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Abstract: Hemostatic powder (HP) is a relatively recent addition to the arsenal of hemostatic endo-
scopic procedures (HEPs) for gastrointestinal bleeding (GIB) due to benign and malignant lesions.
Five types of HP are currently available: TC-325 (Hemospray™), EndoClot™, Ankaferd Blood
Stopper®, and, more recently, UI-EWD (NexpowderTM) and CEGP-003 (CGBio™). HP acts as a
mechanical barrier and/or promotes platelet activation and coagulation cascade. HP may be used
in combination with or as rescue therapy in case of failure of conventional HEPs (CHEPs) and also
as monotherapy in large, poorly accessible lesions with multiple bleeding sources. Although the
literature on HP is abundant, randomized controlled trials are scant, and some questions remain
open. While HP is highly effective in inducing immediate hemostasis in GIB, the rates of rebleeding
reported in different studies are very variable, and conditions affecting the stability of hemostasis
have not yet been fully elucidated. It is not established whether HP as monotherapy is appropriate in
severe GIB, such as spurting peptic ulcers, or should be used only as rescue or adjunctive therapy.
Finally, as it can be sprayed on large areas, HP could become the gold standard in malignancy-related
GIB, which is often nonresponsive or not amenable to treatment with CHEPs as a result of multiple
bleeding points and friable surfaces. This is a narrative review that provides an overview of currently
available data and the open questions regarding the use of HP in the management of non-variceal
upper GIB due to benign and malignant diseases.

Keywords: ankaferd blood stopper; CEGP-003; endoclot; gastrointestinal bleeding; hemospray;
hemostatic powders; hemostatic procedures; TC-325; UI-EWD; upper gastrointestinal bleeding

1. Introduction

Upper gastrointestinal bleeding (UGIB) is mostly of non-variceal origin and has an
annual incidence rate from 50 to 150 per 100,000 adults [1–3]. Peptic ulcer disease (PUD)
is the most common cause of non-variceal UGIB (NVUGIB) and accounts for at least 50%
of UGIB. Other frequent benign conditions underlying NVUGIB include gastroduodenal
erosions (8–15%), Mallory–Weiss tears (8–15%), and erosive esophagitis (5–15%) [1]. Malig-
nancy causes comprise 1–5% of all NVUGIB [4–6]. GIB is the initial presenting symptom of
malignancy in up to 70% of patients [4,5], and the disease is already metastatic in about
one-third of them [5]. Gastric cancer is the most common cause of malignancy-related
NVUGIB (MR-NVUGIB) [4–7], and about one-third is metastatic [4]; the duodenum is
the most frequent site of malignancy involving the small bowel [4,5], usually primary or
metastatic from a pancreatic or biliary malignancy. In all NVUGIB related to benign and ma-
lignant lesions, upper digestive endoscopy (EGDS) with hemostatic endoscopic procedure
(HEP) is the first-choice approach. Conventional HEPs (CHEPs) include injection agents
(epinephrine, ethanol, and cyanoacrylate), contact thermal devices (heater probes and
multipolar electrocautery probes), noncontact thermal devices (argon plasma coagulation),
and mechanical devices (hemostatic graspers, band ligators, clips, and loops) [3]. The use
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of one or more CHEP, often in combination, induces endoscopic hemostasis in 67–100% of
cases, although rebleeding occurs in up to about 25–30% of treated patients [2,3]. In recent
years, hemostatic powder (HP) has been proposed and tested for the treatment of acute
GIB, arousing growing interest among clinicians. The present narrative review provides an
overview of currently available data and the open questions regarding the use of HP in the
management of NVUGIB due to benign and malignant diseases.

2. Type, Modality of Action, and Application of Hemostatic Powder

To date, five HPs have been developed for the management of GIB (Table 1). The
most diffused agents are TC-325 (Hemospray™; Cook Medical, Winston-Salem, NC, USA),
EndoClot™ (EndoClot Plus, Santa Clara, CA, USA), and Ankaferd Blood Stopper® (ABS;
Ankaferd Health Products, Istanbul, Turkey); two more recent HPs are UI-EWD (NexPow-
der™; Nextbiomedical, Incheon, Republic of Korea) and CEGP-003 (CGBio, Seong-Nam,
Republic of Korea). All these products are applied using a delivery catheter passed through
the working channel of the endoscope to reach the bleeding site (Figures 1–3).

