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Abstract

The diagnosis and staging of various gastrointestinal malignancies have been made possible with the use of endoscopic ultrasound, which is a relatively safe procedure. The field of endoscopic ultrasound is fast expanding due to advancements in therapeutic endoscopic ultrasound. Though various studies have established its role in gastrointestinal malignancies and pancreatic conditions, its potential in the field of hepatic lesions still remains vastly untapped. In this paper the authors attempt to review important and landmark trials, case series and case studies involving hepatic applications of endoscopic ultrasound, thus not only providing an overview of utilization of endoscopic ultrasound in various liver conditions but also speculating its future role. 
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Core tip: To review the available published trials, case series and case reports, discuss the implications and the future role of endoscopic ultrasound in the management of various liver conditions. Through this review paper we aim to provide a unified one stop educational experience as we have attempted to amalgamate all the published data.

INTRODUCTION

Since the initial description of endoscopic ultra​sonography (EUS) in 1980’s, EUS has become an indispensable method not only in diagnosing various gastrointestinal (GI) lesions but also in performing various therapeutic maneuvers[1-4]. It was the limitations imposed by standard ultrasonography that prompted the development of EUS. By placing the ultrasound transducer within the body, interposed air filled or bony structures could be avoided and simultaneously by reducing the distance it became feasible to adequately visualize deeper structures. The method is basically an endoscopy with ultrasound at the tip which helps to visualize not only the GI tract but also produce images of nearby structures such as the gall bladder and bile ducts, pancreas, liver, etc. Echoendoscopes are designed using either a radial or curvilinear array system[1]. Radial endosonography provides a high-resolution, 360 degrees circumferential imaging of the GI tract and its surrounding structures. However, it does not allow for fine needle aspiration (FNA), thus making way for development of the linear echoendoscope enabling FNA of lesions both within and adjacent to GI tract[2,3]. This ability is the cornerstone of interventional EUS and the method has been proven safe and reliable in diagnosing various benign and malignant conditions in the upper and lower GI tract as well as the mediastinum[3,4]. When compared with other techniques EUS-FNA has demonstrated improved accuracy and cost effectiveness. This was especially well demonstrated in pancreatic lesions and malignant tumors of the esophagus[3,4].

Till late 1990’s the role of EUS in evaluating hepatic lesions was only described in a few case studies[5] but the case series by Nguyen et al[6] paved the way. They theorized that close proximity of the transducer to lesions coupled with clear visualizations and accessibility of the left lobe and central segments of the liver should facilitate the use of EUS in hepatic lesions. Since EUS-FNA was first reported in 1992[2], we have seen a tremendous growth of interventional EUS with various innovations such as EUS guided tru-cut biopsy, tumor ablative therapy, vascular interventions, and various transmural drainage procedures. However, though case series have been described limited trials advocating the use of EUS for liver lesions have been published and there are no dedicated guidelines establishing the role of EUS in hepatic applications at present. The aims of this review are to summarize the published reports on hepatic applications of EUS and to speculate on its future roles. 

ANATOMICAL DESCRIPTION OF THE LIVER

The adjacent organs next to the liver include the stomach and duodenum (Figure 1). The liver has a dual blood supply with the portal vein (formed by the confluence of superior mesenteric vein and splenic vein) and the hepatic artery (branch of celiac artery). These vessels terminate at porta hepatis by dividing into right and left liver branches which undergo secondary and tertiary divisions to supply the various segments. Right, middle and left hepatic veins formed by the union of intersegmental collecting veins open into the inferior vena cava (IVC). The liver can subsequently be divided into 8 segments that are served independently by a secondary or tertiary branch of the portal triad. The caudate lobe is considered to be separate as it is supplied by both branches of the portal vein and drains independently into the IVC via hepatic veins. It is located posteriorly and considered to be segment one. The rest of the liver is divided by the main portal fissure hosting the middle hepatic vein which extends from the fundus of the gall bladder to the IVC. The left hepatic vein divides the left lobe into lateral (2, 3) and medial (4a, 4b) segments. The right hepatic vein divides the right lobe into anterior (5, 8) and posterior (6, 7) segments. The portal vein divides the liver into upper (2, 4a, 8, 7) and lower (3, 4b, 5, 6) segments. The segments are labeled in a clockwise manner. In a normal frontal view segments 1, 6 and 7 are not visible. 

