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Abstract
Extrahepatic portal vein obstruction (EHPVO) is a primary vascular condition characterized by chronic long standing blockage and cavernous transformation of portal vein with or without additional involvement of intrahepatic branches, splenic or superior mesenteric vein. Patients generally present in childhood with multiple episodes of variceal bleed and EHPVO is the predominant cause of paediatric portal hypertension (PHT) in developing countries. It is a pre-hepatic type of PHT in which liver functions and morphology are preserved till late. Characteristic imaging findings include multiple parabiliary venous collaterals which form to bypass the obstructed portal vein with resultant changes in biliary tree termed portal biliopathy or portal cavernoma cholangiopathy. Ultrasound with Doppler, computed tomography, magnetic resonance cholangiography and magnetic resonance portovenography are non-invasive techniques which can provide a comprehensive analysis of degree and extent of EHPVO, collaterals and bile duct abnormalities. These can also be used to assess in surgical planning as well screening for shunt patency in post-operative patients. The multitude of changes and complications seen in EHPVO can be addressed by various radiological interventional procedures. The myriad of symptoms arising secondary to vascular, biliary, visceral and neurocognitive changes in EHPVO can be managed by various radiological interventions like transjugular intra-hepatic portosystemic shunt, percutaneous transhepatic biliary drainage, partial splenic embolization, balloon occluded retrograde obliteration of portosystemic shunt (PSS) and revision of PSS.

Key words: Portal hypertension; Extrahepatic portal venous obstruction; Portal cavernoma; Transjugular intrahepatic portosystemic shunt; Splenic embolization

[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK200][bookmark: OLE_LINK288][bookmark: OLE_LINK1864][bookmark: OLE_LINK382][bookmark: OLE_LINK306][bookmark: OLE_LINK569][bookmark: OLE_LINK682][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK86]© The Author(s) 2016. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The present review describes the etiopathogenesis and role of imaging modalities in Extra-hepatic portal vein obstruction and role of various radiological interventional procedures in its management. The advantages and potential limitations of each imaging modality namely endoscopic retrograde cholangiography, ultrasonography and Doppler, multidetector computed tomography, magnetic resonance cholangiography and portovenography, endoscopic ultrasound and ultrasound transient elastography. Also, the concepts behind the use of interventional procedures like transjugular intra-hepatic portosystemic shunt, percutaneous transhepatic biliary drainage, partial splenic embolization, splenic artery aneurysmal embolization, balloon occluded retrograde obliteration of portosystemic shunt, etc., are described. 
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INTRODUCTION
Extrahepatic portal vein obstruction (EHPVO) is a primary vascular condition characterized by chronic long standing blockage and cavernous transformation of portal vein with or without additional involvement of intrahepatic branches, splenic or superior mesenteric vein[1]. The phrase “cavernous transformation of portal vein” was coined by Kobrich et al[2] to describe the spongy appearance of fine blood vessels. Portal vein thrombosis secondary to cirrhosis, hepatocellular carcinoma, liver transplantation, pancreatitis or splenectomy is distinct from this condition. EHPVO and Non-cirrhotic portal fibrosis are the two principal causes of Non-cirrhotic portal hypertension (PHT) wherein patients present with PHT early in the disease course in the background of preserved liver functions and morphology. EHPVO is a disease of childhood, being the predominant cause of paediatric PHT and gastrointestinal bleed in first two decades (68%-84%) in developing countries, while in the western world, it is more common in adults, being the second most common cause of PHT and seen in only 11% of paediatric PHT cases[1]. 

ETIOPATHOGENESIS
Many etiologies have been proposed including hypercoagulable states, infections, inflammation and portal vein anomaly (stenosis, atresia, agenesis) although about 70% cases remain idiopathic despite extensive workup[1]. Also, the risk factors of EHPVO are found to be different in children and adults. Congenital infections and prothrombin gene mutations are usual risk factors in children while myeloproliferative diseases as well as Paroxysmal nocturnal hemoglobinuria are common in elderly group. In EHPVO, the development of portal vein thrombosis is seldom recognized and patients may remain asymptomatic. Gradually there is organization and temporal evolution of thrombus with formation of portal collaterals within 6-20 d termed “cavernoma” aiming to bypass the obstructed portal vein[1,2]. These collaterals are formed by the engorgement of two bile duct venous plexi namely paracholedochal plexus of Petren and epicholedochal plexus of Saint located adjacent to and within the bile duct wall respectively and shunting blood to the intrahepatic portal veins. These biliary plexi can have portoportal connections and generally have hepatopetal flow, while the right paracholedochal plexus may communicate with the gastrocolic trunk and pancreaticoduodenal vein to subsequently drain into cystic vein or directly into liver, the left paracholedochal plexus may communicate with the first jejunal trunk, right and left gastric veins and left portal vein. Additionally, there is opening up of multiple portosystemic collaterals (mainly left gastric and perisplenic) as a compensation to distribute the high splanchnic bed pressure. Sometimes, the accessory portal veins of Sappey which enter the liver capsule via falciform ligament, triangular ligament, gastrohepatic omentum, bare area of liver or ligamentum venosum supply portal blood to the liver by forming transhepatic portosystemic shunts (PSS)[3].
The cavernous transformation of portal vein and resultant extra and intrahepatic biliary ductal and gall bladder complications has been termed portal cavernoma cholangiopathy (PCC) also called portal biliopathy. The development of PCC has been attributed to two main causes: (1) Compression of the pliable common bile duct (CBD) by dilated collaterals and by new vessels formed due to long standing portal thrombosis (neovascularization); and (2) Bile duct ischaemia either due to prolonged compression by collaterals, thrombosis of smaller veins draining the duct or excessive deposition of connective tissue forming a ‘tumor-like’ cavernoma[4]. In a study by Dhiman et al[5], 3 out of 5 patients of EHPVO showed partial resolution of biliary changes, 1 patient showed complete resolution whereas 1 patient had no reversal after PSS surgery, thus suggesting than both mechanical compression by collaterals and bile duct ischaemia can lead to cholangiopathy and both these causes are not mutually exclusive. 

