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Abstract
Gastric varices (GVs) are notorious to bleed massively and often difficult to manage with conventional techniques. This mini-review addresses endoscopic management principles for gastric variceal bleeding, including limitations of ligation and sclerotherapy and merits of endoscopic variceal obliteration. The article also discusses how emerging use of endoscopic ultrasound provides optimism of better diagnosis, improved classification, innovative management strategies and confirmatory tool for eradication of GVs. 
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 
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Core tip: This mini-review addresses endoscopic management principles for gastric variceal bleeding. Endoscopic variceal obliteration (EVO) with tissue adhesives is the currently accepted strategy for controlling bleeding and eradicating gastric varices (GVs). EVO is deemed better than both variceal ligation and sclerotherapy in randomized controlled trials. One unsettled issue with EVO is if routine reinjection is better than reinjection in case of rebleeding. The experience with combination treatments is still premature. For secondary prophylaxis, EVO, transjugular intrahepatic portosystemic shunt or beta-blocker use is recommended. Emerging use of EUS provides optimism of better diagnosis, improved classification, innovative management strategies and confirmatory tool for eradication of GVs. 
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INTRODUCTION
The natural history of gastric varices (GVs) is less understood than that of esophageal varices (EVs). GVs may be seen in 18%-70% of the patients with portal hypertension (PHT) and are probable source of bleeding in 10%-36% of patients with acute variceal bleeding (AVB)[1-3]. Isolated GVs (IGVs), without EVs, are seen in 5%-12% of patients with PHT[1-3]. They are also commonly seen in patients with non-cirrhotic portal hypertension (NCPHT), especially with splenic vein thrombosis (SVT). They are more commonly associated with shunts than EVs, most commonly spleno-renal shunt, and their management is quite different from that of EVs. 
CLASSIFICATIONS 
GVs are commonly classified according to Sarin's classification[4,5] based on location and direction of blood flow: GOV1 (Gastro-Oesophageal Varices) are the most common (74% of all GV) and consist of the esophageal varices extending along the lesser curvature of stomach; GOV2 are the extension of the esophageal varices along the greater curvature near the fundus; IGV1 are isolated gastric varices localized to fundus, without any associated esophageal varices. These arise from spleno-renal or gastro-renal shunts where the feeding vessel arises from the splenic hilum and drains in to left renal vein through gastric cardia/fundus veins. GOV2 and IGV1 are sometimes together called “fundic varices”. IGV2 are the isolated gastric varices present elsewhere other than the fundus, which drain in a similar fashion into left renal vein but with multiple tributaries. It is reported that fundal varices (GOV2 and IGV1), though less common than GOV1 varices, are noted to account for 80% of patients with bleeding GV.
Hashizume et al[6] proposed an alternate classification of GVs based on endoscopic findings, taking into account their shape (tortuous = F1, nodular = F2, and tumorous = F3), location (anterior = La, posterior = Lp, lesser curvature = Ll, greater curvature = Lg of the cardia, and fundic area = Lf) and color (white = Cw or red = Cr) and further emphasized on presence of glossy, thin-walled focal redness on the varix called as red color spot (RC spot) as a marker of impending bleeding risk[6].

BLEEDING RISK OF GVS
Although GVs are known to bleed less frequently than the EVs, however when they do, they bleed massively and are difficult to achieve primary hemostasis, with a mortality rate of 10%-30%[4,5]. Their chance of re-bleeding is high (35% to 90%) after spontaneous remission and 22%-37% with the glue technique[4,5]. The chance of variceal bleeding is driven by the pressure changes rather than hemostatic forces. The pressures in the GVs are lower than the in the EVs because of their larger size and more frequent presence of the shunts like spleno-renal[7,8]. Despite this, their rupture is more devastating because of the fact that the wall stress increases dramatically even with small rise in the portal pressures due to their larger radius. When there is increase in transmural pressure, the variceal size increases and wall thickness decreases, which leads to rupture[7,8]. The factors which predict hemorrhage in EVs also govern GVs: most importantly the size of the varices (15% in patients with large varices, which are defined as > 10 mm), decompensated cirrhosis and endoscopic presence of the red wale sign. Another factor implicated in increase in incidence and/or size of fundic varices and possible bleeding is the treatment of EVs by either endoscopic variceal ligation (EVL) or endoscopic sclerotherapy (EST)[9]. The plausible explanation is that after treatment the existing collaterals are not sufficient enough to decompress the portal pressure causing an increased incidence of fundic varices.