VISUALIZATION OF THE LIVER BY EUS

With currently available echoendoscopes, both mechanical and electronic transducers can scan over a range of frequencies ranging between 5 to 20 MHz. 1Scanning at higher frequencies improves image resolution but limits the penetration of the ultrasound beam to 1 to 2 cm from the probe, whereas scanning with lower frequency provides images of structures up to 6 to 8 cm from the probe. In 1986, Rifkin et al[7] incorporated 9 MHz electronic transducer on to a traditional fiber optic gastro scope and concluded that it had a better resolution than 0.5 mm. 

Both the left lobe and caudate lobe lie in close proximity to the stomach and duodenum, hence providing an easy access during EUS (Figures 2 and 3). The caudate lobe and gastrohepatic space can be accessed by EUS while these are anatomically more difficult to approach by trans-abdominal ultrasound. EUS is limited in its ability to access the portion of the right lobe adjacent to the dome of the diaphragm along with its lateral and inferior portions. In spite of this, most of the right is lobe is visible from the duodenum as well as the portal hilum with its structures. 

PubMed SEARCH
On December 20th, 2014, the authors performed PubMed search using these key word sets: EUS in combination with hepatic lesion, hepatic application, hepatic intervention, hepatocellular carcinoma, and hepaticogastrostomy (HGS). The inclusion criteria are: (1) english language publications only; (2) EUS is utilized; and (3) case report, series, clinical studies, potential hepatic applications in animal models, reviews on this topic. The authors excluded reports about EUS utilization in extrahepatic bile duct, gallbladder, and other extrahepatic structures except in management and diagnosis of complications of portal hypertension. We also excluded intraductal EUS application. Each published paper was reviewed and only important information was extracted for this review. Initial search yielded 731 articles out of which 584 were discarded as they did not meet the inclusion criteria. Please refer to the attached PubMed result search flow sheet for further details (Figure 4). 