CLINICAL FEATURES
Clinically, children and young adults present initially with multiple episodes of hematemesis, moderate to marked splenomegaly with no features of chronic liver disease. Splenic infarcts and perisplenitis may give rise to left hypochondrium pain[1]. Ascites is found in 10%-20% patients after surgery or following variceal bleed[6]. Although imaging findings of PCC are found in 80%-100% patients, only 5%-38% are symptomatic[7]. This disparity can be due to forceful post prandial gall bladder contractions which cause an increase in intraluminal pressure beyond that in parabiliary collaterals and prevent bile stasis[8]. Symptoms of PCC are mainly due to chronic cholestasis and biliary stones and can manifest as jaundice, biliary colic or cholangitis. Such symptoms usually manifest 8-10 years after diagnosis of EHPVO, thus suggesting that PCC is a progressive condition developing after long standing obstruction[4,9]. Khuroo et al[10] reported that all patients with symptomatic portal biliopathy in their study presented almost a decade later than those patients presenting with variceal bleed. On long term follow-up, these patients may develop biochemical abnormalities of liver dysfunction and secondary biliary cirrhosis (2%-4%)[11,12]. The chronic nature of the disease eventually leads to impaired growth and mild neurocognitive dysfunction[1]. 

IMAGING
The aim of imaging is two-fold: (1) To assess the severity of portal and splanchnic system thrombosis and depict the various portoportal and portosystemic collaterals; and (2) to define the association between the severity of portal venous occlusion and resultant biliary changes. With the advent of multidetector computed tomography (CT), and faster image acquisition protocols in magnetic resonance imaging (MRI), these two modalities along with ultrasonography (USG) play an indispensable role in diagnosis of EHPVO. They help in understanding the various collateral pathways bypassing the obstructed portal venous system and associated biliary tree changes. In the past, endoscopic retrograde cholangiography (ERC) was regarded as the gold standard for diagnosis of PCC. However, owing to the invasive nature of the procedure and the risk of bleeding from peribiliary collaterals it is now superseded by non-invasive imaging techniques. Role of ERC is now reserved for conditions which may need simultaneous therapeutic intervention. Endoscopic ultrasound (EUS) is also emerging as a modality in the diagnosis and management of EHPVO. 

ERC
Various studies have described the findings of PCC using ERC. These include extrinsic impressions/indentations on bile duct, shallow impressions/indentations, irregular ductal contour, stenosis with or without upstream dilatation, filling defects due to stones, prolapsing intra-luminal varices or blood clots, bile duct angulation and duct ectasia[4]. Bayraktar et al[13] called such CBD changes as “pseudo-cholangiocarcinoma sign” while Perlemuter et al[14] described strictures as having an “hourglass appearance”. Dilawari et al[8] studied 20 patients of EHPVO, of which only one had mildly abnormal liver function tests but all showed biliary changes suggestive of sclerosing cholangitis on ERC. They found more severe changes in left intra-hepatic ducts (100%) and CBD (90%) than right intra-hepatic ducts (56%). While there may be a possibility of suboptimal evaluation of right sided ducts on ERC in supine position, there is also suggestion of more collateralization along the left sided ducts due to umbilical vein joining the left portal vein leading to more severe changes. In the study of Khuroo et al[10], cholangiographic abnormalities were seen in CBD in 66.6% and in intra-hepatic ducts in 38.1%. Nagi et al[15] found involvement of extra-hepatic bile duct in 100% and intra-hepatic bile duct in 57% patients, but no predilection for left hepatic ducts was seen. Some studies show dilatation of intra-hepatic ducts with strictures and irregularity of extra-hepatic ducts, thereby postulating extra-hepatic obstruction as the cause of intra-hepatic changes[16,17]. Chandra et al[11] first proposed a system to classify PCC based on the location of narrowing on ERC in which type I is extra-hepatic duct involvement only, type II is involvement of intra-hepatic ducts only, type III a is extra-hepatic with unilateral intra-hepatic bile duct involvement and type III b is extra-hepatic with bilateral intra-hepatic bile duct involvement. Type I or type III changes are more frequently found[18]. Apart from the invasive nature, a major drawback of ERC can be inadequate ductal opacification leading to over estimation of strictures or over filling and dense contrast opacification obscuring filling defects due to calculi and varices. Nevertheless, the higher spatial resolution of ERC allows better delineation of second and third order intra-hepatic ducts. With the advent of magnetic resonance cholangiography (MRC), ERC is now indicated in EHPVO only for therapeutic intent in case of bile duct stones or strictures. 