Table 1. Hemostatic powders available on the market.

Trade Name Market Area Composition Action

Hemospray Canada, Europe, USA inert mineral

absorption of water,
promotion of clotting,

coagulation cascade activation,
mechanical tamponade

Endoclot Turkey, Europe, Malaysia
Australia

starch-derived
polysaccharides

absorption of water
promotion of clotting,

coagulation cascade activation

Ankaferd Blood Stopper Turkey herbal ingredients
protein network promoting

erythrocyte aggregation
interaction with blood protein

Nexpowder South Korea, Europe, USA aldehyde dextran and succinic
acid modified ε-poly (l-lysine)

adhesive hydrogel with multiple
crosslinks within the hydrogel and
between the hydrogel and tissue

CGBio South Korea hydroxyethylcellulose, EGF adhesive seal in which the EGF
promotes wound healing

EGF: epidermal growth factor; TGF: transforming growth factor.

Figures 1–3: different lesions with active oozing bleeding and after hemostasis achieved
by application of hemostatic powder.
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TC-325 is compounded by bentonite, a naturally sourced aluminum phyllosilicate 
clay. This inert powder is propelled through a carbon dioxide pressurized catheter and 
sprayed at a distance of 1–2 cm from the bleeding site, forming a coat covering the lesion. 
This coat acts as a mechanical barrier and absorbs water, leading to a concentration of 
platelets and clotting factors with the activation of platelets and the coagulation cascade 
[8]. Due to its modality of action, TC-325 should be used in cases of active bleeding, as it 
is likely poorly or not effective in nonbleeding lesions [9]. Once sprayed over the area of 
bleeding, TC-325 adheres over the lesion for a limited time: the HP sloughs off the mucosa 
and is eliminated from the gastrointestinal tract within 24–72 hours after application [8]. 

Endoclot is a starch-derived compound of hemostatic polysaccharides which, in con-
tact with blood, absorbs water, causes a high concentration of platelets, red blood cells, 
and coagulation proteins at the bleeding site, and accelerates the physiological clotting 
cascade [8]. An air compressor provides consistent air pressure to propel the HP to the 
bleeding site. Endoclot also remains over the lesion for a limited time ranging from hours 
to days [10]. 

ABS is a plant-based agent that rapidly forms an encapsulated protein network 
providing focal points for erythrocytes and activated leukocyte aggregation. This network 
stems from interactions between ABS and blood proteins, such as fibrinogen, inducing 
protein agglutination. ABS also inhibits fibrinolysis and anticoagulant pathways, promot-
ing wound healing [8]. 

UI-EWD is a biocompatible natural polymer produced using aldehyde dextran and 
succinic acid modified ε-poly (l-lysine). In the presence of water, the two compounds of 
the polymer react together, forming a hydrogel with multiple crosslinks resulting in high 
adhesiveness to the tissue. The hydrogel acts as a mechanical barrier and promotes hemo-
stasis. UI-EWD is delivered via a system based on a liquid coating technology using a 
fluidized bed granulator. Since UI-EWD does not require clot formation to induce hemo-
stasis, active bleeding is not necessary for this HP to be effective [11]. 

CEGP-003 powder is a mix of hydroxyethylcellulose and epidermal growth factor 
(EGF). Due to its adhesive and hygroscopic properties, hydroxyethylcellulose, in contact 
with water, forms an adhesive gel that acts as a barrier, while the EGF, by binding to EGF 
receptors, activates the syntheses of hyaluronan and aquaporin-3, both promoting wound 
healing [12,13]. 
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TC-325 is compounded by bentonite, a naturally sourced aluminum phyllosilicate clay.
This inert powder is propelled through a carbon dioxide pressurized catheter and sprayed
at a distance of 1–2 cm from the bleeding site, forming a coat covering the lesion. This coat
acts as a mechanical barrier and absorbs water, leading to a concentration of platelets and
clotting factors with the activation of platelets and the coagulation cascade [8]. Due to its
modality of action, TC-325 should be used in cases of active bleeding, as it is likely poorly
or not effective in nonbleeding lesions [9]. Once sprayed over the area of bleeding, TC-325
adheres over the lesion for a limited time: the HP sloughs off the mucosa and is eliminated
from the gastrointestinal tract within 24–72 h after application [8].