ROLES OF EUS IN THE EVALUATION OF HEPATIC LESIONS

Focal liver lesions 

Diagnostic EUS: Focal liver lesions include both benign (such as hepatic cysts, abscess, adenoma or hemangioma) and malignant (such as hepatocellular carcinoma, intrahepatic cholangiocarcinoma, biliary cystadenoma, and metastatic liver disease) lesions (Figure 5 and Table 1). These lesions were most often diagnosed by either abdominal imaging or by percutaneous tissue diagnosis. The last 15 to 20 years have seen rapid advancements in the applicability of EUS, especially combined with FNA cytology. Studies[8,9] have not only established its efficacy in evaluating intra-abdominal lesions but in also staging[10] of various GI tumors. However it was not till 1999[5] when EUS was used for clinical imaging of the liver. Studies[11,12] comparing intraoperative ultrasound to preoperative computed tomography (CT) scan and magnetic resonance imaging (MRI) had proven it to be superior owing to the proximity of the ultrasound probe to the liver parenchyma and the use of color flow Doppler - hence the idea of EUS for liver lesions was considered. Nguyen et al[6] evaluated the liver in 574 consecutive patients undergoing upper EUS examination for suspicion or history of GI or pulmonary tumor: 15 liver lesions were identified (5 were in the right lobe and 9 were in the left lobe) and underwent EUS-FNA, 14 of them were found to be malignant (one of the patients underwent FNA of two lesions as the first lesion revealed normal cytology). Surprisingly CT scan done prior to EUS identified only 3 of these liver lesions: 12 of the 15 lesions were less than 2 cm. Thus EUS became recognized as a modality to help detect small focal liver lesions. This was also demonstrated by a retrospective study reported by Prasad et al[13] where in liver lesions as small as 5 mm not seen by previously conducted noninvasive imaging were detected by EUS. The detection of metastatic disease is particularly important as it influences management of these patients. It is important to realize that EUS is a semi-invasive test with complications. Two patients in this study had duodenal injury. Hence, though the data appears promising more studies are needed to compare the risk benefit ratio and to establish a protocol for detection of liver masses. Awad et al[14] then evaluated 14 consecutive patients with a history of a known liver mass. They underwent both dynamic CT scan and EUS. EUS not only identified the lesions in all the 14 patients but it also recognized 4 new lesions smaller than 0.5 cm which had not been visualized by CT scan. In 2002 Tenberge et al[15] published a retrospective study wherein they sent a questionnaire to EUS-FNA centers around the world. Out of the 130 centers, 21 of them reported 167 cases of EUS-FNA of the liver with a complication rate of only 4%. Further, it helped to diagnose malignancy in cases of non-diagnostic FNA obtained under trans-abdominal ultrasound and localize primary tumor in cases where CT only reported liver metastasis. Thus the authors concluded that EUS-FNA of the liver was a safe procedure which should be considered in case the lesion is not accessible by trans-abdominal ultrasound or CT or when FNA is non diagnostic by these methods or when a liver lesion is detected during routine EUS. As described in the anatomy section EUS provides good visualization of the left hepatic lobe and EUS-FNA of liver lesions may provide important management information especially in case of detection of metastasis or hepatocellular carcinoma. Further it is hypothesized that in patients with cirrhosis percutaneous biopsy may be difficult owing to presence of ascites and coagulopathy. In such cases EUS may be a safer option as the transducer is only 1.5-3 cm away from the lesion and biopsy occurs under EUS guidance. A retrospective study[16] of 77 patients who underwent EUS FNA of various solid liver lesions helped to detect malignancy in 41% of patients who had previously had negative examination. This was the first study to include both malignant and benign lesions. They concluded that sensitivity of diagnosing malignancy ranged from 82% to 94% (7 patients from the nonmalignant group died without follow up imaging, biopsy or autopsy and hence could not be classified) and this group did not have any complications. The presence of two or more lesions with regular outer margins is more indicative of a malignant lesion. In a prospective study by Hollerbach et al[17] EUS-FNA provided appropriate biopsy specimen in 40/41 patients with an average of 1.4 needle passes. On combining both histological and cytological examination of the specimens they had a sensitivity of 94% and a specificity of 100% with a low 2.5% rate of minor complication. A Fritscher-Ravens et al[18] reported a case series of 10 patients with a biliary stricture at the hepatic hilum who underwent EUS-FNA. In 9/10 patients’ adequate specimens were obtained and 8 of these lesions were found to be malignant but one lesion was falsely identified as benign. This study highlights an important implication of EUS as various advances are being made in the management of cholangiocarcinoma, thus it is imperative that we have not only have accurate diagnosis but also stage the disease adequately. Studies so far have revealed that brush cytology from endoscopic retrograde cholangiopancreatography (ERCP) has variable sensitivity. Ryan[19] reported a sensitivity of only 44% while Glasbrenner et al[20] reported a sensitivity of 80%. Subsequently Crowe et al[21] in 2006 compared 34 percutaneous CT-FNA liver biopsies to 16 EUS-FNA liver biopsies and concluded that though they were comparable in terms of diagnostic utility for hepatic lesions, EUS was limited in its ability to access the portion of the right lobe adjacent to the dome of the diaphragm along with its lateral and inferior portions. Thus, EUS is an important tool to use in adjunction with other noninvasive imaging methods to not only detect occults metastasis but also to diagnose focal malignant lesions more so in the left hepatic lobe. 
More recently, EUS elastography used for visua​lization of tissue elasticity during routine EUS[22] is an upcoming modality for diagnosing focal liver lesions. It is based on the same principle of trans-abdominal elastography but it offers an additional advantage of comparing the echoes over several seconds of normal breathing and blood circulation thus overcoming the need for applying manual pressure. This technique was utilized by Rustemovic et al[23] in diagnosis of focal liver masses Since the malignant tumor tissue is harder than benign tumors, efforts have been made to utilize this modality in differentiating benign from malignant tumors. This principle was already established in other tumors such as prostate[24], pancreas[25]and breast[26]. In 2008 Kato et al[27] established that intraoperative usage of real time elastrography could help distinguish between HCC and metastases by dividing the tumors into four different types based on elasticity. In 2012, Sandulesco et al[28] published a pilot study using real time sonography to differentiate focal liver lesions and concluded that the sensitivity, specificity, and accuracy of differentiation of benign and malignant masses were 92.5%, 88.8%, and 88.6%, respectively. Hara et al[29] described a novel approach to assess vascular invasion at the hepatic hilum by using the linear scanning which they postulated had a superior visualization of abdominal vessels than radial scanning. 

