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Abstract
Endoscopic ultrasound (EUS) has expanded its arena from a mere diagnostic modality to an essential therapeutic tool in managing gastrointestinal (GI) diseases. The proximity of the GI tract to the vascular structures in the mediastinum and the abdomen has facilitated the growth of EUS in the field of vascular interventions. EUS provides important clinical and anatomical information related to the vessels' size, appearance and location. Its excellent spatial resolution, use of colour doppler with or without contrast enhancement and ability to provide images “real-time” helps in precision while intervening vascular structures. Additionally, structures such as venous collaterals or varices can be dealt with optimally using EUS. EUS-guided vascular therapy with coil and glue combination has revolutionized the management of portal hypertension. It also helps to avoid radiation exposure in addition to being minimally invasive. These advantages have led EUS to become an upcoming modality to complement traditional interventional radiology in the field of vascular interventions. EUS-guided portal vein (PV) access and therapy is a new kid on the block. EUS-guided portal pressure gradient measurement, injecting chemotherapy in PV and intrahepatic portosystemic shunt has expanded the horizons of endo-hepatology. Lastly, EUS has also forayed into cardiac interventions allowing pericardial fluid aspiration and tumour biopsy with experimental data on access to valvular apparatus. Herein, we provide a comprehensive review of the expanding paradigm of EUS-guided vascular interventions in GI bleeding, portal vein access and its related therapeutic interventions, cardiac access, and therapy. A synopsis of all the technical details involving each procedure and the available data has been tabulated, and the future trends in this area have been highlighted.

Key Words: Gastrointestinal bleeding; Vascular intervention; Gastric varices; Pseudoaneurysm; Portal vein; Portal pressure gradient measurement

[bookmark: _Hlk131759698]©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Citation: Dhar J, Samanta J. Endoscopic ultrasound-guided vascular interventions: An expanding paradigm. World J Gastrointest Endosc 2023; 15(4): 216-239 
URL: https://www.wjgnet.com/1948-5190/full/v15/i4/216.htm 
DOI: https://dx.doi.org/10.4253/wjge.v15.i4.216

Core Tip: Therapeutic endoscopic ultrasound (EUS) has rapidly expanded into the field of vascular interventions. Published literature has shown that EUS-guided endovascular therapy is safe and scores over conventional endoscopic techniques achieving high obliteration rates with minimum re-intervention in variceal bleeding. EUS currently acts as a “rescue therapy” in cases of re-bleed or refractory bleeding from non-variceal sources, especially a pseudoaneurysm. In addition, portal vein access, portal pressure gradient measurement, and variceal assessment with liver biopsy have shown that EUS can act as a "one-stop-shop" for “Endo-hepatology”. This ever-expanding role of EUS-related vascular interventions has been thoroughly detailed in this comprehensive review.

INTRODUCTION
Therapeutic endoscopic ultrasound (EUS) procedures have come a long way using curvilinear array echo-endoscopes and various accessories. EUS, with its high spatial and contrast resolution, is constantly evolving and is currently one of the most commonly used minimally invasive techniques for diagnosing and managing various gastrointestinal (GI) disorders. The proximity of the GI tract to various vascular structures in the mediastinum and abdomen has allowed EUS to play a significant role in the field of vascular interventions. The necessity of developing a minimally invasive as well as a radiation-free alternative to interventional radiology (IR) or surgery has further strengthened its growth. The advantage of visualizing vascular structures in “real-time” has enabled access and delivery of targeted therapy[1]. EUS-guided vascular therapy has been found extremely useful in cases of variceal bleeding. EUS-guided injection of sclerosants, cyanoacrylate glue (CYA), thrombin, gelatin sponge and deployment of coils in gastric varices (GV) is safer and more effective over traditional endoscopic glue injection in terms of lower adverse events and reintervention rates.
Furthermore, EUS-guided portal vein (PV) access has opened the doors to experimental and clinical studies on portal pressure gradient (PPG) measurement, injection of chemotherapy, PV thrombus fine needle aspiration (FNA), and intrahepatic portosystemic shunt placement. This gamut of therapeutic options, combining EUS guided PPG (EUS-PPG) with variceal therapy and liver biopsy in a single session, represents an attractive option in the expanding field of “endo-hepatology”[2]. Therefore, this review focuses on elucidating the role of EUS-guided vascular interventions (Figures 1 and 2), a synopsis of the various available techniques, data on their safety and efficacy, and future advancements in this domain.

LITERATURE SEARCH
A detailed strategy, as outlined in Supplementary material, was performed in PubMed and Embase. All studies pertaining to applications of endoscopic ultrasound (EUS) in the field of vascular interventions (for example case series, review articles and clinical studies) were reviewed. Topics concerning GI bleeding (both variceal and non-variceal), PV-related interventions and cardiac access with therapy were looked into. Non-English language literature was excluded. EUS-guided liver biopsy and other aspects of Endo-hepatology are beyond this review’s scope and have been excluded.

EUS-GUIDED MANAGEMENT OF VARICEAL BLEED
GI bleeding secondary to gastro-esophageal varices is a well-known but one of the most lethal complications of portal hypertension (PHTN)[3,4]. The annual bleeding rate has been reported to be around 5%-15%, with a 20% 6-wk mortality rate[5]. In half of the cases, bleeding stops spontaneously but has a re-bleeding rate of 30%-40%[3,6]. The standard treatment options for gastro-esophageal varices have been conventional endoscopic band ligation (EBL) or CYA glue injection. For refractory bleed, transjugular intrahepatic portosystemic shunt (TIPS) and balloon-occluded retrograde transvenous obliteration (BRTO) are other options[7]. EUS-guided management of varices has recently become an additional tool in the armamentarium. EUS offers theoretical as well as practical advantages over the conventional techniques such as: (1) It helps to identify the actual size as well as the number of varices for precise vascular therapy; (2) It can locate feeders, perforators or shunts; (3) Enables real-time puncture of the varices under vision; (4) One need not have to “see” the endoscopic image while delivering targeted therapy. This is especially useful in cases of active bleed or when there are contents in the fundus, and (5) Objective obliteration of the varices can be confirmed by lack of flow in “real-time”.

Esophageal varices
EBL has been the first line of management for both primary and secondary prophylaxis of esophageal varices (EV)[4,8]. But high re-bleeding rates have been reported (15%-65%)[9,10], probably as a result of failure to obliterate the perforators or paraesophageal vessels that feed the EV[11,12]. Anecdotal case series exist on the use of EUS for EV management.

Existing literature: Lahoti et al[13] first described EUS-guide sclerotherapy for EV obliteration in 5 patients. Sodium morrhuate (sclerosant) was used to inject the perforators and feeder vessels until flow was obliterated using colour doppler, with no re-bleeding on a 15-mo follow-up period. One case had developed esophageal stricture, which was responsive to balloon dilatation. The only randomized controlled trial (RCT) comparing endoscopic vs EUS-guided sclerotherapy showed that there was no difference in the mean number of sessions needed for complete obliteration (4.3 vs 4.1) and re-bleeding rates (16.7% vs 4.2%). However, collaterals noted on EUS post-therapy were lower in the EUS arm (33.3% vs 0%)[14].
While EBL is still the preferred option, more data will be needed to define the role of EUS for EV management algorithms in clinical practice.

Future trends: Recently, a “jelly-filling” method has been found superior to the traditional water-filling method for EV visualization using EUS. The image quality score was significantly higher but with a longer procedure time using the former technique[15].

