to massive blood influx to the 
liver, one of the anastomosing veins between the subhepatic and subdiaphragmatic 
anastomoses increases in size tremendously (Ductus venosus) to accommodate the 
oxygenated blood from the portal sinus to sinus venosus via a subdiaphragmatic 
anastomosis. [4]

The future portal vein is formed of the inferior section of the left vitelline vein, 
middle dorsal anastomosis, and the superior section of the right vitelline vein. By 
end of this process in the 6th week, the S-shape portal vein starts to appear. By this, 
the definitive fetal portal circulation is formed. [4]

The next major event happens at birth when the umbilical blood flow ceases. 
Subsequently, intravascular pressure in the umbilical vein and the ductus venosus 
drop and obliterating of these veins start within minutes after birth, which usually 
takes 15–20 days for complete closure. [3]

3. Anatomy and collateral circulation

The portal vein is formed by the union of the superior mesenteric and the 
splenic veins behind the neck of the pancreas. It passes behind the first part of 
the duodenum, then it runs in the free edge of the lesser momentum posterior to the 
common bile duct (on the right side) and hepatic artery proper (on the left side) up 
to the porta hepatis where it divides into right and the left portal veins. Both main 
branches continue breaking down up to the sinusoids.

There is a specific pattern of the breakdown of the portal vein, the biliary duct, 
and hepatic arteries within the liver parenchyma, which does not correlate with the 
liver surface anatomy.

The Cantlie’s line extends from the inferior vena cava to the fundus of the gall 
bladder, which divides the liver into right and left lobes. Cantlie’s line represents the 
true surgical division of the liver into right and left lobes. [5]

The description of further portal triad breakdowns and its correlation with 
hepatic veins is delineated by a French surgeon and anatomist “Claude Couinaud”, 
depending on his framework that every half further divides into sectors, and a 
hepatic sector according to Couinaud system (Figure 2) is a region bounded by 2 
hepatic veins or a hepatic vein and the hepatic edge. And the segment in the region 
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of the liver that has an independent portal triad (separate branches from the portal 
vein, the hepatic artery, and the biliary duct) supplies it. These anatomical facts 
guide the hepatobiliary surgeons to execute the hepatectomy (right or left) and 
segmentectomy precisely. [7]

The location of the Rex recess has an important surgical application in  pediatric 
portal hypertension. That is where a branch from the left portal branch lies in the 
porto-umbilical fissure between the left lateral sector (segments II, III) and the left 
medial sector (segment IV). In intrauterine life, the left portal branch in the recess 
of Rex was communicating with the left umbilical vein. The fibrous remnant of the 
left umbilical postnatally known as ligamentous teres can be used as a reliable ana-
tomical landmark for the recess of the Rex, which is surgically accessible and con-
necting it to the mesenteric vessel (superior mesenteric vein) via graft to bypass 
the portal occlusion and avoid the cavernoma, which is a net of collaterals formed 
after the portal obstruction in the area of porta hepatis. A portal vein occlusion is 
the commonest cause of portal hypertension in the  pediatric age group.

Another important anatomical aspect of portal hypertension is the collateral 
anastomoses [8] between the portal and systemic circulations. Under normal 
circumstances, the mesenteric vein returns to the liver via the portal vein, then 
to the inferior vena cava (systemic circulation) via the hepatic veins to reach 
finally, the right atrium of the heart. This normal pathway would be interrupted in 
portal hypertension where the resistance to blood flow in the portal circulation is 
increased. This forces the blood to use the porto-systemic anastomoses as alterna-
tive pathways to reach the systemic circulation, which are negligible in normal 
situations. But in portal hypertension, these anastomoses increase in size with the 
increased potentiality of hemorrhage (ex: esophageal varices).

These anastomoses are as follows:

• The esophageal branches of the left gastric vein (a tributary of the portal cir-
culation) anastomose with esophageal branches of hemiazygos vein (systemic 
circulation).

Figure 2. 
Drawing represents the Couinaud system and the relation of left portal vein to ligamentous teres in the 
umbilical fissure. (Courtesy of John E. Skandalakis et al. [6], All rights reserved).
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• The anastomosis between the superior rectal vein (portal circulation) with the 
middle and inferior rectal veins (systemic circulation) in the anal canal.

• Paraumbilical anastomoses (caput medusa) are the communication between 
tributaries of portal vein which run in the falciform with the superficial veins 
of the anterior abdominal wall.

• The communications between veins of ascending colon, descending colon, 
and duodenum (portal circulation) with the left renal vein (systemic 
circulation).

• The veins of Retzius connect retroperitoneally between tributaries of inferior 
vena cava and tributaries of the superior and inferior mesenteric veins.

• The accessory portal system of sappey is a set of diaphragmatic veins connect-
ing the portal system to the systemic system.

4. Causes

The spectrum of causes is arranged in the pre-hepatic, the hepatic, and the post-
hepatic lesions.

• Pre-hepatic lesions: Extra-hepatic portal vein obstruction is the commonest 
cause of portal hypertension. The underlying cause of portal thrombosis is 
unidentifiable in most cases. [9] But it links to the predisposing factors. They 
are an injury to the portal vein in the cannulation of the umbilical vein, dehy-
dration, abdominal sepsis, omphalitis, and hypercoagulable state. Another 
factor is the extra-mural compression like enlarged lymph node due to inflam-
mation or malignancy. [10]

The portosystemic shunt is another cause of portal hypertension which can be 
surgical or iatrogenic cause or congenital shunts. Lautz et al. proposed a clas-
sification for congenital portosystemic shunts which divide them into 2 types. 
Type I with no intrahepatic portal venous flow. Type II with some intrahepatic 
portal venous flow. [11]

• Hepatic lesions: Hepatic cellular injury of any cause (e.g. Biliary atresia, 
Schistosomiasis) stimulates collagen deposition via activated stellate cells, 
which leads to an increase resistance to venous outflow. [12]

• Post-hepatic lesions: They include the hepatic veno-occlusive disease. [13] 
Busulfan containing regimes use for a bone marrow ablation in the bone 
marrow transplant considered are risk factors for hepatic veno-occlusive 
disease, because of hepatic and endothelial cellular injuries, which cause 
hepatic venules obstruction leading to venous congestion and eventually, to 
portal hypertension. Budd-Chiari syndrome is another cause of post-hepatic 
obstruction. Although it is uncommon in the pediatric age group, Budd-Chiari 
syndrome does occur in children. The level of obstruction can be at any level 
from the hepatic veins up to the level of the aortocaval junction. The most 
underlying cause of Budd-Chiari syndrome in children is the hypercoagulable 
state (Protein C, S deficiency, antithrombin III deficiency). [14]
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5. Clinical presentations

How the pediatric patient with portal hypertension is presented depends on 2 
essential factors: (1) the site of the obstruction (2) whether the patient has liver 
cirrhosis or not.

• Upper GI bleeding: It is a frightening and common presenting symptom of 
portal hypertension in the pediatric age group. About 70% of the extra-hepatic 
portal hypertension cases present with upper GI bleeding, which is the com-
mon cause of pediatric portal hypertension presented. [10] But since the liver 
parenchyma and functions are preserved for decades in the extra-hepatic 
portal hypertension at the time of the presentation almost all the patients 
have a normal liver function. For this reason, most of these patients recovered 
without serious complications with a low mortality rate. This is true for all 
patients with compensated liver function presented with upper GI bleed-
ing. Unfortunately, this is not the case for patients with decompensated liver 
disease (cirrhosis). Mathieu Duche et al. in their study reported that 1/5 of 
patients with cirrhosis developed life-threatening complications after upper GI 
bleeds. [15]

• Portal hypertensive gastropathy: It is gastric lesions related to portal hypertensive 
disease. It ranges from erythema to diffuse gastritis. It is an occasional cause of 
upper GI bleeding. But it most commonly causes iron deficiency anemia due to 
chronic blood loss, which also may manifest as melena. [16]

• Splenomegaly and hypersplenism: Splenomegaly alone could be the presenting 
symptom in the extra-hepatic portal hypertension, in this scenario usually 
there are no other hepatic signs and symptoms, which necessitates excluding 
hematologic causes. If the patient has cirrhosis, the signs, and symptoms of 
liver disease (e.g. spider naevi, jaundice, ascites) will be presented with spleno-
megaly. Splenomegaly imposes a significant risk in adolescent patients due to the 
type of sports and activities involved in this age group. It may lead to a spleen 
rupture and catastrophic bleeding. Splenectomy may be the only option in 
these patients, who do not complaint about avoiding contact sports. Also, these 
patients may develop hypersplenism (splenomegaly, with thrombocytopenia 
and leukopenia). [17] Although the hepatomegaly is not common in pediatric 
portal hypertension. But it could be associated with Budd-Chiari syndrome 
and congenital hepatic fibrosis. [14, 18]

• Encephalopathy: It is a known complication of liver cirrhosis. But it can be associ-
ated with normal liver function in the extra-hepatic portal hypertension patients 
caused by port-systemic shunts, whether it is congenital or systemic shunts. It 
could be manifested as learning difficulties and behavior abnormalities. [19]

• Pulmonary related disorders: Pulmonary hypertension is associated with portal 
hypertension with or without liver disease. [20] It is caused by increased 
vascular resistance due to pulmonary vasoconstriction as a result of shunting 
vasoactive substance to the systemic circulation whether is due to prehepatic 
shunting or inability of the liver to process the proteins (liver cirrhosis). And 
the hepatopulmonary syndrome is the contrast to pulmonary hypertension, which 
present with dyspnea and hypoxia resulting from pulmonary arteriovenous 
shunting and partial oxygenation of the blood due to massive capillary dilation 
as a response to vasodilators proteins bypassed to the systemic circulation. [21]
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Patients with portal hypertension may present with signs of liver disease if the 
underlying cause of portal hypertension is the damage of liver parenchyma. For 
example, Ascites develops due to 2 important factors: (1) protein synthesis failure 
in the liver which impairs the intravascular oncotic pressure (2) dilated abdominal 
vascular capillaries and lymphatic microcirculation as a result of the increased 
portal hydrostatic pressure. [22] Jaundice is another sign of decompensated liver 
function. It happens due to the inability of the liver to process the bilirubin as one 
product of hemoglobin breakdown. [23]

6. Work up

• Blood investigation:

• Complete blood count (CBC): It is useful to identify the presence of and type of 
anemia. Also, it is essential in the management of acute variceal bleeding. The 
presence of thrombocytopenia and leukopenia in portal hypertension investi-
gation usually indicate hypersplenism.

• Liver function test: It assesses the functionality of the liver. That will help to 
point toward the underlying cause of portal hypertension with help of other 
investigation modalities (see later). Low protein level (albumin) and pro-
longed coagulation profile indicate the impaired synthetic ability of the liver. 
The increased bilirubin level and hepatic enzymes indicate hepatocellular 
damage.

• Renal function test: It assesses dehydration especially in acute variceal bleeding, 
and impaired renal function test associated with liver diseases, like congenital 
hepatic fibrosis which linked to polycystic kidney disease.

Other investigations are requested according to the clinical status of the patients. 
Blood glucose will be low in decompensated liver cirrhosis and it is low in glycogen 
storage disease. Also, the ammonia level is indicated to confirm the diagnosis of 
encephalopathy. The coagulation screen in liver cirrhosis is prolonged. But in the 
extra-hepatic portal thrombosis, the coagulation profile shows secondary hyperco-
agulable abnormalities. [24] It will be reversed after the obstruction is overcomed.

• Endoscopy: It is an essential tool in portal hypertension management. It con-
firms the presence of varices in the esophagus and the stomach and identifies 
the cause of the upper GI bleeding whether from varices or other origins like 
hemorrhagic gastritis or Mallory-Weiss syndrome. Also, in cases of acute upper 
GI bleeding are not responsive to medical management, endoscopy offers an 
important therapeutic option to control the variceal bleeding whether via 
variceal banding or sclerotherapy. [25]

• Radiological modalities: The first radiological modality in use as part of the diag-
nosis armamentarium is an abdominal ultrasound with Doppler. It provides a 
lot of important and useful information, which include the size, echogenicity 
of the liver, and presence of the cysts or nodules. It also delineates the status of 
the intra and extra biliary tree, the patency of the portal vein, and the presence 
of the cavernoma in the porta hepatis. The size and echogenicity of the spleen 
are demonstrated in the abdominal ultrasound. And by assessing the vascular-
ity of the abdomen it can provide valuable information for the surgical team 
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5. Clinical presentations

How the pediatric patient with portal hypertension is presented depends on 2 
essential factors: (1) the site of the obstruction (2) whether the patient has liver 
cirrhosis or not.

• Upper GI bleeding: It is a frightening and common presenting symptom of 
portal hypertension in the pediatric age group. About 70% of the extra-hepatic 
portal hypertension cases present with upper GI bleeding, which is the com-
mon cause of pediatric portal hypertension presented. [10] But since the liver 
parenchyma and functions are preserved for decades in the extra-hepatic 
portal hypertension at the time of the presentation almost all the patients 
have a normal liver function. For this reason, most of these patients recovered 
without serious complications with a low mortality rate. This is true for all 
patients with compensated liver function presented with upper GI bleed-
ing. Unfortunately, this is not the case for patients with decompensated liver 
disease (cirrhosis). Mathieu Duche et al. in their study reported that 1/5 of 
patients with cirrhosis developed life-threatening complications after upper GI 
bleeds. [15]

• Portal hypertensive gastropathy: It is gastric lesions related to portal hypertensive 
disease. It ranges from erythema to diffuse gastritis. It is an occasional cause of 
upper GI bleeding. But it most commonly causes iron deficiency anemia due to 
chronic blood loss, which also may manifest as melena. [16]

• Splenomegaly and hypersplenism: Splenomegaly alone could be the presenting 
symptom in the extra-hepatic portal hypertension, in this scenario usually 
there are no other hepatic signs and symptoms, which necessitates excluding 
hematologic causes. If the patient has cirrhosis, the signs, and symptoms of 
liver disease (e.g. spider naevi, jaundice, ascites) will be presented with spleno-
megaly. Splenomegaly imposes a significant risk in adolescent patients due to the 
type of sports and activities involved in this age group. It may lead to a spleen 
rupture and catastrophic bleeding. Splenectomy may be the only option in 
these patients, who do not complaint about avoiding contact sports. Also, these 
patients may develop hypersplenism (splenomegaly, with thrombocytopenia 
and leukopenia). [17] Although the hepatomegaly is not common in pediatric 
portal hypertension. But it could be associated with Budd-Chiari syndrome 
and congenital hepatic fibrosis. [14, 18]

• Encephalopathy: It is a known complication of liver cirrhosis. But it can be associ-
ated with normal liver function in the extra-hepatic portal hypertension patients 
caused by port-systemic shunts, whether it is congenital or systemic shunts. It 
could be manifested as learning difficulties and behavior abnormalities. [19]

• Pulmonary related disorders: Pulmonary hypertension is associated with portal 
hypertension with or without liver disease. [20] It is caused by increased 
vascular resistance due to pulmonary vasoconstriction as a result of shunting 
vasoactive substance to the systemic circulation whether is due to prehepatic 
shunting or inability of the liver to process the proteins (liver cirrhosis). And 
the hepatopulmonary syndrome is the contrast to pulmonary hypertension, which 
present with dyspnea and hypoxia resulting from pulmonary arteriovenous 
shunting and partial oxygenation of the blood due to massive capillary dilation 
as a response to vasodilators proteins bypassed to the systemic circulation. [21]
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such as the patency of the superior mesenteric, renal, and splenic veins. The 
neck Doppler ultrasound plays an important role in planning for surgical inter-
vention, by confirming the patency of Jugular veins. This allows using one of 
them as an autologous graft provided both veins are patent. [26] Furthermore, 
the distance between the veins can assess the possibility of shunting between 
them like the distance between the renal and the spleen veins to assess the 
possibility of the splenorenal shunting. It may also pick up the portosystemic 
shunting. But the computed tomography angiography and magnetic resonance 
angiography are more accurate to pick up such anomalies. The later radiological 
modalities are usually the second step in the work up to delineate the anatomy 
more accurately. Invasive radiological investigations are required in specific 
cases. For example, the wedged hepatic venography is required in the congeni-
tal porto-systemic shunts [27] and to check the patency of the left portal vein 
tributary in the Rex recess to assess the possibility of Rex shunt.

7. Management of acute variceal bleeding

The upper GI bleeding can be the first presenting symptom of pediatric portal 
hypertension, especially when the extra-hepatic portal vein thrombosis is the 
underlying cause of portal hypertension. The mortality risk from the first variceal 
bleeding is less than 1% in pediatric portal hypertension. [28] This is due to 2 facts. 
First, portal hypertension in children develops early in course of the pathology, 
which leads subsequently to early variceal formation in children who have well-
compensated liver function. Thus, the ability of the children’s recover is better 
comparing with adults (adult mortality rate ranging from 7 to 15%). Secondly, 
improved medical management reduce the mortality rate in all age groups. [12]

The management of acute variceal bleeding should start with securing the 
airway. Insertion 2 large cannulas withdraw the blood simultaneously for urgent 
investigations, which should include complete blood count, blood crossmatch, urea 
and electrolytes, liver function test, and blood clotting profile. The other blood tests 
as the medical situation are mandatory. [12]

The volume replacement should start as soon as possible with crystalloids and 
packed red blood cells aiming to maintain the hemoglobin at or above 7 g/dL. [25] 
This strategy prevents tissue hypoxia which reduces lactic acid accumulation in 
the tissues and blood. Therefore, blood acidosis becomes less likely. Eventually, the 
impairment of clotting factors (proteins) function also becomes less likely. This 
strategy hinders the slipping towards deleterious complications of disseminated 
intravascular coagulopathy. The insertion of the nasogastric tube is also benefi-
cial in observing the continuity of the bleeding and evacuating the blood of the 
stomach. Evacuation of the blood from the stomach has significant importance in 
cirrhotic patients to prevent encephalopathy. The octreotide is a synthetic analogue 
of somatostatin, which reduces the portal venous inflow by constriction of the 
splanchnic arterioles via a direct effect on the arteriole smooth muscles. It is started 
as a bolus dose (1 mcg/kg) followed by infusion (1 mcg/kg/H) usually for 4–5 days, 
which is often followed endoscopy after controlling the bleeding. [29] The only 
accepted situations to use endoscopic sclerotherapy in children should be acute 
bleeding not responding to the medical management with technical difficulty to 
apply band and infant’s cases where there is no banding device available for them. 
There is a randomized trial showing the administration of erythromycin intra-
venously by 30 minutes before the endoscopy improves visibility and reduces the 
time of the procedure. [30] In a situation where medical management (including 
the endoscopy) fails to stop the bleeding, urgent shunt surgery or trans-jugular 
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intrahepatic portosystemic shunt (TIPS) should be performed. The optimal envi-
ronment for the management of these patients is the intensive care unit, where all 
the vital signs are monitored closely.