Therapeutic EUS in focal liver lesions: More recently there are case reports pushing the frontiers of EUS from being just a diagnostic tool to one with therapeutic benefits. EUS guided ethanol injection in treatment of hepatic metastasis was first described in 2002[30]. Since then few more cases[31-33] have been reported but unfortunately there are no long term data or larger case series to draw any significant conclusions. In 2011 Di Matteo et al[34] described the use of Nd: YAG laser ablation of hepatocellular carcinoma in the caudate lobe. More recently fiducial placement for stereotactic body radiation under EUS guidance for hepatic and pancreatic malignancies was reported[35]. 
Hepatic cysts

With the increasing imaging using ultrasound and CT scan, simple hepatic cysts are now routinely detected in 2.5%-7% of the population[36]. In majority of the time they are asymptomatic and need no further treatment. Only 10%-16% of such cysts are producing symptoms such as abdominal pain, hepatomegaly, early satiety, bile duct compression necessitating the need for treatment. Traditionally a surgical approach (complete cyst excision or fenestration of cyst) or percutaneous aspiration were the modalities used to treat large symptomatic hepatic cysts. Percutaneous aspiration is associated with a recurrence rate of nearly 100% in 2 years[37]. In 1985 Bean and Rodan[38] described successful percutaneous aspiration of 6 hepatic cysts followed by sclerotherapy with alcohol. No recurrence was noted during a 6-18 mo follow up period. These authors concluded that alcohol caused cellular destruction followed by fibrotic obliteration of the cysts. Since then multiple studies have estab​lished the efficacy of percutaneous aspiration with sclerotherapy. Lee et al[39] conducted a retrospective study where he hypothesized that EUS guided aspiration and lavage therapy without a percutaneous drainage catheter, would enable it to be performed in a single step. A total of 17 patients with 19 hepatic cysts were enrolled with a median cysts volume of 368.9 mL. Ten cysts were drained by a percutaneous approach and 8 cysts underwent EUS guided aspiration and lavage treatment. In a 15-mo follow up the EUS guided group showed 100% reduction. The authors concluded that EUS guided drainage was a safe method for left sided hepatic cysts while percutaneous catheter drainage is preferred for large right sided cysts. 

Hepatic abscesses

Hepatic abscesses are collections of infected materials in the parenchyma which usually develop directly from the biliary tree or from extension of intra-abdominal infection or hematogenously from bacteremia. Conventionally hepatic abscesses have been treated with either surgical or percutaneous drainage[40,41]. Owing to high morbidity and mortality (almost 32%) associated with surgical drainage[40,41]. percutaneous drainage with success rates of 80%-100% has emerged as the first line of therapy[42]. Unfortunately this is also associated with certain side effects[43] such as injury to surrounding vascular structures, intraperitoneal bleeding, hepato-venous fistula[44] and patient discomfort due to external drainage. EUS guided hepatic abscess drainage[45] was suggested as an alternative to overcome some of the complications. As described before, both the left lobe and caudate lobe lie in close proximity to the stomach and duodenum, hence providing an easy access during EUS. In 2005 Seewald et al[45] described a case report of a large hepatic abscess in the lateral segments of the left lobe that did not resolve with one week of intravenous antibiotic therapy. The authors performed EUS guided transgastric drainage of the hepatic abscess. At 6 mo follow up the patient still remained asymptomatic. In 2010 Noh et al[46] described a case series of three hepatic abscesses localized to the caudate lobe and the gastrohepatic space which were anatomically difficult to drain percutaneously. These patients underwent EUS guided drainage and had complete resolution on follow up. The EUS method was hypothesized to be better as it provided excellent visualization of the abscess cavity and the close approximation of the transducer to the cavity wall aided in direct passage of the needle into the cavity. Color Doppler prevented accidental puncturing of interposed vessels. A total of 7 cases have been reported with no single complication and a success rate of 100%[47]. Moving forward we need further studies to establish its efficacy and recommend as a standard therapy. Further, its use may be limited in right sided abscesses. As of now it can be offered to patients as an attractive alternative especially if percutaneous drainage fails.

Hemobilia

With the advent of invasive hepatobiliary procedures[48] such as percutaneous biopsy, biliary drainage and transhepatic cholecystography the incidence of hemobilia has been on a rise. Most common causes include accidental or iatrogenic trauma. The bleeding typically starts within 4 wk[48] of the trauma though cases with longer time periods have been reported. They are most commonly diagnosed by hepatic angiography and often treated with embolization[49]. Cattan et al[50] described a case report where in hemobilia occurred nearly 4 mo after hepatic injury and was diagnosed successfully by EUS. The patient underwent upper endoscopy with both front viewing and side viewing endoscopy along with EUS which revealed the presence of mobile hyperechoic material with no acoustic shadow in the bile duct and gall bladder suggestive of hemobilia. Trakarnsanga et al[51] described another case where a patient presented with abdominal pain and jaundice and underwent EUS with Doppler which revealed a large cystic lesion with a detectable to and fro color flow arising from the common hepatic artery. Diagnosing hemobilia is always challenging, ultrasound and CT scan help by detecting the presence of hematoma or arteriovenous fistula. On occasions they may also detect blood clots in the bile ducts, however these findings are not always present[52]. Hence we postulate that in cases of unexplained GI bleeding especially after hepatic trauma, certain imaging studies such as EUS should be considered. 