GV
While EV account for a majority of the cases of GI bleeding in cirrhosis, GV can account for 20%-25% of them, with re-bleeding rates amounting to 65% in 2 years. Although GV bleeds less frequently, they are usually associated with an increased risk of uncontrolled bleeding, re-bleeding, more transfusion requirements and higher mortality. Described as per Sarin’s classification, varices along cardia (GOV2) or isolated GV in the fundus (IGV1) are the most difficult to treat[3,4,16]. Therefore, both endoscopic sclerotherapy and EBL are discouraged for GV. While the former leads to an unusually high incidence of adverse events (37%-53%) like ulceration, re-bleeding, or perforation, the latter is difficult to execute due to thick musculature of the gastric wall leading to possible catastrophic post-banding bleed[17,18].
Thus, the first line of therapy for managing bleeding GV is the endoscopic injection of acrylate polymers such as CYA under direct vision. First described by Soehendra et al[19] in 1986, this technique has success rates of 58%-100% with re-bleeding of 40%-65%. This technique, however, has its own set of complications, including the risk of systemic embolization, bleeding from needle site ulcers, peritonitis, needle impaction, scope damage and even death. On the other hand, EUS-guided management has some advantages over conventional glue injection, i.e., (1) Higher detection rate (6 times) over conventional endoscopy, as GV is located deep in the submucosa and commonly mistaken as thick gastric folds[20,21]; and (2) avoidance of inadvertent para-variceal injection (in up to 60%)[22].

The technique of EUS-guided GV management: The most commonly used method is a combination of coil and CYA glue, as outlined in Table 1[2] and Figure 3.

Existing literature: The options for EUS-guided GV therapy include: CYA glue, coils alone, a coil with glue combination, gelatin sponge and thrombin.
EUS-guided glue injection only: In their pilot study, Romero-Castro et al[23] evaluated the efficacy of CYA glue with lipiodol mixture in 5 cases of bleeding GV using a 22-G needle. Complete obliteration was achieved in all with no re-bleeding or complications.
EUS-guided coil injection only: A life-threatening complication of CYA injection is systemic embolization, the most common location being the lungs[24]. Coils can be used as an alternative to glue injection to mitigate this risk. Coils are made of a stainless-steel alloy with radially extending synthetic fibres that induce clot formation and hemostasis. The coils are usually 2-15 mm in length, and the loops are 2-20 mm in diameter. The choice of size would depend on the diameter of the varix.
The first report by Romero-Castro et al[25] demonstrated its efficacy in 4 cases. Complete obliteration was achieved in 75% of patients. Furthermore, the same group compared the EUS-guided coil (11 patients) vs CYA (19 cases). Though the obliteration rates were similar (91% vs 95%), the coil group needed fewer endoscopy sessions and had lower adverse event rates (9.1% vs 58%)[26].
EUS-guided coil with glue combination: This combination is based on the concept that use of coil with glue (1) Achieves higher variceal obliteration rates with better hemostasis control; (2) decreases the amount of CYA needed; and (3) provides a framework or scaffold to hold the CYA glue within the varix, thus mitigating the risk of embolization. The largest data by Bhat et al[27] evaluated it in 152 cases of GV. The mean number of coils and glue used was 1.4 and 2 mL, respectively. On follow-up, complete obliteration was achieved in 93% of cases. Furthermore, mild post-procedure pain was seen in 3% of cases, with only one case of embolization. This data strongly supports the use of combination therapy for GVs. Recently, Kouanda et al[28] demonstrated its effectiveness in primary prophylaxis, with an obliteration rate of 96.7% with 2.5% re-bleed rates. A recent RCT and a meta-analysis have confirmed the superiority of EUS-guided coil with glue as the best modality for tackling GV[29,30].
Comparison of EUS-coil with CYA vs endoscopic glue injection: Limited data exist (retrospective and one RCT) comparing EUS combination therapy vs conventional endoscopic glue injection[31-34]. Robles-Medranda et al[31] compared the cost-effectiveness of the two procedures and found EUS therapy to be better.
The author’s experience of the largest multicenter study involving four centers to evaluate the effectiveness of EUS combination therapy (52 cases) vs endoscopic therapy (118 patients) showed that the EUS arm required a lower number of sessions for complete obliteration (1 vs 2), lower re-bleeding rates (15.4% vs 31.3%) and lower post-procedure abdominal pain (0% vs 13.9%)[34]. Currently, an RCT is recruiting patients for EUS-guided coil and glue vs endoscopic CYA therapy for GV[35].
Newer therapies: Isolated case series exists on the utilization of thrombin, a coil with an absorbable gelatin sponge and ethanolamine oleate, with good results[36-38].
Various studies published on EUS-guided vascular interventions in GV have been tabulated in Table 2[39-47]. Published literature strongly supports using EUS-guided vascular therapy for managing GV for primary and secondary prophylaxis. The combination strategy has definite advantages and may be preferred over conventional CYA therapy in certain situations.

Future trends: Zhang et al[48] described a novel technique that can be incorporated into the EUS-hepatology toolbox. They described partial splenic embolization with endoscopic CYA for GV in cases with underlying hypersplenism with excellent results post-procedure.

Prediction of variceal re-bleed using EUS
EUS along with Doppler detects EV and GV with higher sensitivity, as compared to upper GI endoscopy, which helps in assessing the risk of bleeding, pre-procedure evaluation and predicting recurrence.

Predicting the risk of bleeding: The presence of hematocystic spots usually correlate with increased risk of esophageal variceal rupture. They can be identified as “saccular aneurysm” on EUS[49].

Preoperative evaluation: EUS-doppler can diagnose collateral veins, peri and para esophageal veins, and the perforators found adjacent to or outside the esophageal wall in patients with EV. The presence of the former is a strong indicator of a future occurrence of a re-bleed[50,51]. Intravariceal pressure can also be recorded in animal models by Miller et al[52] using a non-invasive EUS-based 20-MHz ultrasound transducer in a latex balloon catheter sheath.

Predicting recurrent bleed: The main factor predicting re-bleed for EV is the diameter of the paraesophageal vessels. Paraesophageal diameter before or after EVL is a better recurrence predictor (cut-off of 6.3 mm and 4 mm, respectively, having 60% and 70.6% sensitivity)[53]. Additionally, the velocity of hepatofugal blood flow in the left gastric vein and the branching pattern are associated with variceal recurrence after endoscopic treatments[54]. A cut-off of 0.45 cm2 on digital image analysis using EUS (which identifies distal esophageal cross-sectional area) has 83% sensitive in predicting the risk of re-bleeding[55]. EUS has also been shown to objectively assess response to propranolol to determine variceal recurrence post-EBL[56].

Ectopic varices
Ectopic varices account for 1%-5% of cases of variceal bleeding. However, the management of ectopic varices holds a diagnostic challenge because of the diverse clinical presentation and lack of defined guidelines for its management. The most frequent sites are the duodenum, small bowel, colon, rectum and, very rarely, parastomal varices or choledochal varices[57,58]. Commonly used management options include endoscopic CYA glue/sclerotherapy injection, TIPS or BRTO. In addition, EUS-guided therapy can be used as a salvage therapy in cases where the above mentioned methods fail or are not possible.

Duodenal varices: Duodenal varices (DV) is extremely rare (0.4% cases). They are isolated in the submucosa and are easily missed on routine EGD. EUS plays an important role in determining the exact site, size, and location necessitating targeted therapy. Unfortunately, few case reports exist on using EUS-guided vascular therapy for DV[59-61] (Figure 4).

