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Abstract

Non-variceal upper gastrointestinal (GI) bleeding is a significant cause of
morbidity and mortality. Traditionally, through-the-scope (TTS) clips, thermal
therapy, and injection therapies are used to treat GI bleeding. In this review, we
provide an overview of novel endoscopic treatments that can be used to achieve
hemostasis. Specifically, we discuss the efficacy and applicability of over-the-
scope clips, hemostatic agents, TTS doppler ultrasound, and endoscopic ultra-
sound, each of which offer an effective method of reducing rates of GI rebleeding.

Key Words: Doppler probe; Endoscopic ultrasound; Endoscopy techniques; Gastro-
intestinal bleeding; Hemospray; Hemostasis; Hemostatic agents; Over-the-scope clips;
Ovesco
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Core Tip: Non-variceal upper gastrointestinal bleeding is a significant cause of morbidity
and mortality. In this review, we provide an overview of novel endoscopic treatments
that can be used to achieve hemostasis. Specifically, we discuss the efficacy and applic-
ability of over-the-scope clips, hemostatic agents, and adjunctive tools such as through-
the-scope doppler ultrasound and endoscopic ultrasound.
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INTRODUCTION

Non-variceal upper gastrointestinal (GI) bleeding is a leading cause of hospitalization, with an incidence ranging from 61-
78 cases per 100000 and an estimated mortality between 2%-10%[1]. Bleeding can originate from sites within the
esophagus, stomach, and duodenum, commonly manifesting as hematemesis and melena, and in cases of brisk bleeding,
hematochezia[1,2]. The primary culprits are gastric and duodenal ulcers, Mallory-Weiss tears, esophagitis, and gastritis,
and less frequently angiodysplasias, gastric antral vascular ectasias, Dieulafoy’s lesions, polyps, and malignancy[1,2].

Currently, the mainstay of care for those hemodynamically stable involves endoscopic evaluation through esophago-
gastroduodenoscopy[2]. Over the past 30 years, numerous endoscopic devices have been developed with demonstrated
effectiveness at controlling upper GI bleeding. These include the use of through-the-scope (TTS) clips, thermocoagulation
[e.g., argon plasma coagulation (APC), multipolar, and bipolar electrocautery], and injection therapy|[1,3]. In cases of
continued or refractory bleeding, surgery or trans-arterial embolization is subsequently attempted[1,3]. However, novel
endoscopic devices have provided additional methods of controlling challenging or recurrent bleeding, and have
provided alternative methods that can be attempted prior to more invasive interventions (Figure 1).

In this review, we discuss novel endoscopic devices designed to achieve hemostasis in challenging or recurrent non-
variceal upper GI bleeding, including the use of over-the-scope (OTS) clips, topical hemostatic agents, and adjunctive
tools, such as TTS doppler ultrasound and endoscopic ultrasound (EUS).

TRADITIONAL THERAPIES

TTS clips have been used for hemostasis since 1975[4]. Manufactured by five key players (Olympus, Boston Scientific,
Cook Medical, ConMed, and Micro-Tech), these clips are available in various sizes ranging from 8 mm, 11 mm, 12 mm, 16
mm, to 22 mm in opening width[5,6]. They are all designed to fit through the standard 2.8 mm biopsy channel of an
endoscope or colonoscope, and some offer bidirectional rotation capabilities[5,6].

Thermal therapy is another option for treating GI bleeding. This class of therapy includes APC, a non-contact device
which uses argon gas to treat superficial vascular lesions such as angiodysplasias or gastric antral vascular ectasia, as well
as contact devices including bipolar electrocoagulation [e.g., Gold Probe™ Catheter (Boston Scientific, Marlborough,
Massachusetts, United States)] and monopolar electrocoagulation (e.g., hemostatic forceps and snare tip soft coagulation)
[3,7,8]. Both bipolar and monopolar electrocoagulation devices generate heat to cauterize vessels and apply direct
pressure to the bleeding site[3,7,8].