USG and Doppler
USG and Doppler are the initial screening modality in patients suspected to have EHPVO. Liver size and echotexture usually remain normal in the early stages as EHPVO is a pre-hepatic condition. Nodularity and hepatic volume redistribution may be seen in patients on long term follow-up. Non visualization of portal vein with multiple tortuous anechoic structures at porta representing cavernoma formation is noted (Figure 1A). Both intra and extra-hepatic cavernoma formation can be seen according to the extent of portal vein thrombosis. Doppler shows absence of flow in the thrombosed portal vein with monophasic hepatopetal flow (Figure 1D) in these collaterals. Also, pericholecystic varices can be seen as tortuous collaterals around gall bladder wall (Figure 1C) or in gallbladder fossa post cholecystectomy in 30%-55% patients. Uncommonly, mural varices in gallbladder and bile duct wall can be found as wall thickening with color flow on Doppler. USG has an advantage in such scenarios over cross-sectional imaging to differentiate from other causes of wall thickening like inflammatory and neoplastic conditions[19]. Doppler can also be used to detect shunt patency in post-surgical patients on follow-up (Figure 2A and B). Also, extra and intra-hepatic bile duct dilatation, narrowing or stenosis, cholelithiasis, choledocholithiasis and hepaticolithiasis can be detected. Liver parenchymal changes, splenomegaly, portosystemic collaterals and ascites, if any can be visualized. However, visualization of CBD may be difficult due to multiple portal collaterals and high level echoes at porta. Moreover, it is not possible to comment upon the exact etiology and nature of biliary narrowing. 

Multidetector computed tomography 
Multidetector computed tomography (MDCT) with its postprocessing software like multiplanar reformation, maximum and minimum intensity projections and volume rendering techniques plays an indispensable role in demonstrating the various vascular, biliary and visceral changes in EHPVO. The exact extent of portal vein thrombosis with or without extension to intrahepatic divisions, splenic and superior mesenteric vein can be visualized. The multiple portoportal and portosystemic collaterals and thin gallbladder varices not clearly seen on USG are better depicted on CT (Figure 3). The mural gallbladder varices can simulate thickened enhancing gallbladder wall on contrast CT. Dilatation of CBD and intrahepatic biliary radicles due to extrinsic compression by collaterals can also be seen on CT, however the detailed identification of extent and degree of narrowing may be difficult. The main role of CT lies in ruling out other causes of portal vein thrombosis and extra and intra-hepatic biliary dilatation like malignancy or extrinsic compression by lymph nodes. Transient hepatic attenuation differences can be seen as the central liver receives better perfusion from portoportal collaterals in comparison to peripheral aspects which show relatively reduced portal flow and compensatory increased arterial perfusion[20]. Subsequently due to progressive nature of disease and compromised peripheral portal blood flow, liver parenchymal atrophy with lobulated contours (Figure 3D) may be seen mimicking imaging features of cirrhosis. Stigmata of cirrhosis like nodular contours, atrophy of medial segments of right lobe, hypertrophy of caudate and lateral segments of left lobe in EHPVO patients have been described by Aguirre et al[21]. Splenomegaly is seen in 90%-100% patients which is usually moderate to severe in grade (mean size 11cm below costal margin)[1]. Long standing nature of PHT may lead to development of intrasplenic siderotic nodules (Gamna Gandy bodies). CT arterial phase images are vital to look for presence, number and size of splenic artery aneurysms which form secondary to hyperkinetic splenic circulation [22]. CT plays an important role in pre-operative assessment for shunt surgery which requires detailed evaluation of intra-hepatic portal veins, splenic and superior mesenteric vein patency along with patency and anatomic variations of renal veins and inferior vena cava. Also, if splenic vein/superior mesenteric vein are found thrombosed, then the presence of any other varix (like gastroepiploic vein) which may be suitable for shunt surgery can be visualized on CT. Additionally, post-surgical shunt patency and disappearance of collaterals, if any, can be evaluated using MDCT (Figure 2C and D).