8. Primary prophylaxis

The primary prophylaxis aims to prevent the first variceal bleeding. The effi-
ciency of the primary prophylaxis is well established in adult by screening the 
portal hypertension patients and identify the high-risk elements for variceal bleed-
ing like the large size of varices (Grade 2,3), presence of the red wale on varices’ 
surface, and the severity of the liver disease. [31] Using the endoscopic banding 
and/or non-selective beta-blockers which act by decreasing the portal pressure via 
un-opposed action of alfa-receptor on the splanchnic arterioles and decreasing the 
cardiac output. Sclerotherapy is not recommended for primary prophylaxis because 
of increased mortality in one randomized study which is forced the discontinuity 
of this study. [32] Regarding the children, there is no consensus about the primary 
prophylaxis in the pediatric age group because there is no substantial data to decide 
which patients need screening and what are the predictive factors for variceal pres-
ence. [28] Some studies indicate that the presence of varices in children should be 
related to low albumin levels, increased size of the spleen, and thrombocytopenia. 
But there is a need for larger, well designed randomized studies to standardize 
these predictive factors for children. Also, the necessity for general anesthesia for 
endoscopic sessions in children is another worrying point. The deleterious effect 
of general anesthesia on the neurodevelopment of children is well documented. 
[33] And the recurrence of esophageal varices after eradication is common if the 
underlying cause of portal hypertension is not treated. There is increased incidence 
of gastric varices and portal hypertensive gastropathy after eradication of esopha-
geal varices. The same is true regarding the non-selective beta-blocker. There is no 
properly designed randomized study to assess the therapeutic doses and the safety 
of the drug in children [34]. Taking into account the mortality rate due to the first 
variceal bleeding is exceedingly low (1%). All these points together came against 
standardizing the primary prophylaxis in children. But in special circumstances, 
the primary prophylaxis in children is justifiable like the child living away from the 
medical facilities which may necessitate primary prophylaxis.

9. Secondary prophylaxis

The secondary prophylaxis is the prevention of recurrence of variceal bleeding 
after the first variceal bleeding. Secondary prophylaxis is recommended in children 
due to the high recurrence rate after the first bleeding and enough data supporting 
the efficiency and safety of endoscopic banding and superior to endoscopic sclero-
therapy therapy. As in the primary prophylaxis, no enough data support the safety 
and efficiency of non-selective beat-blockers. [28, 35]

10. Radiological intervention

TIPS refers to an establishment of intrahepatic portosystemic by inserting a 
stent (a communication) between the portal and hepatic veins. [36] It can be used 
in acute variceal bleeding uncontrolled by other means. Also, it is considered a good 
option for bridging to liver transplant for patients who have cirrhosis to improve the 
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severe symptoms (e.g. Massive ascites). In this scenario, TIPS is considered an ideal 
option by avoiding abdominal operation with subsequent adhesions and fibrosis, 
which makes the liver transplant operation much easier. [26]

This technique is considered as a non-selective shunt where most of the portal 
blood diverted to the systemic circulation which participates in encephalopathy. 
Also, TIPS has potential complications, which are shunt stenosis/thrombosis, bleed-
ing, and dislodge of the stent to the right atrium. [26, 34]

11. Surgical shunts

The type of surgery depends on the level of obstruction (pre-hepatic, hepatic. 
Post-hepatic).

Pre-hepatic portal vein thrombosis with suitable anatomy means a patent left 
portal vein in the umbilical fissure and the patent superior mesenteric vein. They 
connect via graft whether synthetic or autologous, but as a rule in pediatric surgery, 
the use of autologous graft is always preferred whenever it is possible due to the fact 
the graft grows with the child. The most used autologous graft is one of the internal 
jugular veins after making sure the contralateral one patent pre-operatively by 
doppler ultrasound. After the anastomosis has been established, the porto-systemic 
circulation is re-established. Another important point that the liver parenchyma in 
the extrahepatic portal thrombosis is preserved for a long time. Based on this fact 
the functionality of the liver is expected to recover after re-establishing the porto-
systemic circulation. Fortunately, the data of the surgical outcome confirms this 
concept. The secondary coagulation abnormalities, hepatopulmonary syndrome, 
liver adenomas, encephalopathy, and neurocognitive all will be reverted after 
successful Rex shunt. [37] And for the congenital portosystemic shunt the surgical 
ligation of the shunt when it is technically feasible. [27]

When the cause of portal hypertension is liver cirrhosis in the modern era the 
suitable option is a liver transplant. [38]

There are other surgical options for portal hypertension which are considered 
palliative rather than therapeutic: (1) Selective shunt: the technique is known as 
distal splenorenal shunt (Warren shunt). The principle of this technique is divert-
ing part of the portal circulation to the systemic circulation by dividing the splenic 
vein and anastomosing the distal end to the left renal vein. It helps to reduce gastro-
esophageal variceal pressure subsequently reducing the bleeding potentials. Also, 
hypersplenism and encephalopathy are improved. But the issue with this shunt is 
that with time the selective shunt becomes non-selective due to the formation of 
collaterals. [26]

(2) Non-selective shunt: its principle is based on diverting the whole portal 
circulation to systemic circulation by mobilization of the superior mesenteric vein 
and creation of side to side anastomosis with inferior vena cava or by used graft to 
connect the 2 veins whether synthetic or autologous grafts. This technique is not 
preferred in children because of the high-risk encephalopathy and deleterious effect 
on the cognitive ability of the children. [38]
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Sinusoidal Obstruction Syndrome
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Abstract

Sinusoidal obstructive syndrome (SOS) is a fibrous occlusive disease of hepatic 
sinusoids or hepatic venules. Small hepatic blood vessel damage, especially hepatic 
sinusoidal endothelial cell damage, is its main feature. Based on etiology, SOS is 
mainly classified into pyrrolidine alkaloids-related SOS, hematopoietic stem cell 
transplantation-related SOS, and SOS of unknown etiology. In recent years, the 
incidence of SOS has been increasing. However, due to the complexity of the etiol-
ogy, the lack of specificity in clinical manifestations, the difficulty of early diagno-
sis, and the limited treatment options, it often leads to poor treatment effects and 
even death. This chapter aims to analyze and organize the pathogenesis, pathologi-
cal characteristics, diagnosis, treatment, and prognosis of different types of SOS, to 
provide certain references for the prevention and treatment of the disease.

Keywords: sinusoidal obstructions syndrome, hepatic vascular endothelial injury, 
hepatic venous pressure gradient, nonportal cirrhosis, pyrrolidine alkaloids-related 
SOS, hematopoietic stem cell transplantation-related SOS

1. Introduction

Hepatic sinusoidal obstruction syndrome (SOS), formerly known as a hepatic 
veno-occlusive disease (HVOD), is an intrahepatic hepatic sinusoidal portal 
hypertension caused by obstruction of the hepatic sinusoidal outflow tract due to 
endothelial cell injury. The main features of SOS are luminal narrowing or occlu-
sion due to endothelial cell injury of the hepatic blood sinusoids, small hepatic 
veins, and interlobular veins. This causes intrahepatic stasis, hepatic injury and 
intrahepatic sinusoidal portal hypertension as a characteristic hepatic vasculogenic 
disease. Its clinical manifestations are mainly pain in the liver area, jaundice, ascites 
and hepatomegaly. The first cases were documented in South Africa in 1920 when 
cirrhosis was thought to be caused by groundsel poisoning [1]. In 1953, Hill et al. 
reported that more than 100 Jamaican children developed “Serous Hepatosis” from 
the consumption of Senecio (also known as groundsel) [2]. In 1954, Bras and Jelliffe  
et al. used the term hepatic veno-occlusive disease (HVOD) in their report [3]. 
Since then, with the recognition of HVOD, in 2002, Deleve et al. suggested that it 
would be more appropriately named SOS [4, 5], which is now generally accepted 
and adopted by scholars. The etiology of SOS is diverse, with different etiologies 
in China and Western countries. Depending on the etiology, it is mainly divided 
into hematopoietic stem cell transplantation-induced SOS (HSCT-SOS) and pyr-
rolidine alkaloids-induced SOS (PA-SOS). In the West, SOS is usually associated 
with myeloablative pretreatment before HSCT, and the incidence of HSCT-SOS 
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ranges from 5.3% to 13.7% [6], even up to 60% in pediatric high-risk populations 
[7–9], and is an important complication and major obstacle of HSCT. In China, on 
the other hand, SOS is usually associated with oral intake of plants containing PA, 
with 50.0% to 88.6% of SOS caused by the consumption of sedum Tusanqi [10]. 
In recent years, the incidence of SOS has been increasing, but the complex etiol-
ogy, lack of specificity of clinical manifestations, difficulties in early diagnosis and 
limited therapeutic means often lead to poor treatment outcomes and even death. 
The mortality rate of patients with multiple organ failure is greater than 80% [11]. 
However, the pathogenesis of the disease is not known. The existing guidelines 
are limited to “the SOS associated with hematopoietic stem cell transplantation 
in Western countries” and the “Nanjing criteria” developed by the Hepatobiliary 
Diseases Committee of the Chinese Society of Gastroenterology to diagnose and 
treatment of PA–HSOS [12, 13]. To this end, this section focuses on the research 
progress in the pathogenesis, clinical manifestations, diagnosis, treatment, progno-
sis, and preventive measures of SOS.

2. Etiology

2.1 Hematopoietic stem cell transplantation

HSCT is considered a major etiology of SOS in the West and is associated with 
high-dose chemotherapeutic drug pretreatment. Also, age, type of transplantation, 
secondary transplantation, cytokines produced by damaged tissues, endogenous 
microorganisms translocated by damaged mucosal barriers, immune factors, previ-
ous history of liver disease, systemic irradiation, local procoagulant status, and 
platelet adhesion are also risk factors for the development of HSCT-SOS [14–16].

2.2 Consumption of plants containing pyrrolidine alkaloids (PA)

In developing countries, such as China, Southeast Asian countries, and African 
countries, SOS is mainly caused by the consumption of plants containing PA. 
Plants containing PA are widely distributed around the world, and more than 300 
of the more than 6000 species of plants are known to contain PA. For example, 
senecio, Tusanqi, lily, retrorsine, comfrey, etc. [17]. Since Chinese herbal medicine 
is widely used in China, SOS is mainly caused by poisoning with Tusanqi [18, 19]. 
In 1980, Hou et al. [20] reported for the first time two clinical cases of SOS caused 
by the administration of Tusanqi in China, which attracted widespread attention 
of clinicians, and since then, cases of SOS caused by Tusanqi have been reported 
throughout the country. PA and its hydrolysis products are not toxic, but when they 
reach the liver, they are deoxygenated by cytochrome P450 enzyme (CYP) 3A to 
form pyrrole-like derivatives. This metabolite binds to DNA/RNA in hepatocytes, 
thus affecting protein synthesis and inhibiting cell division, which in turn causes 
severe damage to the liver [21].

2.3 After radiation and chemotherapy

In addition to the above two common types, it has also been reported that 
SOS is associated with chemotherapy and radiotherapy for solid tumors, such as 
chemotherapy with cyclophosphamide. Common SOS-related drugs are cyclophos-
phamide, busulfan, dacarbazine, 6-mercaptopurine, 6-thioguanine, dacarbazine, 
actinomycin D, gemtuzumab, melphalan, oxaliplatin, cytarabine, and uratan [21].
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2.4 After immune drug treatment

Recent reports say that SOS is associated with the use of immunosuppres-
sive drugs [22]. As in the case of treatment with immunosuppressive agents 
after orthotopic liver transplantation, immune dysregulation is a direct cause of 
induction of SOS. Thus the indications for immunosuppressive agents, includ-
ing azathioprine, also seem to be risk factors for SOS. This makes it difficult for 
researchers to establish the relationship between SOS and immunosuppression. 
Researchers believe that immune-related injury-induced damage is related to the 
pathogenesis of these rare lesions.

3. Pathological mechanism

The hepatic sinusoids are small vessels that constitute the hepatic microcircula-
tion and are composed of hepatic sinusoidal endothelial cells (SEC) while being 
restricted by hepatic stellate cells. Therefore, the permeability of hepatic sinusoids 
is large, which facilitates the exchange of substances between hepatocytes and 
blood flow. When SOS occurs sinusoidal endothelial cells are damaged and shed, 
then migrate to the central veins of the hepatic lobules, leading to the formation of 
centripetal non-thrombotic obstruction of the hepatic sinusoids and central veins. 
Subsequently, coupled with the accumulation of erythrocytes and non-cellular 
debris, the formation of thrombus is another important factor that disrupts hepatic 
microcirculation and increases hepatic vascular resistance. A cascade of actions 
and interactions, as well as activation of exo-clotting factors, oxidative stress, and 
altered vascular permeability, all contributes to varying degrees to the obstruc-
tion of normal blood flow and increased venous resistance. This ultimately leads 
to portal hypertension, hepatic dysfunction and ascites retention [23] (Figure 1). 
Damage to SEC is manifested by intracellular glutathione depletion, decreased 
nitric oxide, and increased expression of matrix metalloproteinase (MMP) and vas-
cular endothelial growth factor (VEGF). In addition to this, cytokines secreted by 
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ranges from 5.3% to 13.7% [6], even up to 60% in pediatric high-risk populations 
[7–9], and is an important complication and major obstacle of HSCT. In China, on 
the other hand, SOS is usually associated with oral intake of plants containing PA, 
with 50.0% to 88.6% of SOS caused by the consumption of sedum Tusanqi [10]. 
In recent years, the incidence of SOS has been increasing, but the complex etiol-
ogy, lack of specificity of clinical manifestations, difficulties in early diagnosis and 
limited therapeutic means often lead to poor treatment outcomes and even death. 
The mortality rate of patients with multiple organ failure is greater than 80% [11]. 
However, the pathogenesis of the disease is not known. The existing guidelines 
are limited to “the SOS associated with hematopoietic stem cell transplantation 
in Western countries” and the “Nanjing criteria” developed by the Hepatobiliary 
Diseases Committee of the Chinese Society of Gastroenterology to diagnose and 
treatment of PA–HSOS [12, 13]. To this end, this section focuses on the research 
progress in the pathogenesis, clinical manifestations, diagnosis, treatment, progno-
sis, and preventive measures of SOS.

2. Etiology

2.1 Hematopoietic stem cell transplantation

HSCT is considered a major etiology of SOS in the West and is associated with 
high-dose chemotherapeutic drug pretreatment. Also, age, type of transplantation, 
secondary transplantation, cytokines produced by damaged tissues, endogenous 
microorganisms translocated by damaged mucosal barriers, immune factors, previ-
ous history of liver disease, systemic irradiation, local procoagulant status, and 
platelet adhesion are also risk factors for the development of HSCT-SOS [14–16].

2.2 Consumption of plants containing pyrrolidine alkaloids (PA)

In developing countries, such as China, Southeast Asian countries, and African 
countries, SOS is mainly caused by the consumption of plants containing PA. 
Plants containing PA are widely distributed around the world, and more than 300 
of the more than 6000 species of plants are known to contain PA. For example, 
senecio, Tusanqi, lily, retrorsine, comfrey, etc. [17]. Since Chinese herbal medicine 
is widely used in China, SOS is mainly caused by poisoning with Tusanqi [18, 19]. 
In 1980, Hou et al. [20] reported for the first time two clinical cases of SOS caused 
by the administration of Tusanqi in China, which attracted widespread attention 
of clinicians, and since then, cases of SOS caused by Tusanqi have been reported 
throughout the country. PA and its hydrolysis products are not toxic, but when they 
reach the liver, they are deoxygenated by cytochrome P450 enzyme (CYP) 3A to 
form pyrrole-like derivatives. This metabolite binds to DNA/RNA in hepatocytes, 
thus affecting protein synthesis and inhibiting cell division, which in turn causes 
severe damage to the liver [21].

2.3 After radiation and chemotherapy

In addition to the above two common types, it has also been reported that 
SOS is associated with chemotherapy and radiotherapy for solid tumors, such as 
chemotherapy with cyclophosphamide. Common SOS-related drugs are cyclophos-
phamide, busulfan, dacarbazine, 6-mercaptopurine, 6-thioguanine, dacarbazine, 
actinomycin D, gemtuzumab, melphalan, oxaliplatin, cytarabine, and uratan [21].
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debris, the formation of thrombus is another important factor that disrupts hepatic 
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and interactions, as well as activation of exo-clotting factors, oxidative stress, and 
altered vascular permeability, all contributes to varying degrees to the obstruc-
tion of normal blood flow and increased venous resistance. This ultimately leads 
to portal hypertension, hepatic dysfunction and ascites retention [23] (Figure 1). 
Damage to SEC is manifested by intracellular glutathione depletion, decreased 
nitric oxide, and increased expression of matrix metalloproteinase (MMP) and vas-
cular endothelial growth factor (VEGF). In addition to this, cytokines secreted by 
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the damaged SEC lead to a weakened mucosal barrier between cells. This promotes 
the escape of erythrocytes, leukocytes, and platelets between hepatocytes and 
hepatic sinusoidal SEC, contributing to the initiation of inflammatory processes 
and thrombus formation [24, 25].

In HSCT-SOS, patients receiving high doses of toxic drugs (e.g., cyclophospha-
mide and leucovorin) during treatment are the cause of initial endothelial cell injury, 
which can lead to SOS, graft-versus-host disease (GVHD), capillary leak syndrome, 
implantation syndrome, and diffuse alveolar hemorrhage [26, 27]. In PA-SOS, the 
typical pathological changes are swelling, injury, and detachment of SEC in zone III 
of the hepatic acinus. The predominance of lesions in zone III of the hepatic acinus in 
PA-SOS is due to the abundance of CYP3A and the relative lack of glutathione (GSH) 
in this region. By constructing an animal model, Deleve et al. found that early dam-
age to the endothelium of the hepatic sinusoids and central veins occurred before the 
development of veno-occlusive lesions, and that coagulative necrosis of hepatocytes 
occurred later than endothelial damage [3]. Besides, Harb et al. found that bone mar-
row progenitor cells were able to replace endothelial cells and thus repair the injury, 
while monocrotaline was able to inhibit endothelial progenitor cells in the bone 
marrow and circulation [28]. Therefore, PA damage to bone marrow progenitor cells 
and thus inhibition of endothelial cell repair may be another important pathogenetic 
mechanism. When SOS occurs, the hepatic sinusoidal stasis and dilatation; hepatic 
cord compression and atrophy; hepatocyte degeneration and necrosis; and central 
small vein occlusion and fibrosis are seen under light microscopy [29].

4. Clinical presentation

The main symptoms of SOS are non-specific: with or without ascites, pain, 
hepatomegaly, and jaundice. Clinical manifestations range from very few symptoms 
to multi-organ failure leading to patient death. The clinical manifestations of HSCT-
SOS and PA-SOS differ in several aspects.

HSCT-SOS usually presents with abdominal distention, hepatomegaly, pain in 
the liver area, ascites, jaundice, loss of appetite, and weakness [30]. HSCT-SOS has 
a rapid onset, usually occurring within 21 d after bone marrow transplantation. 
And the proportion of seriously ill patients and mortality is high, most of them die 
from multi-organ dysfunction syndrome and sepsis [11]. A European multicenter 
study [6] graded SOS according to the severity of the disease: mild (about 8%) 
is self-limiting and recovers without special treatment; moderate (about 64%) 
recovers with aggressive treatment, and severe (about 28%) often leads to death 
because of progression, or no improvement after 100 d of treatment. In 2016, the 
European Society for Blood and Marrow Transplantation updated the HSCT-SOS 
scale, as shown in Table 1 [26]. Due to the marked differences in incidence, genetic 
susceptibility, clinical presentation, prevention, treatment, and outcome between 
age groups, the European Society for Blood and Marrow Transplantation proposed 
new criteria specifically for SOS/VOD in children in 2018, as shown in Table 2 [31].

PA-SOS mainly presents with abdominal distention and ascites [32], only about 
half of the patients present with hepatomegaly or jaundice, and a few patients have 
hepatoceles [33]. Most patients with PA-SOS have insignificant elevations in serum 
alanine aminotransferase, serum aspartate aminotransferase, alkaline phosphatase, 
γ-glutamyl transferase, and total bilirubin levels. PA-SOS occurs after a variable 
incubation period, which is usually about 30 d after drug administration and maybe 
up to several years. It can develop in both children and adults. In addition, PA-SOS 
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Mild Moderate Sever Very sever
-MOD/MOF

Time since first 
clinical symptoms of 
SOS/VOD

>7 Days 5–7 Days ⩽4 Days Any time

Bilirubin (mg/dL)
Bilirubin (μmol/L)

⩾2 and < 3
⩾34 and < 51

⩾3 and < 5
⩾51 and < 85

⩾5 and < 8
⩾85 and < 136

⩾8
⩾136

Bilirubin kinetics Doubling 
within 48 h

Transaminases ⩽2 × normal >2 and 
⩽5 × normal

45 and 
⩽8 × normal

48 × Normal

Weight increase < 5% ⩾5% and < 10% ⩾5% and < 10% ⩾10%

Renal function 
(baseline at 
transplant)

<1.2 ⩾ 1.2 and < 1.5 ⩾1.5 and < 2 ⩾2 or others signs 
of MOD/MOF

EBMT, European society for Blood and Marrow Transplantation; MDO, multi-organ dysfunction; MOF, multi-organ 
failure; SOS, sinusoidal obstruction syndrome; VOD, veno-occlusive disease.