Other conventional treatments include injection therapies, such as epinephrine for vasoconstriction, sclerosing agents
for local thrombosis (e.g., ethanol), and tissue adhesives for tissue bonding and sealing (e.g., thrombin and cyanoacrylate)
[3,7,8]. Epinephrine is the most commonly used agent in this class, usually diluted to 1:10000 or 1:20000 and injected in 0.5
to 2 mL aliquots to the ulcer base. It is combined with bipolar electrocoagulation or TTS clips, as combination therapy has
been demonstrated to be superior to epinephrine monotherapy at preventing recurrent bleeding (relative risk (RR) 0.34,
95% confidence interval (CI) 0.23-0.50)[9].

The recent 2021 American College of Gastroenterology (ACG) guideline on upper GI bleeding strongly recommends
bipolar electrocoagulation or injection of absolute ethanol for patients with ulcers and conditionally supports monopolar
coagulation, APC, or TTS clips for treatment of bleeding due to ulcers[3]. Advantages include ease of access, abundance
of safety data, and low cost. However, disadvantages can include risk of rebleeding especially with monotherapies like
epinephrine and potential perforation with contact therapy[10].

OTS CLIPS

Over the past two decades, another type of clip has been developed, called OTS clips. In contrast to the conventional TTS
clips, OTS clips can treat larger fibrotic ulcers and facilitate full-thickness wall closure in cases of leaks, perforations, and
fistulas[11]. While the European and Japanese gastroenterology societies recommend OTS clips as a first-line therapy for
GI bleeding, American gastroenterology societies currently position it as a second line hemostatic treatment as of the
writing of this review[3,8]. The 2021 ACG guideline recommends using OTS clips for recurrent ulcer bleeding after
previously successful endoscopic hemostasis, while the 2020 American Gastroenterological Association guideline suggest
its use in select patients where conventional methods fall short[3,8].

Currently, two OTS clip systems are approved by the United States Food and Drug Administration (FDA): The OTSC®
System (Ovesco Endoscopy GmbH, Tiibingen, Germany), and the Padlock Clip® (previously Aponos Medical Co.,
Kingston, New Hampshire, United States, now Steris United States Endoscopy, Mentor, Ohio, United States)[11]. Both
systems involve deploying a large nitinol magnetic resonance imaging-biocompatible clip using a transparent applicator
cap attached to the distal end of the endoscope while applying suction in a technique similar to variceal banding[11,12].

OTSC, FDA-approved in the United States in 2010, is used for repairing perforations < 20 mm, and achieving
hemostasis from mucosal/submucosal defects < 3 cm, arteries < 2 mm, polyps < 1.5 cm in diameter, diverticula, or
bleeding ulcers in both the upper GI tract and the lower GI tract (Figure 2)[13]. It is a bear-claw-shaped clip with three
prongs available in four sizes: A 10 mm diameter kit for pediatric endoscope or narrow passage (i.e. through stents), an 11
mm and 12 mm diameter kit for adult endoscopes, and a 14 mm diameter kit for colonoscopes[13,14]. It comes with two
cap depths: A 3 mm cap for smaller or thin tissue area, and a deeper 6 mm cap for extensive defects. The closing spikes
vary according to intended use: Type “a” (atraumatic) has blunt teeth for soft tissue, type “t” (therapeutic) has spiked
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Mechanical Thermal Injection Topical
Through-the-scope clips Bipolar probe Epinephrine Hemostatic powder/gel
Balloon tamponade Grasping forceps Sclerosants
Band ligation Snare tip soft coagulation Fibrin glue
Argon plasma coagulation Thrombin

Over-the-scope clips

J
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Adjunctive

Endoscopic doppler probe
Endoscopic ultrasound
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Figure 1 Common methods of endoscopic hemostasis. Novel techniques discussed in this review are bolded.

Figure 2 Use of OTSC clip for a duodenal ulcer. Here, an OTSC clip is used to successfully treat gastrointestinal bleeding from a Forrest lla duodenal bulb
ulcer.

teeth for hard/fibrotic tissue, and type “gc” has longer pointed teeth for gastric perforation/fistula closure[13,14].
Additional application aids (such as the OTSC Anchor and OTSC Twin Grasper) can be advanced through the working
channel of the endoscope to help approximate tissues after full-thickness resection prior to OTSC deployment[13].