GENERAL PRINCIPLES OF MANAGEMENT OF BLEEDING GVS
The preliminary management of bleeding GVs is the same as any other variceal bleeding[1-3]. Fluid resuscitation, airway protection, antibiotic administration for the bacterial peritonitis prophylaxis and use of vasoactive agents like octreotide and acid suppressant agents like proton pump inhibitors form cornerstone of initial management. Cautious administration of the blood products (to achieve a target of hemoglobin level between 7-8 g/dL) is advocated as there is potential risk of increased rebleeding if the portal pressures increase due to repeated transfusions. A schematic of management algorithm of GVs is presented in Figure 1. 
Treatment options for acute GV bleeding are varied and include medical, surgical, endoscopic, and endovascular approaches[1-3]. Two general methods exist to deal with bleeding GVs: directly exclude the varices from the porto-systemic system or indirectly decrease the pressure in the varices by decompressing the portal system. 

Direct approach
Variceal management by direct endoscopy or endoscopic ultrasound. 
Role of endoscopy: Once the patient is deemed stable from airway and circulation standpoint, an esophagogastroduodenoscopy (EGD) should be performed, which might show active bleeding or reveal stigmata of recent bleeding, in addition to qualify type of GVs and concomitant presence of EVs or PHG[1-3].

Several endoscopic techniques have been tested to control acute gastric variceal bleeding with varying successes. However, the universal phenomena is that majority of the methods used in controlling the bleeding EVs are difficult to practice in GVs and are inconsistently successful. These include endoscopic injection sclerotherapy (EIS) and esophageal variceal ligation (EVL). The varying success of these methods may be owing to different physiology and size of GVs which pose technical problems. 

GV ligation: The main indications for ligation in management of acute GV bleeding is banding of GOV1 varices, which are extensions of EVs into the stomach along the lesser curvature or as salvage strategy if other modalities are not available[10]. Studies suggest good hemostasis efficacy and comparable re-bleeding rates of GOV1 ligation to EVL of EVs. There is limited role for ligation in management of bleeding fundic varices[1-3]. In head-to-head studies, EVL was less effective than endoscopic obturation by injection of cyanoacrylate for hemostasis of large GVs[11], and had higher re-bleeding rates too[12]. Smaller studies have attempted improvisation of ligation methods to increase its success in GV, like using detachable snares and elastic bands or in combination with sclerotherapy, however these experimental techniques are yet to be implemented universally[13,14].

Endoscopic injection sclerotherapy: Fundic varices (IGV1 and IGV2) are wider and have larger volume, needing large quantity of sclerosant which is susceptible to being washed away, potentially leading to systemic (esp. pulmonary) embolization, and may also lead to increased chances of ulceration at injection site. Before the advent of newer techniques, sclerotherapy of GVs using alcohol or tetradecyl sulfate was common and was associated with decent initial hemostasis rates (up to 67%-100%), however the higher frequency of re-bleeding mainly due to post-procedure ulceration severely limited its long-term success[10]. Furthermore, the risk of complications including fever, retrosternal chest pain, temporary dysphagia and pleural effusions was unacceptably higher with EIS[15]. Overall, the success of EIS is questionable in management of acute GV bleeding[16] and hence is not the preferred method in any of the guidelines.

Endoscopic variceal obturation: Endoscopic variceal obturation (EVO) using tissue adhesives like glue, cyanoacrylate or histoacryl has provided a positive direction to management of fundic varices, which was always a challenge. Cyanoacrylate is a polymer which upon coming in contact with blood polymerises instantly leading to obliteration of varices. It is called “obliteration” and not “eradication” since the varices may be still visible post-treatment.