Endoclot is a starch-derived compound of hemostatic polysaccharides which, in
contact with blood, absorbs water, causes a high concentration of platelets, red blood cells,
and coagulation proteins at the bleeding site, and accelerates the physiological clotting
cascade [8]. An air compressor provides consistent air pressure to propel the HP to the
bleeding site. Endoclot also remains over the lesion for a limited time ranging from hours
to days [10].

ABS is a plant-based agent that rapidly forms an encapsulated protein network pro-
viding focal points for erythrocytes and activated leukocyte aggregation. This network
stems from interactions between ABS and blood proteins, such as fibrinogen, inducing pro-
tein agglutination. ABS also inhibits fibrinolysis and anticoagulant pathways, promoting
wound healing [8].

UI-EWD is a biocompatible natural polymer produced using aldehyde dextran and
succinic acid modified ε-poly (l-lysine). In the presence of water, the two compounds
of the polymer react together, forming a hydrogel with multiple crosslinks resulting in
high adhesiveness to the tissue. The hydrogel acts as a mechanical barrier and promotes
hemostasis. UI-EWD is delivered via a system based on a liquid coating technology
using a fluidized bed granulator. Since UI-EWD does not require clot formation to induce
hemostasis, active bleeding is not necessary for this HP to be effective [11].

CEGP-003 powder is a mix of hydroxyethylcellulose and epidermal growth factor
(EGF). Due to its adhesive and hygroscopic properties, hydroxyethylcellulose, in contact
with water, forms an adhesive gel that acts as a barrier, while the EGF, by binding to EGF
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receptors, activates the syntheses of hyaluronan and aquaporin-3, both promoting wound
healing [12,13].

2.1. Pros

HP is an attractive agent for endoscopic hemostasis in patients with GIB as it is
straightforward to use, does not require prolonged training, can be applied to sites poorly
accessible by endoscopy and hemostatic devices, can treat extensive areas with multiple
bleeding points, and does not need to be in direct contact with the bleeding lesion.

HP is generally safe and well tolerated. Some cases of embolization, bowel obstruc-
tion, and perforation have been reported in patients treated with Hemospray®, but, based
on an analysis of the literature, the Food and Drug Administration (FDA) declared that
Hemospray® is an endoscopic hemostat with a very low-risk profile, with no contraindi-
cation except for gastrointestinal endoscopy (active or risk of gastrointestinal perforation)
and gastrointestinal fistulas [14]. Endoclot also received a very low-risk profile statement
from the FDA [15].

2.2. Cons

• Clogging of the delivery catheter has been reported [16] during the release of TC-325,
as it coagulates when in contact with fresh blood. During an emergency endoscopy
with active GIB, it is necessary to aspirate blood from the lumen of the digestive tract,
and the presence of blood in the working channel may determine the coagulation of
HP, causing occlusion of the catheter. This issue may be overcome by a prolonged
insufflation following blood aspiration to dry the working channel immediately before
the spraying of HP [17]. Clogging seems to be infrequent (3.6%) with UI-EWD due to
the system of delivery adopted [18]. Following the application of HP, the visibility of
the target lesion is no longer guaranteed as the HP may obscure the endoscopic view.

• TC-325 has a high cost (US list price of USD 2500 in November 2020); this is the reason
guidelines suggest that, in countries such as the United States, TC-325 should not be
the initial modality used if other therapies can be readily applied [19].

3. Fields of Application of Hemostatic Powder in Nvugib and Evidence on Short- and
Long-Term Efficacy

HP is used to induce hemostasis following failure of rescue therapy or together with
CHEP (combination therapy) and also alone as a first-choice treatment (monotherapy) in
upper and lower GIB related to malignant and benign conditions, including postendoscopic
therapeutic procedures such as endoscopic submucosal dissection, sphincterotomy, and
polypectomy, as well as to less frequent conditions such as Dieulafoy lesions and lesions
due to graft-versus-host disease [17]. Although it has been used also in upper variceal
bleeding and lower gastrointestinal bleeding, this article will only address the use of HP
in NVUGIB.