Rectal varices: Rectal varices (RV) has been reported in up to 44%-89% of cases of cirrhosis[62,63]. Due to their 'deep submucosal' nature, EUS has a higher sensitivity in identifying them over endoscopy (75% vs 43.3%), including perirectal collateral veins and perforators[64,65]. Multiple case reports have been published using EUS for RV management[66,67].

Parastomal varices: Bleeding stomal varices account for only 5% of bleeding ectopic varices (1%-5% of all cases)[57]. EUS-guided angiotherapy can be used as an alternative in managing such cases[68,69]. The author's center has experience performing EUS-coil with glue injection for parastomal varices in a cirrhotic patient ineligible for TIPS[70] (Figure 5).

Choledochal varices: The first case of ectopic variceal bleeding was reported in a case of anastomotic choledocho-jejunal varices[71]. They are rare, and EUS may help diagnose such cases. EUS mini probe can identify pericholedochal varices in patients with extrahepatic venous obstruction and help differentiate from biliary stones or sludge (Figure 6).
Table 3 summarizes published literature on EUS-guided angiotherapy for ectopic variceal bleeding[72-79].
EUS-guided angiotherapy has theoretical benefits for variceal bleeding over the standard of care, primarily for GV. EUS offers additional benefits as a “rescue” modality for refractory/unsuccessfully treated cases. This management modality may be considered in the management algorithm of variceal bleed, albeit only in expert centers with adequate backup.

EUS-GUIDED MANAGEMENT OF NON-VARICEAL GI BLEED
Treatment of non-variceal bleed (NVB) entails the standard use of well-established therapies categorized into injection (epinephrine), mechanical (clip/EBL) or thermal (argon plasma coagulation) or hemostatic agents[80-82]. Despite this, 10%-24% of cases re-bleed or are refractory to the standard treatment modalities. In these cases, EUS-guided angiotherapy can be beneficial by helping in directly visualizing the bleeding vessel, its feeders or perforators and help in targeted therapy. Currently, the role of EUS for the management of NVB is more of a rescue therapy. However, a recent systematic review reported a favourable outcome of EUS-guided therapy in 91.4% of cases[83]. In addition, EUS-angiotherapy is feasible and safe for managing Dieulafoy’s lesion, bleeding ulcer or tumour, GI stromal tumour (GIST) and sometimes, visceral artery pseudoaneurysms (PsA).

Visceral artery pseudoaneurysms
PsA is a rare vascular complication noted in various conditions, more commonly in acute or chronic pancreatitis, with an incidence of 0.05% and 0.03%, respectively. The splenic artery is the most common vessel involved (37.7%). The most frequent line of management is IR-guided endovascular therapy[84,85]. However, EUS-guided angiotherapy can be an exciting alternative to manage such cases. The proximity of PsA of splenic vessels or gastroduodenal artery to the GI wall enables them to be targeted and obliterated. Various agents like coil, CYA glue, a coil with glue combination and thrombin have been used.

The technique of performing EUS-guided angiotherapy in PsA: The technical details have been highlighted in Table 4.

Existing literature: Case reports: The use of thrombin in PsA was first described by Roach et al[86], wherein thrombin (500 IU, 1 mL) was injected in a PsA arising from a superior mesenteric artery under EUS guidance with no re-bleeding at 42 wk of follow-up. The use of CYA glue with lipiodol was described by Gonzalez et al[87], wherein a splenic artery PsA was tackled, and there was no re-bleed on a 2-mo follow-up. Similarly, the first use of coil was described by Robb et al[88] in superior mesenteric artery PsA using multiple Nester coils, achieving complete obliteration in one session. Rai et al[89] used coil with CYA glue combination in a 3 cm splenic artery PsA in a single sitting with no re-bleed in 1 mo. Giant PsA (> 5 cm) have also been reported to have been managed with EUS-angiotherapy. The author’s center reported a 6.5 cm splenic artery PsA using a coil and glue combination in 2 sessions achieving complete obliteration[90]. The case reports have been outlined in supplementary Table 1.
Case series: Only 5 case series (> 3 cases) have been reported, mainly from the Indian subcontinent and have been tabulated in Table 5. Three of them have utilized thrombin, while two have used coil with glue[91-95]. The author’s centre has reported the largest series of 16 cases of visceral artery PsA in 15 patients. The median size of the PSA was 2.8 cm (0.9-9.7 cm). A median of 2 coils (1-8) and 2 mL of CYA (1-5 mL) was used. Complete obliteration in the first session was achieved in 15 PSA (93.8 %)[95] (Figure 7).

Other causes of NVB (Dieulafoy’s/bleeding tumors)
Anecdotal reports have been published on using EUS-guided angiotherapy to manage NVB (Supplementary Table 2). In 1996, the first report used EUS-guided epinephrine/polidocanol injection for managing bleeding dieulafoy’s lesion[96] (Figure 8). Levy et al[97] reported a series of 5 refractory NVBs, including dieulafoy’s lesion, hemosuccus pancreaticus, duodenal ulcer and GIST. The largest data of EUS-guided therapy reported to date involves a cohort of 17 cases using various agents. On a median 12-mo follow-up, 15/17 (88%) patients had no re-bleed[98].
The data on EUS-guided vascular interventions for NVB is limited and comparative studies are needed to establish its role in therapeutic algorithms. However, EUS-guided angiotherapy may be considered a second-line “rescue” treatment, especially in refractory/re-bleeding cases. The feasibility and safety data are encouraging, though larger multicentre data is required to define its role further.

EUS-GUIDED PV-RELATED INTERVENTIONS
PV dynamics are crucial for decision-making in chronic liver disease and PHTN cases. EUS-guided PV access is a viable option with a probable advantage over the percutaneous route owing to the relative difficulty experienced in the latter in patients with obesity, ascites, and overlying distended bowel[99]. In addition, there are various potential clinical applications of EUS-guided PV access that include angiography, measurement of the PPG, EUS-guided TIPS, and PV sampling for evaluation in GI cancer[1,99].

EUS-guided portal vein access
Access to the PV can be achieved on EUS via both, trans-gastric or trans-duodenal route. However, the most frequently targeted site is the intrahepatic PV through the hepatic parenchyma[1,2,99].

The technique: PV puncture is done using the standard EUS-FNA needle after confirming with colour doppler and pulse-wave verification. Some important points for consideration are: (1) 25-G needle is the least traumatic; (2) trans-gastric, trans-hepatic route on EUS is safer than accessing from duodenum; and (3) use of CO2 as a contrast agent is better than iodine, as it allows better visualization of needle as-well-as easier administration using small-caliber FNA needle. Following the puncture of PV, the needle is slightly withdrawn and the tract is monitored using colour-Doppler for any bleeding episodes. If positive signal is reported, the needle is kept in place until the bleeding has stopped[100].

Existing literature in animal models: Lai et al[101] proved the technical feasibility of the procedure by reporting the first case of PV access in 2004 using EUS guidance wherein extrahepatic PV was accessed using 22-G FNA needle, via duodenum, in 21 swine models. Subsequently, Magno et al[102] performed PV angiography in 2007 in 5 pigs, demonstrating that the 25-G needle showed no signs of injury. Subsequently, Giday et al[100,103] performed trans-hepatic PV access using a 25-G FNA needle under CO2 insufflation. Portal pressure measurements were also taken, indicating it to be technically feasible (Supplementary Table 3).
Once it is established that EUS-guided PV access is feasible, it paves the path for further interventions such as PPG measurement, PV sampling and even EUS-guided intrahepatic portosystemic shunt.