Table 1. 
New EBMT criteria for severity grading of a suspected SOS/VOD in adults.

Mild Moderate Sever Very sever
-MOD/MOF

LFT (ALT, AST, 
GLDH)

⩽2 × normal >2 and 
⩽5 × normal

>5

Persistent RT < 3 days 3–7 days > 7 days

Bilirubin (mg/dL)
Bilirubin (μmol/L)

< 2
< 34

⩾ 2
⩾ 34

Ascites Minimal Moderate Necessity for paracentesis (external 
drainage)

Bilirubin kinetics Doubling within 48 h

Coagulation Normal Normal Impaired 
coagulation

Impaired coagulation 
with need for 

replacement of 
coagulation factors

Renal function 
GFR (mL/min)

89–60 59–30 29–15 <15(renal failure)

Pulmonary 
function (oxygen 
requirement)

< 2 L/min < 2 L/min Invasive pulmonary ventilation (including 
CPAP)

CNS Normal Normal Normal New onset cognitive 
impairment

EBMT, European society for Blood and Marrow Transplantation; ALT, alanine transaminase; AST, aspartate 
transaminase; CNS, central nervous system; CPAP, continuous positive airway pressure; CTCAE, Common 
Terminology Criteria for Adverse Events; GFR, glomerular filtration rate; GLDH, glutamate dehydrogenase; LFT, 
liver function test; MOD/MOF, multi-organ dysfunction/multi-organ failure; RT, refractory thrombocytopenia; 
SOS/VOD, sinusoidal obstruction syndrome/veno-occlusive disease.

Table 2. 
EBMT criteria for grading the severity of suspected hepatic SOS/VOD in children.
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the damaged SEC lead to a weakened mucosal barrier between cells. This promotes 
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which can lead to SOS, graft-versus-host disease (GVHD), capillary leak syndrome, 
implantation syndrome, and diffuse alveolar hemorrhage [26, 27]. In PA-SOS, the 
typical pathological changes are swelling, injury, and detachment of SEC in zone III 
of the hepatic acinus. The predominance of lesions in zone III of the hepatic acinus in 
PA-SOS is due to the abundance of CYP3A and the relative lack of glutathione (GSH) 
in this region. By constructing an animal model, Deleve et al. found that early dam-
age to the endothelium of the hepatic sinusoids and central veins occurred before the 
development of veno-occlusive lesions, and that coagulative necrosis of hepatocytes 
occurred later than endothelial damage [3]. Besides, Harb et al. found that bone mar-
row progenitor cells were able to replace endothelial cells and thus repair the injury, 
while monocrotaline was able to inhibit endothelial progenitor cells in the bone 
marrow and circulation [28]. Therefore, PA damage to bone marrow progenitor cells 
and thus inhibition of endothelial cell repair may be another important pathogenetic 
mechanism. When SOS occurs, the hepatic sinusoidal stasis and dilatation; hepatic 
cord compression and atrophy; hepatocyte degeneration and necrosis; and central 
small vein occlusion and fibrosis are seen under light microscopy [29].

4. Clinical presentation

The main symptoms of SOS are non-specific: with or without ascites, pain, 
hepatomegaly, and jaundice. Clinical manifestations range from very few symptoms 
to multi-organ failure leading to patient death. The clinical manifestations of HSCT-
SOS and PA-SOS differ in several aspects.

HSCT-SOS usually presents with abdominal distention, hepatomegaly, pain in 
the liver area, ascites, jaundice, loss of appetite, and weakness [30]. HSCT-SOS has 
a rapid onset, usually occurring within 21 d after bone marrow transplantation. 
And the proportion of seriously ill patients and mortality is high, most of them die 
from multi-organ dysfunction syndrome and sepsis [11]. A European multicenter 
study [6] graded SOS according to the severity of the disease: mild (about 8%) 
is self-limiting and recovers without special treatment; moderate (about 64%) 
recovers with aggressive treatment, and severe (about 28%) often leads to death 
because of progression, or no improvement after 100 d of treatment. In 2016, the 
European Society for Blood and Marrow Transplantation updated the HSCT-SOS 
scale, as shown in Table 1 [26]. Due to the marked differences in incidence, genetic 
susceptibility, clinical presentation, prevention, treatment, and outcome between 
age groups, the European Society for Blood and Marrow Transplantation proposed 
new criteria specifically for SOS/VOD in children in 2018, as shown in Table 2 [31].

PA-SOS mainly presents with abdominal distention and ascites [32], only about 
half of the patients present with hepatomegaly or jaundice, and a few patients have 
hepatoceles [33]. Most patients with PA-SOS have insignificant elevations in serum 
alanine aminotransferase, serum aspartate aminotransferase, alkaline phosphatase, 
γ-glutamyl transferase, and total bilirubin levels. PA-SOS occurs after a variable 
incubation period, which is usually about 30 d after drug administration and maybe 
up to several years. It can develop in both children and adults. In addition, PA-SOS 

43

Sinusoidal Obstruction Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.96370

Mild Moderate Sever Very sever
-MOD/MOF

Time since first 
clinical symptoms of 
SOS/VOD

>7 Days 5–7 Days ⩽4 Days Any time

Bilirubin (mg/dL)
Bilirubin (μmol/L)

⩾2 and < 3
⩾34 and < 51

⩾3 and < 5
⩾51 and < 85

⩾5 and < 8
⩾85 and < 136

⩾8
⩾136

Bilirubin kinetics Doubling 
within 48 h

Transaminases ⩽2 × normal >2 and 
⩽5 × normal

45 and 
⩽8 × normal

48 × Normal

Weight increase < 5% ⩾5% and < 10% ⩾5% and < 10% ⩾10%

Renal function 
(baseline at 
transplant)

<1.2 ⩾ 1.2 and < 1.5 ⩾1.5 and < 2 ⩾2 or others signs 
of MOD/MOF

EBMT, European society for Blood and Marrow Transplantation; MDO, multi-organ dysfunction; MOF, multi-organ 
failure; SOS, sinusoidal obstruction syndrome; VOD, veno-occlusive disease.

Table 1. 
New EBMT criteria for severity grading of a suspected SOS/VOD in adults.

Mild Moderate Sever Very sever
-MOD/MOF

LFT (ALT, AST, 
GLDH)

⩽2 × normal >2 and 
⩽5 × normal

>5

Persistent RT < 3 days 3–7 days > 7 days

Bilirubin (mg/dL)
Bilirubin (μmol/L)

< 2
< 34

⩾ 2
⩾ 34

Ascites Minimal Moderate Necessity for paracentesis (external 
drainage)

Bilirubin kinetics Doubling within 48 h

Coagulation Normal Normal Impaired 
coagulation

Impaired coagulation 
with need for 

replacement of 
coagulation factors

Renal function 
GFR (mL/min)

89–60 59–30 29–15 <15(renal failure)

Pulmonary 
function (oxygen 
requirement)

< 2 L/min < 2 L/min Invasive pulmonary ventilation (including 
CPAP)

CNS Normal Normal Normal New onset cognitive 
impairment

EBMT, European society for Blood and Marrow Transplantation; ALT, alanine transaminase; AST, aspartate 
transaminase; CNS, central nervous system; CPAP, continuous positive airway pressure; CTCAE, Common 
Terminology Criteria for Adverse Events; GFR, glomerular filtration rate; GLDH, glutamate dehydrogenase; LFT, 
liver function test; MOD/MOF, multi-organ dysfunction/multi-organ failure; RT, refractory thrombocytopenia; 
SOS/VOD, sinusoidal obstruction syndrome/veno-occlusive disease.

Table 2. 
EBMT criteria for grading the severity of suspected hepatic SOS/VOD in children.



Portal Hypertension - Recent Advances

44

has a lower rate of severe disease than HSCT-SOS [34, 35], and mortality is gener-
ally around 40%, with most deaths due to progressive liver failure and infection 
[36, 37]. Since PA-SOS is associated with extensive fibrosis in the central region 
of the lobules and histological examination shows venous-centered cirrhosis, it is 
difficult to distinguish from other causes of chronic lesions of cirrhosis.

5. Diagnosis

5.1 Symptoms and signs

Pain in the liver area, hepatomegaly, jaundice, ascites, and significant weight 
gain in a short period are more common.

5.2 Pathology

The biopsy is the gold standard for confirming the diagnosis of SOS. Liver 
histology is characterized by bruising of the liver tissue, dilatation of the hepatic 
sinusoids, swelling and damage to the endothelial cells of the hepatic sinusoids, 
and shedding. In particular, the thickening, fibrosis, luminal narrowing, and even 
occlusion of small hepatic veins are typical of the disease. However, hepatic stasis 
and swelling are associated with a high risk of puncture and can be falsely negative 
due to heterogeneous intrahepatic lesions.

5.3 Laboratory tests

Serum total bilirubin (TBil) or other liver functions (alanine aminotransferase, 
aspartate aminotransferase, total bile acids, and albumin).

5.4 Radiographic examinations

Ultrasonography shows a thin inner diameter of the hepatic vein (< 5 mm) with 
a smooth lining and luminal patency and a slowed flow velocity in the hepatic vein 
(< 20 cm/s). This is different from hepatic vein stenosis (Bard-Chiari syndrome). 
Also, the hepatic sinusoids and small venous lesions are not uniformly distributed 
within the liver in patients with SOS. As a result, areas of tissue bruising and 
necrosis may be distributed in a map-like fashion and appear on ultrasound images 
as heterogeneous intrahepatic echogenicity. Enhanced CT or MRI of the abdomen 
has diagnostic value, shows that the contrast in the portal and delayed phases is 
obstructed at the end of the portal branches and fails to enter the hepatic lobe 
segmental veins, resulting in unrepresented hepatic veins.

5.5 Hepatic venous pressure gradient measurement

The difference between free hepatic venous pressure and wedge pressure is the 
“hepatic venous pressure gradient (HVPG), measured by puncture of the internal 
jugular or femoral vein. When HVPG >5 mmHg, it indicates the presence of portal 
hypertension in cirrhosis. When HVPG >10 mmHg, the diagnostic specificity of 
SOS is 91%, and the chance of esophagogastric variceal bleeding and seroperito-
neum will be greatly increased. The internationally recognized diagnostic criteria 
for HSCT-SOS are Seattle criteria, Baltimore criteria [38], and pediatric criteria 
[31], and PA-SOS diagnosis is mainly based on Nanjing criteria [13]. Several 
accepted diagnostic criteria are listed in Table 3.
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has a lower rate of severe disease than HSCT-SOS [34, 35], and mortality is gener-
ally around 40%, with most deaths due to progressive liver failure and infection 
[36, 37]. Since PA-SOS is associated with extensive fibrosis in the central region 
of the lobules and histological examination shows venous-centered cirrhosis, it is 
difficult to distinguish from other causes of chronic lesions of cirrhosis.

5. Diagnosis

5.1 Symptoms and signs

Pain in the liver area, hepatomegaly, jaundice, ascites, and significant weight 
gain in a short period are more common.

5.2 Pathology

The biopsy is the gold standard for confirming the diagnosis of SOS. Liver 
histology is characterized by bruising of the liver tissue, dilatation of the hepatic 
sinusoids, swelling and damage to the endothelial cells of the hepatic sinusoids, 
and shedding. In particular, the thickening, fibrosis, luminal narrowing, and even 
occlusion of small hepatic veins are typical of the disease. However, hepatic stasis 
and swelling are associated with a high risk of puncture and can be falsely negative 
due to heterogeneous intrahepatic lesions.

5.3 Laboratory tests

Serum total bilirubin (TBil) or other liver functions (alanine aminotransferase, 
aspartate aminotransferase, total bile acids, and albumin).

5.4 Radiographic examinations

Ultrasonography shows a thin inner diameter of the hepatic vein (< 5 mm) with 
a smooth lining and luminal patency and a slowed flow velocity in the hepatic vein 
(< 20 cm/s). This is different from hepatic vein stenosis (Bard-Chiari syndrome). 
Also, the hepatic sinusoids and small venous lesions are not uniformly distributed 
within the liver in patients with SOS. As a result, areas of tissue bruising and 
necrosis may be distributed in a map-like fashion and appear on ultrasound images 
as heterogeneous intrahepatic echogenicity. Enhanced CT or MRI of the abdomen 
has diagnostic value, shows that the contrast in the portal and delayed phases is 
obstructed at the end of the portal branches and fails to enter the hepatic lobe 
segmental veins, resulting in unrepresented hepatic veins.

5.5 Hepatic venous pressure gradient measurement

The difference between free hepatic venous pressure and wedge pressure is the 
“hepatic venous pressure gradient (HVPG), measured by puncture of the internal 
jugular or femoral vein. When HVPG >5 mmHg, it indicates the presence of portal 
hypertension in cirrhosis. When HVPG >10 mmHg, the diagnostic specificity of 
SOS is 91%, and the chance of esophagogastric variceal bleeding and seroperito-
neum will be greatly increased. The internationally recognized diagnostic criteria 
for HSCT-SOS are Seattle criteria, Baltimore criteria [38], and pediatric criteria 
[31], and PA-SOS diagnosis is mainly based on Nanjing criteria [13]. Several 
accepted diagnostic criteria are listed in Table 3.

45

Sinusoidal Obstruction Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.96370

H
SC

T—
SO

S
PA

—
SO

S

Se
at

tle
 cr

ite
ri

a
Ba

lti
m

or
e c

ri
te

ri
a

cr
ite

ri
a f

or
 ch

ild
re

n
N

an
jin

g 
cr

ite
ri

a

2 
of

 th
e f

ol
lo

w
in

g 
3 

ite
m

s 
w

ith
in

 20
 d

 a
ft

er
 b

on
e 

m
ar

ro
w

 H
SC

T:

• 
Se

ru
m

 T
Bi

l ≥
34

.2
 

um
ol

/L
;

• 
H

ep
at

om
eg

al
y 

or
 p

ai
n 

in
 

th
e l

iv
er

 a
re

a;

• 
A

sc
ite

s o
r w

ei
gh

t g
ai

n 
ex

ce
ed

in
g 

2%
 o

f t
he

 
or

ig
in

al
.

Se
ru

m
 T

Bi
l ≥

34
.2

 p
m

o/
L 

an
d 

w
ith

in
 

21
 d

 af
te

r b
on

e m
ar

ro
w

 H
SC

T,
 2

 o
f 

th
e f

ol
lo

w
in

g 
3 

ite
m

s w
er

e p
re

se
nt

 
sim

ul
ta

ne
ou

sly
:

• 
H

ep
at

om
eg

al
y 

w
ith

 h
ep

at
ic

 p
ai

n;

• 
W

ei
gh

t g
ai

n 
m

or
e t

ha
n 

5%
 o

f t
he

 
or

ig
in

al
;

• 
A

sc
ite

s.

Th
e p

re
se

nc
e o

f t
w

o 
or

 m
or

e o
f t

he
 

fo
llo

w
in

ga
:

• 
O

ne
xp

la
in

ed
 c

on
su

m
pt

iv
e a

nd
 tr

an
sf

us
io

n-
re

fr
ac

to
ry

 th
ro

m
bo

cy
to

pe
ni

ab
;

• 
O

th
er

w
is

e u
ne

xp
la

in
ed

 w
ei

gh
t g

ai
n 

on
 

th
re

e c
on

se
cu

tiv
e d

ay
s d

es
pi

te
 th

e u
se

 
of

 d
iu

re
tic

s o
r a

 w
ei

gh
t g

ai
n 

45
%

 a
bo

ve
 

ba
se

lin
e v

al
ue

;

• 
H

ep
at

om
eg

al
y 

(b
es

t i
f c

on
fir

m
ed

 b
y 

im
ag

-
in

g)
 a

bo
ve

 b
as

el
in

e v
al

ue
;

• 
A

sc
ite

s (
be

st
 if

 c
on

fir
m

ed
 b

y 
im

ag
in

g)
 

ab
ov

e b
as

el
in

e v
al

ue
;

• 
Ri

si
ng

 b
ili

ru
bi

n 
fr

om
 a 

ba
se

lin
e v

al
ue

 o
n 

3 
co

ns
ec

ut
iv

e d
ay

s o
r b

ili
ru

bi
n 
⩾2

 m
g/

dL
 

w
ith

in
 7

2 
h.

H
av

e a
 cl

ea
r h

ist
or

y 
of

 P
A-

co
nt

ai
ni

ng
 p

la
nt

 co
ns

um
pt

io
n,

 w
hi

le
 

ex
cl

ud
in

g 
ot

he
r k

no
w

n 
ca

us
es

 o
f l

iv
er

 in
ju

ry
, a

nd
 p

re
se

nt
 w

ith
 

3 
of

 th
e f

ol
lo

w
in

g 
or

 co
nf

irm
ed

 b
y 

pa
th

ol
og

y:

• 
A

bd
om

in
al

 d
is

te
nt

io
n 

an
d/

or
 p

ai
n 

in
 th

e l
iv

er
 re

gi
on

, 
he

pa
to

m
eg

al
y 

an
d 

as
ci

te
s;

• 
El

ev
at

ed
 se

ru
m

 T
Bi

l o
r o

th
er

 li
ve

r f
un

ct
io

n 
ab

no
rm

al
iti

es
;

• 
Ty

pi
ca

l e
nh

an
ce

d 
C

T 
or

 M
RI

 p
re

se
nt

at
io

n.

Th
e d

ia
gn

os
is 

w
as

 co
nf

irm
ed

 b
y 

pa
th

ol
og

y 
w

ith
 th

e f
ol

lo
w

in
g 

ty
pi

ca
l p

at
ho

lo
gi

ca
l f

in
di

ng
s: 

sw
el

lin
g,

 d
am

ag
e,

 an
d 

lo
ss

 o
f 

en
do

th
el

ia
l c

el
ls 

in
 th

e h
ep

at
ic

 si
nu

so
id

s o
f z

on
e I

II 
of

 th
e 

he
pa

tic
 ac

in
us

, a
nd

 si
gn

ifi
ca

nt
 d

ila
ta

tio
n 

an
d 

co
ng

es
tio

n 
of

 th
e 

he
pa

tic
 si

nu
so

id
s.

SO
S,

 si
nu

so
id

al
 ob

str
uc

tio
n 

sy
nd

ro
m

e;
 H

SC
T-

SO
S,

 h
em

at
op

oi
et

ic
 st

em
 ce

ll 
tra

ns
pl

an
ta

tio
n-

in
du

ce
d 

SO
S;

 P
A

-S
O

S,
 p

yr
ro

lid
in

e a
lk

al
oi

ds
-in

du
ce

d 
SO

S;
 C

T,
 co

m
pu

te
d 

to
m

og
ra

ph
y;

 M
IR

, m
ag

ne
tic

 re
so

na
nc

e 
im

ag
in

g.

Ta
bl

e 
3.

 
D

ia
gn

os
tic

 cr
ite

ri
a 

fo
r h

ep
at

ic
 S

O
S.



Portal Hypertension - Recent Advances

46

6. Treatment

The principles of treatment for SOS include discontinuing the use of plants 
containing PA in suspected patients and starting symptomatic and supportive 
treatment as soon as possible.