Table 2 lists studies on HP published to date, most of which investigate TC-325,
likely because this agent is marketed more widely than the others; larger series have
been published in recent years. For example, in the French “GRAPHE” registry including
202 patients with UGIB—most commonly related to PUD (37.1%), malignancy (30.2%),
and postendoscopic therapy (17.3%)—TC-325 was used as rescue (53.5%) or first-line
therapy (46.5%) and achieved an immediate hemostasis rate of 96.5%, with rebleeding in
26.7% and 33.5% of cases at day 8 and day 30, respectively, and the definitive hemostasis
rate being 63% [20]. A retrospective nationwide study conducted in Spain involving
219 patients with UGIB—most frequently due to peptic ulcer (28%), malignancy (18.4%),
and postendoscopic therapeutic procedures (17.6%)—showed that TC-325 was effective
in inducing an immediate hemostasis rate of 93%, with rebleeding rates of 16.1%, 19.9%,
and 22.9% at 3, 7, and 30 days, respectively, and a definitive hemostasis rate of 77% [21].
A multicenter European registry of 314 patients with UGIB—mainly due to PUD (53%),
malignancy (16%), and postendoscopic procedures (16%)—treated with TC-325 reported
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immediate hemostasis in 89.5% of cases, with a rebleeding rate of 10.3% and a definitive
hemostasis rate of 79.2% [22]. A retrospective study including 86 patients treated with HP
as rescue therapy and monotherapy reported a high rate (88.4%) of immediate hemostasis
but a cumulative rebleeding rate of 33.7% [23]. Overall, current evidence shows that TC-325
and other HPs can achieve immediate hemostasis in about 80–100% of UGIB regardless
of etiology. In contrast, the rates of definitive hemostasis are more widely variable in
the different studies, ranging from 40% to 100%. There may be several reasons for this
discrepancy. Many published studies are retrospective analyses or case series, a small
number are prospective investigations often lacking controls, and there is a paucity of
randomized controlled trials (RCTs). Outcomes are variable: immediate hemostasis is
almost uniformly defined as the stop of bleeding immediately after application of HP,
whilst hemostasis is considered definitive (no relapse following application of HP) at
different follow-up times (from 1 to 180 days); some studies evaluated the impact of HP
on mortality rather than hemostasis. Lastly, the conditions underlying GIB in the study
populations are highly heterogeneous and include GIB related to different malignancies,
PUD with active bleeding (Forrest Ia and Ib) and with stigmata of recent but no-longer-
active bleeding (Forrest IIa and IIb), postendoscopic therapy (e.g., endoscopic submucosal
dissection and sphincterotomy), postsurgery bleeding, or other rarer lesions.

Table 2. Studies on hemostatic powders and outcomes in patients with upper gastrointestinal bleeding.

Author, Year
(Reference) Country Design Hemostatic

Powder Indication Forrest
Ia/Ib (%) Application Hemostasis

Sung, 2011 [24] Hong Kong PC, N = 20 TC-325 PUD 5/95 Mono I: 95% D: 95%
(30 days)

Holster, 2013 [25] The Netherlands PC, N = 16 TC-325 MR-GIB, PUD,
Other 31/25 Mono, Rescue I: 81% D: 49.7%

(7 days)
Leblanc, 2013 [26] France CS, N = 17 TC-325 MR-GIB, Other NA Mono, Rescue I: 100% D: 88%

(7 days)

Smith, 2014 [27]

France, Denmark,
Germany Italy, Spain,

Sweden, UK,
The Netherlands

RC, N = 63 TC-325 MR-GIB, PUD,
Other 17/25 Mono, Combo I: 85% D: 70%

(7 days)

Sulz, 2014 [28] Switzerland CS, N = 16 TC-325 PUD, Other 0/25 Mono, Rescue I: 94% D: 81%
(7 days)

Yau, 2014 [29] Canada RC, N = 19 TC-325 UGIB 21/57 Mono, Rescue I: 93% D: 61%
(7 days)

Chen, 2015 [30] Canada RC, N = 66 TC-325 UGIB, LGIB 7/23 Mono, Rescue I: 99% D: 84%
(30 days)