The other FDA-approved OTS clip is the Padlock Clip, approved in 2012 for the same uses as the Ovesco OTSC[15].
Although it was briefly recalled in 2019, it has been back on the market since 2020[16]. Unlike the bear-claw shape of the
OTSC clip, the Padlock system has a hexagonal star-shaped clip design with six inner prongs that allows for a circumfer-
ential grip on tissues[15,17]. It comes in two forms. The Padlock Clip Defect Closure system has tip diameters ranging
from 9.5 mm to 11 mm with a fixed chamber depth of 1 cm for endoscopes, while the Pro Select closure system has tip
diameters ranging from 11.3 to 14 mm with variable depth (8-20 mm) for colonoscopes[17]. Unlike the OTSC system, the
linking cable to deploy the clip runs outside the scope rather than within the instrument channel[15,17]. Additionally,
while OTSC has a specialized cutter system (Ovesco remOVE System) to remove the clip if it gets stuck, the Padlock Clip
cannot be removed once placed[18]. There are currently no human trials comparing the different types of OTS clips. In a
study comparing the OTSC and Padlock Clip in a model using a porcine stomach, the OTSC was noted to have a success
rate of 100% (11/11 procedures) and the Padlock had a 0% success rate (0/11 procedures)[19].

Both OTS clip systems come with advantages, including the ability to grasp large amounts of tissue or fibrotic ulcers,
and providing significant compressive forces. In a meta-analysis by Faggen et al[20] on 11 studies comparing the OTS clip
with standard endoscopic therapies for non-variceal upper GI bleeding, the former showed lower rates of rebleeding at 30
days (RR 0.58; 95%CI: 0.41-0.92), though there were no differences in mortality (RR 0.69; 95%CI: 0.38-1.23). A similar
meta-analysis of ten studies was done by Bapaye et al[21], which found that OTS had lower 7-day (RR 0.41; 95%ClI: 0.24-
0.68) and 30-day rebleeding risk (RR 0.46; 95%CI: 0.31-0.65), shorter procedure time by 6.63 minutes (95%CI: 2.58-10.67),
but no difference in mortality (RR 0.55; 95%CI: 0.24-1.24). With regards to efficacy as a primary therapy and rescue
intervention, a meta-analysis of 16 studies found similar primary hemostasis rates (93% vs 91%) for use as a primary and
rescue therapy, respectively. However, there was a decreased risk of re-bleeding in patients treated with OTS clips as
primary therapy vs rescue (RR = 0.52, 95%ClI: 0.31-0.89)[22]. Likewise, a meta-analysis by Zhong et al[23] looking at 16
studies found that OTS clips had high technical (95.7% success rate) and clinical (84.2% success rate) success.
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However, OTS clips also come with limitations. Challenges include needing to remove the endoscope to attach the
applicator cap and reintubate the patient prior to deployment, difficulty positioning the clip on a target lesion, difficulty
navigating it through strictures and areas of stenosis, and difficulty performing other hemostasis maneuvers should
bleeding persists following deployment. Additional adverse events include accidental deployment, clip dislodgement,
mucosal damage, gastric and jejunal stenosis, secondary perforations, maceration of the perforated site, and tissue
necrosis[24]. The overall adverse event rate was 1.8% in a retrospective study by Kobara et al[25] involving 58 patients.
However, in another retrospective study of 30 patients by Mercky et al[26], OTS clips were associated with an adverse
event rate of 13.3%.

HEMOSTATIC AGENTS

Topical hemostatic agents offer an alternative strategy for managing non-variceal upper GI bleeding, providing a non-
contact, non-thermal, non-traumatic application, distinct from hemoclips or thermocoagulation[11]. Because directed
targeting is not necessary, their ease of application makes them suitable for scenarios where bleeding is diffuse and
challenging to localize, such as from ulcers, tumors, anastomosis, or iatrogenic lesions secondary to endoscopic
submucosal dissection (ESD), endoscopic mucosal resection (EMR), and polypectomy. The 2021 ACG guideline
recommends hemostatic powders as a temporizing measure to stop bleeding in cases where conventional modalities fall
short of achieving hemostasis, bridging the gap to more definitive therapies like transarterial embolization or surgery[3].