6.1 symptomatic and supportive treatment

Symptomatic and supportive treatment is particularly important for patients 
in the acute or subacute phase, including hepatoprotection, diuresis, nutritional 
support, protein and vitamin supplementation, and improvement of microcircula-
tion. Oral furosemide and spironolactone are preferred as diuretics. If ascites are 
severe and not responding to pharmacological therapy, peritoneal drainage may be 
considered. For patients with fluid retention and severe renal failure, hemodialysis 
or hemofiltration should be performed. Patients with multiple organ failures should 
be admitted to the intensive care unit. In most patients, symptomatic and support-
ive treatment can reduce water-sodium retention, repair damaged hepatocytes, and 
promote recovery of liver function, but it cannot significantly reverse pathophysi-
ological changes and needs to be combined with other treatments together [39].

6.2 Anticoagulant therapy

For patients in the acute or subacute phase, anticoagulation should be started as 
early as possible unless there are contraindications (including severe bleeding or bleed-
ing tendency). The preferred choice is low-molecular-weight heparin at the recom-
mended dose of 100 IU/kg, administered subcutaneously every 12 hours. In China, 
the cure rate of patients with PA-SOS treated with low-molecular heparin in the past 
was up to 70.7–88.9% [40–43]. Monitoring is not required in most patients because 
of the low side effects of low molecular heparin, but it should be used with caution in 
patients with renal failure. Oral warfarin, the oral anticoagulant of choice for long-
term treatment, can also be administered. Its efficacy is evaluated by monitoring the 
international standardized ratio of prothrombin time (recommended 2.0 to 3.0). 
However, warfarin therapy has a narrow dose range, a wide variation in individual 
response, and a vulnerability to various food and drug interactions for efficacy. An 
imageological should be performed after 2 weeks of anticoagulation therapy, and 
clinical manifestations and liver function should be evaluated. If treatment is effective, 
anticoagulation therapy can be continued for up to 3 months. Conversely, if it is inef-
fective, treatment should be discontinued and alternative therapies may be considered.

6.3 Glucocorticoid

High-dose hormone therapy may be efficacious for HSCT-SOS, but the risk of 
infection is a concern and the level of evidence is low. The efficacy of glucocorticoid 
therapy for PA-SOS is also controversial [12, 44–46].

6.4 Defibrotide

Defibrotide (DF) is an effective drug for the prevention and treatment of 
HSCT-SOS and can be used to treat severe HSCT-HSOS [12]. DF has anti-ischemic, 
anti-inflammatory, anti-thrombotic, and thrombolytic activities as well as protect-
ing the small vessel endothelium and inhibiting fibrin deposition. The mechanism 
may be the protection of endothelial cells and the maintenance of thrombus-fibri-
nolytic balance. However, the effectiveness of DF has not been tested in PA-SOS 
because its use for the treatment of SOS has not yet been approved in China.
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6.5 Interventional therapy

Transjugular intrahepatic portosystemic shunt (TIPS) can be performed when 
medical treatment is ineffective. TIPS is effective in reducing portal pressure, 
improving clinical symptoms (ascites, hepatic distension, etc.), and preventing 
esophagogastric variceal hemorrhage [47]. TIPS is effective in patients with PA-SOS 
who have failed symptomatic treatment and require management of ascites and 
portal hypertension [48]. However, TIPS for acute HSCT-SOS has had variable 
results in one case report, with 5 of 10 patients dying after 10 days of TIPS place-
ment, but the other 5 patients recovering significantly [49]. We need a longer 
follow-up to determine whether TIPS improves patient prognosis.

6.6 Liver transplantation

Liver transplantation is an effective treatment for various end-stage liver diseases, 
and it can be considered in patients with liver failure who have failed after the above 
treatments. Liver transplantation has been reported to improve the prognosis of 
patients with HSCT-SOS, but there are fewer reports on PA-SOS [38].

6.7 Other

Antithrombin III [50], recombinant human soluble thrombomodulin [51], 
N-acetyl-L-cysteine [52], and recombinant human tissue-plasminogen activator 
(t-PA) [53] have also been studied and reported for the treatment of HSCT-SOS. 
However, the efficacy of these drugs is unknown, and they lack evidence in the 
treatment of PA-SOS.

Prognosis: The overall morbidity and mortality rate is 20% to 50%. Mild patients 
heal better; most moderate patients can improve after symptomatic management 
and other treatments, and the morbidity and mortality rate is about 25%; severe 
patients are often complicated by multi-organ failure and have a morbidity and 
mortality rate of more than 90% despite active treatment [54].

7. Conclusion

In conclusion, there is no specific treatment for SOS and the prognosis of 
patients is poor, and only liver transplantation can prolong the survival time of 
patients with advanced disease. Therefore, the emphasis is on prevention, including 
pretreatment of transplantation and early treatment of underlying blood disorders 
to decrease the incidence and severity of HSCT-SOS, and increasing awareness of 
Chinese herbs such as Tusanqi to avoid accidental ingestion to reduce the incidence 
of PA-SOS. Besides, early diagnosis and assessment of patient risk through biomark-
ers is an effective tool for disease prevention and management [55].
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Chapter 4

Endothelial Dysfunction and 
Systemic Inflammation in the 
Pathogenesis and Progression of 
Portal Hypertension
Elena Curakova Ristovska

Abstract

Hepatic and extrahepatic factors contribute to mortality related to liver cirrhosis 
and therefore much research is still to be done in order to understand the condi-
tion thoroughly and to possibly intervene in the process. It is considered that the 
currently applied prognostic scores are not ideal mortality predictors. On the other 
hand, recent scientific concepts have revealed the significant contributing role of 
endothelial dysfunction and of systemic inflammation in the pathogenesis of portal 
hypertension. Consequently, these concepts are inevitably leading towards propos-
ing and validating new prognostic indicators in cirrhotic patients. Von-Willebrand 
factor as an indicator of endothelial dysfunction and C-reactive protein as a surro-
gate marker of systemic inflammation and several other parameters and biological 
markers have been emerging as a relevant and potentially useful prognostic indica-
tors. Also, the coagulopathy associated to liver disease is in close relation with these 
entities and still an important research topic. Despite the promising data regarding 
their prognostic potential, additional research is needed in order to define and 
validate their value more precisely in clinical and prognostic settings.

Keywords: cirrhosis, portal hypertension, endothelial dysfunction,  
systemic inflammation, von-Willebrand factor, CRP, coagulopathy

1. Introduction

Liver cirrhosis represents the final stage of chronic liver disease which denotes 
reduced hepatic cell mass, formation of regenerative nodules and progressive fibro-
sis. The altered hepatic architecture leads to an impaired hepatic haemodynamics 
that manifests with portal hypertension (PH) and gradually leads to development 
of liver failure [1, 2]. PH is an accompanying condition of the natural course of 
chronic liver disease and a key factor underlying most of the complications that 
often determine the prognosis in these patients [3]. Although the development of 
PH has been mainly attributed to the elevated hydrostatic pressure due to increased 
vascular resistance, different perspectives have recently emerged regarding this 
topic. Endothelial dysfunction (ED), a state that indicates irregular function of 
the endothelial cell (EC), seems to have an important role in the increased vascular 
tone of the hepatic microcirculation [4, 5] and is an important factor involved in 
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the development of PH [6]. It is also considered that elevated von Willebrand factor 
(vWF) contributes to the presence of a subtle hypercoagulable state that worsens 
the PH [7]. Chronic liver disease has also been related to many complex abnor-
malities in all segments of the haemostatic process. Moreover, the simultaneous 
impairment in the procoagulant and anticoagulant activity and the increased vWF 
concentration transform liver cirrhosis into a condition that is characterized by a 
globally rebalanced hemostasis [8].

2.  Portal hypertension: definition, diagnostic criteria, clinical and 
prognostic significance

PH is an entity that indicates elevated hydrostatic pressure in the portal vein 
that initially occurs as a result of the structural abnormalities in the hepatic vascu-
lature [6]. The increased vascular inflow which develops as a consequence of the 
splanchnic vasodilation and of the increased cardiac “output” also contribute in 
the progressivon of PH [9]. The main diagnostic criterion for PH is the presence of 
elevated hepatic venous pressure gradient (HVPG). HVPG denotes the pressure 
gradient between the so-called “wedged” pressure and the free pressure of the 
hepatic veins, which actually reflects the pressure gradient between the portal vein 
and the inferior vena cava. The HVPG value correlates with PH-related complica-
tions [10] and the HVPG measurement is used in therapeutic as well as in prognostic 
purposes [11]. Clinically significant portal hypertension is defined as the presence 
of HVPG ≥10 mmHg and it indicates an increased risk of complications and death 
associated with liver disease and an increased risk of hepatocellular carcinoma 
[12–15]. HVPG ≥12 mmHg carries an increased risk of variceal bleeding, and HVPG 
≥20 mmHg is associated with poor clinical outcomes in cirrhotic patients [12–15]. 
The PH-related complications are often life-threatening conditions associated with 
high morbidity and mortality [3] and hence early diagnosis and appropriate treat-
ment is essential for improving the prognosis in these patients [16]. Although HVPG 
measurement is the gold standard for determining the presence and extent of PH, 
this diagnostic procedure is not widely used in the everyday clinical practice. It is 
invasive, expensive and due to technical reasons in about 4% of patients it could be 
unsuccessful [17]. Consequently, these limitations also preclude the widespread use 
of the diagnostic and therapeutic algorithms that rely on pressure-based diagnostics. 
Therefore, the Baveno V Consensus for portal hypertension encourages research 
towards defining new, non-invasive indicators of PH with better sensitivity and 
specificity than the ones that are currently used [16, 18].

The natural course of chronic liver disease is characterized by two phases. The 
first compensated phase is followed by a rapidly progressing, decompensated 
phase characterized by the presence of complications of PH and/or hepatic dys-
function [1]. As the disease progresses, portal pressure increases and liver func-
tion decreases, leading to development of ascites, hypertensive gastrointestinal 
bleeding, encephalopathy, and jaundice [1]. The occurrence of any complication 
of PH defines the transition from a compensated to a decompensated phase [1]. 
The occurrence of ascites is the most common initial complication of PH in cir-
rhotic patients [19] and it is usually considered a hallmark of the decompensated 
phase [1]. By combining data from two large studies involving 1649 patients that 
analyzed the natural course of the disease [19, 20], four clinical stages of cir-
rhosis were defined, each with a different clinical presentation and a significantly 
different prognosis [1]. Stage 1 is characterized by the absence of esophageal 
varices and ascites (mortality rate about 1% per year); stage 2 is characterized by 
the presence of esophageal varices but without bleeding or ascites (mortality rate 
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3.4% per year); stage 3 is characterized by the presence of ascites with or without 
varices in a patient who has never bleed (mortality rate 20% per year) and stage 
4 is characterized by gastrointestinal bleeding with or without ascites (mortality 
rate 57% per year). Stages 1 and 2 correspond to compensated and stages 3 and 4 
to decompensated cirrhosis [1]. The transition from compensated to decompen-
sated phase occurs at a rate of 5–7% per year [21, 22] and with the onset of the 
first episode of decompensation the life expectancy of patients is significantly 
shortened [1]. Median survival is significantly shorter in patients with decompen-
sated than in patients with compensated cirrhosis (approximately 2 years versus 
over 12 years) [1]. Consequently, the prognostic indicators used in both stages are 
different and have different prognostic significance [23, 24].

3.  The role of endothelial dysfunction in the pathogenesis of portal 
hypertension

EC has a potential for producing many different mediators that are crucial for 
proper regulation of the vascular homeostasis, the vasomotor tone and for many 
inflammatory, metabolic and hemostatic processes in the body [25]. EC regulates the 
vascular tone by its ability to release vasoactive substances, including vasodilators 
such as nitric oxide (NO) and prostacyclin and vasoconstrictors such as thromboxane 
A2 (TXA2) [9]. Endothelial activation is a broad term implying EC function changes 
occurring as a response to a number of different stimuli. As a response to vascular 
stress, infections or hypoxia, the EC undergoes certain changes that lead to an 
imbalance in the release of vasoactive mediators predisposing development of a pro-
inflammatory and pro-coagulant state [26–32]. As a response to chronic, continuous 
exposure of the EC to various physical or chemical stimuli a disturbance in the func-
tion of the EC occurs, a state defined as ED. [25]. ED is a condition of imbalanced 
release of vasoconstrictors and vasodilators, stimulators and inhibitors of growth, 
proatherogenic and antiatherogenic, and pro-coagulant and anticoagulant media-
tors [4, 25]. It has been established that ED is an early key event in many vascular 
diseases [5] and its presence is generally associated with a poor prognosis [7]. Also, 
ED is an early event that has been involved in the pathogenesis of PH [6]. ED as part 
of the liver disease occurs in the liver microcirculation and in the EC in the systemic 
and splanchnic circulation. Hepatic inflammation in early cirrhosis is the primary 
trigger that causes damage to the hepatic reticuloendothelial system and leads to 
intrahepatic ED [33–41]. This ED is manifested by an increased release of vaso-
constrictive substances leading to impaired flow-associated endothelial-dependent 
vascular relaxation, i.e., to inadequate postprandial vasodilation. Intrahepatic ED is 
considered to be the primary disorder that leads to increased intrahepatic vascular 
resistance and progressive PH [4, 5, 9, 42], and later, to a consequent arterial vasodi-
lation in the splanchnic circulation [4, 43–45]. On the contrary, in advanced disease, 
endotoxemia is considered to be the main factor responsible for the development of 
ED in the systemic circulation. The systemic ED is manifested by an increased pro-
duction of vasodilator molecules, mainly NO [46, 47], a vasodilator that is secreted 
by the endothelial and vascular smooth muscle cells [48] and that also has certain 
anti-inflammatory and antithrombotic properties [7]. The increased vasodilator tone 
in the systemic circulation leads to increased endothelial-dependent relaxation and 
increased blood flow, which consequently leads to the development of hyperdynamic 
circulation (HC) [49–51].

As a result of the vascular stress and increased concentration of some circula-
tory factors such as catecholamines, estrogens, and substance P that stimulate the 
endothelial synthetic activity [52, 53] several typical hemodynamic disorders occur 
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in cirrhotic patients. The HC is one of the main and most typical hemodynamic 
features of patients with liver cirrhosis and PH [54–57]. It occurs as a result of a 
specific combination of several hemodynamic abnormalities, but the increased NO 
production is considered to be the major factor in the development of HC [54–57]. 
In this context, some studies have confirmed a significant correlation between 
the level of vWF and the NO production which may suggest a common activation 
mechanism [27]. HC is characterized by increased intrahepatic vascular resistance 
as a result of intrahepatic vasoconstriction and increased systemic vasodilation 
leading to an increased portal flow. The presence of HC in patients with liver cir-
rhosis is manifested by hypotension, low vascular resistance, and increased cardiac 
output, which develops as a compensation of the systemic vasodilation [9, 58]. 
Additionally, increased portal systemic shunting and reduced renal flow also occur 
[3, 59]. The severity of the HC has been significantly associated with the degree of 
PH, that is, by activating the NO synthetase, the portal pressure is an important 
factor that regulates the vasodilation in the splanchnic circulation [60]. Hence, in 
patients with liver cirrhosis, in addition to the endotoxemia, PH is thought to act 
as a factor of increased endothelial stress and stimulates additional NO produc-
tion [52], i.e., the PH indirectly emphasizes the vasodilation in the splanchnic 
circulation.

4.  Von-willebrand factor as an indicator of endothelial dysfunction and 
factor of PH progression

Some mediators secreted by the activated EC such as NO, vWF, P-selectin and 
Isoprostran are used as indicators of ED [26, 29, 61–63]. The important role of vWF 
in the process of angiogenesis, inflammation, cell proliferation and tumor growth 
has recently been increasingly emphasized [64]. Considering the fact that liver 
cirrhosis is closely related to ED, vWF as an indicator of ED causes considerable 
attention in cirrhotic patients. Since vWF is also involved in the pathogenesis and 
progression of PH, its value as a prognostic indicator in these patients becomes even 
more important.

vWF is a large multimeric glycoprotein released by the megakaryocytes and the 
activated vascular EC that plays a role in the process of primary hemostasis and 
coagulation [65]. In a coordinated manner, the function of vWF is regulated by 
two platelet membrane receptors, glycoprotein Ib (GPIb/IX/V) and glycoprotein 
IIb/IIIa [16, 66]. During primary hemostasis, vWF participates in both platelet 
adhesion and platelet aggregation. In case of endothelial damage, circulating vWF 
binds to exposed collagen in subendothelial structures and interacts with the 
platelet receptor GPIb/IX/V. This transient interaction enables subsequent stable 
interaction between platelets and collagen through the collagen receptor α2ẞ1 and 
glycoprotein VI [67]. This is followed by the exposure and activation of the receptor 
GP IIb/IIIa resulting in the release of platelet activating mediators such as Adenosine 
diphosphate (ADP) and TXA2. By binding to the GP IIb/IIIa receptor, the vWF 
participates in platelet aggregation and plug formation [16, 58]. Except in primary 
hemostasis, vWF also acts as a carrier of factor VIII protecting it from the proteo-
lytic action of protein C and its cofactor protein S [68, 69].

Human EC has the capacity to synthesize vWF multimers with a higher molecu-
lar weight called ultra-large molecular weight multimers (ULMWM) [70]. After 
secretion by the EC, ULMWM usually undergo a process of fractionation to smaller 
vWF forms that are normally present in the circulation [70–72]. vWF is continu-
ously secreted by the EC and megakaryocytes, while the ULMWM are stored in 
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the cytoplasmic granules and are released after their degranulation as a response 
to a significant endothelial damage [73]. Contrary to the small vWG multimers, 
ULMWMs are the most haemostatically active forms of vWF that have the property 
of spontaneous binding to platelets and subendothelial structures, and are consid-
ered prothrombotic [74]. The multimeric composition of vWF is regulated by its 
protease ADAMTS13 [67], a clearance metalloprotease synthesized in hepatic stel-
late cells [75, 76] that processes ULMWM into smaller vWF forms [67, 75, 76]. The 
vWF activity is strictly regulated by ADAMTS13 and the vWF reactivity towards 
platelets is proportional to the size of the vWF multimers [9]. Since ADAMTS13 
is synthesized in the liver [77], as expected, some studies have confirmed a mark-
edly reduced concentration of ADAMTS13 in patients with liver disease [78]. In 
some patients Lisman et al. also confirmed reduced ADAMTS13 concentration, 
but in others the concentration and activity of ADAMTS13 has been elevated [67]. 
This may be due to its reduced clearance of ADAMTS13 or its reduced release from 
platelets [79] as a consequence of platelet activation secondary to disseminated 
intravascular coagulation (DIC). Although in advanced liver disease the synthesis 
function of the hepatocytes is generally reduced, the stellate cells tend to have an 
increased synthetic activity [80, 81] which may also explain the increased synthesis 
of ADAMTS13 registered in some patients.

It has been established that intrahepatic and systemic ED is involved in the 
pathogenesis and progression of PH. Since vWF is an indicator of ED, vWF recently 
has gained an important role as a prognostic indicator in cirrhotic patients. There 
are many mechanisms that are related to the increased vWF production in cirrhotic 
patients. The intrahepatic production of vWF as a result of the intrahepatic ED has 
been confirmed by the positive immune staining of vWF in sinusoidal endothelial 
cells in these patients [82, 83]. Also, the presence of endotoxemia and bacterial 
products, especially in advanced diseases appear to be the most important cause of 
increased endothelial secretion of vWF [58, 67], which has been confirmed by the 
linear increase in vWF concentration with the increase of endotoxemia [58, 84]. In 
addition to the increased endothelial production of vWF, there are other mecha-
nisms that contribute to the increase in vWF such as increased shear stress, bacte-
rial infections [58, 85], neoplastic processes, physical activity, or interferon-based 
therapy [86, 87]. Decreased expression or activity of ADAMTS13 recorded in some 
cirrhotic patients may also result in reduced clearance and increased vWF concen-
tration [79]. It is also considered that increased vWF values may be related to the 
hyperfibrinolysis found in some patients, but on the other hand increased vWF has 
been also registered in patients without evidence of an increased proteolysis [58], 
which means that this is probably not a dominant mechanism.