Magnetic resonance portovenography
MRC has now replaced ERC as the imaging modality of choice for mapping biliary abnormalities in patients of EHPVO. Magnetic resonance portovenography (MR portovenography), in addition, can delineate the complete spleno-portal axis and aid in shunt surgery planning and can also help in distinguishing parabiliary varices from stones[9]. It has an obvious advantage over ERC as the relationship of collaterals to the biliary tree can be established. The paracholedochal collaterals are known to dilate first and are seen as enhancing tortuous collaterals causing smooth extrinsic impressions on bile duct (Figure 4). The epicholedochal plexus are seen as dot-like enhancing structures in the duct wall and cause fine irregularities[3]. Bile duct wall thickening can be seen due to fibrosis which will show delayed enhancement on dynamic MRI as compared to early enhancement in cases of malignant thickening. Various studies have shown similar sensitivity of ERC and MRC for diagnosing biliary changes of PCC[12,23]. MRC features in PCC are irregular wavy contour of bile ducts, biliary narrowing and stenosis with or without prestenotic dilatation, strictures, thickened gallbladder and bile duct walls, CBD angulation, cholelithiasis, choledocholithiasis and hepatolithiasis (Figures 5 and 6). The aforementioned theories of extrinsic compression or bile duct ischaemia lead to duct wall irregularity and narrowing. This predisposes to bile stasis and subsequent stone formation. Studies have revealed that gallstones are more frequent than CBD stones and 5%-20% of patients of PCC show evidence of choledocholithiasis and hepatolithiasis[8]. Both short length (< 2cm) and long length (> 2cm) bile duct stenoses has been found[12]. Walser et al described a more acute angulation of CBD (average 110o) in patients with portal biliopathy compared to non biliopathy patients (average 128o) at the superior aspect of pancreatic head secondary to kinking of bile duct by collaterals draining between the anterior-superior pancreaticoduodenal and posterior-superior pancreaticoduodenal veins[24]. Keizman et al[25] reported that an acute angle of CBD of ≤ 145o predisposes to recurrence of symptomatic bile duct stones (Figure 7). Shin et al[26] have classified the biliary changes in EHPVO into three types depending on the pathogenesis and presence or absence of stricture. According to this classification, the varicoid type of PCC is caused by biliary obstruction due to compression by paracholedochal venous plexus (Figure 3A, 4B) resulting in wavy or undulating bile duct contour. The entire biliary system can be involved and these collaterals are best visualized in portal venous phase on dynamic MR. This type may show favourable response after decompression of splanchnic venous system. Fibrotic PCC is the second type resulting from scarring of bile duct wall due to chronic inflammation and ischaemia. Single or multiple segmental strictures are seen in this type with upstream dilatation and only CBD is commonly involved. On contrast MR, delayed progressive enhancement is noted consistent with fibrosis and this type of PCC is likely to be irreversible following surgery. The third type is mixed PCC showing findings of both types like irregular bile duct contour and multifocal areas of stenoses and dilatation, however, there is no delayed enhancement of the wall thickening at the level of narrowed portion. This type shows variable response to surgery[26]. Llop et al[27] has proposed a more clinically relevant classification based on severity of biliary dilatation on MRC findings of 67 patients. Grade 0 indicates no abnormality, Grade I indicates irregularities or angulations of biliary tree, Grade II indicates indentations or strictures without dilatation and Grade III indicates strictures with dilatation. They defined dilatation as extra-hepatic duct diameter > 7mm and/or intra-hepatic duct diameter > 4mm. Symptoms were found to be most frequent in grade III PCC.

EUS
The routine use of EUS in the diagnosis of PCC is not recommended, however it can be used to differentiate the various choledochal collaterals (paracholedochal, epicholedochal, intracholedochal and subepithelial varices) if an ERC is planned for stone retrieval or stricture dilatation. These varices pose an increased risk for bleeding and may sometimes be too small to be identified on cross sectional imaging[28]. EUS may also help to identify stones, sludge and tumors when equivocal on other modalities.

Ultrasound transient elastography
Transient elastography with use of ultrasound is a promising noninvasive technique which can be used to measure liver and spleen stiffness. In a recent study by Sharma et al[29] on 65 patients of EHPVO, liver stiffness (6.7 ± 2.3 kPa) and spleen stiffness (51.7 ± 21.5 kPa) were found to be significantly higher than healthy control subjects. They also suggest that splenic stiffness > 42.8 kPa has a high sensitivity (88%) and specificity (94%) for predicting variceal bleeds in these patients.

DIFFERENTIAL DIAGNOSIS
Portal venous thrombosis and cavernoma formation can occur in various conditions like cirrhosis and hepatocellular carcinoma. Many conditions can show features of PCC like biliary dilatation and strictures. These include primary sclerosing cholangitis, recurrent pyogenic cholangitis, HIV-cholangiopathy, autoimmune/IgG4-related cholangiopathy, bile duct neoplasms, biliary parasitic infection, post biliary tract surgery and strictures due to toxins or chronic pancreatitis. Multimodality imaging helps in distinguishing them from the typical venous, biliary and visceral EHPVO changes.

RADIOLOGICAL INTERVENTIONS IN EHPVO
The multitude of changes/ complications seen in EHPVO can be addressed by various radiological interventional procedures. The various changes/ complications seen in EHPVO and various possible radiological interventions available to manage them can be broadly categorized as in Table 1.