Giles, 2016 [31] New Zealand CS, N = 36 TC-325 PUD, Other 20/60 Mono, Rescue I: 100% D: 89%
(7 days)

Haddara, 2016 [20] France PC, N = 202 TC-325 MR-GIB, PUD,
Other 7/21 Mono, Rescue I: 96.5% D: 63.2%

(30 days)
Sinha, 2016 [32] UK RC, N = 20 TC-325 PUD 60/40 Rescue, Combo I: 92–100% D:

75–83% (7 days)
Arena, 2017 [33] Italy RC, N = 15 TC-325 MR-UGIB NA Mono I: 93% D: 72%

(6 days)
Cahyadi, 2017 [34] Germany RC, N = 52 TC-325 MR-GIB, PUD,

Other 0/39 Mono, Rescue I: 98% D: 51%
(7 days)

Hagel, 2017 [35] Germany RC, N = 25 TC-325 MR-GIB, PUD,
Other ND Mono, Rescue I: 96% D: 60%

(30 days)
Pittayanon,

2018 [36] Canada RC, N = 86 TC-325 MR-GIB 1/94 Mono, Rescue I: 98% D: 72%
(30 days)

Ramírez-Polo,
2019 [37] Mexico RC, N = 81 TC-325 MR-GIB, PUD,

Other ND Mono, Combo I: 99% D: 79%
(5 days)

Rodriguez De
Santiago, 2019 [21] Spain RC, N = 261 TC-325 MR-GIB, PUD,

Other 25/64 Mono, Rescue I: 93% D: 73%
(30 days)

Meng, 2019 [38] Canada RC, N = 25 TC-325 MR-GIB 8/76 Mono, Rescue I: 88%, D: 50%
(14 days)

Alzoubaidi,
2020 [22]

France, Germany
UK PC, N = 314 TC-325 MR-GIB, PUD,

Other 17/60 Mono, Combo,
Rescue

I: 89% D:79%
(3 days)

Baracat, 2020 [39] Brazil RCT, N = 19
N = 20

TC-325
CHEP

MR-GIB, PUD,
Other

16/84
5/95 Mono, Combo

I: 100% D: 74%
(7 days)

I: 90% D: 75%
(7 days)

Chahal, 2020 [23] Canada RC, N = 86 TC-325 MR-GIB, PUD,
Other 14/53 Mono, Combo I: 88% D: 55%

(30 days)

Chen, 2020 [40] Canada RCT, N = 10
N = 10

TC-325
CHEP UGIB, LGIB NA Mono, Rescue

I: 90% D: 70%
(180 days)

I: 40% D: NA
Hussein, 2021 [41] France, Germany

UK, USA PC, N = 202 TC-325 PUD 19/58 Mono, Combo,
Rescue

I: 88% D: 71%
(30 days)



Medicina 2023, 59, 143 6 of 14

Table 2. Cont.

Author, Year
(Reference) Country Design Hemostatic

Powder Indication Forrest
Ia/Ib (%) Application Hemostasis

Becq, 2021 [42] France RC, N = 152 TC-325 UGIB, LGIB ND Mono, Rescue I: 79% D: 39%
(30 days)

Hussein, 2021 [43] France, Germany
Spain, UK, USA PC, N = 105 TC-325 MR-GIB NA Mono, Combo,

Rescue
I: 97% D: 82%

(30 days)

Kwek, 2017 [44] Singapore RCT, N = 20 TC-325
CHEP PUD 10/40

0/33 Mono
I: 90% D: 67%

(4 weeks)
I: 100% D: 90%

(4 weeks)

Vitali, 2019 [45] Germany PC, N = 154 TC-325
EndoClot

MR-GIB, PUD,
Other 11/66 Mono, Rescue

I: 81% D: 67%
(30 days)

I: 81% D: 56%
(30 days)

Paoluzi, 2021 [17] Italy PC, N = 43
TC-325,

Endoclot
CHEP

MR-GIB, PUD 16/84
22/78 Mono, Rescue

I: 86–100% D:
45–86% (30 days)

I: 42–78%; D:
33–69% (30 days)