Not only vWF is an indicator of ED, but the clinical and prognostic relevance of 
vWF is more pronounced because vWF is involved in the progression of PH. Since 
vWF is a large multimeric molecule, its increased concentration along with other 
abnormalities that favor procoagulant tendency in cirrhotic patients often results in 
occurrence of thrombosis in the hepatic microcirculation. If this is a long-term and 
continuous process, then it progressively obliterates and increases the resistance 
in the portal vasculature [67, 88] that leads to additional worsening of the PH. 
Additionally, it is assumed that when these thrombotic events are localized in the 
intestinal microcirculation they favor enterocytic ischemia and consequent intestinal 
bacterial translocation causing endotoxemia, which is crucial for the development of 
the majority of PH-related complications [9]. The literature data confirm a correla-
tion between the concentration of vWF and the HVPG values [7, 16] suggesting that 
vWF level reflects the degree of PH. Also, vWF level has been related to some compli-
cations of PH such as hepatopulmonary syndrome and esopgaheal varices [89, 90].
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the cytoplasmic granules and are released after their degranulation as a response 
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intestinal microcirculation they favor enterocytic ischemia and consequent intestinal 
bacterial translocation causing endotoxemia, which is crucial for the development of 
the majority of PH-related complications [9]. The literature data confirm a correla-
tion between the concentration of vWF and the HVPG values [7, 16] suggesting that 
vWF level reflects the degree of PH. Also, vWF level has been related to some compli-
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The presence of PH is related to most of the complications in cirrhotic patients 
that define the course of the disease and more importantly the prognosis in these 
patients. Since vWF reflects PH, recent evidence emphasizes the importance of 
vWF as a predictor of mortality. Most studies that have analyzed the association 
between vWF and chronic liver disease have reported that vWF concentration 
correlates with the stage of liver disease assessed by Child-Turcotte-Pugh (CTP) and 
Model for End-Stage Liver Disease (MELD) score [7, 27, 91], that vWF can predict 
acute decompensation [16], occurrence of clinical events and PH-related compli-
cation [7, 92] and that vWF is an independent predictor of mortality that equals 
MELD score [7, 16, 91].

5.  The relation between systemic inflammation and adverse outcomes in 
cirrhotic patients and the prognostic role of C-reactive protein

It has been established that systemic inflammation (SI) is common in patients 
with advanced liver disease and PH [93] and that the presence of SI in these 
patients has been associated with adverse outcomes [94–96] and a poor prognosis 
[95, 97–99]. The negative impact of SI on liver disease is reflected mainly through 
the increase in the portal pressure and in the reduction of the hepatic blood flow i.e. 
through deterioration of PH and liver disease progression [100].

SI is defined as a state of persistent and inadequate stimulation of the immune 
system, which is manifested by the presence of elevated inflammatory cytokines 
and activated immune cells [101]. The presence of SI is usually assessed by the 
presence of systemic inflammatory response syndrome (SIRS), a set of hemody-
namic alteration that develops as a response to SI. The presence of SIRS is usually 
confirmed by specific diagnostic criteria. Sepsis is a condition of a systemic inflam-
matory response to infection, which involves a characteristic range of pathological 
changes in many host systems. The pathophysiological sequence involves release of 
cytokines and endothelial and neutrophil activation, which initiates a cascade of 
leukocyte-endothelial interaction and adhesion. This is followed by transendothe-
lial migration and subsequent microvascular and tissue damage, consequently lead-
ing to a multiple organ failure [102]. It has been reported that endothelial and tissue 
damage correlates with the intensity of the inflammatory response and leukocyte 
sequestration in tissues [103].

It is known that SIRS most commonly develops in the context of acute bacte-
rial infection. In patients with liver cirrhosis acute bacterial infection (respiratory, 
urinary etc.) can often cause an acute deterioration of liver function, which is mainly 
due to the effects of the SIRS. This may be a result of some specific features of the 
liver sinusoidal endothelial cells (SEC) that are not typical for the endothelial cells 
at other locations in the body. The liver SEC are fenestrated allowing inflammatory 
cells to pass through easily and come into direct contact with hepatocytes [104]. 
Additionally, the inflammatory cytokines within SI stimulate release of vWF from the 
EC [105, 106] and suppress the synthesis of ADAMTS13 in the stellate cells [105, 107] 
which may also contribute to the vWF rise and reflect the relation between SI and 
ED in cirrhotic patients. It has been also established that SI is underlying many of the 
PH-related complications and acute events in cirrhotic patients [93]. It is considered 
that in critically ill patients with liver cirrhosis, these acute events are better taken into 
account by the use of the general prognostic scores [Acute Physiology and Chronic 
Health Evaluation (APACHE) II, Sequential Organ Failure Assessment (SOFA), 
Simplified Acute Physiology Score (SAPS)], which provide better short-term mortal-
ity prediction than the prognostic scores specifically designed for patients with liver 
cirrhosis such as CTP and MELD score [9, 108]. On the other hand, some disorders 
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related to liver disease, PH or HC may modify the clinical and biochemical param-
eters included in the SIRS scores which decreases their value as SIRS indicators [95]. 
Hypersplenism may mask leukocytosis or exacerbate leucopenia; subclinical enceph-
alopathy may increase the respiratory rate and favor hypercapnia; hyperkinetic 
circulatory syndrome may increase the heart rate, and beta blockers may mask the 
tachycardia. This means that the presence of SIRS in patients with liver cirrhosis may 
often be underestimated by the scores and criteria for SIRS [93, 109]. Considering all 
the above, many researchers have focused on identifying new biological variables that 
would be more accurate indicators of SIRS than the currently used criteria. In this 
context, the value of serum C-reactive protein (CRP) as a surrogate marker of SIRS 
has recently been increasingly recognized [9].

CRP is an acute-phase inflammation protein that is synthesized in the liver 
mainly by interleukin 6. Moreover, it has been shown that CRP synthesis is pre-
served even in advanced liver disease [110, 111], which makes CRP a reliable SIRS 
indicator in this category of patients. Many researchers evaluated the predictive 
value of CRP in the general population and also in patients with liver cirrhosis. In 
the everyday clinical practice elevated CRP has been mainly used as an indicator of 
bacterial infection and many researchers have confirmed this relation [112–114]. 
Lazzarotto et al. defined that CRP value of 29.5 mg/L (sensitivity 82% and speci-
ficity 81%) is a reliable indicator of bacterial infection in cirrhotic patients [112]. 
Moreover, recent evidence suggests that the significant prognostic value of CRP in 
cirrhotic patients comes from the fact that in advanced liver cirrhosis, elevated CRP 
may persist after a bacterial infection has resolved [9] or it may also reflect the pres-
ence of a low grade SI that is not directly related to bacterial infection [108]. This is 
probably related to the endotoxemia and the bacterial products reaching systemic 
circulation.

The presence of SI in cirrhotic patients has the potential to trigger several 
serious complications and acute events related to PH and liver disease such as 
encephalopathy [68], renal failure [65, 70] or infection [108] and it has been related 
to negative outcomes during acute [115–117] or chronic [94–96] liver failure. Also, 
elevated CRP has been related to the organ failure and liver disease-related mortal-
ity [93, 112, 118]. Lazzarotto et al. confirmed that in patients with liver cirrhosis 
higher initial CRP values were associated with death before the ninetieth day of 
hospitalization [112]. Cervoni et al. demonstrated that mortality in liver cirrhosis 
was independently associated with CRP, MELD score, and extrahepatic comor-
bidities. They defined a CRP cut-off value of 29 mg/L persisting for 15 days after 
hospitalization to have the best sensitivity and specificity for predicting mortality 
in cirrhotic patients [93]. By using the variables found to be independent predictors 
of a six-month mortality (variations in CRP, MELD score and extrahepatic comor-
bidities) in the previous research [93], Di Martino et al. developed a prognostic 
model in order to predict the three-month mortality in patients with advanced liver 
cirrhosis and in a subgroup of patients with acute decompensation. They found that 
the MELD score [HR1.10; 95% CI, (1.05–1.14); P < 0.001] and mean CRP above 
32 mg/L at baseline or 15 days after hospitalization [HR 2.21; 95% CI (1.03–4.76), 
P = 0.042) were independent predictors of the three-month mortality. Moreover, 
the study showed better diagnostic efficacy of the prognostic model than the diag-
nostic efficacy of the MELD score (AUROC, 0.789 vs. 0.734; P = 0.043) [118]. Also, 
a positive correlation was registered between CRP and MELD score in the whole 
population, but such correlation was not registered in the subgroup of patients with 
end-stage liver disease. These findings suggested that the presence of SI was clini-
cally more significant in patients with advanced liver disease, that the prognostic 
significance of the CRP variations as indicators of SI was greater in more severe 
patients and that the presence of SI could not be adequately assessed by using the 
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MELD score. These findings once again emphasize the significant role of CRP as a 
prognostic indicator in patients with liver cirrhosis, especially in advanced disease.

6.  The relation between endothelial dysfunction, systemic inflammation 
and haemostatic abnormalities in chronic liver disease

The haemostatic process is a strictly regulated system in which the process of 
conversion of fibrinogen into fibrin is consequently followed by its subsequent 
degradation [119]. Since most coagulation factors and fibrinolytic proteins are 
synthesized in the liver, a proper hepatic function is of particular importance for 
the perfectly synchronized function of the haemostatic process. Hence, acute and 
chronic liver conditions often have an intense influence on the process of hemosta-
sis [120] and advanced liver disease is associated with many complex abnormalities 
in all three parts of the haemostatic process. In patients with liver cirrhosis the 
haemostatic dysfunction is related to several mechanisms, such as quantitative and 
qualitative platelet abnormalities, quantitative and qualitative abnormalities in the 
coagulation factors and fibrinolytic proteins, reduced clearance of activated coagu-
lation factors, abnormalities in the process of fibrinolysis, as well as to the presence 
of intensified fibrinolysis and low grade intravascular coagulation [121–123].

The primary hemostasis reflects the interaction between the platelets and the blood 
vessel and it is mediated by the action of vWF. Thrombocytopenia and the variable 
thrombocytopathy are the two most common abnormalities in cirrhotic patients within 
the primary hemostasis [124]. Thrombocytopenia occurs as a result of the increased 
sequestration due to splenomegaly, decreased thrombopoietin level and myelosuppres-
sion, increased systemic immune activation due to portosystemic shunting, impaired 
intestinal barrier and increased endotoxemia, immune-mediated platelet destruc-
tion and due to the platelet consumption within low grade intravascular coagulation 
[125–129]. The platelet dysfunction is presented as a reduced transmembrane signaling 
and progressive inability for platelet activation as a response to several stimuli such as 
adenosine diphosphate, thrombin, collagen, epinephrine or rhizocetine. This dysfunc-
tion results in insufficient production of thromboxane and serotonin and precipitates 
cascade abnormalities in the process of platelet aggregation [130, 131].

The central part of the haemostatic process is the process of coagulation, also 
called secondary homeostasis or thrombin generation. Most coagulation factors, 
such as fibrinogen, factor V, VII, VIII, IX, X, XI, XII are synthesized in the liver, 
which means if the liver synthetic function is impaired, their level inevitably 
decreases [132]. On the other hand, in patients with liver cirrhosis the synthesis of 
the anticoagulant proteins, such as protein C, protein S, and antithrombin is also 
reduced which partially compensate for the procoagulant deficiency. Despite the 
decreased concentration of most coagulation factors, in cirrhotic patients there is 
an increased concentration of factor VIII and vWF, two coagulation factors that 
are considered acute phase reactants [133–137]. Due to the reduced synthesis of 
the coagulation factors of the external pathway (mainly factor VII) prolonged 
prothrombin time (PT) is usually registered, while the reduced synthesis of the 
coagulation factors of the internal pathway results in prolongation of the activated 
partial thromboplastin time (aPTT). Thrombin time (TT) reflects the final step of 
the coagulation cascade, the conversion of fibrinogen into fibrin. TT reflects quan-
titative and qualitative fibrinogen abnormalities, a state called dysfibrinogenemia. 
Fibrinogen is also an acute phase reactant and in patients with mild or moderate 
liver cirrhosis it can be normal or slightly elevated [138, 139]. On the contrary, in 
advanced, severe cirrhosis fibrinogen concentration is usually decreased [139] 
resulting in prolongation of the TT. Fibrinogen is almost exclusively synthesized in 
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the liver and hypofibrinogenemia in these patients could be a consequence of the 
reduced synthetic liver capacity, the increased metabolism, the abnormal fibrino-
lytic activity or the consumption as part of the DIC [140].

The final phase of the haemostatic process is fibrinolysis, the process of thrombus 
dissolution that limits the coagulation cascade. The fibrinolytic impulse is generated 
by the tissue plasminogen activator (t-PA), uricinase plasminogen activator and acti-
vated factor XII. They induce the conversion of plasminogen to plasmin, which then 
acts on fibrin to produce the fibrin degradation products (FDP). Deviations in the 
fibrinolysis in cirrhotic patients occur as a result of the decreased hepatocyte func-
tion, vitamin K deficiency and presence of hyperfibrinolysis [48, 141] which has been 
registered in about one third of the cirrhotic patients [48, 142–144]. The presence of 
hyperfibrinolysis and DIC in patients with liver cirrhosis is still the subject of a wide 
debate [145]. According to some studies, the abnormalities in the hyperfibrinolitic 
process correlate with the CTP score and are more prevalent in the elderly and in 
patients with decompensated cirrhosis [146, 147]. Primary hyperfibrinolysis occurs 
due to the increased concentration of t-PA (as a consequence of impaired hepatic 
clearance) and decreased concentration or functionality of antiplasmin and other 
plasminogen activator inhibitors [148–151], which leads to an increased conversion 
of plasminogen to plasmin [152]. The secondary hyperfibrinolysis develops as a con-
tinuum of an emphasized coagulation, most commonly within DIC. Although DIC 
has been registered in a small number of patients with hyperfibrinolysis, it rarely has 
a significant clinical impact [152].

An important perspective of the hyperfibrinolysis in cirrhotic patients is its 
relation to the increased bleeding risk and to the increased incidence of portal vein 
thrombosis (PVT). FDP created during hyperfibrinolysis interfere with the process 
of fibrin polymerization by inhibiting the platelet aggregation and thus increasing 
the risk of bleeding. As the measurement of individual components of the fibrino-
lytic pathway is of little use in the assessment of this tendency, the role of hyperfi-
brinolysis in the pathogenesis of bleeding in patients with liver cirrhosis is still not 
completely clear [142]. On the other hand, the relation between elevated D-dimers 
and PVT in cirrhotic patients has also been evaluated. Most studies that analyzed 
the relation and prognostic role of D-dimers in these patients confirmed significant 
association between the elevated D-dimers and the occurrence of PVT [153, 154]. 
One study suggested that the risk of developing PVT in patients with liver cirrhosis 
was significantly higher in case of a significant postoperative rise in the D-dimers 
concentration that exceeded 16,000 ng/ml [153]. Zhang et al. confirmed significant 
association between the elevated D-dimers and the occurrence of PVT indepen-
dent of the CTP score [154]. Additionally, a meta-analysis of 21 studies found 
that increased concentration of D-dimers was associated with an increased risk of 
PVT not related to surgery, suggesting that D-dimers could be used as a diagnostic 
marker for PVT in cirrhotic patients [155]. However, not all studies confirmed this 
relation. A retrospective observational study of 66 patients did not find any signifi-
cant difference in the D-dimers level between cirrhotic patients with and without 
PVT [156]. Most studies suggest that elevated D-dimers in cirrhotic patients corre-
late with the degree of liver dysfunction which is probably related to the increased 
hyperfibrinolysis in advanced liver disease [144, 157, 158]. More importantly, it has 
also been established that in patients with liver cirrhosis elevated D-dimers were 
related to poor outcomes [144, 154, 157, 158] and that they were significant predic-
tor of short-term mortality [157, 158]. These findings suggest that in critically ill 
cirrhotic patients or in some specific clinical settings monitoring of the D-dimers 
concentration may have some useful clinical and prognostic implication.

It is well established that the significantly reduced synthetic liver function 
in advanced disease is responsible for the reduced synthesis of the coagulation 
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the liver and hypofibrinogenemia in these patients could be a consequence of the 
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lytic activity or the consumption as part of the DIC [140].
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has been registered in a small number of patients with hyperfibrinolysis, it rarely has 
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the risk of bleeding. As the measurement of individual components of the fibrino-
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the relation and prognostic role of D-dimers in these patients confirmed significant 
association between the elevated D-dimers and the occurrence of PVT [153, 154]. 
One study suggested that the risk of developing PVT in patients with liver cirrhosis 
was significantly higher in case of a significant postoperative rise in the D-dimers 
concentration that exceeded 16,000 ng/ml [153]. Zhang et al. confirmed significant 
association between the elevated D-dimers and the occurrence of PVT indepen-
dent of the CTP score [154]. Additionally, a meta-analysis of 21 studies found 
that increased concentration of D-dimers was associated with an increased risk of 
PVT not related to surgery, suggesting that D-dimers could be used as a diagnostic 
marker for PVT in cirrhotic patients [155]. However, not all studies confirmed this 
relation. A retrospective observational study of 66 patients did not find any signifi-
cant difference in the D-dimers level between cirrhotic patients with and without 
PVT [156]. Most studies suggest that elevated D-dimers in cirrhotic patients corre-
late with the degree of liver dysfunction which is probably related to the increased 
hyperfibrinolysis in advanced liver disease [144, 157, 158]. More importantly, it has 
also been established that in patients with liver cirrhosis elevated D-dimers were 
related to poor outcomes [144, 154, 157, 158] and that they were significant predic-
tor of short-term mortality [157, 158]. These findings suggest that in critically ill 
cirrhotic patients or in some specific clinical settings monitoring of the D-dimers 
concentration may have some useful clinical and prognostic implication.

It is well established that the significantly reduced synthetic liver function 
in advanced disease is responsible for the reduced synthesis of the coagulation 
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factors. But, since this occurs late in the stage of the disease, several other mecha-
nisms might be responsible for many complex abnormalities in the coagulation 
process in cirrhotic patients. In this context, the ED in patients with liver cirrhosis 
seems to be largely involved in this process through several mechanisms [48]. 
The process of ED by itself among other disturbances implies an imbalance in 
the secretion of pro-coagulants, anticoagulants, and also fibrinolytic substances, 
which can be responsible for some of the haemostatic abnormalities. Also, some 
evidence suggests that in patients with liver cirrhosis there is a direct relation 
between the endotoxemia and coagulation activity i.e. that endotoxemia can 
directly activates the coagulation and fibrinolytic pathway in patients with liver 
cirrhosis [159]. In this context, some researchers have demonstrated a strong 
association between endotoxemia and high levels of prothrombin fragments F1 + 2, 
which are markers of thrombin generation [159, 160], and also between endotox-
emia and elevated D-dimers, which are markers of hyperfibrinolysis [159]. This is 
confirmed by the fact that in cirrhotic patients with elevated F1 + 2 and D-dimers 
a reduction in the coagulation and fibrinolytic activity has been registered after 
reduction of endotoxemia [159]. Some data also confirm a direct association 
between endotoxin and a thrombin-antithrombin complex [160]. Endothelial 
activation may also explain the relationship between the synchronized rise of vWF 
and D-dimers as part of secondary hyperfibrinolysis. Lisman et al. extensively 
analyzed the qualitative and quantitative deviations of vWF in patients with liver 
cirrhosis and found elevated levels of propeptide indicating an acute endothelial 
damage, presumably associated to the presence of low grade DIC [67]. It is con-
sidered that the increased plasma proteolysis in these patients leads to increased 
concentrations of vWF as well as highly reactive vWF multimers [161, 162]. The 
endotoxin also has a potential to induce increased expression of tissue factor (TF) 
on the surface of the macrophages and to stimulate synthesis of tumor necrotic 
factor (TNF), which activates the external coagulation pathway [118, 163–165]. 
The presence of SI in cirrhotic patients also has an influence on the coagulation 
process. In terms of severe inflammation, the inflammatory cytokines activate the 
endothelial cells, inhibit the liver synthesis of protein C [166] and can stimulate 
degranulation of the cytoplasmic granules and release of ULMWM [105, 107], the 
most prothrombotic vWF multimers. Among other complex haemostatic abnor-
malities in cirrhotic patients, the increased concentration of ULMWM confirmed 
in some patients with acute decompensation [167] is considered to be related to the 
increased prothrombotic tendency.