EUS-PPG measurement
PPG measurement has been shown to correlate with the prognosis and complications of cirrhosis. In addition, PPG ≥ 10 mmHg and ≥ 12 mmHg are associated with the development of EV and bleeding, respectively. Currently, the standard practice is to measure hepatic venous pressure gradient (HVPG) via the percutaneous route. But, both direct PV access and HVPG measurement have high complication rates[104]. Moreover, HVPG correlated poorly with presinusoidal PHTN. Hence, the concept of EUS-PPG arose to overcome these difficulties, with the added benefit of assessment of varices and liver biopsy in the same setting, if required.

The technique of the procedure: This has been highlighted in Table 6[105].

Existing literature and future trends: The first clinical report of the use of EUS-PPG was given by Fujii-Lau et al[106], wherein a 27-year-old man with recurrent GI bleed (post EUS-coil insertion in duodenal vessels) underwent this procedure. The first large-scale study in 28 cases was done by Huang et al[105], using a 25-G FNA needle with 100% technical success and no adverse events. PPG correlated with varices, thrombocytopenia, and notable clinical evidence of cirrhosis. Zhang et al[107] demonstrated its use in patients with acute or subacute PHTN, with an excellent correlation between EUS-PPG and HVPG (r = 0.923). Acting as a “one-stop-shop”, performing EUS-PPG with EUS-liver biopsy in the same sitting has shown to be technically feasible in a study of 24 cases, with good correlation with the non-invasive markers of fibrosis[108]. Table 7 highlights the published literature on the use of EUS-PPG[105-111].

EUS-guided trans-jugular intrahepatic portosystemic shunt
The benefits of trans-jugular intrahepatic portosystemic shunt (TIPS), as a pre-emptive or rescue procedure in cases of variceal bleeding or refractory ascites has been well established. Buscaglia et al[112] described the first case of EUS-TIPS in a live porcine model in 2009, wherein after sequential puncture of HV and PV, a metal stent was inserted with the distal end in PV and proximal end in HV with no complications on follow-up in 2 wk. Similarly, Binmoeller et al[113] and Schulman et al[114] have reported similar results in porcine models using lumen-apposing metal stent (LAMS). Poincloux et al[115] reported the largest series of 21 porcine models showing a technical success of 91% with 14.2% morbidity. EUS-guided TIPS is still in the pre-clinical stages, and many technical issues must be resolved before embarking on human trials.

EUS-guided PV sampling
“Liquid biopsy” for hepatobiliary malignancies is gaining popularity. The PV has been shown to harbour circulating tumour cells (CTCs) for the primary tumour, forerunners of future metastasis of solid organ cancers. This signifies tumor signature and can help in prognostication and also can be used for organoid formation for future studies. The first human study was reported by Catenacci et al[116] wherein CTCs were detected in 100% of cases of PV and 4/18 (22.2%) cases from peripheral blood. Zhang et al[117] reported that CTCs are more in PV than peripheral blood (97% vs 87%; 10 vs 6 cells per 5 mL). Further studies are needed to standardize this technique.

EUS-guided FNA of portal vein thrombosis
The presence of malignant PV thrombosis (PVT) is a poor prognostic sign and precludes curative resection. Usually, imaging (ultrasound/computed tomography) can help differentiate bland and malignant PVT, but definitive confirmation would require sampling. Performing the latter via the percutaneous route is difficult and may lead to serious vascular and biliary injury. This can be overcome by EUS-guided PV access. Trans-duodenal approach to extrahepatic PV using a 25-G FNA needle yields excellent results. Various case reports have been published on using EUS-FNA of PVT, especially in cases of hepatocellular carcinoma[118-122]. Rustagi et al[118] showed that in 17 patients, EUS-FNA of remote malignant thrombi upstaged the diagnosis by 37.5% and converted 25% to an unresectable stage. This underlines using EUS-FNA of PV thrombus as a cancer staging modality.

EUS-guided PV injection of chemotherapy
Systemic palliative or trans-arterial chemotherapy for diffuse liver metastasis is fraught with problems like suboptimal hepatic tissue levels and the possibility of secondary sclerosing cholangitis. However, Faigel et al[123,124] first reported the technical feasibility of EUS-guided PV injection of chemotherapy (EPIC) using drug-eluting microbeads and nanoparticle in 24 swine models. Although further studies are warranted, this study proved the feasibility of EPIC in an animal model.

EUS-guided PV embolization
Preoperative PV embolization (PVE) before liver resection has been practiced via IR[125]. In addition, preliminary studies in an animal model by Matthes et al[126] using EUS-guided ethylene-vinyl alcohol copolymer leading to PVE have been reported. Recently, Park et al[127] reported technical success of 88.9% and 87.5%, respectively, with coil and CYA glue embolization in 9 swine models with no evidence of organ damage. Although further studies are needed, this technique does show promise for future application.

EUS-guided PV stent placement
The PV-stenting (for occlusion/thrombosis) is usually carried out by the percutaneous route (USG-guided catheter-directed thrombolysis). The use of EUS has opened up avenues of PV access and subsequent stent placement. This was first reported by Park et al[128] in 6 swine models, using uncovered stents, with 100% technical success. 

EUS-GUIDED CARDIAC INTERVENTIONS
The proximity of the posterior mediastinum to the esophagus has allowed EUS easy access to the heart and associated vascular structures. Like trans-esophageal echocardiography, EUS is technically feasible in animal models to sample the coronaries, atria, ventricles, and valvular apparatus. Fritscher-Ravens et al[129] demonstrated radiofrequency ablation of the aortic valve, pericardial fluid aspiration, and atrial mass biopsy in swine models with no major adverse events. Most isolated case reports exist on EUS-biopsy of intracardiac/pericardial tumours[130-132]. EUS-aspiration of pericardial fluid has been performed with no reported arrhythmias[133]. Even EUS-guided thrombolysis of pulmonary artery and mesenteric thrombi has been reported. Under EUS guidance, Tenecteplase was injected into the thrombus using a 25-G needle[134].
While the reports are exciting, these are anecdotal cases, and more data is warranted in the future to establish the safety and efficacy of such interventions.

CONCLUSION
EUS-guided vascular intervention is gradually becoming a promising new technique for managing vascular complications around the GI tract as a salvage and/or primary modality. While comprehensive data has established its safety and efficacy in managing conditions such as GV and measurement of PPG, its role for other applications such as management of visceral artery pseudoaneurysms and PV access for various therapies needs further validation. Nevertheless, proper selection of cases, adequate precautions and optimum backup can make EUS-guided angiotherapy an essential tool in the endoscopist’s armamentarium.
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Figure Legends
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Figure 1 Flowchart of various endoscopic ultrasound guided vascular interventions. EUS: Endoscopic ultrasound; GI: Gastrointestinal; EV: Esophageal varices; GV: Gastric varices; GIST: Gastrointestina stromal tumour; PV: Portal vein; FNA: Fine needle aspiration.
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Figure 2 Spectrum of endoscopic ultrasound-guided vascular interventions. EUS-PPG: Endoscopic ultrasound-portal pressure gradient.
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Figure 3 Endoscopic ultrasound-guided coil and glue injection for gastric varices. A: Endoscopic image of gastric varix; B: Endoscopic ultrasound image of gastric varix; C: Colour Doppler showing flow in the varix; D: Puncture of the varix with 19-G needle; E: Coil being deployed in the varix; F: Glue injected leading to coil-glue cast with varix obliteration.
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Figure 4 Endoscopic ultrasound-guided vascular therapy for duodenal varix. A: Endoscopic ultrasound image of duodenal varix; B: Colour Doppler showing flow in the varix; C: Puncture of the varix with 19-G needle; D: Obliteration of the varix noted on Doppler flow.
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Figure 5 Endoscopic ultrasound-guided vascular therapy for parastomal varices. A: Contrast enhanced computed tomography (CT) showing parastomal varices; B: Radial endoscopic ultrasound (EUS) image demonstrating the parastomal varices; C: Linear EUS image of the varices; D: Puncture of the varix with coil deployment; E: Obliteration of the varix with coil-glue cast; F: Post-intervention CT showing coil artifacts with obliteration of varices.
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Figure 6 Intraductal ultrasound for pericholedochal varices. Intraductal ultrasound using endoscopic ultrasound miniprobe (UM-DG20-31R IDUS probe, Olympus, Japan) for imaging in a case of portal cavernoma cholangiopathy with 3D reconstruction.
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Figure 7 Endoscopic ultrasound-guided vascular therapy for pseudoaneurysm. A: Giant splenic artery pesudoaneursym with Doppler flow; B: Puncture of the pseudoaneurysm with 19-G needle and deployment of coils; C: Abdominal X-ray showing deployed coils; D: Endoscopic ultrasound image of obliterated pseudoaneurysm after coil and glue injection.
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Figure 8 Endoscopic ultrasound-guided vascular therapy for dieulafoy’s lesion. A: Endoscopic ultrasound image showing the culprit tortuous vessel coursing up to the mucosa; B: Power Doppler showing the flow pattern; C: Puncture of the vessel with a 22-G needle; D: Obliteration of the flow with formation of glue cast.