Lau, 2022 [46] Hong Kong,
Thailand, Singapore

RCT,
N = 224

TC-325
CHEP

MR-GIB, PUD,
Other

8/92
11/89 Mono

I: 93%, D: 90%
(30 days)

I: 91% D: 81%
(30 days)

Sung, 2022 [47] Canada, Hong Kong,
The Netherlands, UK PC, N = 67 TC-325 PUD 16/84 Mono I: 91% D: 78%

(30 days)

Martins, 2022 [48] Brazil RCT, N = 59 TC-325
CHEP MR-UGIB NA Mono

I: 100% D: 68%
(30 days)

I: 100% D: 80%
(30 days)

Beg, 2015 [49] UK RC, N = 21 EndoClot PUD, Other 24/76 Rescue I: 100% D: 95%
(30 days)

Prei, 2016 [50] Germany PC, N = 70 EndoClot UGIB, LGIB 1/66 Mono, Rescue I: 83% D: 72%
(3 days)

Kim, 2018 [51] South Korea RC, N = 12 EndoClot MR-GIB NA Mono, Rescue I: 100% D: 84%
(3–5 days)

Park, 2018 [52] South Korea CC, N = 30 EndoClot UGIB 17/70 Mono, Combo I: 97% D: 94%
(30 days)

Hagel, 2020 [53] Germany RC, N = 43 EndoClot UGIB ND Mono, Rescue I: 100% D: 76%
(1 day)

Kurt, 2010 [54] Turkey CS, N = 10 ABS MR-GIB NA Mono I: 100% D: 100%
(7–48 days)

Karaman, 2012 [55] Turkey PC, N = 30 ABS UGIB ND Mono, Combo I: 87% D: 100%
(7 days)

Gungor, 2012 [56] Turkey PC, N = 26 ABS UGIB 15/85 Mono, Combo I: 73% D: 53%
(2 days)

Bang, 2018 [13] South Korea RCT, N = 35 CEGP-003
CHEP UGIB 0/86

0/81 Mono I: 89% D: 86%
(3 days)

Park, 2019 [18] South Korea PC, N = 17 UI-EWD UGIB 12/88 Rescue I: 94% D: 75%
(30 days)

Park, 2019 [11] South Korea RC, N = 56 UI-EWD UGIB 0/64 Mono I: 96% D: 92%
(7 days)

Shin, 2021 [57] South Korea RC, N = 41 UI-EWD MR-GIB 7l-93 Mono, Rescue I: 97% D: 67%
(28 days)

CS: case series; D: definitive; I: immediate; LGIB: lower gastrointestinal bleeding; MR-GIB: malignancy-related
gastrointestinal bleeding; PC: prospective cohort; PUD: peptic ulcer disease; RC: retrospective cohort; RCT:
randomized controlled trial; UGIB: upper gastrointestinal bleeding; NA: not applicable; ND: not defined.

To better determine the efficacy of HP in GIB, two systematic reviews with meta-
analysis were recently published. Facciorusso et al. [58] reviewed and included in a meta-
analysis 24 studies, 3 of which were RCTs and 21 of which were retrospective investigations;
19 studies used TC-325, 4 used Endoclot, and 1 used CGEP-003, with a total of 1063 patients.
Immediate hemostasis was achieved in 95.3% of patients, with a success rate of 91.9% in
spurting bleeding; the rebleeding rate was 17.9% and 16.9% at 7 and 30 days, respectively,
and, according to treatment strategy, the overall rebleeding rate was 13.5% and 24.8%
in monotherapy and combined/rescue therapy, respectively. Although useful, this first
meta-analysis has several limitations, such as the high heterogeneity of populations in
the different studies (sample size and geographic areas), source of bleeding (PUD, other
benign conditions, malignancies, and, in three studies, liver cirrhosis), study protocol
(retrospective/prospective and time of rebleeding), and type of HP applied. A subsequent
meta-analysis by Mutneja et al. [59] of 11 prospective studies (3 of which were RCTs)
investigating different etiologies of GIB (2 on PUD only, 3 on variceal bleeding only, 2 on
malignancies only, 3 on mixed benign and malignant tumors without variceal bleeding,
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and 1 on mixed conditions including variceal bleeding) in a total of 609 patients treated
with TC-325 reported a pooled immediate hemostasis rate of 93.0% regardless of etiology
and 95.3% in malignancy-related GIB (MR-GIB); the overall 12 h–30 days rebleeding rate
was 14.4%, and the MR rebleeding rate was 21.9%. A separate analysis of the three RCTs
on NVUGIB revealed that the probability of achieving immediate hemostasis was more
than three times higher with TC-325 than with CHEP. However, statistical significance
was not reached, likely due to the limited number of RCTs. Although the strength of this
meta-analysis lies in the selection of only prospective studies using the same type of HP,
the findings are to some extent underpowered by statistical and clinical heterogeneity
due to the different sources of GIB, different rebleeding times, selection biases, and lack
of controls.