7. Conclusion

All the above suggests a close relation between SI, ED, and liver disease-related 
coagulopathy in cirrhotic patients and emphasizes their important role in the 
pathogenesis of majority of manifestations and complications of PH. It also explains 
the crucial role of endotoxemia as a central initiating factor in their pathogenesis. 
Elevated vWF reflecting ED and significant and prolonged CRP rise reflecting SI 
should be routinely used in the everyday clinical practice. Additional research is 
needed in order to insert more deeply into the patogenesis of these entities and to pro-
pose new variables that would reflect their presence and significance more precisely.
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Chapter 5

Non-Invasive Prediction of 
Gastroesophageal Varices in 
Patients with Portal Hypertension
Ran Wang, Xiaozhong Guo and Xingshun Qi

Abstract

Gastroesophageal varices are the most common complication of portal 
 hypertension and associated with a worse prognosis. Endoscopy is the gold stan-
dard method to diagnose gastroesophageal varices. However, endoscopy is an 
invasive method with potential complications and is not well adhered by patients. 
Non-invasive methods, including serum markers or scores, computed tomography, 
ultrasonographic, and elastography-based methods, have been explored for the 
diagnosis of gastroesophageal varices. In the current chapter, we will briefly review 
non-invasive methods for the prediction of gastroesophageal varices.

Keywords: portal hypertension, gastroesophageal varices, non-invasive, diagnosis, 
prediction

1. Introduction

Portal hypertension is defined as the pressure of portal vein is 5 mmHg higher 
than that of inferior vena cava. It is the most important complication of liver 
cirrhosis. Clinically significant portal hypertension is associated with an increased 
risk of developing varices, which is defined as hepatic venous pressure gradient 
over 10 mmHg [1]. Gastroesophageal varices (GEVs) is appeared in approximately 
50% of patients with cirrhosis, which is associated with a worse outcome. Despite 
an improvement of treatment strategy, variceal bleeding is still associated with a 
6-week mortality rate of 12–26% [2, 3].

Endoscopy, the gold standard method to diagnose GEVs, is recommended for 
all patients at the time of diagnosis of cirrhosis. Endoscopy should be periodic 
for screening GEVs. It is reported that nearly 30% of cirrhotic patients screened 
by endoscopy found to have moderate-to-large varices [4, 5]. Endoscopy is not 
only a diagnostic method but also serves as a therapeutic option in the form of 
sclerotherapy and band ligation. However, endoscopy is an invasive method, which 
is not well perceived by patients. Complications following diagnostic endoscopy 
mainly include infection, bleeding, duodenal hematoma, bowel perforation, airway 
obstruction, arrhythmias, and aspiration. Additionally, in some less developed 
regions or countries, advanced endoscopy and experienced endoscopists are still 
in shortage. It is thus important to identify patients who can avoid unnecessary 
endoscopy or patients with high-risk GEVs that need further treatment should be 
considered.
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Non-invasive prediction of GEVs could relieve medical, social, and economic 
costs. Numerous efforts have been made to predict GEVs non-invasively, and some 
progress has been achieved. In the Baveno VI consensus conference, it was under-
lined that non-invasive methods should be used to rule out patients with varices 
or high-risk varices [6]. In this chapter, we focus on non-invasive methods in the 
prediction of GEVs.

2. Serum markers or scores

2.1 Serum ammonia

Serum ammonia is well recognized as a serum marker for hepatic encephalopa-
thy in cirrhotic patients. Studies have demonstrated serum ammonia has a positive 
correlation with the presence of portosystemic collateral veins including GEVs [7]. 
In a newly published study by Darweesh et al. serum ammonia was found signifi-
cantly higher in patients with esophageal varices (EVs) than those without [8]. A 
total of 204 hepatitis C virus (HCV) relate cirrhotic patients were enrolled. Serum 
ammonia with a cutoff value of 82 μmol/L had a sensitivity of 92.3% and specificity 
of 92% in detecting EVs and that with a cutoff value of 95.5 μmol/L had a sensitiv-
ity of 92.7% and specificity of 92.3% in detecting large EVs. Conversely, a study by 
Hafez et al. found that serum ammonia alone cannot predict the presence or grade 
of EVs [9]. The predictive value of serum ammonia for GEVs still needs further 
evaluation.

2.2 Platelet count/spleen diameter ratio

Platelet count/spleen diameter ratio (PSR) was first proposed by Giannini et 
al. [10] to explore the non-invasive method for predicting GEVs. In the first part 
of Giannini’s study, 145 patients were included. The results found that PSR was the 
only parameter independently associated with the EVs with a cutoff value of 909. 
The PSR with cutoff value of 909 had a sensitivity of 100%, a specificity of 93%, a 
positive predictive value (PPV) of 96%, and an negative predictive value (NPV) of 
100%. In the second part of this study, 103 patients were included, the results vali-
dated that the reproducibility of the predictive value of PSR for EVs. Additionally, 
in all 266 patients, PSR was the only parameter significantly different between 
patients with and without EVs at baseline.

Since then, extensive studies have focused on the PSR for the non-invasive 
prediction of GEVs. However, a study by Schwarzenberger et al. found PSR maybe 
not sufficient for the diagnosis of GEVs [11]. In this study, a total of 137 patients 
were enrolled. The diameter of spleen was measured using computed tomography 
(CT), magnetic resonance imaging, and ultrasonography. Ascites, splenomegaly, 
Child-Pugh score were found to have a positive correlation with EVs. The PSR with a 
cutoff of 909 had a sensitivity of 80%, specificity of 66%, and PPV of 74%.

In a recent meta-analysis by Chen et al. where 49 studies were enrolled, found 
that the area under curves (AUC) of PSR for GEVs was 0.8719, the summary sensi-
tivity and specificity were 0.84 and 0.78, respectively [12]. The results suggest that 
PSR can be used for predicting EVs, especially in patients with viral hepatitis.

2.3 Liaoning score

The Liaoning score was proposed by Qi et al. from a prospective cohort of cir-
rhotic patients who underwent the first-time endoscopy at 11 hospitals in Liaoning 
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Province, China [13]. In this study, a total of 363 cirrhotic patients were enrolled. 
The incidence of EVs was 71.63% (260/363). The results suggest that acute upper 
gastrointestinal bleeding (AUGIB), platelet count, and ascites were independently 
associated with the presence of EVs. In the whole cirrhotic patients, the Liaoning 
score, whose equation was 0.466 + 1.088 × AUGIB (1 = yes; 0 = no) + 1.147 × asci-
tes (1 = yes; 0 = no) - 0.012 × platelet count, had an AUC of 0.807 (p < 0.0001). 
The cutoff value was 0.474 with a sensitivity of 70%, a specificity of 77.67%, a 
PPV of 88.8%, and an NPV of 50.6%. In patients with AUGIB, the equation was 
1.205 + 1.557 × ascites (1 = yes; 0 = no) - 0.008 × platelet count, with an AUC of 
0.782 (p < 0.0001). The results of this study suggested that Liaoning score was a 
newly developed scoring system which can be employed to predict EVs in cirrhotic 
patients.

For external validation of Liaoning score, Li et al. performed a nationwide 
multicenter cross-sectional study to evaluate the predictive ability of Liaoning score 
for EVs and high-risk EVs [14]. In this study, 612 cirrhotic patients with AUGIB 
were enrolled. The incidence of EVs and high-risk EVs was 96.2% and 95.6%, 
respectively. The results showed that the AUC of Liaoning score for predicting EVs 
was 0.708 (p = 0.0016), and that of high-risk EVs was 0.702 (p = 0.0147).

2.4 Other scores

Other than the non-invasive methods we have discussed above, many scores 
have been developed for the evaluation of liver fibrosis, including aspartate amino-
transferase-to-platelet ratio index (APRI), aspartate aminotransferase-to-alanine 
aminotransferase ratio (AAR), FIB-4, and Lok scores. Some studies explore the 
predictive ability of these non-invasive scores for GEVs. In a meta-analysis by Deng 
et al. several non-invasive scores had been systematically reviewed for the predic-
tive ability of EVs [15]. In the overall analysis, a total of 650 patients were included, 
81.4% of them had moderate–severe EVs. Only Child-Pugh and FI scores were sig-
nificantly higher in patients with EVs than those without. The AUC of FI was 0.612, 
FIB-4 was 0.567, AAR was 0.56, and APRI was 0.539. However, the AUC among 
these scores was not significantly different. For further validation, Deng et al. also 
performed a retrospective study, the results were in agreement with their previous 
meta-analysis [16]. A total of 650 cirrhotic patients were included, and 81.4% of 
them had high-risk EVs. The results of this study concluded that APRI, AAR, and 
FIB-4 scores had only modest diagnostic accuracy of EVs in cirrhotic patients.

3. Image tools

3.1 CT

CT scanning is one of the most important image tools in clinical practice, is rec-
ommended for the surveillance of hepatocellular carcinoma in all cirrhotic patients. 
GEVs characteristics as round, tubular, or serpentine structures in the esophagus and/
or gastric lumen in CT images. It provides a possibility that an experienced physician 
can diagnosis GEVs using CT images, especially in contrast-enhanced CT images.

Perri et al. designed a prospective study that explores the ability of CT for the 
prediction of GEVs [5]. A total of 102 patients who had a CT and endoscopy within 
5 days were enrolled. Two radiologists read the CT independently. The sensitivity 
of EVs was 93% in both radiologists, the specificity was 55% and 45%, respectively. 
The sensitivity of gastric varices was 87% in both radiologists. The results suggest 
that CT should be used as initial surveillance for GEVs.
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PPV of 88.8%, and an NPV of 50.6%. In patients with AUGIB, the equation was 
1.205 + 1.557 × ascites (1 = yes; 0 = no) - 0.008 × platelet count, with an AUC of 
0.782 (p < 0.0001). The results of this study suggested that Liaoning score was a 
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them had high-risk EVs. The results of this study concluded that APRI, AAR, and 
FIB-4 scores had only modest diagnostic accuracy of EVs in cirrhotic patients.
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ommended for the surveillance of hepatocellular carcinoma in all cirrhotic patients. 
GEVs characteristics as round, tubular, or serpentine structures in the esophagus and/
or gastric lumen in CT images. It provides a possibility that an experienced physician 
can diagnosis GEVs using CT images, especially in contrast-enhanced CT images.

Perri et al. designed a prospective study that explores the ability of CT for the 
prediction of GEVs [5]. A total of 102 patients who had a CT and endoscopy within 
5 days were enrolled. Two radiologists read the CT independently. The sensitivity 
of EVs was 93% in both radiologists, the specificity was 55% and 45%, respectively. 
The sensitivity of gastric varices was 87% in both radiologists. The results suggest 
that CT should be used as initial surveillance for GEVs.
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In a study by Li et al. contrast-enhanced CT was used for the non-invasive 
prediction of GEVs [17]. In this retrospectively study, a total of 279 patients were 
included. High-risk varices including EVs and gastric varices was defined as varices 
that need treatment. All patients were divided into four groups according to the 
history of bleeding events, endoscopic surveillance, and drug prophylaxis (primary 
or secondary prophylaxis). In the overall population, only contrast-enhanced CT 
was significantly associated with EVs, high-risk EVs, and gastric varices. In primary 
prophylaxis, acute bleeding, previous bleeding, and secondary prophylaxis popula-
tion, a diameter < 0.5 cm, <0.38 cm <0.46 cm and < 0.33 cm was considered as the 
cut-off value of high-risk EVs, respectively. Which can spare 47.8%, 10.5%, 12.1%, 
and 7.8% of endoscopic surveillance with no high-risk EVs was missed, respectively. 
This study showed a good diagnostic performance for contrast-enhanced CT for 
patients with GEVs.

3.2 Ultrasonography

Ultrasonography is the most common, cost-effective, and convenient imaging 
tool in clinical practice, which can be used for screening of hepatocellular carci-
noma, measure the width of the portal vein, inferior vena cava, and diameter of 
the spleen.

Splenoportal index was calculated as the splenic index divided by mean portal 
vein velocity. In a study by Mansoor et al. 200 HCV-induced cirrhotic patients were 
included [18]. All patients underwent ultrasonography first to calculate spleno-
portal index and then underwent endoscopy. The incidence of EVs was 60.5% 
(121/200) in ultrasonography and 63.5% (127/200) in endoscopy. The sensitivity, 
specificity, PPV, NPV of ultrasonography for predicting EVs was 88.98%, 89.04%, 
93.00%, 82.28%, and 89.00%, respectively. This study showed a good diagnostic 
performance for splenoportal index by ultrasonography for patients with EVs.

3.3 Elastography-based methods

Elastography-based methods, Including transient elastography (TE), point 
shear wave elastography, two-dimensional shear wave elastography, and magnetic 
resonance elastography have been used to non-invasively detected liver fibrosis 
and GEVs. There is substantial evidence suggesting that TE had a good correla-
tion with portal hypertension and varices in cirrhotic patients [19, 20]. In 2015, 
TE was recommended for the surveillance of GEVs by Baveno VI consensus [6]. 
According to the Baveno VI consensus, in patients with compensated advanced 
chronic liver disease, who had a liver stiffness <20 kPa measured by TE and platelet 
count >150,000/mm3, had a low risk of developed GEVs that may spear endoscopy. 
Augustin et al. performed a prospective study that taking the Baveno VI recom-
mendation a step forward [21]. This study suggests that platelet count >110,000/
mm3 and liver stiffness <25 kPa can spare more endoscopies than the Baveno 
VI consensus recommendation (41% vs. 21%). Only minority (0.6%) of overall 
patients were missed varices needing treatment. The negative predictive value for 
varices of the Baveno VI consensus and expanded Baveno VI consensus criteria is 
confirmed by further studies [22, 23].

In a study by Kim et al. a new model was generate based on the liver elasticity 
and the spleen diameter/platelet count (LSPS) [24]. A total of 280 hepatitis B virus 
relate cirrhotic patients were enrolled into the training cohort, and 121 patients 
were enrolled into the validation cohort. Liver stiffness was measured by TE. LSPS 
was calculated by the equation: Liver Stiffness Measurement × spleen diameter/
platelet count. In the training cohort, the cutoff value of LSPS was 3.5. In patients 
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with LSPS <3.5, the absence of high-risk EVs had a sensitivity of 87.7%, a specificity 
of 91.1%, an NPV of 94%, and a PPV of 82.3%. When applying the cutoff value of 
LSPS <3.5, the AUC in the validation cohorts was 0.953. The results of this study 
showed that in patients with LSPS <3.5, endoscopy may avoid safely in cirrhotic 
patients.

In a study by Sharma et al. spleen stiffness was used for the non-invasive pre-
diction of GEVs [25]. A total of 174 cirrhotic patients were prospectively enrolled. 
Liver stiffness and spleen stiffness were measured by the TE. Median liver stiff-
ness, median spleen stiffness, LSPS, and PSR were significantly different between 
patients with and without EVs. On multivariate analysis, only liver stiffness and 
spleen stiffness showed predictive ability of EVs. Liver stiffness with a cutoff value 
of 27.3 kPa had a higher AUC than spleen stiffness with a cutoff value of 40.8 kPa 
(0.908 vs. 0.898). The liver stiffness with a cutoff value of ≥27.3 kPa had a sensitiv-
ity of 91%, a specificity of 72%, a PPV of 89%, an NPV of 76%, and a diagnostic 
accuracy of 86% in predicting EVs; the spleen stiffness with a cutoff of ≥40.8 kPa 
had a sensitivity of 94%, a specificity of 76%, a PPV of 91%, an NPV of 84%, and 
a diagnostic accuracy of 86% in predicting EVs. In patients who had performed 
hepatic venous pressure gradient, spleen stiffness showed a correlation with hepatic 
venous pressure gradient (r = 0.335, P = 0.01). The results of this study suggest that 
spleen stiffness can be used for the non-invasive assessment of EVs.

4. Discussion

GEVs exists in almost 30–60% of cirrhotic patients, depending on the severity of 
portal hypertension [24]. The occurrence of GEVs and varices-related AUGIB sig-
nificantly worsened the prognosis of patients with portal hypertension, emphasizes 
the importance of diagnosis and management of GEVs. There are numerous studies 
have focused on developing non-invasive methods to predict the presence of GEVs, 
including serum markers, CT scanning, and ultrasonographic parameters. However, 
endoscopy is still difficult to replace, especially considering cost-effectiveness and 
diagnostic accuracy [26]. From other perspectives, in regular physical examination 
or surveillance of hepatocellular carcinoma, non-invasive methods can be employed 
to predict the severity of portal hypertension and GEVs. In this situation, if the 
patients have a high-risk of variceal bleeding in a short time, then the patient must 
perform endoscopy; if the patient has a low-risk of bleeding in a certain period, 
then the patient can waive an unnecessary endoscopy.

Liver stiffness and spleen stiffness measured by the TE were the most promis-
ing non-invasive methods available, as they have proven having a good correlation 
with liver fibrosis, portal hypertension, and the presence with varices [27, 28]. The 
limitations of TE is that the results of TE should interpreted by a specialist in liver 
disease which may not available in less development hospital and TE should inap-
propriate be performed in patients with ascites and/or obesity [26].

Approximately 10% of the whole portal hypertension patients were non-cirrhotic 
portal hypertension [29]. In general, patients with non-cirrhotic portal hypertension 
have higher prevalence and larger size of varices than those in cirrhotic patients  
[30, 31]. Until now, few studies focus on the non-invasive prediction of GEVs in 
patients with non-cirrhotic portal hypertension. In a retrospective observational 
study by Cunningham et al. [32] a total of 44 non-cirrhotic portal hypertension 
patients were enrolled, and 15 of them had high-risk varices. The results of this 
study found that spleen diameter > 17.2 cm had a sensitivity of 78.6% and specificity 
of 64.3% for prediction of high-risk varices. In patients with non-cirrhotic portal 
hypertension, the LSM and PSR may not as useful as cirrhotic patients.
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There are heterogeneities among these studies and methods. Several reasons for 
the heterogeneities, including: 1) different target populations were enrolled among 
studies, including different races, etiology of liver cirrhosis; 2) different severity 
of underlying liver disease among patients; 3) different definitions for the risk of 
GEVs: in some studies, such as the study by Li et al. the severity of EVs was defined 
using the shape of varices and the red color sign [17]; in some other studies, the 
severity of varices was defined using the size of varices [5]. Therefore, the heteroge-
neities make it difficult to compare different studies or methods systematically.