Portal hypertensive complications and hepatic cirrhosis

The past decade has seen increasing interest in using EUS for not only early diagnosis of portal hypertension but also for treatment of varices. EUS combined with the Doppler technique helps in the detailed evaluation of the distal esophagus. Though initial studies[53] were not encouraging, later studies[54] showed that EUS could adequately identify high risks of bleeding by determining the size of the varix. Careful examination of the gastroesophageal junction with upper endoscopy helps to identify large varices, however small varices and gastric varices may be missed. In a study by Choudhuri et al[55], gastric varices were detected more often with EUS than with endoscopy alone. In addition EUS can also help to identify deep venous plexus such as peri-esophageal and para-esophageal varices. In his study, Lee et al[56] compared cirrhotics and patients with dyspepsia to assess gastroesophageal varices and extra luminal venous abnormalities. EUS detected gastric varices in 30.8% when compared to 17.3% detected via upper endoscopy alone. Further with EUS extraluminal venous abnormality was noted in 92% of people with cirrhosis. These changes include early formation and engorgement of collateral vessels in the distal esophagus, proximal stomach and splenic vein. Thus there is a potential for possible early detection of cirrhosis as these changes cannot be seen by regular endoscopy. This was further demonstrated by a study done by Mckiernan et al[57] in Birmingham, United Kingdom where 16 children with intestinal failure underwent both endoscopy and EUS to assess for the need of combined intestinal and liver transplant if indicated by presence of intestinal failure associated liver disease. In 7 patients gastroesophageal varices was only detected by EUS and not by regular endoscopy thus resulting in fewer liver biopsies in this subset of patients. Various studies conducted over the last decade helped to establish that EUS can also be used to predict the recurrences of esophageal varices after therapy. Irisawa et al[58] in 2001 published a retrospective study of 38 patients who had undergone endoscopic injection sclerotherapy. Presence of severe type peri-esophageal collateral veins and large perforating veins were associated with increased recurrence of esophageal varices. In 2003[59] he studied 18 patients and concluded that para-esophageal collateral veins detected after the sclerotherapy sessions predicted recurrence. Sato et al[60] studied 306 patients whose varices had been treated with endoscopic injection sclerotherapy with endoscopic color Doppler ultrasonography and concluded that presence of patent inflowing perforating veins before and after sclerotherapy was predictive of early variceal recurrence. Presence of severe cardial sub mucosal veins and severe grade perforating veins[54] and presence of rapid hepatofugal flow velocity of 12 cm/s or more (The group tested a variety of cutoff points from 5 to 18 cm/s, and chose 12 cm/second as the cutoff point since it gave the maximal differences in prognoses between the low- and high-risk groups) in the left gastric vein[61] have also been reported to be associated with early recurrence of esophageal varices after treatment. Benefits of EUS extend not only to diagnosis but studies have shown therapeutic benefits as well. Especially in fundal varices which are not amenable to band ligation, EUS guided techniques such as injection of cyanoacrylate[62] and/or cyanoacrylate with coiling[63] eradicating of gastric varices have been useful. Romero-Castro et al[63] conducted a multicenter study comparing cyanoacrylate against EUS guided coil application. Though it was a small non randomized group, the EUS guided coil application group required fewer endoscopies and had fewer adverse effects. In a randomized control trial by de Paulo et al[64], EUS guided sclerotherapy was proven to be as effective as endoscopic sclerotherapy. However larger randomized controlled trials are needed to substantiate the claim. 