Transjugular Intrahepatic PSS
This procedure involves the creation of low resistance artificial conduit/ shunt between the hepatic vein and portal vein within the liver by deploying intrahepatic stent. Patients of EHPVO presenting with features of PHT in the form of variceal bleed either massive or recurrent inspite of pharmacological and/ or endoscopic therapy require measures for reduction of portal pressure either in the form of surgical PSS or transjugular intra-hepatic portosystemic shunt (TIPS)[30,31]. Although technically challenging, TIPS is feasible in these patients but it can preclude a future Rex Shunt[31].
	Patients with EHPVO pose technical challenge for TIPS because of difficulty in gaining access to portal system as main portal system is chronically thrombosed/ occluded and resistant to fibrinolysis[32]. It is also difficult to puncture partially occluded intrahepatic portal radicle by avoiding the surrounding cavernous lesions[33]. Various approaches have been proposed for gaining access to the portal system during TIPS. These are shown in Table 2[32-35]. Intraparenchymal injection of CO2 can be extremely useful in guiding the operator towards exact anatomic position of the portal tree[36]. Having exact idea of intrahepatic portal tree by its delineation through any of these routes mentioned in Table 2 will guide the operator to aim the intraparenchymal needle. After gaining access into the portal system the next step is probing the guidewire towards the expected position of main portal vein and its confirmation by portography (Figure 8). This is followed by portal vein recanalization by mechanical thrombectomy, stent- graft placement or reverse Fogarty manoeuvre either alone or in combination[36]. These initial steps are followed by routine steps in creation of TIPS. 
	Immediate complications of TIPS include intraperitoneal hemorrhage, local site hematoma, arrhythmia, bilhemia, stent displacement and shunt thrombosis. Chronic/ delayed complications include progression of spleno-portal thrombosis, congestive cardiac failure, sepsis, chronic recurrent encephalopathy, hepatic infarction, TIPS dysfunction and infection of TIPS.
	Refractory/ recurrent HE due to TIPS shunt can be treated by deliberately occluding/ reducing these PSS keeping in mind the life threatening consequences of raised portal pressures with recurrence of massive variceal bleeding[37]. The permanent occlusion tools include detachable balloons, coils, amplatzer device and sclerosants[37,38]. Latex balloons are used for intentional reversible occlusion. Shunt reduction techniques includes use of constrained stents/ stent-grafts and adjunct embolization[37].
	Percutaneous transluminal angioplasty (PTA) revision of thrombosed TIPS shunt is relatively safe and spares patients from surgical intervention[39]. Percutaneous endovascular catheter directed transluminal chemical or mechanical thrombectomy is used successfully for restoring patency of thrombosed TIPS shunt[39-41].

Percutaneous transhepatic/ trans-splenic variceal embolization
Right from its inception by Lunderquist et al[42] in the year 1974, several subsequent studies have proved that percutaneous transhepatic/ trans-splenic variceal embolization (PTE) via transhepatic route has excellent immediate success rates in controlling bleeding in 70%-90 % of patients. However, 37%-65% of these patients presented again with recurrent bleeding as PTE only addresses variceal bleed but not PHT per se[42-45]. PTE is used to treat acute variceal bleed if it cannot be localized by endoscopy or are resistant to treatment by endoscopic means[46-48].
The gastro-esophageal varices are fed by portal system, i.e., either by the Left Gastric vein, the Posterior Gastric vein or the short Gastric vein, alone or in combination[49]. These afferent veins are assessed either by transhepatic approach or by trans-splenic approach[42,49]. Transhepatic approach is achieved by puncturing peripheral intrahepatic portal radicle using ultrasound/ fluoroscopic guidance or through pre-existing TIPS[50]. Transplenic approach is specifically useful in patients with pre-existing portal vein thrombosis like EHPVO[49]. Following assessment of size of varices, its afferents, efferents and flow velocities, sclerotherapy is carried out using various sclerosants like 3% Sodium Tetradecyl Sulphate, 10% Ethanolamine Oleate, Polidocanol, absolute alcohol, etc. mixed with radio-opaque agents like Lipiodol, nonionic contrast, air or CO2 to form a sclerosant froth/ foam[51]. Various other inventories like occlusion balloons and coils are also used during the procedure. Presence of a large draining vein warrants for occlusion/ closure of this gastro-renal shunt before starting embolization of gastric varices[50].

Percutaneous trans-hepatic biliary drainage
There are two schools of thought to treat symptomatic PCC. Some investigators believe that shunt surgery should be performed first in all cases of symptomatic PCC and if it fails to relieve biliary symptoms then a second stage biliary bypass surgery is recommended[52]. Other school of thought is that endoscopic therapy should be the first resort to treat it and if it fails then the patient should be subjected to shunt surgery[53]. Irrespective of these variant ideations in the treatment of PCC, the role of percutaneous trans-hepatic biliary drainage (PTBD) in its treatment is fixed. PTBD is indicated to treat cholangitis or for stone extraction in patients with failed/ abandoned endotherapy[54,55]. Endoscopic interventions are failed/ abandoned due to following reasons: (1) Venous collaterals around ampulla of Vater leading to uncontrolled bleeding during sphincterotomy[56]; (2) Uncontrolled bleeding from epi/ paracholedochal varices during stone extraction/ balloon dilatation of biliary strictures[54]; and (3) Repeated stent block leading to repeated endotherapy sessions subjecting patient to inherent risk of uncontrolled bleeding[57]. PTBD is also indicated in patients of EHPVO subjected to bilio-digestive bypass surgeries[55]. The role of PTBD prior to bilio-digestive bypass surgeries is explained by Vibert et al[55] According to them biliary-enteric bypass surgeries are associated with high risk of hemorrhage in the setting of PCC and also extension of mechanical biliary obstruction high into the porta hepatis and even in the liver may make anastomotic surgery difficult[57]. PTBD is also indicated in patients of EHPVO treated with biliary-enteric anastomosis to treat cholangitis, for stone extraction and as an aid for percutaneous trans-hepatic cholangioplasty (PTC) of biliary-enteric anastomotic stricture as endoscopic approach is technically difficult in such patients[58-60] (Figure 9).