5. Conclusion

Endoscopy is still the first choice for the diagnosis of GEVs in patients with 
portal hypertension. Liver stiffness and spleen stiffness measured by TE are the 
most studied methods. With the development of non-invasive prediction of GEVs, 
it is promising to exempt some patients from endoscopy.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Portal hypertension (PH) is a serious consequence of several disease states 
affecting prehepatic, intrahepatic, or posthepatic portal circulation. Backpressure 
caused by PH transmits through the collaterals to form varices at various sites. 
PH also leads to hyperdynamic congestion and altered gastrointestinal mucosal 
immune response, resulting in portal hypertensive gastropathy (PHG), portal 
hypertensive enteropathy (PHE), and portal colopathy (PC). These PH associated 
phenomena may lead to torrential life-threatening bleed or chronic blood loss 
leading to debilitating chronic anemia. Endoscopy plays a pivotal role in the man-
agement of these patients both for diagnostic and therapeutic purpose. The choice 
of therapeutic strategy depends on many factors: severity of the disease, patient’s 
clinical performance, and whether it is done as an emergency or as a prophylactic 
approach. In this chapter, we evaluate the endoscopic management of patients with 
the gastrointestinal complications of PH.

Keywords: portal hypertension, esophageal varices, gastric varices,  
portal hypertensive gastropathy, gastric antral vascular ectasia,  
portal hypertensive enteropathy, portal colopathy

1. Introduction

Portal hypertension (PH) is a serious consequence of disease states affecting 
prehepatic, intrahepatic, or posthepatic portal circulation. Liver cirrhosis, which 
leads to sinusoidal hypertension, is the most frequent etiology of PH. Cirrhosis 
causes structural distortion in the liver architecture accompanied by the rise in local 
intrahepatic vasoconstrictors. Cirrhosis also causes an increase in systemic vasodila-
tion and increased cardiac output leading to increased portal blood flow. When 
portal pressure, measured as hepatic vein portal gradient (HPVG), is >10 mm of 
Hg, it leads to development of portosystemic collaterals (Figure 1). These collaterals 
arise due to recanalization of fetal vascular channels, reversal of flow within adult 
veins, and/or because of neoangiogenesis [1]. Backpressure caused by PH transmits 
through these collaterals to perforating veins and the submucosal vessels they sup-
ply, whereby varices may form.

A PH related increase in the portal vein pressure leads to hyperdynamic conges-
tion in the gastric, small intestinal, and colonic mucosa. The mucosa undergoes 
microcirculatory changes, such as submucosal angiogenesis and vascular ectasia, 
that impair its integrity and promote its susceptibility to damage. Moreover, local 
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immune mucosal defense mechanisms are impaired in PH. All these lead to portal 
hypertensive gastropathy (PHG), portal hypertensive enteropathy (PHE), and 
portal colopathy (PC) [2, 3]. This chapter focuses on the endoscopic management 
of varices, PHG, Gastric antral vascular ectasia (GAVE), PHE, and PC.

2. Esophageal varices

Esophageal varices are present in 30–40% of patients with Child A cirrhosis and 
approximately 85% of those with Child B/C cirrhosis [4]. Despite improved surveil-
lance and treatment, the rate of variceal hemorrhage (VH) continues to be 10–15% 
per year, with an 6-week mortality of 15–25% [5]. Mortality risk is particularly high 
when VH is associated with acute kidney injury (AKI) and/or concomitant bacterial 
infections [6]. Recurrent VH occurs in 60% of patients without treatment [7].

Considering the high-risk of death when VH occurs, implementing surveillance 
strategies to prevent bleeding and death should be pursued actively in patients 
with cirrhosis. Once the patient is diagnosed with cirrhosis, a periodic surveillance 
endoscopy is warranted to look for esophageal varices. Other modalities such as 
video capsule endoscopy (VCE), computed tomography (CT) scan, or Fibroscan 
have been assessed for their role in detecting esophageal varices [8, 9]. However, 
endoscopy is still regarded as the investigation of choice.

2.1 Primary prophylaxis

The risk factors of VH are the large size of varices, red signs, and the  severity 
of liver disease [10]. Primary prophylaxis must be initiated in “high-risk  varices” 
(Figure 2a). This includes small varices (<5 mm) with red color signs, any 
varix in Child-C patients or large varices (>5 mm) irrespective of Child-Pugh 

Figure 1. 
Pathophysiology of formation of varices in cirrhosis.
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classification [11]. In patients with “low-risk varices” or no varices, surveillance 
endoscopy should be undertaken at interval of 2–3 years, depending on the severity 
of the liver disease and whether the liver injury is ongoing or not (Figure 3). The 
patients with active alcoholism, non-alcoholic steatohepatitis (NASH), hepatitis B 
and C with detectable viral load are some examples of ongoing liver injury.

The primary prophylaxis of “high-risk varices” involves pharmacological pro-
phylaxis using a nonselective beta-adrenergic blockers (NSBB) or endoscopic band 
ligation (EVL). NSBBs such as propranolol and nadolol reduce cardiac output and 
splanchnic blood flow through nonselective beta-blockade, and the unopposed effect 
of alpha-1 adrenergic receptors leads to splanchnic vasoconstriction. This reduces 
the portal pressure and its consequential complications. Carvedilol, an NSBB with 

Figure 2. 
Endoscopic appearance of esophageal varix. (a) Large esophageal varix with red color signs, (b) esophageal 
varix after endoscopic band ligation.

Figure 3. 
Algorithm for surveillance and primary prophylaxis of esophageal varix.
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intrinsic anti-alpha-1 receptor activity, reduces both porto-collateral and intrahe-
patic resistance. However, this is at the cost of more profound effects on the systemic 
arterial pressure, particularly in decompensated patients. Carvedilol is therefore, 
preferred in patients where NSSB are contraindicated or produce side effect.

EVL (Figure 2b) involves the placement of rubber rings on variceal columns, 
which are sucked into a plastic hollow cylinder attached to the endoscope tip. 
Ligation causes occlusion of the varix and subsequent thrombosis with ischemic 
necrosis of the mucosa. Band placement should be limited to the distal 8 cm seg-
ment of the esophagus in order to target the palisade drainage and perforating 
zones. Bands should be placed helically, moving distal to proximal to allow the max-
imum number of bands to be applied while avoiding overlapping circumferential 
placement. More proximal placement has less efficacy and may cause post ligation 
retrosternal discomfort. Complications after EBL occur in approximately 2–20% of 
the patients and include transient dysphagia, retrosternal pain, esophageal stric-
ture, ulceration, perforation, and infection [12]. Occasionally, massive bleeding can 
occur, either from recurrent variceal rupture or from post-ligation ulceration.

It is generally recommended that small varices with red signs should be treated 
with NSBBs. Large varices can be treated with either NSBBs or EBL. The treatment 
choice is based on local resource and expertise, patient preference, contraindica-
tions, and adverse events [11, 13, 14].

2.2 Acute esophageal variceal hemorrhage (AVH)

Ruptured esophageal varices contributes to 70% of all the upper gastrointestinal 
(GI) bleeding episodes in patients with portal hypertension [15]. Initial treatment 
should always target restoring the euvolemic status. Restrictive blood transfusion 
strategy is adequate in most patients with GI bleed [16]. Vasoactive drug therapy 
and antibiotic prophylaxis should be initiated as soon as AVH is suspected [11]. 
After adequate resuscitation, an endoscopic evaluation should be carried out in 
patients with acute variceal bleed, in the first 12 hours after admission [13]. Table 1 
shows various modalities which can be used to treat esophageal variceal bleed.

2.3 Endoscopic variceal band ligation (EVL)

EVL is the preferred endoscopic therapy for active bleeding, as it allows greater 
bleeding control, with lower adverse events, and improves survival compared 
to endoscopic sclerotherapy (ES) which was practiced earlier [17]. In AVH, EVL 
should be preferentially targeted toward the culprit variceal column evidenced by 
the ongoing ooze or presence of stigmata of hemorrhage. However, during active 

Endoscopic Therapy

• Variceal band ligation (EVL)

• Sclero therapy/ Glue injection

• Tamponade using

 ○ SB tube

 ○Metal stents

• Argon plasma coagulation

TIPS

Table 1. 
Therapeutic options for control of acute esophageal variceal bleed.
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bleeding, banding at the gastroesophageal junction may reduce bleeding, allowing 
visualization and appropriate targeting of subsequent bands.

Despite adequate therapy with vasoactive drugs combined with EVL, up to 
10–15% of patients with variceal hemorrhage have persistent bleeding or early 
rebleeding [18]. Transjugular intrahepatic portosystemic shunts (TIPS) should be 
considered as a rescue therapy of choice in this group of patients [13]. When TIPS 
is not feasible or in case of modest rebleeding, a second endoscopic therapy with 
repeat EVL or alternate methods may be attempted, and vasoactive drugs doses 
should also be optimized.

2.4 Endoscopic sclerotherapy and glue injection

The sclerosant injection acts by precipitating inflammation and thrombosis 
of the varix. ES involves intravariceal injection of sclerosant at and just distal to 
the site of the bleeding, or perivariceal injection performed adjacent to a varix. 
Injection should be first performed at the bleeding site, followed by perivariceal 
or intravariceal injection starting from the GE junction, with proximal injections 
at 2-cm intervals, extending up to 5 cm to 6 cm from the GE junction. Sclerosants 
used include sodium tetradecyl sulfate (Food and Drug Administration approved), 
sodium morrhuate, ethanolamine oleate, polidocanol, or absolute alcohol.

A meta-analysis of 14 studies found that EVL is better than ES in terms of lower 
rates of rebleeding and complications and a higher rate of variceal eradication [19]. 
The complications related to ES occur in up to 40% of patients, and include esopha-
geal ulceration, stricture, perforation, pleural effusion, hemothorax, pulmonary 
thromboembolism, pericarditis, mediastinitis, pneumothorax, renal dysfunction, 
and even death [20]. Though EVL is the therapy of choice for the management of 
bleeding varices, there are a few indications where EVL is technically demanding, 
and ES can be utilized. This includes massive ongoing bleed when visualization is 
impaired, when adequate tissue suctioning into the cap is not possible due to scar, 
and in young children.

Glue injection have also been performed for active variceal bleeding. Overall, 
there is no definitive evidence supporting the use of cyanoacrylate injection for the 
management of bleeding varices or for VH prophylaxis. Tissue adhesive injection 
may be considered in conjunction with sclerotherapy. However, a RCT did show 
that using n-butyl cyanoacrylate and sclerosant injection in conjunction, resulted in 
lower rebleeding and mortality compared to using sclerotherapy alone [21].

2.5 Tamponade using balloons or metal stents

For persistent VH, where EVL has failed, as well as for EVL-related ulcer 
bleeding, balloon tamponade (BT) using Sengstaken-Blakemore (SB) tube and 
emergency TIPS have been advocated [13]. SB tube is associated with many compli-
cations and rebound bleeding. Performing TIPS in emergencies may not be feasible 
in many centres. Besides, there are cost issues and a definite risk of encephalopathy 
in the presence of advanced liver dysfunction [22]. Covered self-expanding metal 
stents (SEMS) with distinctive designs are used to produce an effective tamponade, 
controlling persistent variceal bleeding and ulcer bleeding following VBL [23, 24].

Initially, the Choo stent (diameter 18 mm, length 140 mm, NES − 18 − 080 − 070, 
MI Tech Co., Ltd) and the EllaBoubella-Danis stent (diameter 20 mm, length 95 mm, 
Ella-CS, Hradec Kralove, Czech Republic) were used. Despite demonstrating  
efficacy, these stent designs were not ideal for deployment and use in variceal 
bleeding; hence the SX-ELLA Danis Stent (Ella-CS, Hradec Kralove, Czech Republic) 
was designed [23]. SX_ELLA Danis Stent (Figure 4) is the most commonly used 
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stent for the treatment of persistent VH. It differs from the Choo stent and the 
EllaBoubela-Danis stent in having a balloon-style delivery system. These stents are 
made of nitinol, measuring 13.5 cm in length with a diameter of 25 mm in the shaft 
and 30 mm at the ends. The stents are placed usually over an endoscopically placed 
guidewire but can also be inserted at bedside without the need of an endoscope. The 
stent’s unique delivery system uses a gastric positioning balloon placed just distal to 
caudal end of the stent. The correct positioning of the stent in the distal half of the 
esophagus is established by inflating the gastric balloon and retracting the catheter 
assembly until the gastric balloon hits against the cardia. The stent is then released, 
and the gastric balloon is deflated, and the assembly catheter is removed [24]. These 
stents act by causing a steady mechanical compression causing an immediate tam-
ponade at the variceal bleed site. Compared to SB tube, these stents allow oral feeding 
and endoscopic assessment of rebleed.

In a meta-analysis of 12 studies, which evaluated SEMS placement for refrac-
tory esophageal variceal hemorrhage, the reported clinical success (absence of 
bleeding within 24 hours of SEMS placement) rate was 96% (95% CI, 0.90–1.00) 
and technical success (guidewire-assisted endoscopic SEMS deployment) rate was 
97% (95% CI, 0.91–1.00). Adverse events associated with the placement of SEMS 
include stent migration (28%), rebleeding (16%), and ulcer. However, there was no 
significant difference in mortality compared to balloon tamponade [25]. Removal 
of SX-ELLA Danis stent is advised within 2 weeks following stent insertion, under 
endoscopic guidance using the custom PEXElla extractor (Ella-CS) or usual foreign 
body forceps [26].

2.6 Argon plasma coagulation (APC)

APC is an electrosurgery-based, non-contact, multi-directional coagulation 
method. A high-frequency current is applied to the target tissue through an argon 
plasma jet with a constant depth of energy penetration (maximum 4 mm). APC has 
been used to coagulate the distal esophageal mucosa after eradicating esophageal 
varices by endoscopic variceal ligation to reduce the rate of variceal recurrence and 
need for rebanding. This technique is generally recommended as secondary pro-
phylaxis for esophageal variceal bleeding in those who have contraindications, are 
intolerant, or are non-compliant to NSSB [27]. A meta-analysis of four randomized 
controlled trials (RCT) compared the safety and efficacy of EVL alone, with EVL 
along with APC, for secondary prophylaxis of esophageal variceal bleeding. Across 
the 4 RCTs, combination therapy showed significantly lower variceal recurrence 

Figure 4. 
Ela stent: SX ELLA STENT. A) Stent design, B) stent in esophagus.
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rates (relative risk 0.19). There was no difference in re-bleeding or mortality. Fever 
occurred more often after combination therapy [28].

After ensuring the complete eradication of varices, APC is initiated 2 to 3 weeks 
after the last EVL session. APC is generally performed at a gas flow rate of 1.2–2 L/
min. The power setting of the APC current generator is adjusted at 50 to 70 W. The 
entire esophageal mucosa proximal to the esophageal junction is coagulated with 
APC in 2 sessions at 2-week intervals. In each session, one half of the mucosa is 
ablated thermally starting at the esophagogastric junction by retracting the probe 
proximally, while delivering thermal energy creating longitudinal parallel stripes of 
coagulated tissue.

3. Gastric varices

Gastric varices (GV) are the source of bleeding in 5–10% of patients with PH, 
second only to the esophageal variceal bleed [15]. GV is, however, relatively more 
common in non-cirrhotic portal hypertension (NCPH) and extrahepatic portal vein 
obstruction (EHPVO) occurring in 1/4th and 1/3rd of patients, respectively [20].

The GV classification system aligns with the therapeutic distinction and cat-
egorizes GV based on whether they are contiguous with esophageal varices or not, 
and as per their location in the stomach (Figure 5) [29]. Gastroesophageal varices 
(GOV) are contiguous with the esophageal varices extending either into the lesser 
curvature (GOV1) or the fundus along the greater curvature (GOV2). These varices 
share the pathophysiology of esophageal varices, arising from the left gastric vein 
and originate in the lamina propria. Isolated Gastric Varices (IGV) are distinct from 
GOV and can be located either in the cardia (IGV1) or outside of the cardia and fun-
dus, usually the antrum or pylorus (IGV2). These arise from the short and posterior 
gastric veins and originate in the submucosa.

Figure 5. 
Sarin Classifiaction of gastric varix. GOV- gastroesophageal varix, IGV- isolated gastric varix.
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second only to the esophageal variceal bleed [15]. GV is, however, relatively more 
common in non-cirrhotic portal hypertension (NCPH) and extrahepatic portal vein 
obstruction (EHPVO) occurring in 1/4th and 1/3rd of patients, respectively [20].
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(GOV) are contiguous with the esophageal varices extending either into the lesser 
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gastric veins and originate in the submucosa.
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Gastric variceal bleeding (Figure 6), although less common, has the predisposi-
tion to be more severe, associated with higher blood transfusion requirement, and 
increased morbidity, and mortality compared with esophageal variceal bleeding 
[30]. The probable cause for this is a large submucosal component of GV, the 
vascular structures feeding and draining the gastric varix, and, also, the lack of 
widespread expertise. Bleeding risk is significantly higher for the IGV1 (77%) and 
GOV2 (55%), than for GOV1 or ectopic varices (10%) [29]. EHPVO more com-
monly results in IGV1 varices, whereas cirrhosis related portal hypertension more 
commonly results in GOV2 varices.

3.1 Primary prophylaxis

There is limited data on the primary prophylaxis of GV bleeding. In a RCT 
with a sample size of 89 patients, endoscopic glue was found to be more effective 
than the beta-blocker therapy in preventing the first GV bleeding, the risk of not 
having bleed, being 87% vs. 62% respectively. There was a survival advantage 
also in the patients with GOV2 and IGV1. High-risk factors for first bleeding from 
GVs are variceal size >20 mm, MELD score > 16, and the presence of severe portal 
hypertensive gastropathy (PHG) [31] and these may be suitable for glue injection. 
The algorithm for the management of gastric varix, including role of primary 
prophylaxis is depicted in Figure 7.

3.2 Acute gastric variceal hemorrhage (AGVH)

Medical management of suspected gastric variceal bleeding includes airway pro-
tection, restrictive blood transfusion, vasoactive agents, antibiotics, and admission 
to the intensive care unit. Table 2 shows various modalities which can be used to 
treat GV. Endoscopic therapy is the initial treatment of choice. The methods utilized 
often depend on the local availability and experience. An algorithm for manage-
ment of GV is shown in Figure 7.

3.3 Glue injection

N-butyl-2-cyanoacrylate, is a monomer that rapidly undergoes exothermic 
polymerization upon contact with living tissues, getting transformed from liquid 
to a hard, brittle acrylic plastic. This tissue adhesive is used to treat bleeding GV. 

Figure 6. 
Endoscopic appearance of gastric varix. (a) Spurting bleeding from the gastric varix, (b) hemostasis after glue 
injection.
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For the glue injection, a therapeutic endoscope with a 3.7 mm working channel may 
be preferred for the accurate control of the injector catheter. The injection catheter 
should be primed with distilled water (DW) or normal saline (NS) (0.8–1 ml) to 
fill up the dead space. The gastroscope is placed in a retroflexed position close to the 
target varix. The suction is turned off, and the injection catheter with the needle 
still withdrawn, is advanced without variceal contact juxtaposed to the target varix. 
The needle is then pushed out directly into the varix, and glue is injected in 1 ml ali-
quots by using NS or DW solution to flush the glue into the varix. The needle should 
be immediately withdrawn after the glue injection to prevent entrapment into the 
varix. While withdrawing the needle, the flushing of a steady stream of the solution 
is aimed at the varix’s puncture site. The varix’s blunt palpation is done by catheter 
or biopsy forceps, and additional glue is injected until the varix is ‘hard’ to palpate.

Overall success in term of hemostasis is noted in 84–100% of GV treated with 
glue. Technical complications related to glue injection include needle entrapment 
in a varix, exposure to the eyes of endoscopists or the assistants, or endoscope 
damage. Clinical complications from cyanoacrylate injection occur in up to 7% of 
cases and involve systemic embolization, sepsis, gastric ulcer, rebleeding due to cast 
extrusion, and mesenteric hematoma. Embolisation can be fatal and can involve 

Figure 7. 
Algorithm for management of gastric varix. Depending the expertise available. TIPS Transjugular intrahepatic 
portosystemic shunt. BRTO balloon-occluded retrograde transvenous obliteration. BATO balloon-occluded 
Antegrade Transvenous obliteration.