EVO with N-butyl-2-cyanoacrylate has been the advocated first-line method in managing the gastric varices especially fundic varices[1-3]. Kang et al[17] performed EVO with cyanoacrylate in 127 patients with GVs (100 active bleeding and 27 prophylactically) and reported a primary hemostasis rate of 98.4% (1 session - 98 patients, 2 sessions – 25 patients, ≥ 3 sessions – 4 patients), with a recurrent bleeding rate of 18.1 % at 1 year[17]. Several studies have compared EVO head-to-head with EIS or EVL to conclude the favorable outcomes of EVO in terms of initial hemostasis, and lesser re-bleeding and complications[11,12,18-20]. Furthermore, re-bleeding rates after EVO were found to be comparable to transjugular intrahepatic porto-systemic shunt (TIPS) in patients with acute GV bleeding, suggesting this technique may be equally efficacious in secondary prevention and creating opportunity of therapy in patients in who TIPS is contraindicated for encephalopathy reasons[21]. Few studies have advocated using dynamic CT scan prior to EVO to increase the detection of feeding vessels, assessment of direction of blood flow, presence of shunts, in an attempt to increase efficacy and minimize complications of EVO technique[22], although this is not universally practiced. 
Although EVO is clearly a superior technique than EIS or EVL for bleeding GVs, it is not free of technical difficulties (para-variceal injection, needle sticking in the varix, intra-peritoneal injection leading to peritonitis and adherence of the glue to the endoscope) or complications (fever, para-variceal injection with mucosal necrosis and bleeding, embolization into the renal vein, IVC, pulmonary or systemic vessels and retro-gastric abscesses)[12,18-20]. However, emerging literature supports preference of distilled water over saline to dilute cyanoacrylate to decrease coagulation and use of standardized techniques of tissue adhesive preparation and delivery to decrease rates of these complications[23]. In case of large gastric varix, it is advised to begin tissue adhesive injection from bottom to dome to minimize risk of bleeding if injected directly at high pressure-high flow dome area. Liu et al[24] reported an interesting scenario which developed when EVO of GVs led to hemorrhage from EVs due to embolism of the glue into the EV thus increasing the pressure. This was not amenable to EV ligation due to presence of foreign body (glue) and was managed with cyanoacrylate injection into EVs to achieve hemostasis and authors rightly cautioned endoscopists to treat EVs in the same setting as EVO of GVs to prevent such a complication[24].
Another major difference between EVO and other endoscopic techniques is that variceal obliteration of the GVs is not quite obvious after cyanoacrylate injection, and hence adequacy of EVO is controversial. Most often GVs are probed with an endoscope and the induration is accepted as a sign of inadequate obliteration with the need to inject more tissue adhesive till it is “hard” to palpate. Improved radiology (use of CT portography)[22] and newer endoscopic techniques have made this EVO adequacy assessment easier, as discussed later in this article. Notably, EVO has recently been shown to be superior to beta blocker therapy for primary prophylaxis of GVs and hence is being advocated[25]. Evidence regarding efficacy of the glue in pregnant females and in children is still emerging and premature, and so is data on newer combination EVO-sclerotherapy modalities[26].

Novel EVO materials: Endoscopists are trying several materials to achieve hemostasis in technically challenging situations, like successful use of hemostatic powder in situation with failed EVO with cyanoacrylate glue and contraindication to TIPS due to dilated cardiomyopathy[27]. Thrombin was used by Yang et al[28] and Ramesh et al[29] in separate studies to successfully achieve initial hemostasis 100% and 92% patients, with re-bleeding rates of 27% and 0% respectively[28,29]. Thrombin helps in clotting by converting fibrinogen to fibrin and promotes platelet aggregation as well. Although these studies were limited by their patient size (12 and 13 patients respectively) [28,29], and did not report any untoward thrombo-embolic events, the concern for thrombin leakage into systemic circulation and potentially causing disseminated intravascular coagulation (DIC) or systemic embolization still remains. It is currently not being advocated due to lack of adequate data. 

Role of endoscopic ultrasound: It is common knowledge that endoscopic ultrasound (EUS) enables the visualization of esophago-gastric varices and other venous collaterals viz. peri- and para-esophageal collateral veins and perforating veins, in patients with PHT, and can be useful to assess the patency of the portal venous system[30]. There has been an attempt in 1993 to classify gastric varices endosonographically by Boustière et al[31], which considered size of GVs and gastric wall abnormalities (Table 1), and inferred that while endoscopy graded EVs better, EUS was a better tool to classify GVs and early signs of portal gastropathy. The other EUS features of portal hypertension, in addition to EVs and GVs, may include dilatation of the azygos vein, splenic vein and portal vein, increased diameter of the thoracic duct, thickening of gastric mucosa and submucosa, presence of portal hypertensive gastropathy, and the presence of rectal varices[30,32]. In addition, EUS combined with color Doppler imaging enabled visualization of shunts viz. gastro-renal shunt in one report[33]. Furthermore, EUS doppler helps characterize gastric submucosal lesions better than EGDs before proceeding to the biopsy of potential GV. 
Role of EUS in risk estimation for GV bleeding is a field of growing interest. EUS probes can be used to measure size of varices (diameter), and furthermore to estimate variceal wall thickness which is deemed as a better predictor of bleeding than varices diameter alone[34]. Intra-variceal pressure measurement may be a better surrogate for risk of bleeding, which can be accomplished by direct variceal puncture which is not practiced because of invasiveness. Although data is slim, there has been an attempt looking at EUS guided EV pressure recording, to better predict risk of bleeding, and it has been shown to have reasonable correlation with hepatic venous pressure gradient (HVPG)[35]. Finally, high risk stigmata like red hematocytic spot can be visualized with EUS[36]. 
EUS-assisted injection sclerotherapy for both gastric[37] and esophageal varices[38] is effective, achieving high eradication and low recurrence rates in long-term follow-up. Infact the risk of re-bleeding after EUS directed sclerotherapy is reportedly lower than endoscopic technique. Recently additional attention has been diverted towards EUS delivered therapies to control bleeding in acute variceal bleeding patients, using unique agents like adhesive tissue (histoacryl)[39], thrombin[40] and EUS-guided coil injection for gastric[41] and ectopic duodenal varices[42]. Last but not the least, EUS finds its utility in confirmation of adequacy of EVO of gastric varices, eliminating the need for inept endoscope probing assessment and thus increasing overall efficacy of EVO technique[43]. A recent study from Taiwan used miniature ultrasound probe (MUP) sonography in 34 patients who underwent cyanoacrylate EVO therapy for acute GV bleeding, during follow-up endoscopy session to assess adequacy of obturation and reinjection if necessary. The authors demonstrated a significantly greater free-of-rebleeding rate and trend towards better survival for patients in MUP group compared with conventional endoscopy group[43]. Although these advances bring a sound of promise, EUS probe which has a larger diameter compared to conventional scope, in addition to GV intervention is certainly a high-risk procedure. Using a mini-probe may counter some of this added disadvantage but non-availability of pediatric sizes is still a limitation. Furthermore, future studies need to compare radial and linear EUS scopes in diagnosis and management of varices. 