A very recent noninferiority RCT compared the efficacy of TC-325 monotherapy versus
CHEP (thermocoagulation or clipping with/without epinephrine injection) in 224 adult
patients with NVUGIB due to malignancy and nonmalignant lesions [46]. The primary
endpoint was control of bleeding within 30 days, defined as endoscopic hemostasis by
the assigned treatment modality during the first endoscopy and no recurrent bleeding
after endoscopic hemostasis. Secondary endpoints included failure to control bleeding
during the first endoscopy and recurrent bleeding after hemostasis, combined with a lack of
recurrent bleeding, with secondary outcomes including further interventions, transfusion,
and death. Bleeding was controlled within 30 days in 90.1% of cases in the TC-325 group
and in 81.4% in the CHEP group. Recurrent bleeding within 30 days did not differ between
groups (8.1% versus 8.8%, respectively). Additional interventions, length of stay, and
death were similar between groups. The limitations of this study were the heterogeneity of
lesions, an unbalanced allocation of patients with malignancy, attending endoscopists not
blinded to study treatments, and a low rate of Forrest Ia lesions.

Despite the limitations described above, data currently available indicate that HP can
induce immediate hemostasis in the majority of treated patients, but rebleeding in the
following days should be kept in mind. It has not yet been fully established whether the
limited time of persistence of HP over the lesion may reduce long-term hemostasis and
contribute to the occurrence of a late (7–30 days) rebleeding. Taking into account the time
of elimination from the gastrointestinal tract, recent guidelines suggest the use of TC-325
as a temporizing intervention that should be followed by a second definitive HEP [60] in
patients with persistent bleeding refractory to CHEPs [61] or conditionally in peptic ulcer
bleeding [19].

4. Open Questions
4.1. Peptic-Ulcer-Related NVUGIB: HP Only as Rescue Therapy and Combination Therapy or
Also as Monotherapy?

The efficacy of HP in combination or rescue therapy is well demonstrated, and this
noncontact hemostatic technique should now be considered an indispensable part of the
standard therapeutic armamentarium in emergency endoscopy. However, the use of HP as
monotherapy means excluding CHEPs, which are routinely used in the endoscopy room
and well known to be effective in stopping NVUGIB in 85–95% of cases, reducing the need
for surgery and lowering mortality rates [47]. Therefore, before using HP as monotherapy
instead of CHEPs, it should be certain that HP is highly effective in bleeding PUD. An
early prospective single-arm pilot study by Sung et al. investigating the use of HP in
NVUGIB-related PUD in 20 patients with Forrest Ia (1 patient) or Forrest Ib (19 patients)
PUD revealed that TC-325 as monotherapy achieved immediate and definitive hemostasis
rates of 95% and 89.5%, respectively [24]. In another prospective study of 20 patients
with PUD, randomized to receive either TC-325 (10 patients) or CHEP (10 patients), Kwek
et al. reported immediate hemostasis rates of 90% and 100% and definitive hemostasis
rates of 67% and 90%, respectively [44]. However, only 8 (3 in the TC-325 arm and 5 in
the CHEP arm) out of 20 patients (40%) had Forrest Ia or Ib PUD, while the remaining
12 had nonbleeding Forrest IIa or IIb PUD. As TC-325 may be active only in cases of
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active bleeding, these findings are difficult to assess. Holster et al. prospectively treated
eight patients with PUD (four with Forrest Ia and four with Forrest Ib) with TC-325 as
monotherapy (six patients), achieving immediate and definitive hemostasis rates of 83%
and 67%, respectively [25]. The largest case series published to date is a prospective single-
arm multicenter study of 202 patients with PUD-related NVUGIB, 156 patients with active
bleeding (39 patients (19%) with Forrest Ia and 117 patients (58%) with Forrest Ib), and
46 patients with nonactive bleeding (25 patients (12%) with Forrest IIa and 21 patients (10%)
with Forrest IIb) treated with TC-325 as combination therapy (101 patients), rescue therapy
(51 patients), and monotherapy (50 patients), showing an overall immediate hemostasis
rate of 88% and a definitive hemostasis rate of 71% [41]. According to its application,
TC-325 achieved immediate and definitive hemostasis rates of 89% and 74% as combination
therapy, 86% and 64% as rescue therapy, and 88% and 72% as monotherapy. Taking into
account only patients with active bleeding, the immediate hemostasis rate was 85% in the
Forrest group (87% Forrest Ia and 85% Forrest Ib); however, only a small proportion of
these patients (≤25%) received TC-325 as monotherapy, and the outcome was not specified.