Endoscopic therapy

Glue

Coil

Thrombin

Sclerotherapy

Interventional Radiology

TIPS

BRTO/BATO

Surgery

Table 2. 
Therapeutic options for control of acute gastric variceal bleed.
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lung, portal vein, coronary arteries, spleen, or even brain with risk increasing more 
with excessive and forceful glue injection. Visceral fistulization from the stomach 
into the pleura or mediastinum also may occur after unintentional paravariceal glue 
injection [32].

3.4 Sclerosant injection

Injection of sclerosants like tetradecyl sulphate and alcohol is one of the oldest 
techniques endoscopists used, in order to control acute gastric variceal bleeding. 
Sclerotherapy involves injection of a combination of para- and intra-variceal injec-
tions, or 5–10 ml of intravariceal sclerosant injection into the actively bleeding GV. 
Rebleeding rate is reported to be between 10 and 20%.

On comparing glue injection versus sclerotherapy in a RCT of 37 patients 
with IGV-1, glue was more efficacious than alcohol sclerotherapy in immediate 
hemostasis (89% vs. 62%), variceal obliteration (100% vs. 44%), and achieving 
quicker variceal obliteration (2 weeks vs. 4.7 weeks) [33]. Sclerosant injection 
is associated with high rates of complications, including gastric ulceration, 
perforation, and rebleeding (37–53%), and hence, it is not a good option in the 
management of GV [34, 35].

3.5 Thrombin injection

Thrombin tissue adhesives include thrombin, a human or bovine protein that 
affects hemostasis by converting fibrinogen to a fibrin clot. Thrombin also achieves 
hemostasis by altering the platelet aggregation. Human thrombin injection gen-
erally consists of 5 ml of reconstituted solution in calcium-chloride containing 
thrombin 500 IU/ml (Floseal; Baxter Healthcare Corporation, CA, Hayward, USA). 
During each session, usually 5 mL of thrombin solution is injected in a varix.

In an only RCT available which compares thrombin to cyanoacrylate injection in the 
control of AGVH, thrombin injection and glue injection had similar success rate (90% 
vs. 90.9%). However, a higher incidence of complications (51% vs. 12%) and ulcers 
(37% vs. 0%) were noted with glue injection as compared to thrombin [36]. Results of 
this study cannot be generalized as the sample size used in this study was small.

3.6 Endoscopic ultrasound (EUS) -guided therapies

EUS can improve the endoscopic management of gastric varices in many 
regards. These include – a) Increased detection rate of gastric varices overlooked as 
gastric folds. b) Ability to use doppler to confirm variceal obliteration and predict-
ing the rebleeding risk. c) Adequate visualization of culprit gastric varix even in 
presence of torrential hemorrhage or blood clots and d) EUS-guided glue injection 
can be done precisely into a perforating vessel with preceding contrast injection to 
identify the feeding vessel as efferent or afferent, and thereby reducing emboliza-
tion risk by enabling the use of a smaller volume of glue. e) EUS provides additional 
information regarding portal vein and splenic vein patency, helping to assess 
need and feasibility candidacy for TIPS/Balloon-occluded retrograde transvenous 
obliteration (BRTO) in failed cases [37].

The technique of EUS guided glue therapy involves filling the gastric fundus 
with water to improve acoustic coupling and visualization. The EUS is then posi-
tioned either in the distal esophagus (transesophageal-transcrural approach) or in 
the cardia/fundus (transgastric approach) to visualize the intramural varices and 
feeder vessels. EUS-directed intravascular puncture of the GV is performed using a 
standard FNA needle.
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Reports have suggested that the initial deployment of intravascular coils in the 
GV provides a scaffold for glue polymerization and fixation, reducing the glue 
requirement and inadvertent glue embolization [38] (Figure 8). Various commer-
cially available coils include 0.035-inch MReye coils (extended embolus length 5 to 
10 cm, coiled embolus diameter 10 mm; IMWCE 35, Cook Medical) or Hilal micro 
coils (extended embolus length 2 cm, coiled embolus diameter 2 mm; Embolization 
micro coil, MWCE, William Cook Europe, Bjeeverskov, DK). Generally, a 5-cm 
MReye coil are used if the vessel diameter is less than 10 mm, and a 10-cm MReye 
coil is used if the vessel diameter was more than 10 mm. Once the needle is inside 
the gastric varix, stylet is withdrawn, and the coil is deployed by advancing the 
stiffer part of a 0.035-inch guidewire. After coil is deployed, 1 ml aliquots of glue is 
injected, followed by NS flush, using the same needle. Color Doppler after treat-
ment can confirm the absence of flow in the treated varix.

EUS-guided coil and cyanoacrylate injection was found to yield a 100% hemostatic 
success rate in a single-center pilot study [39]. Additionally, there were no procedure-
related complications reported [39]. A recently published meta-analysis that compared 
treatment efficacy of EUS guided glue and coil injection with the endoscopic glue injec-
tion alone reported a statistically significant benefit of variceal obliteration in the EUS 
group (86.2% vs. 62.6%). The results were however, comparable in both the groups in 
terms of treatment efficacy, recurrence of gastric varix, early and late rebleeding [40].

3.7 Hemospray

TC-325 (Hemospray, Cook Medical, Winstom-Salem, North Carolina, United 
States) is a hemostatic powder which, when in contact with blood or tissue in the 
GI tract, becomes cohesive and adhesive, and forms a physical barrier, coating the 
bleeding site. Its effect lasts approximately 24 hours because the hemostatic layer 
sloughs off. Currently, it is only licensed for the treatment of non-variceal upper GI 
bleed. However, two recent studies demonstrated that Hemospray could be used as 
a bridge to a definitive treatment in active variceal bleeding [41, 42].

4. Ectopic varices

Ectopic varices (EcV) have a very complex anatomy. Understanding anastomosis 
with the splanchnic venous system is essential in managing EcV. These are rare 

Figure 8. 
Endosonographic coil embolization of the gastric varix. (a)Endosonography view of gastric varix (blue arrow) 
(b) Endosonography view of gastric varix after coil embolization(blue arrow).
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obliteration (BRTO) in failed cases [37].
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feeder vessels. EUS-directed intravascular puncture of the GV is performed using a 
standard FNA needle.
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Reports have suggested that the initial deployment of intravascular coils in the 
GV provides a scaffold for glue polymerization and fixation, reducing the glue 
requirement and inadvertent glue embolization [38] (Figure 8). Various commer-
cially available coils include 0.035-inch MReye coils (extended embolus length 5 to 
10 cm, coiled embolus diameter 10 mm; IMWCE 35, Cook Medical) or Hilal micro 
coils (extended embolus length 2 cm, coiled embolus diameter 2 mm; Embolization 
micro coil, MWCE, William Cook Europe, Bjeeverskov, DK). Generally, a 5-cm 
MReye coil are used if the vessel diameter is less than 10 mm, and a 10-cm MReye 
coil is used if the vessel diameter was more than 10 mm. Once the needle is inside 
the gastric varix, stylet is withdrawn, and the coil is deployed by advancing the 
stiffer part of a 0.035-inch guidewire. After coil is deployed, 1 ml aliquots of glue is 
injected, followed by NS flush, using the same needle. Color Doppler after treat-
ment can confirm the absence of flow in the treated varix.

EUS-guided coil and cyanoacrylate injection was found to yield a 100% hemostatic 
success rate in a single-center pilot study [39]. Additionally, there were no procedure-
related complications reported [39]. A recently published meta-analysis that compared 
treatment efficacy of EUS guided glue and coil injection with the endoscopic glue injec-
tion alone reported a statistically significant benefit of variceal obliteration in the EUS 
group (86.2% vs. 62.6%). The results were however, comparable in both the groups in 
terms of treatment efficacy, recurrence of gastric varix, early and late rebleeding [40].

3.7 Hemospray

TC-325 (Hemospray, Cook Medical, Winstom-Salem, North Carolina, United 
States) is a hemostatic powder which, when in contact with blood or tissue in the 
GI tract, becomes cohesive and adhesive, and forms a physical barrier, coating the 
bleeding site. Its effect lasts approximately 24 hours because the hemostatic layer 
sloughs off. Currently, it is only licensed for the treatment of non-variceal upper GI 
bleed. However, two recent studies demonstrated that Hemospray could be used as 
a bridge to a definitive treatment in active variceal bleeding [41, 42].

4. Ectopic varices

Ectopic varices (EcV) have a very complex anatomy. Understanding anastomosis 
with the splanchnic venous system is essential in managing EcV. These are rare 

Figure 8. 
Endosonographic coil embolization of the gastric varix. (a)Endosonography view of gastric varix (blue arrow) 
(b) Endosonography view of gastric varix after coil embolization(blue arrow).
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Figure 9. 
Hemobilia due to choledochal varix and its treatment with metal stent. (a) Endoscopic appearance at side 
viewing examination showing spurting from papilla due to choledochal varix, (b) after deployment of covered 
self-expanding metal stent.

cause of bleeding in patients with cirrhosis and PH, accounting for only 2–5% cases 
[43]. They are more common in patients with prehepatic PH, occurring in 27–40% 
of patients with splanchnic vein thrombosis [44]. However, EcV bleed is more 
severe than esophageal variceal bleeding, with mortality rates up to 37.5% [45]. 
Ectopic varix can develop in the duodenum, small bowel, rectum, colon, gallblad-
der, and biliary tract, periumbilical, peristomal, and the retroperitoneal areas. 
Endoscopy is used for both diagnosis and therapy. Most of the EcV are within reach 
of standard EGD and colonoscopy. A bleeding small intestinal varix may occasion-
ally require the use of capsule endoscopy and device-assisted enteroscopy.

The treatment of bleeding of EcV is extrapolated from the esophageal and 
gastric varices literature. Successful outcomes depend on local expertise, location 
of varices, and the technical feasibility. ES and glue injection are commonly used 
modalities. EVL can be used to manage the rectal and duodenal varix. Caution 
however, must be exercised if the varix size is bigger, as the chances of hemostasis 
are less and the risk of rebleeding is high. Use of APC with EBL may be considered 
for the prevention of variceal occurrence, as has been reported in the treatment of 
ileocolonic anastomotic varices [45]. Hemostatic clip placement has been reported 
for ectopic variceal therapy [46]. Hemobilia, due to choledochal varices, can be life-
threatening. Placement of a covered biliary metal stent (Figure 9a, b) is a promis-
ing approach to achieve immediate hemostasis for bleeding from portal biliopathy 
and associated choledochal varix. Biliary stenting serves as salvage therapy and a 
bridge to elective devascularization and shunt surgery [47].

5. Portal hypertensive gastropathy (PHG)

PHG, typically seen in patients with PH, is a condition of gastric mucosal 
ectasia and impaired mucosal defense. The incidence of PHG in patients with 
PH, varies greatly, ranging between 20 and 75%. Of those approximately 65–90% 
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have mild PHG (mosaic pattern of the gastric mucosa without red spots), whereas 
10–25% have severe PHG (mosaic pattern of the gastric mucosa with red spots; 
Figure 10) [48]. The ectatic mucosal capillaries and venules of PHG may cause 
recurrent bleeding, presenting as acute or chronic occult blood loss. The annual 
incidence of overt bleeding from mild PHG is about 5%, while it is 15% for severe 
PHG [49]. The frequency of rebleeding of PHG is 11–30% [50].

APC has been evaluated for the treatment of PHG, in combination with adequate 
NSBB. This does reduce rates of blood transfusion, ICU admission, and improve 
hemoglobin levels in 80–90% of patients [51, 52]. Hemospray is also an option for 
the treatment of active PHG bleeding. However, these endoscopic methods may be 
an effective bridging therapy till TIPS or liver transplant is performed [53].

6. Gastric antral vascular ectasia (GAVE)

GAVE is characterized by erythematous or raised mucosa with underlying tortu-
ous ectatic vessels as red spots. Patterns of GAVE include honeycombing, diffuse 
or speckled patchy erythema, and nodular antral GAVE. These appear as diffuse or 
linear array in the gastric antrum (Figure 11a). Both PHG and GAVE may be found 
during endoscopy in patients with PH or discovered during variceal screening. 
However, in most instances, they are distinguished by their endoscopic appearance, 
location and when needed, biopsy for histological examination. (Table 3). On histol-
ogy, GAVE shows presence of fibromuscular hyperplasia, fibrin microthrombi, and 
increased neuroendocrine cells in the lamina propria [54]. GAVE can be isolated or 
can be associated with cirrhosis and with systemic illnesses like scleroderma, chronic 
renal failure, and can occur after bone marrow transplantation. PH does not play a 
direct role in development of GAVE, as it is not present in up to 70% of patients, and 
the reduction of portal hypertension does not affect the course of the disease [55].

The endoscopic treatment includes laser photoablation, APC, radio-frequency 
ablation [56], EVL, and cryotherapy. APC is the most common, efficacious, 
and feasible therapeutic option for the treatment of GAVE (Figure 11b), with 
a reported efficacy of 90%- 100% causing a significant reduction in blood 

Figure 10 
Severe portal hypertensive gastropathy.
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incidence of overt bleeding from mild PHG is about 5%, while it is 15% for severe 
PHG [49]. The frequency of rebleeding of PHG is 11–30% [50].

APC has been evaluated for the treatment of PHG, in combination with adequate 
NSBB. This does reduce rates of blood transfusion, ICU admission, and improve 
hemoglobin levels in 80–90% of patients [51, 52]. Hemospray is also an option for 
the treatment of active PHG bleeding. However, these endoscopic methods may be 
an effective bridging therapy till TIPS or liver transplant is performed [53].
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ous ectatic vessels as red spots. Patterns of GAVE include honeycombing, diffuse 
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direct role in development of GAVE, as it is not present in up to 70% of patients, and 
the reduction of portal hypertension does not affect the course of the disease [55].
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Portal Hypertensive 
Gastropathy

Gastric Antral Vascular 
Ectasia

1. Definition PHG, typically seen in 
patients with PH, is a 
condition of gastric mucosal 
ectasia and impaired 
mucosal defense

It is characterized by 
erythematous or raised 
mucosa with underlying 
tortuous ectatic vessels 
as red spots in either a 
diffuse or linear array

2. Location Gastric fundus and body Gastric antrum

3. Association with Portal 
HTN

Always In approximately 30% 
case

4. Histology Dliated mucosal and 
submucosal veins along 
with ectatic capillaries 
without microthrombi or 
inflammation

Fibromuscular 
hyperplasia, fibrin 
microthrombi, and 
increased neuroendocrine 
cells in the lamina propria

5. Endoscopy Mosaic pattern (mild) with 
red spots (severe)

Honeycombing, Diffuse 
or speckled patchy 
erythema, and nodular 
antral lesions

6. Incidence of bleed Low Higher than PHG related 
bleed

7. Treatment First line NSBB EBL
Thermocoagulation

Second 
line

Thermocoagulation
Liver transplantation

Cryotherapy
Radiofrequency ablation
Anterectomy

Table 3. 
Difference between portal hypertensive Gastropathy and gastric antral vascular ectasia.

transfusion requirement [57, 58]. The setting of argon gas flow usually ranges 
between 0.8–2.0 L/min, the electrical power from 40 to 60 W, and, generally, a 
mean of 2.5 sessions are needed to achieve complete eradication [59]. Few studies 
have compared EVL with APC for GAVE treatment, where band ligation showed a 

Figure 11. 
Endoscopic appearance of gastric antral vascular ectasia. (a) Endoscopic appearance of gastric antral vascular 
ectasia, (b) appearance after argon plasma coagulation.
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significantly higher rate of hemostasis, required fewer treatment sessions, a higher 
increase in hemoglobin values, and reduced need for blood transfusions [60, 61]. 
The higher efficacy EVL is attributed to a more controlled and reliable eradication 
of the abnormal vasculature in the mucosa and submucosa.

7. Portal hypertensive enteropathy (PHE)

PHE is a condition associated with pathologic changes and mucosal abnormali-
ties in the small intestine of patients with PH. It is being increasingly diagnosed, 
due to the advent of video capsule endoscopy and deep enteroscopy. In recent stud-
ies, the prevalence of PHE varies around 93–97%, with 8–12% of patients showing 
evidence of ongoing bleeding [62–64]. The findings of PHE are characterized as 
vascular (red spots, telangiectasia, or varices) and non-vascular or inflammatory 
(villous edema, erythema, or polyps) changes [64] (Figure 12a-f).

Treatment options for PHE related bleed include glue or sclerosant for variceal 
bleeding and APC for non-variceal bleeding. In patients with hemodynamic insta-
bility, radiological coil embolization is an option [64].

8. Portal hypertensive COLOPATHY (PHC)

Colonic abnormalities in patients with PH are referred to as PHC, and these 
are vascular ectasias, mosaic pattern mucosa, mucosal hemorrhages, anorectal or 
colonic varices, hemorrhoids, and nonspecific inflammatory changes. Its preva-
lence in patients with cirrhosis varies from 25 to 70%, with an estimated bleeding 

Figure 12. 
Capsule endoscopy appearance of portal hypertensive enteropathy. a-c: Vascular: (a) red spot, (b) 
telangiectasia, (c) small intestinal varix. d-e: Inflammatory: (d) villous edema, (e) erythema, (f) polyp.
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significantly higher rate of hemostasis, required fewer treatment sessions, a higher 
increase in hemoglobin values, and reduced need for blood transfusions [60, 61]. 
The higher efficacy EVL is attributed to a more controlled and reliable eradication 
of the abnormal vasculature in the mucosa and submucosa.

7. Portal hypertensive enteropathy (PHE)

PHE is a condition associated with pathologic changes and mucosal abnormali-
ties in the small intestine of patients with PH. It is being increasingly diagnosed, 
due to the advent of video capsule endoscopy and deep enteroscopy. In recent stud-
ies, the prevalence of PHE varies around 93–97%, with 8–12% of patients showing 
evidence of ongoing bleeding [62–64]. The findings of PHE are characterized as 
vascular (red spots, telangiectasia, or varices) and non-vascular or inflammatory 
(villous edema, erythema, or polyps) changes [64] (Figure 12a-f).

Treatment options for PHE related bleed include glue or sclerosant for variceal 
bleeding and APC for non-variceal bleeding. In patients with hemodynamic insta-
bility, radiological coil embolization is an option [64].

8. Portal hypertensive COLOPATHY (PHC)

Colonic abnormalities in patients with PH are referred to as PHC, and these 
are vascular ectasias, mosaic pattern mucosa, mucosal hemorrhages, anorectal or 
colonic varices, hemorrhoids, and nonspecific inflammatory changes. Its preva-
lence in patients with cirrhosis varies from 25 to 70%, with an estimated bleeding 

Figure 12. 
Capsule endoscopy appearance of portal hypertensive enteropathy. a-c: Vascular: (a) red spot, (b) 
telangiectasia, (c) small intestinal varix. d-e: Inflammatory: (d) villous edema, (e) erythema, (f) polyp.
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rate of 0–9% [65–68]. Treatment options are ES or glue injection for variceal bleed, 
EVL for hemorrhoidal bleed, and APC for the non-variceal bleed and are similar to 
those in PHE.

9. Summary

PH can result in formation of varices at various sites with mucosal changes 
anywhere in the gastrointestinal tract. These can lead to acute gastrointestinal 
bleed or anemia. Endoscopy plays an important role in diagnosis and treatment of 
these complications. EVL and glue are the usual first line treatment for esophageal 
and GV respectively. Other therapies include sclerosant or thrombin injection,  
EUS-guided therapies, esophageal stent placement, APC or hemospray.
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by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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