Presently, three FDA-approved single-use hemostatic powders are available (Tables 1 and 2): TC-325 (Hemospray®,
Cook Medical, Winston-Salem, North Carolina, United States); EndoClot® Polysaccharide Hemostatic System (PHS)
(EndoClot Plus, Santa Clara, California, United States); UI-EWD Nexpowder™ (Nextbiomedical, Incheon, Republic of
Korea)[11,27]. All involve a 220 cm delivery catheter through the working channel of an end-viewing endoscope,
connected to a powder dispenser and a delivery system. At the bleeding site, the powders form a temporary mechanical
barrier that sloughs off within 1-3 days[11,27].

TC-325 (Hemospray), FDA-approved in 2018 for both non-variceal upper and lower GI bleeding, uses sodium
bentonite, a natural aluminum phyllosilicate clay, to absorb water on contact with blood[28,29]. It has two versions:
HEMO-7 compatible with a 2.8 mm endoscope accessory channel, and HEMO-10 compatible with a 3.7 mm channel[2§,
29]. Contraindications include patients with a GI fistula and those at high risk of or suspected of having a GI perforation,
as each canister of TC-325 can add 3 L of additional volume to the GI tract, posing a possibility of overdistension[28-30].
While risks include failure to control bleeding, biliary obstruction at sites of sphincterotomy, device malfunction, and
perforation[30,31], previous concerns about bowel obstruction, allergic reactions, and embolization have not been
observed clinically[28]. A maximum of three devices per patient is recommended at a time. The shelf life is 3 years[28,29].
One limitation is the risk of early activation of the powder and catheter clogging if moisture comes in contact with the
catheter prematurely[29]. This can be prevented by preflushing the working channel with air prior to catheter insertion
and deploying the spray from a distance of 1-2 cm away in 1- to 2-second bursts. Additionally, efficacy in nonbleeding
lesions is limited, as the powder primarily adheres to blood. Washing the lesion site or cleaning the lens post-spray is also
not recommended, as it may wash away the powder[27,28,32].

EndoClot PHS, FDA-approved in 2021, is a spray composed of absorbable modified polymers derived from plant
starch[33,34]. It is approved for the same intended use as Hemospray but with a reduced scope of practice, as it excludes
Forrest Ia (spurting) ulcers[34]. Similar to TC-325, the polymers initiate a dehydration process, resulting in a high concen-
tration of platelets, red blood cells, and coagulation proteins at the bleeding site. This forms a gel adhesive matrix that
promotes the physiologic clotting cascade[33,34]. The matrix is readily dissolved by saline irrigation and is degraded by
amylase and glucoamylase, and eliminated through stool within 24 hours[33]. Contraindications include starch
sensitivity, with other limitations similar to TC-325[33,34]. The shelf life is 3 years. EndoClot is also available in 180 cm
catheter length[33,34].

UI-EWD (Nexpowder™), FDA-approved since 2022, is a spray that consists of succinic anhydride and oxidized
dextran derived from microbial extraction (Figure 3)[35,36]. While sharing the same intended use as Hemospray, it is not
approved for lower GI bleeding[36]. Unlike EndoClot and TC-325, Nexpowder can be used in non-bleeding sites, as the
two compounds in the spray crosslink to form a highly adhesive, distinctive blue hydrogel in the presence of any
moisture[35]. Additionally, unlike EndoClot or TC-325, UI-EWD uses a battery-powered system, eliminating the need for
CO,-pressurized air compressors, thereby improving endoscopic visibility and reducing the risk of the catheter clogging
[35]. Contraindications include patients with galactose intolerance, Lapp lactase deficiency, or glucose-galactose
malabsorption due to the presence of lactose in the powder[35,36]. Additionally, the spray cannot be used in patients with
hypersensitivity to brilliant blue FCF dye, bowel obstruction, GI fistulas, or suspected/high-risk GI perforation. The shelf
life is 15 months[35,36].