PTC
PTC using cutting balloon and/or conventional balloons is of great help in treating benign biliary strictures including biliary-enteric anastomotic site strictures especially in patients with biliary-enteric anastomosis in whom endoscopic approach is technically difficult[58-61]. The combined use of conventional and cutting balloons has better technical success rates and better patency rates in comparison with isolated use of conventional or cutting balloons[60,62,63] (Figure 10).

Partial splenic embolization
According to Shneider et al[31], splenectomy in pediatric patients of EHPVO not only rules out the future option of distal spleno-renal shunt (SRS) but also will not improve the status of varices. Partial splenic embolization (PSE) is a safe and effective alternative for splenectomy in treatment of hypersplenism[64]. PSE helps in reduction of splenic volume, thus decreasing portal venous inflow and thereby reducing portal pressure. It helps in improvement of hypersplenism induced thrombocytopenia with improvement in hematological parameters and hepatic protein synthesis[65]. Polyvinyl alcohol is the most common embolizing agent used for this purpose. Other embolizing agents used for this purpose include gelatin, coil and amplatz[66]. PSE has proved to be useful in management of bleeding gastric varices in patients with concomitant splenic vein thrombosis[67].

Balloon occluded trans-venous obliteration of PSS
Portal vein thrombosis (PVT) in EHPVO leads to PHT which acts as a stimulus for spontaneous PSS which is predictor of poor prognosis and a cause of hepatic encephalopathy (HE)[68]. Refractory HE is treated by closure of PSS but it a relative contraindication in patients with EHPVO[69]. Deliberate partial embolization of these shunts using coils[69] or balloon occluded trans-venous obliteration of the larger shunts in presence of multiple PSS[70] (Figure 11) using sclerosants and other inventories have been reported to be successful in treating recurrent HE in patients with PVT. 

Surgical shunt revision by PTA
Deliberate reduction/ closure of surgical PSS is advocated in patients with refractory/ recurrent HE. The occlusion tools indicated for deliberate reduction/ closure of TIPS shunt can be used for the reduction/ closure of these surgical shunts[37,38]. PTA revision of thrombosed surgical PSS by catheter directed transluminal chemical/ mechanical thrombectomy is indicated for restoring their patency similarly as in revision of thrombosed TIPS shunt[39-41].

Miscellaneous interventions
Splenic artery aneurysms which are the outcome of splenic hyperkinetic state seen in patients with EHPVO should be treated if they are > 2 cm as they are at high risk of rupture, although consensus over the size criteria are not available[71]. They should be treated surgically, or with laparoscopic ligation or various endovascular techniques[71]. Percutaneous trans-hepatic Hepatico-gastrostomy is a novel technique used in patients of EHPVO with PCC who are at risk of bleeding during sphincterotomy[56], when shuntable vein is not present for porto-systemic shunting[72], and when there is persistence of biliopathy inspite of shunt surgery/ biliary- enteric anastomosis or extensive venous collaterals making biliary- enteric anastomosis very dangerous. This procedure is generally used as last resort in presence of above mentioned criteria after failed attempts to cross the biliary stricture through PTBD access[73].

CONCLUSION
[bookmark: _GoBack]EHPVO is a chronic condition frequently presenting in childhood characterized by cavernous transformation of portal vein. Its long standing nature leads to impaired quality of life due to its diverse effects causing repeated variceal bleeds, PCC, hypersplenism, growth retardation and neurocognitive dysfunction. MDCT and MR portovenography play an indispensable role in identifying portal vein thrombosis, abdominal collaterals and visceral changes. MRC is non-invasive technique and can clearly depict the various biliary manifestations while the use of ERC is now mainly for therapeutic measures owing to potential complications. Role of EUS and transient elastography is evolving. The usefulness of radiological interventions in symptom management has to be correlated and customized according to the clinical scenario and imaging findings of each patient. In experienced hands with proper expertise, these minimally invasive techniques can help to significantly reduce patient morbidity.
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Figure 1 Ultrasonography and Doppler in extrahepatic portal vein obstruction. A: Doppler showing multiple tortuous portoportal collaterals forming a portal cavernoma (arrow) and replacing the portal vein; B: USG with Doppler showing parabiliary collaterals surrounding the prominent CBD (block arrow) and intrahepatic biliary radicles (arrow head); C: Pericholecystic varices (block arrow) are also noted; D: Spectral Doppler reveals hepatopetal flow with monophasic waveform. USG: Ultrasonography; CBD: Common bile duct.
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Figure 2 Proximal spleno-renal shunt. Doppler (A) and gray-scale (B) ultrasound images showing a postoperative patient with patent proximal splenorenal shunt (arrow) draining into patent left renal vein (arrow head). Axial (C) and coronal (D) thick maximum intensity projection images clearly demonstrating the shunt (arrow) patency. 