Indirect approach
Decreasing portal pressure - either surgically or percutaneously by establishing a TIPS.
Role of TIPS: Porto-systemic shunts such as TIPS are typically advocated as second-line acute therapy (after endoscopic management) to prevent re-bleeding of varices[1-3]. Although decreasing portal pressure is considered effective in reducing the bleeding rate of EVs, it is inconsistently effective for GVs, which tend to occur and bleed at lower portal pressures[21,44]. Also there is discordance between decreased hepato-portal gradient with TIPS and actual decrease in GV re-bleeding. In addition, TIPS has its own limitations including worsening of encephalopathy or shunt occlusion, which can lead to recurrence of hemorrhage, and surveillance for patency. 

Role of advanced radiological procedures: If all endoscopic techniques and TIPS fail or if TIPS is contraindicated, then the next step would be balloon-occluded retrograde transvenous obliteration (BRTO)[1-3], which is a popular technique in Japan, and allowing modulation of flow within the varices. BRTO was popularized and named by Kanagawa[45] in 1996, this technique optimize the action of the sclerosing agent by inducing stagnation in the gastric varices, thereby allowing maximal sclerosant dwell time to cause endothelial sclerosis and vascular thrombosis[45]. The discussion of technique, advantages and complications of BRTO is beyond the scope of current mini-review, but one of the emerging fronts in management of acute GV bleeding. 

CONCLUSION
GVs are notorious to bleed massively and often difficult to manage with conventional techniques. EVO with cyanoacrylate glue injection is currently the most favored for being superior to variceal ligation or sclerotherapy in achieving hemostasis in acute gastric variceal bleeding. Endoscopists must remain cognizant about the possible complications of tissue adhesive injections and strive for standardization of EVO techniques to minimize them. Novel techniques like use of thrombin, coil embolization are under investigation as alternatives to cyanoacrylate aiming for improved outcomes. TIPS and BRTO are advanced radiological procedures available as salvage techniques in uncontrollable bleeding situations or when patients are not candidates or have failed endoscopic management. The role of EUS in the therapeutic algorithm for GVs is still evolving. EUS is being used to confirm presence, size and location of GVs, to stratify the risk of re-bleeding, as a therapeutic tool to perform sclerotherapy or EVO, and to confirm eradication of GVs after EVO. Emerging use of EUS provides optimism of better diagnosis, improved classification, innovative management strategies and confirmatory tool for eradication of GVs. 
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Table 1 Endoscopic ultrasound classification of gastric varices: Proposed by Boustiere et al in 1993
	Endoscopic ultrasound classification of gastric varices

1 Size of gastric varices:  Grade 0 (none)

                                               Grade 1 (small or non-confluent varies < 5 mm)

                                               Grade 2 (large or confluent varices ≥5 mm)

2 Abnormalities of gastric wall:  Grade 0 (none), 

                                                             Grade 1 (thickening and brilliance of the third  

                                                                             hyperechogenic layer with or without fine 

                                                                             internal anechogenic structures), 

                                                             Grade 2 (visible vessels in the third layer which deform the entire wall, with penetrating varices)
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Figure 1 Proposed management algorithm for gastric varices. High risk patient: Child Pugh class B or C or endoscopic presence of red wale sign; Low Risk Patient: Child Pugh class A and no endoscopic high-risk features. GV: Gastric varices; EVO: Endoscopic variceal obliteration; EVL: Endoscopic variceal ligation; EIS: Endoscopic injection sclerotherapy; NSBB: Non specific beta blocker; BRTO: Balloon-occluded retrograde transvenous obliteration; TIPS: Trans-jugular intra-hepatic porto-systemic shunt; GOV: Gastro-oesophageal varices; IGV: Isolated gastric varices.