Table 1 Steps of endoscopic ultrasound-guided management (coil and glue combination) of Gastric varices
	[bookmark: _Hlk125983449]EUS-guided management of gastric varices using coil and glue combination

	Pre-procedure requirements

	 All procedures are done under the cover of pre/peri-procedural antibiotics

	 Patient is usually kept fasting for 4-6 h before the procedure

	 Adequate resuscitation of the patient, in case of active bleeding is ensured, prior to the procedure

	 Informed consent prior to the procedure

	What is needed prior to the procedure

	 Linear echoendoscope with at least a 3.7 mm working channel

	 Needle size: depends on the choice of the endoscopist; for > 10 mm coils, we need 0.035’ coil (19-G needle); can also use 0.018’ coil (22-G needle)

	 Diameter of the coils: 1.2-1.5 times the largest diameter of varix

	 Number of coils: depends on size of the varix

	 Amount of glue: depends on the size of the varix; but usually 2-4 mL is sufficient

	Technical aspects

	 A proper diagnostic EUS is performed

	 The echoendoscope is usually positioned either in the distal esophagus or the gastric fundus

	 Saline is filled intra-luminally in the fundus to let the varices “float”. This enables a good acoustic coupling for better visualization of the gastric varices

	Adequate examination of the fundus, the intramural varices and the feeder vessels is carried out

	 The approach can be trans-esophageal or trans-gastric, wherein the trans-esophageal route is given preference

	 Aim is to obliterate the intramucosal part of the varix

	7 EUS-guided coil and glue embolization is usually performed using a 22-G/19-G (gauge) FNA needle

	The size of the coil is determined by the short axis of the diameter of the varix

	After puncture of the varix, blood is aspirated to confirm the location. This is followed by flushing of the needle with saline

	The coils are then deployed into the varix using the stylet as a pusher. Once the coils are deployed, flushing of the needle is done with normal saline

	After coil deployment, 1-2 mL of cyanoacrylate glue is injected followed by rapid flushing with saline

	Once, the varix is obliterated, visualized by absence of flow on colour Doppler, the sheath of the needle is advanced beyond the endoscope tip for 2-3 cm before withdrawing the scope. This avoids contact of glue with the endoscope tip

	Post procedure

	The patients are kept under observation for 12 h

	Repeat EUS can be done after 2 d to look for residual varices

	Follow-up EUS to be performed at 1- and 3-mo intervals


EUS: Endoscopic ultrasound; FNA: Fine needle aspiration; G: Gauge.

Table 2 Existing literature on endoscopic ultrasound-guided vascular interventions for gastric varices
	Ref.
	Cases
	Treatment used in EUS
	EUS needle size
	Number of coils (EUS only)
	Use of Glue/others (mL) (EUS/endoscopic therapy)
	Number of sessions (EUS/endoscopic)
	Technical success
	Clinical success
	Adverse events (overall) 
	Reintervention rates
	Rebleeding rates
	All-cause mortality

	Studies on only EUS-guided Glue injection

	Lee et al[39], 2000
	54
	CYA (0.5 mL) with lipiodol (0.7 mL)
	-
	-
	3 (1-8)
	2.2 ± 1.7
	52/54 (96.3%)
	43/54 (79.6%)
	22/54 (40.7%)
	-
	19/54 (35.2%)
	28/54 (51.9%)

	Romero-Castro et al[23], 2007
	5
	CYA-lipiodol (1 mL; 1:1)
	22-G
	-
	1.6 (1-2)
	2 cases: 1 each; 3 cases: 2 each
	100%
	100%
	None
	-
	None
	20%

	Gubler and Bauerfeind[40], 2014
	40
	CYA-lipiodol (1 mL; 1:1)
	22-G
	-
	1.9 (1-10)
	1.4 (1-7)
	40/40 (100%)
	36/36 (100%)
	2/40 (5%)
	6/40 (15%)
	-
	6/40 (15%)

	Studies on only EUS-guided coil injection

	Romero-Castro et al[25], 2010
	4
	Coils
	19-G
	Each case: 22; 7; 3; 2
	-
	-
	100%
	3/4 (75%)
	None
	-
	None
	25%

	Khoury et al[41], 2018
	10
	Coils
	19-G
	4.5 (mean)
	-
	2.8 (mean)
	100%
	complete (20%); near-complete (50%)
	5 cases (minimal self-limited bleeding); 1 case needing blood transfusion 
	30% (3/10)
	1 case (10%)
	None

	Studies on only EUS-guided coil + glue injection

	Binmoeller et al[42], 2011
	30
	Coil + 1 mL CYA
	19-G
	-
	1.4 (1-4)
	1
	30/30 (100%)
	23/24 (95.8%)
	None
	1/30 (3.3%)
	4/24 (16/6%)
	1/30 (3.3%)

	Bhat et al[27], 2015
	152
	Coil + 1 mL CYA
	19/22-G
	1.4 (1-4)
	2 (0.5-6)
	-
	151/152 (99.3%)
	93/100 (93%)
	9/124 (7%)
	7/125 (5.6%)
	20/125 (16%)
	3/151 (1.98%)

	Kozieł et al[43], 2019
	16
	Coil + CYA (1:1 with lipiodol)
	19-G
	Total 21; mean 1.7 (1-3)
	2 (1-9)
	-
	15/16 (94%)
	Overall, 12/15 (75%) {coil+CYA (11/12 [92%]; only CYA [0%]}
	6/16 (37.5%)
	5/16 (31.3%)
	1/16 (6.25%)
	None

	Robles-Medranda et al[44], 2019
	30
	Coil + CYA
	19-G
	2 (1-3)
	1.8 (1.2-2.4 mL)
	Mean 1.1
	100%
	96.6%
	2 cases (6.7%)
	3/27 (11.1%)
	5 (16.7%)
	4/30 (13.3%)

	Kouanda et al[28], 2021
	80
	Coil + CYA
	-
	1.5 (1-3)
	2 (0.5-5) mL
	Mean 1.4
	100%
	60/62 (96.7%)
	4 (4.9%)
	
	6 (7.5%)
	17 (21.3%)