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 3.jpg]Figure 3 Vascular, biliary and visceral changes on multidetector computed tomography. A: Coronal image shows paracholedochal collaterals (arrow heads) indenting the biliary tree (thin arrow) and causing upstream biliary dilatation. Note the normal liver outlines (thick arrow) and enlarged spleen (asterisk); B: Thick maximum intensity projection image depicts portal cavernoma formation (thin arrow), perigastric and pancreatic collaterals (arrow heads); C: Contracted gallbladder with pericholecystic varices (arrow head); D: A patient of extrahepatic portal vein obstruction showing lobulated liver contours (arrow head) and ascites (asterisks).


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 4.jpg]Figure 4 Magnetic resonance portovenography showing portal cavernoma and pancreatic collaterals. Axial (A) and coronal (B) contrast magnetic resonance images in portovenous phase showing non visualization of portal vein and its intra-hepatic branches with formation of peribiliary varices (arrow heads) causing extrinsic impressions on common bile duct (thin arrow); C: Axial contrast magnetic resonance images revealing multiple tortuous pancreatic collaterals (arrows). 


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 5.jpg]Figure 5 Cholelithiasis and choledocholithiasis. A: MR Axial T2W GRE image showing multiple variable sized calculi (arrow) filling the gallbladder; B: Thick-slab two-dimensional MRC image of the same patient depicting additionally choledocholithiasis (arrow). Also note the irregular CBD contour (arrow head) with angulated appearance of suprapancreatic CBD (block arrow) consistent with biliopathy; C: ERC of this patient shows dilated intra and extra-hepatic biliary system (thin arrow) with multiple filling defects (arrow heads) in CBD consistent with calculi; D: Post stone retrieval and biliary stent placement (thin arrow). MRC: Magnetic resonance cholangiography; CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography.
[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 6.jpg]Figure 6 Portal biliopathy changes on magnetic resonance cholangiography. Thick-slab two dimensional MRC images showing: A: Extrinsic nodular thumb-like impressions (arrow head) on CBD; B: Fine, wavy irregular contour (arrow head) of CBD; C: Stricture (arrow) in supra-pancreatic CBD with upstream dilatation; D: Angulated CBD (arrow) with smooth contour, patent primary confluence and intra-hepatic biliary ductal dilatation (arrow heads). MRC: Magnetic resonance cholangiography; CBD: Common bile duct.


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 7.jpg]Figure 7 Common bile duct angle measurement. A: Thick-slab two dimensional MRC image showing kinking and acute angulation (arrow) of suprapancreatic CBD (110°) in a patient of extrahepatic portal vein obstruction; B: Line is drawn along the long axis of CBD with angle measurement at the level of superior edge of pancreatic head. Lesser the value, greater is the CBD angulation. MRC: Magnetic resonance cholangiography; CBD: Common bile duct.



[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 8.jpg]Figure 8 Sixty-year-old male patient, a known case of extrahepatic portal vein obstruction with history of recurrent upper gastrointestinal bleed and umbilical hernia, subjected to transjugular intrahepatic portosystemic shunt procedure in order to reduce blood loss during contemplated future surgical repair of umbilical hernia. Maximum intensity projection coronal (A) and axial (B) post contrast CT images showing portal cavernoma (arrow), gastric varices (arrow head) and umbilical hernia (bold arrow). DSA images showing portal venogram (C) after accessing portal vein (curved arrow) through transjugular approach and post TIPS stent deployment (arrow heads), diversion of portal flow into right atrium via hepatic vein (D). TIPS: Transjugular intra-hepatic portosystemic shunt; DSA: Digital substration angiography; CT: Computed tomography.
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Figure 9 Twenty-five-years-old female, known case of extrahepatic portal vein obstruction with portal cavernoma cholangiopathy. A: Maximum intensity projection post contrast coronal image showing portal cevernoma (arrow) and changes of PCC in the form of bilobar IHBRD with dilated CBD having stent in situ (block arrow); 3D MRCP image (B) and PTC (C) showing dilated CBD with choledocholithiasis (thin arrow), IHBR dilatation with hepatolithiasis (arrow heads) and cholelithiasis (curved arrow); D: Intraoperative cholangiogram after biliary diversion in the form of hepatico-jejunal anastomosis showing free flow of contrast into jejunal lumen (arrow heads); E: Follow-up PTC showing hepatico-jejunostomy anastomotic site stricture (block arrow) with upstream bilobar IHBR dilatation and hepatolithiasis (arrow heads) with faint contrast opacification of jejunal loop (block arrow); F and G: Fluoroscopic spot images showing progressive dilatation of anastomotic site stricture using conventional balloon (thin arrow) with assisted stone clearance; H: Post balloon dilatation and stone clearance, PTC showing relatively better contrast opacification of jejunal loop (block arrow) and relative reduction in amount of IHBRD and hepatolithiasis (arrow heads). CBD: Common bile duct; PCC: Portal cavernoma cholangiopathy; IHBRD: Intrahepatic biliary dilatation; MRCP: Magnetic resonance cholangiopancreatography; PTC: Percutaneous transhepatic cholangiogram.