Recently, a hemostatic gel has also gained approval for non-variceal GI bleeding, excluding Forrest 1a ulcers. PuraStat®
(3-D Matrix, Newton, Massachusetts, United States), FDA-approved since 2021, is a sterile gel composed of a synthetic
repeating 16-amino acid (acetyl-[arginyl-alanyl-aspartyl-alanyl]4-amide tetrahydrochloride) oligopeptide suspended in
sterile water[37,38]. When exposed to blood, a pH-induced transformation induces the peptide to self-assemble into a
scaffold fiber structure that mimics the human extracellular matrix, creating a transparent adhesive surface[38]. It is
packaged in a 5-mL prefilled syringe containing 1, 3, or 5 mL of gel (2.5% peptide content)[38]. Similar to all hemostatic
sprays, PuraStat is delivered to the intended site through a delivery catheter inserted into the working channel. Aside
from primary non-variceal GI bleeding, it is also approved for hemostasis of mild and moderate bleeding post ESD or
EMR, as an adjunct, bridge, prophylactic, or rescue therapy for intraprocedural venous bleeding or prophylactic therapy
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Table 1 Advantages and limitations of the different modalities

Advantages

Limitations

Through-the-scope
clips

Thermal therapy

Injections
(epinephrine,
sclerosing agents)

Over-the-scope
clips

Hemostatic agents

Endoscopic doppler
probe

Endoscopic
ultrasound

Multiple sizes available; ease of access; well studied

Ease of access; well studied; compatible with other modalities
(e.g., injections, clips)

Cost-effective; fast onset; well studied; compatible with other
modalities (e.g., thermal therapy, clips)

Grasp large area; approved for perforation and fistula closures;
durability; lower risk of rebleeding compared to traditional
therapies

Ease of application: No direct targeting needed; application to
large area in short time; lower risk of tissue damage

Real-time evaluation of vasculature; can assess for risk of
rebleeding; distinguish arterial vs venous blood flow

Can visualize small vessels not seen on radiologic exam; can
concurrently assess submucosal anatomy (e.g., tumor depth, etc.);
real-time evaluation of vasculature; can assess for risk of
rebleeding; distinguish arterial vs venous blood flow

Not suitable for large lesions or defects as can have slippage or
incomplete closure; deployment challenging in certain locations
(e.g., duodenal sweep)

Potential perforation; delayed bleeding

Higher risk of rebleeding if used as monotherapy; localized
tissue necrosis and ulceration; limited efficacy for larger lesions;
Potential systemic side effects (e.g., tachycardia and arrhythmia
with epinephrine)

Must remove endoscope to attach application cap; difficulty
positioning on target lesion; limited options for further
hemostatic intervention after deployment; can be challenging to
remove

Device malfunction: Catheter clog, early activation of powder,
washing away powder; contraindicated if history of fistula; can
cause biliary obstruction; risk of rebleeding after days; limited
penetration of deeper lesions

Variability in doppler signal interpretation; false signals from
cardiac pulsations

Need for training in endosonography; limited portability;
imaging artifacts from retained blood; not standardized for use
in non-variceal GI bleeding

Table 2 United States Food and Drug Administration indications for hemostatic agents

Forrestla  ForrestIB  ForrestIC  Forrestlla  Forrestllb  Forrestllc  Forrestlll  Lower Gl bleeding
Hemospray X X X X X X X X
Nexpowder X X X X X X X
PuraStat X X X X X X X
EndoClot X X X X X X X

GI: Gastrointestinal.

Figure 3 Use of Nexpowder for tumor bleeding. Application of Nexpowder to stop diffuse bleeding from gastric adenocarcinoma.

Gmisnidenge WIGE | https:/ /www.wjgnet.com

380

July 16,2024 | Volume16 | Issue?



Li XJ et al. Advancements in hemostasis for upper GI bleeding

to prevent post-procedure bleeding, and for rectal mucositis[37]. Unlike hemostatic powder, PuraStat must be applied as
close as possible to the bleeding site during application to form a mechanical barrier. It must also be stored in a
refrigerator (from 2 to 8 °C). The gel is metabolized by enzymes into constituent amino acids over 30 days[37,38].