	Comparison of different treatment modalities for GV management

	Romero-Castro et al[26], 2013
	30
	EUS-Coil (11) vs EUS-CYA (19)
	19/22-G
	5.8 (2-13) (overall 64 coils)
	1.5 (1-3) (overall 29 mL)
	Overall, 1.4 ± 0.1 (14 vs 29)
	Overall, 27/30 (90%): 10/11 (90.9%) vs 17/19 (89.5%)
	Overall, 29/30 (96.7%): 10/11 (90.9%) vs 19/19 (100%)
	Overall, 12/30 (40%): 1/11 (9.1%) vs 11/19 (57.9%)
	2/11 (18.1%) vs 9/19 (47.3%)


	None (0 vs 0)
	Overall, 6/30 (20%)

	Bick et al[45], 2018
	104
	EUS-CYA (64) vs endoscopic CYA (40)
	19/22-G
	-
	2 (0.8) vs 3.3 (1.3) mL
	1 session (79% vs 75%); 2 sessions (21% vs 17.5%); 3 sessions (0% vs 7.5%)
	100% vs 100%
	49/64 (79%) vs 30/40 (75%)
	13/64 (20.3%) vs 7/40 (17.5%)
	-
	5/57 (8.8%) vs 9/38 (23.7%)
	-

	Mukkada et al[32], 2018
	81
	EUS-coil +/- CYA (30) vs endoscopic CYA (51)
	19-G
	2.36 (mean) (total 71)
	2 (1-10 mL) in 15 cases vs 3 ± 1.5 ml
	Overall [42 vs 77]
	100% vs 100%
	8/20 (40%) vs (NA)
	0% vs 0%
	12/30 (40%) vs 26/51 (51%)
	6/30 (20%) vs 26/51 (51%)
	3/30 (10%) vs 2/51 (4%)

	Robles-Medranda et al[29], 2019
	60
	EUS-coil + CYA (30) vs EUS-coil (30)
	19-G
	2 (1-3) vs 3 (1-7)
	1.8 (1.2-2.4) vs -
	-
	100% vs 100%
	30/30 (100%) vs 27/30 (90%)
	2 (6.7%) vs 1 (3.3%)
	5 (16.7%) vs 12 (40%)
	1 (3.3%) vs 6 (20%)
	9/30 (30%) vs 8/30 (26.7%)

	Lôbo MRA et al[33], 2019
	32
	EUS-coil + CYA (16) vs endoscopic CYA (16)
	19-G
	Total 21
	1.4 ± 0.74 vs 3.07 ± 1.94
	Overall, 20 vs 18
	100% vs 100%
	11 (73.3%) vs 12 (75%)
	8 (50%) vs 10 (62.5%)
	4/15 (26.7%) vs 4/16 (25%)
	2 (12.5%) vs 2 (12.5%)
	0 (0%) vs 2 (12.5%)

	Bazarbashi et al[46], 2020
	40
	EUS-coil + AGS (10) vs EUS/endoscopic CYA/histocryl (30)
	19/22-G
	8 ± 2.9
	1.7 ± 2.9
	-
	10/10 (100%) vs 29/30 (96.7%)
	100% vs 87%
	1/10 (10%) vs 5/30 (20%)
	1/10 (10%) vs 17/20 (56%)
	0% vs 38%
	1/10 (10%) vs 5/30 (16.6%)

	Robles-Medranda et al[31], 2021
	36
	EUS-coil + CYA (17) vs endoscopic CYA (19)
	19-G
	0 vs 2 (1-3)
	1.8 (1.2-2.4) vs 1.8 (0.6-6.6)
	1 vs 1 (1-4)
	17/17 (100%) vs 16/19 (84.2%)
	-
	2/17 (11.8%) vs 3/19 (15.8%)
	-
	0 vs 3/19 (15.8%)
	-

	Seven et al[47], 2022
	28
	EUS-coil (19) vs EUS-coil + CYA (9)

	19-G
	5 (3-9) vs 5 (3-9)
	-
	1 vs 1
	19/19 (100%) vs 9/9 (100%)
	19/19 (100%) vs 8/9 (88.9%)
	1/19 (5.3%) vs 1/9 (11.1%)
	1/19 (5.3%) vs 0/9 (0%)
	1/19 (5.3%) vs 22.2%)
	6/28 (21.42%)

	Samanta et al[34], 2022 (Author’s centre)
	170
	EUS-coil+CYA (52) vs endoscopic CYA (118)
	19-G
	Median 2
	2 (1) vs 2 (1) mL
	1 (0) vs 2 (2)
	52 (100%) vs 117 (99.2%)
	-
	0% vs 13.9%
	7 (13.5%) vs 58 (49.6%)
	8 (15.4%) vs 36 (31.3%)
	-

	Studies on EUS-guided treatment of GV using agents other than glue

	Frost and Hebbar[36], 2017
	8
	Thrombin (1000 IU/5 mL; 2500 IU/5 mL)
	22-G
	-
	For active bleeder: mean 7250 IU; for elective: mean 2520 IU
	1 for each case
	100% overall
	Overall, 75% (active bleeder: 67%; elective cases: 80%)
	None
	None
	None
	1 case

	Bazarbashi et al[37], 2019
	10
	Coil + AGS
	19/22-G
	8 ± 2.9
	AGS: 2.5 ± 0.7
	1 each
	100%
	9/9 (100%)
	None
	None
	1/10 (10%)
	None

	Irisawa et al[38], 2020
	8
	Coil + sclerosant [EO]
	19-G
	5.6 ± 2.9
	EO: 7.8 ± 6.7 mL
	1.9 ± 1
	100%
	7/8 (87.5%)
	None
	-
	-
	-


EUS: Endoscopic ultrasound; G: Gauge; CYA: Cyanoacrylate; AGS: Absorbable gelatin sponge; EO: Ethanolamine oleate; IU: International units.

Table 3 Published literature on the use of endoscopic ultrasound-guided vascular interventions in ectopic varices
	Ref.
	Cases
	Underlying diagnosis
	Age/sex
	Size of varix
	Any prior therapy given 
	EUS therapy (agent used)
	EUS needle used
	Coils
	Glue
	Post procedure EUS findings
	Follow-up duration
	Comments

	Duodenal varices

	So et al[60], 2016
	1
	PC/EHPVO
	65/F
	2 cm
	-
	Coil
	19-G FNA
	3
	-
	Color Doppler: cessation of blood flow
	10 mo
	No bleeding on F/U

	Kimura et al[61], 2017
	1
	PC
	76/F
	-
	-
	CYA glue
	22-G FNA
	-
	0.5 mL (3 sessions)
	- (f/u CT: shows extinction of contrast enhancement in DV)
	6 mo
	No bleeding on F/U

	Kinzel et al[72], 2014
	1
	Cirrhosis (Child C)
	31/M
	10 mm
	Endoscopic ethanolamine oleate
	Coil + CYA glue
	19-G (for coil) + 22-G (for glue) FNA
	1
	2 mL
	Near complete thrombosis of varix
	3 mo
	No bleeding on F/U

	Fujii-Lau et al[73], 2016
	3
	PVT; SMV-T; SMV-T
	57/M; 46/F; 62/F
	-; -; -
	Glue; -; Clip + coil (IR)
	Coil; Coil; Coil + CYA glue
	22-G FNA (for all)
	4; 4; 8
	-; -; 2 mL
	dec. flow; dec. flow; no flow
	30 mo; 12 mo; 6 mo
	No bleeding on F/U (all cases)

	Bahdi et al[74], 2020
	1
	Cirrhosis
	41/M
	-
	None
	Coil + CYA glue
	22-G FNA
	8
	2 mL
	-
	-
	-