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 10.jpg]Figure 10 Fifty-four-year-old female, known case of extrahepatic portal vein obstruction with portal cavernoma cholangiopathy, status post hepatico-jejunostomy. A: PTC showing complete cut-off at the HJ anastomotic site (thin arrow) with upstream bilobar biliary dilatation (block arrows); B: Fluoroscopic spot image showing the anastomotic site stricture (thin arrow) being negotiated using hydrophilic guide wire (block arrow); C: PTC with the help of conventional balloon showing resistent remant stricture at the anastomotic site in the form of persistent waist (thin arrow); D, E and F: Fluoroscopic spot images during PTC with combined use of cutting balloon (arrow head) and conventional balloon (curved arrow) showing complete disappearance of stricture waist resulting into free flow of contrast into jejunal loop (asterisk). PTC: Percutaneous transhepatic cholangiogram; HJ: Hepatico-jejunostomy.


[image: C:\Users\Administrator\Desktop\待编辑\可直接编\22412\22412-figures\Figure 11.jpg]Figure 11 A Fifty-year-old male patient, known case of extrahepatic portal vein obstruction with recurrent hepatic encephalopathy and hepatic parkinsonism. Maximum intensity projection coronal post contrast CT image (A) and DSA images (B and C) showing portal cavernoma formation (arrow), a large gastorenal shunt (arrow head) and another small gastrorenal shunt identified within same patient. DSA image (D) showing balloon occluded (thin arrow) retrograde transvenous occlusion (BRTO) of only the large gastrorenal shunt (curved arrow) through transjugular approach with the help of lipoidol-sclerosant foam. Post BRTO, non-contrast CT coronal image showing lipoidol cast (asterisk) within the large gastrorenal shunt (E). BRTO: Balloon occluded trans-venous obliteration; CT: Computed tomography; DSA: Digital substraction angiography.



Table 1 Radiological interventions available to address various changes/ complications in extrahepatic portal vein obstruction
	Changes/ complications in EHPVO
	Interventions

	Vascular changes
PHT resulting in portoportal and porto-venous collaterals and gastro-esophageal varices- massive upper GI bleed
	
TIPS
PTE

	Biliary Changes- PCC
Cholangitis
Choledocholithiasis and hepaticolithiasis
Post-surgical bilio-enteric anastomotic site stricture
	
PTBD

PTC

	Visceral changes
Splenic changes
Hypersplenism
	

PSE

	CNS changes-hepatic encephalopathy
Pre intervention-large spontaneous portosystemic Shunts like spleno-renal shunt and gastro-renal shunt
Iatrogenic porto-systemic shunts
SPSS namely Linton shunt, Warren shunt, Mesocaval shunt, Rex shunt
Endovascular shunts – TIPS
	
BRTO of porto-systemic shunt

Deliberate reduction/ closure of SRS

Deliberate reduction/ closure of TIPS

	Reappearance/ increase in changes of EHPVO secondary to thrombosed/ stenosed SPSS/ TIPS
	Shunt revision by PTA directed chemical or mechanical thrombectomy


BRTO: Balloon occluded trans-venous obliteration; EHPVO: Extrahepatic portal vein obstruction; PCC: Portal cavernoma cholangiopathy; PHT: Portal hypertension; PSE: Partial splenic embolization; PTA: Percutaneous transluminal angioplasty; PTBD: Percutaneous trans-hepatic biliary drainage; PTE: Percutaneous transhepatic/ trans-splenic variceal embolization; TIPS: Transjugular intra-hepatic portosystemic shunt; SPSS: Surgical portosystemic shunts; PTC: Percutaneous trans-hepatic cholangioplasty.




Table 2 Various routes for gaining access to portal system during transjugular intra-hepatic portosystemic shunt in patients with extrahepatic portal vein obstruction
	Route
	Condition/ preffered when

	Transjugular
	Routinely used

	Transhepatic-IPVB is accessed using US guidance
	Poor or non- visualization of MPV

	Transsplenic-US guide puncture of SV
	Failure of US guided puncture of IPVB

	Trans-ileocolic-Mini-laparotomy is required to gain access to ileal vein
	Failure of all above routes

	Trans-RPUV
	In combination with above routes to delineate portal tree if LHV-RPUV junction is patent


IPVB: Intrahepatic portal vein branch; MPV: Main portal vein; US: Ultrasound; SV: Splenic vein; RPUV: Recanalised paraumbilical vein; LHV: Left hepatic vein.
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