Initially described in 1969[65], transjugular intra​hepatic portosystemic shunt has certainly come a long way to becoming an effective tool in the manage​ment of portal hypertension[66], especially in the management of refractory ascites and variceal bleeding not responding to endoscopic therapy[67]. With the emerging role of EUS in diagnosis and management of various hepatobiliary conditions there have been studies conducted which push the boundaries a bit further. In 2004 Lai et al[68] demonstrated for the first time the feasibility of EUS guided extrahepatic portal vein puncture and portography in an animal model. Since then few studies[69,70] on porcine models have established the efficacy and feasibility of EUS guided portal vein catheterization in portal angiography and portal vein pressure measurements. Subsequently, in 2009 Buscaglia et al[71] reported the first successful endoscopic creation of intrahepatic portosystemic shunt (IPSS) in 10 porcine models without any complications. They concluded that their technique of EUS guided IPSS was technically feasible and a comparative alternative with few advantages such as avoiding the entrance through heart or IVC and decreasing the radiation exposure to both the patient and physician. Further studies are needed with large diameter covered stents[72], deployment of the proximal end of the stent into the hepatic vein-IVC confluence to promote stent patency[73] and in cirrhotics to test the safety of this technique prior to conducting human studies. 

Detection of fibrosis of the liver has important management implications and although liver biopsy is still considered “a gold standard”, studies have proven this technique to be less perfect owing to sampling errors, inter-observer variability[74] and complications[75]. Various serum markers and imaging tests[76] such as FibroScan (EchoSens, Paris, France)[77] have been developed and are being tested to assess their efficacy in staging the liver disease. In 2009, Rimbaş et al[78] postulated that mapping of the tissue elasticity distribution might prove to be useful in accurately determining stages of liver disease. He further commented that in comparison to FibroScan, real time EUS elastography not only allows for estimation of liver stiffness in all patients (irrespective of obesity) but it can also differentiate between steatosis and fibrosis thus giving it an edge. Further studies are needed to confirm these hypotheses. 

Portal vein 

In patients undergoing extensive hepatectomy preoperative embolization of portal vein branches causing atrophy of the segments to be removed with subsequent compensatory hypertrophy of the remaining segments[79] has proven to be safe and effective[79,80]. Matthes et al[81] reported the first successful EUS guided selective embolization of the portal vein with Enteryx (ethylene-vinyl alcohol copolymer) in a single swine model. The group thus concluded that EUS guidance appears to be feasible and a potential minimally invasive preoperative treatment option for patients undergoing extensive hepatectomy. Moving forward more studies need to be conducted to establish its clinical efficacy. 

INTRAHEPATIC BILE DUCT

Currently ERCP is considered be a gold standard for relieving biliary obstruction and when this fails the only alternative is surgery or percutaneous approach both of which are unfortunately associated with higher mortality and morbidity[82]. With the advent of EUS and the easy access of left hepatic duct from the gastric wall paved the way for EUS guided transgastric approach to biliary system. This was initially described[83] in patients with biliary obstruction who had failed either endoscopic or percutaneous transhepatic drainage by Giovannini et al[83] in 2003. Following this few more case reports[84,85] were published expanding interventional EUS guided biliary drainage as an attractive alternative. Subsequently, Bories et al[86] published a pilot series of 11 patients who underwent EUS guided transgastric drainage of the left hepatic system. Out of 11 patients the procedure was a success in 10 of them. Panpimanmas et al[87] also reported successful EUS guided HGS in two patients with hilar cholangiocarcinoma who had failed ERCP. Currently there are three endoscopic drainage procedures[88,89] described in the literature which includes above mentioned EUS-guided transluminal biliary drainage including choledocoduodenostomy and hepaticogastrostomy (EUS-HGS), EUS-rendezvous technique (EUS-RV), and EUS-antegrade approach (EUS-AG) of which EUS-HGS is indicated in cases of surgically altered anatomy and duodenal obstruction with tumor invasion that precludes the passage of echo endoscope. There are certain limitations to this approach as were listed by Itoi et al[90] in his review such as nonapposed gastric wall and left liver lobe causing procedure failure, difficulty of puncture in cases of liver cirrhosis and risk of puncturing the portal vein. A multicenter retrospective study[91] was conducted across seven tertiary centers in Japan where 64 patients were enrolled. Out of these 20 of them underwent EUS-HGS. Technical success rate was 95% but the stent dysfunction rate and 3 mo dysfunction free patency rate was 32% and 51% respectively with 6/20 patients experiencing procedure related complications. The most common complications associated with this include bile leakage and stent misplacement. EUS guided ante grade stenting (EUS-AS) was developed as an alternative to reduce the complications. Ogura et al[92] described a pilot study in 12 patients where he combined the EUS-HGS with EUS-AS of the biliary obstruction using an uncovered metallic stent. At the time of follow up only one patient had experienced mild pancreatitis. Ogura et al[93] also described a novel method called locking stent method using the end-bare covered metallic stents to prevent stent dysfunction. Initially its scope was limited only to the left intrahepatic drainage but in 2014 Ogura et al[94] described a successful biliary drainage of hepatic hilar obstruction further expanding its horizons. EUS-RV technique is indicated when the biliary cannulation fails or there is a biliary stricture that cannot be passed. It involves creation of temporary fistula using EUS and placement of guidewire via the biliary duct and ampulla into the duodenum. After this ERCP is re attempted to cannulate the bile duct using the guidewire. It can be divided into two types transhepatic and transduodenal. Transduodenal can be further divided into two types according to the endoscope position: long (push) and short (pull)[95]. In 2004 Mallery et al[96] described feasibility of rendezvous technique for biliary drainage in 6 cases. Few studies[97,98] with over 40 patients have been published which have reported technical success rate in 60’s and 70’s. A retrospective study by Dhir et al[99] comparing the precut papillotomy to Rendezvous technique in patients with failed cannulation revealing higher success rate with EUS-RV. 