	Rectal varices

	Messallam et al[66], 2014
	1
	Cryptogenic cirrhosis 
	78/M
	45 × 12 mm
	None
	Coil + CYA glue
	19-G FNA
	2
	4 mL
	No flow
	12 wk
	No bleeding on F/U

	Sharma et al[67], 2010
	1
	PHTN
	68/M
	2.2 mm
	None
	Histocryl glue
	-
	-
	1 mL
	Decreased flow
	6 mo
	No bleeding on F/U

	Mukkada et al[75], 2017
	1
	PHTN
	65/M
	5.9 mm
	Endoscopic sclerotherapy (tetradecyl sulphate 16 ml; CYA glue)
	Coil
	19-G FNA
	2
	-
	No flow
	-
	-

	Bazarbashi et al[76], 2020
	1
	Cirrhosis
	71/M
	4 mm
	None 
	Coil 
	19-G FNA
	1
	-
	No flow 
	6 mo
	No bleeding on F/U

	Philips et al[77], 2017
	1
	Cirrhosis 
	48/M
	-
	None 
	Coil + CYA glue
	22-G FNA
	1
	1 mL
	No flow 
	1 mo
	No bleeding on F/U

	Weilert et al[78], 2012
	1
	Cirrhosis 
	60/F
	> 3 cm
	None 
	Coil + CYA glue
	19-G FNA
	5
	4 mL
	No flow
	12 mo
	No bleeding on F/U

	Jana et al[79], 2017
	1
	Hepatitis C/PHTN
	54/M
	-
	None 
	Coil + CYA glue
	22-G FNA
	3
	0.8 mL
	No flow
	1 mo
	No bleeding on F/U

	Stomal varices

	Tabibian et al[68], 2016
	1
	Cirrhosis PSC/post colectomy for UC
	70/F
	5 mm
	Somatostatin/topical silver nitrate
	Coil
	22-G FNA
	6
	-
	No flow 
	9 mo
	No bleeding on F/U

	Tsynman et al[69], 2014
	1
	UC/post colectomy/cirrhosis 
	74/F
	-
	TIPS
	CYA glue with lipiodol
	22-G FNA
	-
	0.5 mL
	No flow
	8 mo
	No bleeding on F/U

	Samanta et al[70], 2022
	1
	Alcohol cirrhosis/tubercular cocoon/ileostomy
	52/M
	-
	Endoscopic glue injection
	Coil + CYA glue
	19-G FNA
	2
	4 mL
	No flow
	6 mo
	No bleeding on F/U

	Choledochal varices

	Levy et al[71], 2008
	1
	CP/post total pancreatectomy
	50/F
	14 mm
	-
	Coil 
	22-G FNA
	5
	-
	No flow
	1 mo
	No bleeding on F/u

	Fujii-Lau et al[73], 2016
	5
	Cirrhosis; SMV-T; PVT; PHTN; PVT
	61/M; 56/M; 27/M; 71/M; 50/F
	-; -; -; -; -
	None; None; None; None; None
	Coil; Coil; Coil; Coil; Coil
	22-G FNA (for all)
	7; 9; 4; 5; 5
	-; -; -; -; -
	dec. flow; dec. flow; dec. flow; dec. flow; dec. flow
	24 mo; 37 mo; 26 mo; 1 mo; 87 mo
	Recurrent bleed in 3 cases; one case died due to underlying disease


EUS: Endoscopic ultrasound; PC: Pancreatic cancer; EHPVO: Extrahepatic portal vein obstruction; F: Female; M: Male; G: Gauge; FNA: Fine needle aspiration; F/U: Follow-up; CT: Computed tomography; DV: Duodenal varices; CYA: Cyanoacrylate; PVT: Portal vein thrombosis; SMV-T: Superior mesenteric vein thrombosis; IR: Interventional radiology; Dec.: Decreased; PHTN: Portal hypertension; PSC: Primary sclerosing cholangitis; UC: Ulcerative colitis; TIPS: Transjugular intrahepatic portosystemic shunt; CP: Chronic pancreatitis

Table 4 Steps for endoscopic ultrasound-guided management of visceral artery pseudoaneurysm
	EUS-guided angioembolization of visceral artery pseudoaneurysm

	Pre-procedure requirements

	 All procedures are done under the cover of pre/peri-procedural antibiotics

	 Patient is usually kept fasting for 4-6 h before the procedure

	 Adequate resuscitation of the patient, in case of active bleeding is ensured, prior to the procedure

	 Informed consent prior to the procedure

	What is needed prior to the procedure

	 Linear echoendoscope with at least a 3.7 mm working channel

	 Needle size: depends on the choice of the endoscopist; usually a 19-G needle is used with 0.035’coil. However, a 22-G needle with 0.018’ coils may be used

	 Diameter of the coils: Smaller than the shortest diameter of the PsA

	 Number of coils: depends on size of the PsA

	 Amount of glue: depends on the size of the PsA

	Technical aspects

	 A proper diagnostic EUS is performed

	 The echoendoscope is positioned optimally for a stable PsA access

	 Optimum examination of the PsA, the feeding vessel and the anatomy is delineated

	 The approach should always be through parenchyma, either pancreatic or hepatic. Bare puncture of the PsA without supporting parenchyma should not be performed

	 EUS-guided coil and glue embolization is usually performed using a 22-G/19-G (gauge) FNA needle

	 The size of the coil is determined by the short axis of the diameter of the PsA

	 After puncture of the varix, blood is aspirated to confirm the location. This is followed by flushing of the needle with saline. The pressure is high in the aneurysm, hence care should be taken to avoid creeping of blood along the hollow of the needle and causing needle block

	 The coils are then deployed into the varix using the stylet as a pusher. Packing with coils slows the flow inside the PsA, which can be visualized and further requirement of coils is assessed. Once the coils are deployed, flushing of the needle is done with normal saline

	 After coil deployment, cyanoacrylate glue is injected using the coils as scaffold

	 Once, the PsA is obliterated, visualized by absence of flow on colour Doppler, the sheath of the needle is advanced beyond the endoscope tip for 2-3 cm before withdrawing the scope. This avoids contact of glue with the endoscope tip

	Post procedure

	 The patients are kept under observation for 12 h

	 Post embolization X-ray would help visualize the coils and also look for complications

	 Repeat EUS can be done after 48 hrs. to look for residual flow

	 Cross-sectional imaging is usually done after 72 h. to document success of therapy

	 Follow-up EUS may be performed at 1-mo


G: Gauge; PsA: Pseudoaneurysm; EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

Table 5 Published case series on endoscopic ultrasound-guided angiotherapy for arterial pseudoaneurysm
	S.No.
	Ref.
	Cases
	Age/sex
	Chief complaints
	Artery involved
	PSA size (mm)
	EUS needle used
	Embolization agent used
	EUS sessions needed
	Technical/clinical success
	Complications
	Follow up and comments

	1
	Gamanagatti et al[91], 2015 
	3
	56/M; 45/M; 30/M
	Upper GI bleed (all 3)
	GDA; Splenic; Splenic
	-
	22-G
	Thrombin (500 IU, 300 IU, 400 IU)
	1 each
	Yes/yes
	None 
	Imaging F/U: complete obliteration; no bleeding at 1 mo F/U

	2
	Jhajharia et al[92], 2018
	3
	43/M; 25/M; 55/M
	Pain abdomen; hematemesis; Malena (respectively)
	GDA; Right hepatic; splenic
	40 × 50; 30 × 22 × 27; 15 × 13
	22-G
	Thrombin (1000 IU; 1000 IU; 500 IU)
	1 each
	Yes/yes
	None 
	F/U at 1.5 years, 1 year and 3 mo: no bleeding (respectively)