Two other powders-Ankaferd Blood Stopper (Ankaferd Health Products, Istanbul, Turkey) and CEGP-003 (CGBio,
Seong-Nam, Republic of Korea)-have been described for use in non-variceal upper GI bleeding, but are not yet approved
by the FDA. The former comprises a standardized mixture of five herbs (urtica dioica, vitis vinifera, glycyrrhiza glabra,
alpinia officinarum, and thymus vulgaris)[39,40]. This plant-based agent stimulates the formation of an encapsulated
protein network containing fibrinogen, total protein, albumin, and globin, attracting erythrocytes and promoting platelets
aggregation[39,40]. The latter, CEGP-003, under development in South Korea, is a powder consisting of hydroxyethylcel-
lulose and epidermal growth factor[41]. Hydroxyethylcellulose, upon contact with water, forms an adhesive gel that acts
as a barrier, while the epidermal growth factor activates the synthesis of hyaluronan and aquaporin-3, both promoting
wound healing. To date, a single-blinded, prospective randomized study of 72 patients has been completed to assess the
efficacy and safety of CEGP-003 in patients with peptic ulcers bleeding[41]. The study found that CEPG-003 had an initial
hemostasis rate of 100% compared to epinephrine (89.2%), with rebleeding occurring in 3 out of 35 and 1 out of 37
patients in the CEPG-003 and epinephrine groups, respectively (P = 0.35)[41].

A meta-analysis looking at 59 studies (46 on Hemospray, 4 on PuraStat, 5 on EndoClot, 3 on Nexpowder, 1 on CEGP-
003) found that the cumulative rates of immediate hemostasis were 93% and overall rebleeding rate was 18% within one
week[42]. Immediate hemostasis among the different agents was 93% (95%CI: 91%-95%) for Hemospray, 87% (95%CI:
75%-94%) for EndoClot, 86% (95%CI: 80%-90%) for PuraStat, 96% (95%Cl: 91%-99%) for Nexpowder, and 99% (95%ClI:
81%-100%) for CEGP-003. When the risk of rebleeding was stratified according to the agent used, it was numerically
greater with Hemospray [20% (95%ClI: 17%-24%)], compared to the other agents including EndoClot [10% (95%CI: 6 %-
16%)], PuraStat [7% (95%CI: 1%-27%)], Nexpowder [8% (95%ClL: 3%-20%)], and CEGP-003 [9% (95%CI: 3%-23%)][42].
Adverse events occurred in 2%, including three cases of perforations among 2111 patients. Whether used as monoth-
erapy, combination therapy, or rescue therapy, hemostatic powders provide endoscopists with another method of
achieving hemostasis.

TTS DOPPLER PROBE

The endoscopic doppler probe (EDP) is an adjunctive device that can be used for risk stratification in GI bleeding and
guidance of hemostasis[3,8,11]. Presently, the VTI Selectable Depth Doppler System (Vascular Technology Inc, Nashua,
New Hampshire, United States) stands as the sole FDA-approved device for endoscopic use. It comprises of a portable
1.18 kg AC-powered base unit connected to a single-use 2.5 mm diameter doppler probe emitting a 20-MHz pulsed-wave
ultrasound beam (Figure 4)[43]. The probe comes in lengths of 165 cm or 245 cm, and can be used with standard
diagnostic or therapeutic forward-viewing endoscopes, as well as side-viewing duodenoscopes and colonoscopes[43].

To use it, a lubricated doppler probe is passed down the accessory channel of an endoscope or colonoscope. It is then
applied to the lesion of interest in a tangential orientation to identify blood flow. The probe is moved in various directions
to acoustically map the direction of blood flow and guide endoscopic hemostasis. Depending on the lesion, the scanning
depth can be adjusted: Shallow (0-1.5 mm) for untreated peptic ulcers or those treated with endoclips, thermal
coagulation, or combination of injection with thermal therapy; mid (0-4 mm) for varices, untreated gastric ulcers with
adherent clot, or ulcers treated with injection (due to existence of subsurface fluid bleb)[43,44]. Arterial flow typically
presents as a spiking, high-pitched sound, while venous blood flow presents as a continuous low-pitch rumble[43,44].