 EUS guided antegrade techniques are suitable for patients with altered surgical anatomy[100] or upper intestinal obstruction which prohibits the scope from reaching the biliary orifice. It involves accessing the intrahepatic biliary duct by creation of a temporary fistula between the intestine and IHBD followed by dilation of the fistula with subsequent stent placement or balloon dilation for biliary obstruction. 

Park et al[101] in 2012 successfully described EUS-guided transhepatic antegrade balloon dilation in a 45-year-old female with hepaticojejunostomy. She had presented with bilioenteric anastomotic stricture and had failed deep enteroscopy with a pediatric colonoscopy and double balloon enteroscope. Further in a prospective series by Park et al[102] 14 patients underwent antegrade technique out of which it was successful in 8 of them. A retrospective study by Shah et al[103] reported a success rate of 81%. 

In 2013, Park et al[104] published a prospective series in which he not only described but also evaluated the technical feasibility and safety of EUS-guided hepaticoduodenostomy (EUS-HD) in cases of isolated right intrahepatic duct (IHD) obstruction. EUS guided cholangiography of the right IHD was successfully performed in all 6 patients and he described 3 kinds of approaches: (1) using a cholangiogram obtained by EUS-guided transduodenal puncture of the right hepatic duct as a “roadmap” to assist retrograde cannulation; (2) EUS-guided antegrade transanastomotic balloon dilation with or without stenting; and (3) EUS-BD with transluminal stenting between the right hepatic duct and the duodenal wall as an antegrade bypass stenting. Though it is an attractive alternative to PTBD in patients with isolated IHD more studies are needed to establish its efficacy. 
CONCLUSION

Although diagnostic and therapeutic EUS is an established tool for upper GI and pancreatic applications, the authors believe that its indications and utilizations in hepatic pathologies are under-recognized. For example, EUS is able to depict and biopsy even small solid lesions in the liver that are either not visualized by other imaging modalities or visualized during routine staging procedures of GI or pulmonary cancers. However, its diagnostic role for hepatic applications is at present not fully defined. Comparative studies are needed. The therapeutic role of EUS in hepatic applications is increasing in particular regarding internal drainage procedures in patients with intrahepatic abscesses in the left lobe and in patients with biliary obstruction and altered anatomy of the GI tract. However close monitoring of the results is mandatory due to the risk of complications such as bile leakage.

EUS is definitely one of the most emerging technologies with significant clinical ramifications. There has also been a substantial interest in the future roles of EUS. The authors expect future development and expanded hepatic applications of EUS in two directions: improved diagnostic yield and evolved indications with new EUS imaging technologies and hard wares, and growth in therapeutic EUS with new EUS and other endoscopic devices. Since the left lobe and caudate lobe lie in close proximity to stomach and duodenum, providing an easy access during EUS, more EUS applications should be seen within left, caudate lobe, and gastrohepatic space. With current technology, EUS is limited in its ability to access the portion of the right lobe adjacent to the dome of the diaphragm along with its lateral and inferior portions, trans-abdominal ultrasound can complement EUS and achieve total hepatic coverage by ultrasound imaging. Interventional EUS and/or trans-abdominal ultrasound can be utilized to approach various pathologies associated with hepatic parenchyma, intrahepatic biliary system, and vascular structures. The authors expect to see more EUS guided injection ablative therapy for hepatic tumors or cysts with ethanol, sclerosant, chemotherapeutics, and biologics, and EUS guided fiducial placement for stereotactic body radiation. 
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Figure 1  Illustrations of liver and its surrounding stomach and duodenum. A: The liver can subsequently be divided into 8 segments that is served independently by a secondary or tertiary branch of the portal triad. B: The left hepatic vein divides the left lobe into lateral (II2, III3) and medial (IV4a, IV4b) segments. The right hepatic vein divides the right lobe into anterior (V5, VIII8) and posterior (VI6, VII7) segments. The portal vein divides the liver into upper (II2, IV4a, VIII8, VII7) and lower (III3, IV4b, V5, VI6) segments. The segments are labeled in a clockwise manner. In a normal frontal view segments I1, VI6 and VII7 are not visible.