	3
	Rai et al[93], 2018
	6
	Median 36.7 years (19-60); 5 men
	3 asymptomatic; 3 upper GI bleed
	All Splenic artery PSA
	25-65 (range)
	19-G
	Coils (size 8, 14, 16; number 1-5) and glue (1-2 mL)
	3 cases needed 2 EUS sessions (size > 4 cm)
	Yes/yes (all cases)
	None 
	EUS (4 wk) and CT (3 mo): complete obliteration

	4
	Maharshi et al[94], 2020
	8
	Median 34 years (27-58); all males
	Malena (100%); hematemesis (75%)
	Splenic (5); left hepatic (2); GDA (1)
	Median 29 × 26 (range 18 × 19 – 40 × 50)
	22-G
	Thrombin (200-500 IU)
	1 
	Yes/87.5% clinical success (7/8 cases)
	2 cases post procedural pain
	EUS (1 and 3 mo) and CT (1 mo): complete obliteration; only 1 case with PSA > 5 cm needed second EUS session after 6 wk

	5
	Samanta et al[95], 2022
	16 PsA (in 15 patients)
	Median 44 (17-56); males 14 (93.3%)
	Malena/ incidental/ PCD bleed
	Splenic (12); GDA (4)
	Median 2.8 (0.9-9.7 cm)
	19-G
	Coils (median 1[1-8]) with CYA glue (median 2 [1-5 mL]) 
	1 session in 15 (93.8%)
	Yes/yes
	One case had splenic infarct (managed conservatively)
	Follow-up at 6 mo: no rebleed; one case developed recurrent PsA at a site separate from first PsA (managed again with EUS)


PsA: Pseuoaneurysm; EUS: Endoscopic ultrasound; F/U: Follow-up; IU: International units; GDA: Gastroduodenal artery; PCD: Percutaneous catheter drainage; CYA: Cyanoacrylate glue; GI: Gastrointestinal; CT: Computed tomography.

Table 6 Technique for assessing endoscopic ultrasound-guided portal pressure gradient
	Procedural steps for measuring EUS-PPG

	The measurement of PPG via EUS requires 4 components: 25-G FNA needle, non-compressible tubing, a compact digital manometer, and heparinized saline. The tubing is connected by a luer lock to the distal port and heparinized saline is connected the proximal port of the manometer

	With the patient supine, the manometer is placed at the patient’s midaxillary line

	The HV measurement is conducted first, in which middle HV is targeted most often (larger calibre and better alignment with the needle trajectory). Then PV measurement is taken (umbilical portion of left PV is the target)

	Doppler flow is used to confirm the typical multiphasic waveform of hepatic venous flow and typical venous hum of the portal venous flow

	Trans-gastric trans-hepatic route is taken for HV and PV puncture

	Needle is flushed with heparinized saline (1 mL). The steadiest reading at equilibrium is recorded. Three measurements are taken and their mean is calculated (both HV and PV pressures)

	The FNA needle is slowly withdrawn from the vein into the liver parenchyma and then back into the needle sheath with Doppler flow on to ensure there is no flow within the needle tract


EUS: Endoscopic ultrasound; PPG: Portal pressure gradient; G: Gauge; FNA: Fine needle aspiration; PV: Portal vein; HV: Hepatic vein.

Table 7 Published literature (human studies) on the use of endoscopic ultrasound-guided portal pressure measurement
	Ref.
	Year
	Number of cases
	Approach
	EUS-FNA needle
	Technical success
	Complications
	Correlation between EUS and trans-hepatic PVP measurement

	Fujii-Lau et al[106]
	2014
	1
	Trans-gastric
	22-G
	1
	None
	PPG 1 mmHg (excellent correlation with HVPG)

	Huang et al[105]
	2017
	28
	-
	25-G
	25/25 cases
	None
	Excellent correlation with varices (P = 0.0002), PHG (P = 0.007), and thrombocytopenia (P = .036); few of them also underwent liver biopsy in same setting

	Zhang et al[107]
	2020
	12
	-
	22-G
	11/12 cases (91.7%)
	None
	R = 0.923

	Shah et al[109]
	2021
	1
	Trans-gastric
	25-G
	1
	None
	NA (same session EUS-liver biopsy was done)

	Hajifathalian et al[108]
	2021
	24
	Trans-gastric
	25-G
	23/24 (96%) patients also underwent EUS-liver biopsy (TS: 24/24 [100%])
	One case of mild abdominal pain (resolved with analgesics)
	NA; excellent correlation with fibrosis-4 score (P = 0.026) and transient elastography (P = 0.011)

	Choi et al[110]
	2022
	83
	Trans-gastric
	25-G
	100%; 71 cases underwent EUS-liver biopsy
	No major events; minor abdominal pain (8 [9.6%] cases)
	Correlation with clinical features of cirrhosis (9.46 vs 3.61 mmHg, P < 0.0001), EV/GV (13.88 vs 4.34 mmHg, P < 0.0001), and thrombocytopenia (9.25 vs 4.71 mmHg, P = 0.0022)

	Choi et al[111]
	2022
	64
	Trans-gastric
	25-G
	100% (concurrent EUS-LB in 43/64 [67.2%])
	1 case (EUS-PPG alone); 5 cases (EUS-PPG + EUS-LB both)
	EUS-PPG > 5 mmHg correlated with EUS-liver biopsy fibrosis stage ≥ 3 [LR 27] (P = 0.004)


EUS: Endoscopic ultrasound; PPG: Portal pressure gradient; FNA: Fine needle aspiration; PVP: Portal venous pressure; G: Gauge; LB: Liver biopsy; EV: Esophageal varices; GV: Gastric varices; LR: Likelihood ratio; NA: Not available; PH: Portal hypertensive gastropathy.



[bookmark: _Hlk131759714]



[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2023 Baishideng Publishing Group Inc. All rights reserved.


image2.png
Gastric varices

DOI: 10.4253/wjge.v15.i4.216 Copyright ©The Author(s) 2023.




image3.jpeg
el .
BUUNG i inaa .JC \

E g\

~ Ly e " \ Noede

Gastrio varix N

'\ Coil & glue cast.
" g

DOI: 10.4253/wjge.v15.i4.216 Copyright




image4.jpeg
Duodenal lumen
Varix

"

Varix Nes

"





image5.jpeg
Needle





image6.jpeg
N
&
o a
3 L2 8





image7.jpeg
/wjge.v15.i4.216 Copyright ©The Author(s) 2023.




image8.jpeg
N \ 20
\‘\ " Gastric lumen

A 2 410
BN\ \ (%

. cm/

'
--10
--20

| . ' 3
TX:100% MI:0.6 TIS:<0.4 S0: 0.6cm

sv:

1.5um





image9.png
9

JSaishideng®




image10.png




image1.png
| EUS-guided vascular interventions |

| )

GI bleed Portal vein related Cardiac
interventions interventions
-
Variceal | | Non-variceal ‘
-» Portal
Esophageal pressure
measurement
Gastric 3 | Other causes -
" . " " -» Intrahepatic
varices Dle_ulafoy S porto-systemic
lesions hunt
- GIsT shu
. H placement
Prediction of emosuccus
rebleed gancrealtlcus
" umora PV sampling
= Bleeding
ulcers 3 | PV thrombosis
Ectopic FNA
varices
-» PV injection
» il
embolization
-» PV stent
placement

=

DOI: 10.4253/wjge.v15.i4.216 Copyright ©The Author(s) 2023.