EDP can be especially helpful in the evaluation of lesions with unclear visual bleeding stigmata, such as gastric or
duodenal ulcers that can either be classified as Forrest 2b (adherent clot) or Forrest 2c (flat pigmented spot) depending on
the endoscopist. While the former is treated per current guidelines, the latter is traditionally not treated endoscopically
[43]. Preliminary studies have also demonstrated the use of doppler probe for the diagnosis and treatment of gastric
varices, Dieulafoy’s lesion, diverticular bleeding, and post-ESD ulcers[45].

With regards to its effectiveness, a meta-analysis of 11 observational studies and 3 interventional studies found that
application of doppler endoscopic probe at the index endoscopy reduced overall rebleeding rates [OR 0.27 (95%ClI: 0.14-
0.54)], need for surgery [OR 0.09 (95%CI: 0.02-0.42)], and improved bleeding-related mortality [OR 0.12 (95%CI: 0.02-
0.71)], thought it did not affect all-cause mortality [OR 0.40 (95%CI: 0.15-1.06)][46]. Additionally, EDP can predict risk of
rebleeding post-treatment. In patients whose treated lesions exhibited a positive EDP signal, the risk of rebleeding was
higher than those with a negative EDP signal [OR 25.96 (95%CI: 6.74-100)][46]. In cost-analyses, EDP is cost-effective
compared to conventional visually guided therapy in acute peptic ulcer bleeding[47,48].

Overall, studies report EDP as a promising tool for risk stratifying lesions at high risk of rebleeding and for guiding
hemostatic therapy. Advantages include ease of use without requiring EUS training, real-time evaluation of vasculature
with the ability to distinguish between arterial and venous flow, and the ability to estimate depth of subsurface blood
vessels. Limitations include variability among endoscopists in Doppler signal interpretation and the potential presence of
false artifactual signals (e.g., transmitted cardiac pulsations in the fundus of the stomach).

ENDOSCOPIC-ULTRASOUND

EUS is distinct from TTS doppler probes in that it uses radial or linear array echoendoscopes to delineate the anatomy
and subsurface blood vessels. While both use doppler technology to assess blood flow, the TTS doppler probe does so via
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Figure 4 The endoscopic doppler probe. The VTI Selectable Depth Doppler System (created by Vascular Technology, Inc., Nashua, New Hampshire)
consists of. A: A single-use 2.5 mm diameter doppler probe; B: A portable AC-powered base unit. Photo courtesy of Vascular Technology, Incorporated. Citation:
Vascular Technology, Incorporated. Photo of VTI's Endoscopic Doppler System and Probe. Copyright©Vascular Technology.

acoustic mapping, while EUS applies doppler flow to visualize the blood vessels responsible for GI bleeding. Under EUS-
guidance, needles are used to target blood vessel or lesions responsible for bleeding. Cyanoacrylate, polidocanol,
embolization coils, thrombin, or ethanol are then injected for hemostasis[49]. EUS has been reported to be an effective
method for guiding hemostasis in patients with refractory GI bleeding from ulcers, Dieulafoy’s lesions, pancreatic
pseudoaneurysms, and GI stromal tumors[50].

Recently, a prospective observational single-center study by Uribarri-Gonzalez et al[51] looked at the usefulness of
EUS-guided therapy in patients with non-variceal GI bleeding refractory to two conventional endoscopic therapies. Of
the fourteen patients included, nine had Dieulafoy’s lesions, and five had submucosal tumors. Six patients (78%) had an
absence of re-bleeding after EUS treatment. Advantages of this adjunctive technique include its ability to visualize small
blood vessels not seen with radiologic or endoscopic exam, perform EUS-guided angiotherapy, and assess for procedural
success real-time by looking for cessation of blood flow. Disadvantages include the need for training in endosonography,
cost, lack of efficacy and safety data, limited portability and availability of EUS systems, as well as technical issues such as
imaging artifacts from retained intraluminal blood[49].

CONCLUSION

Non-variceal upper GI bleeding remains a common cause of hospitalization and is associated with high mortality rates.
Emerging techniques such as OTS clips, hemostatic agents, TTS doppler, and EUS show promise in reducing rebleeding
rates and enhancing overall patient outcomes. Further randomized, controlled trials and cost-analyses will be helpful in
delineating their specific roles in hemostasis for future clinical applications.
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