[image: image2.png]



Figure 2  Selected computerized tomography scan images showing the liver and its surrounding stomach and duodenum. Both the left lobe and caudate lobe lie in close proximity to stomach (blue colored asterisk indicated gastric lumen) and duodenum (yellow colored asterisk indicated bulb and duodenal lumen), hence providing an easy access during endoscopic ultra​sonography (EUS). The caudate lobe and gastrohepatic space can be accessed by EUS while are anatomically difficult to approached by trans-abdominal ultrasound. EUS is limited in its ability to access the portion of the right lobe adjacent to the dome of the diaphragm along with its lateral and inferior portions.
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Figure 3  Endoscopic ultrasound images of the hepatic structures with the tip of the linear echoendoscope at different positions. A: Endoscopic ultrasound (EUS) image of the left liver lobe with the diaphragm. The image is obtained from the cardia region; B: EUS image of the left liver lobe with the inferior vena cava and a hepatic vein; C: EUS image of the liver at the portal ligament region showing from the transducer, the hepatic artery, the portal vein and a short segment of the common bile duct. The transducer is located in the stomach; D: EUS image of the liver looking over the hepatic dome; E: EUS image of the right hepatic lobe. Note the shadows from the ribs at the anterior abdominal wall; F: EUS image of the liver with the gall bladder. The transducer is located in the first part of the duodenum.
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Figure 4  PubMed result search flow sheet. PubMed search was performed on December 20, 2014. EUS: Endoscopic ultrasound; HCC: Hepatocellular carcinoma; HGS: Hepaticogastrostomy.  
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Figure 5  Endoscopic ultrasound image of lesion in the liver. A: Endoscopic ultrasound (EUS) image of an 8 mm metastatic lesion in the liver; B: Endoscopic ultrasound (guided biopsy from the same lesion; C: EUS image of a 25 mm lesion in the liver; D: EUS guided aspiration biopsy from the same lesion.
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Table 1  Reported diagnostic yields of endoscopic ultrasound guided fine needle aspiration of hepatic solitary lesions


Ref.�
Patient number/lesion sampled�
Diagnostic yields�
�
Nguyen et al[6]�
574/15�
CT before EUS depicted liver lesions in 3 of the 14 patients (21%)�
�
Awad et al[14]�
14/9�
EUS identified additional lesions in 28% of the patients and changed clinical management in 67% of the patients�
�
TenBerge et al[15]�
167/167�
EUS-FNA diagnosed malignancy in 89% of cases after non diagnostic FNA under trans abdominal US guidance�
�
DeWitt et al[16]�
77/77�
45 (58%) were diagnostic for malignancy, 25 (33%) were benign and seven (9%) were non diagnostic. EUS detected malignancy in 41% of patients with previously negative exam�
�
HollerBach et al[17]�
41/41�
With combination of histological and cytological examination sensitivity and specificity for detecting malignancy was 94% and 100%�
�
Prasad et al[13]�
222/21�
Diagnostic of malignancy in 15 (6.8%) 5 of whom (2.3%) had normal imaging prior�
�
Crowe et al[21]�
50/16�
Diagnostic of malignancy in 56% of the cases, comparable to CT scan�
�
McGrath et al[105]�
98/5�
The sensitivity of EUS-FNA for liver lesions was 80%. These lesions were not evident on prior noninvasive imaging�
�
Singh et al[106]�
132/26�
The diagnostic accuracy of EUS/EUS-FNA and CT scan was 98% and 92% respectively�
�
EUS: Endoscopic ultrasonography; FNA: Fine needle aspiration; CT: Computed tomography. 
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