Two prospective studies on TC-325 administered as monotherapy in PUD-related
NVUGIB were very recently published. In a prospective, single-arm, multicenter study,
Sung et al. evaluated the efficacy of TC-325 as monotherapy in 67 patients with actively
bleeding PUD (11 patients (16%) with Forrest Ia and 55 patients (84%) with Forrest Ib)
who had not already undergone another HEP [47]. Patients received up to three canisters
of TC-325 (20 g per canister) and, if unresponsive, were treated with a CHEP according
to the physician’s preference. Persistent or recurrent bleeding within the first 72 h (early
rebleeding) was the primary endpoint; recurrent bleeding between 72 h and 30 days
(late rebleeding), adverse events, and mortality within 30 days were additional outcome
measures. In one patient, TC-325 was not administered due to the occlusion of two
consecutive catheters, and CHEP was performed. TC-325 achieved initial hemostasis in
60/66 (91%) treated patients, and early and late rebleeding were endoscopically confirmed
in 5 and 3 patients (7.6% and 4.5%), respectively, with an overall recurrent bleeding rate
of 12.1% and a definitive hemostasis rate of 79%. Two patients with Forrest Ia in whom
TC-325 achieved initial hemostasis died (mortality rate: 3%). Multiple logistic regression
revealed that Forrest classification was the only variable associated with recurrent bleeding,
where the highest risk was associated with Forrest Ia. In a noninferiority RCT by Lau et al.
including 224 patients with NVUGIB due to malignant and nonmalignant conditions, 68
patients with PUD (all Forrest Ia or Ib) were randomized to TC-325 versus a combination
of CHEPs (contact thermocoagulation or hemoclipping with or without prior injection of
diluted epinephrine), with immediate hemostasis rates of 95.6% and 83.8% and definitive
(30 days) hemostasis rates of 83.8% and 73.5%, respectively [46].

The latter two studies provide robust data in support of the efficacy of TC-325 when
used as monotherapy. HP may be considered as one of the first-choice techniques, in addi-
tion to being used in combination with CHEPs or as rescue therapy, in the management of
NVUGIB due to PUD-related oozing bleeding. In contrast, the efficacy of HP as monother-
apy in inducing definitive hemostasis in NVUGIB due to Forrest Ia PUD still seems to need
definitive validation by further research, as already suggested [19], ideally in RCTs includ-
ing large populations. Spurting active bleeding due to Forrest Ia PUD is much less common
than oozing [21,47,62]. However, it may be massive and life-threatening, especially in
patients with clinical conditions compromised by other comorbidities and hemodynamic
instability, and is likely the main reason for the recurrence of NVUGIB [21,47]. In this
context, in our opinion, CHEPs remain the gold standard approach to Forrest Ia PUD
except when the lesion is not easy to reach, the operator is not familiar with CHEPs, or
there is a risk of perforation in the case of contact-based thermal procedures. This risk
seems to be increased in patients with recurrent bleeding when treated with a second
consecutive thermal contact therapy, such as heater probe [19,63]. As alternative forms of
hemostatic therapy are suggested in the event of rebleeding if thermal contact was used
at the initial endoscopy [19], HP may be a possible choice. In the absence of conditions in
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which HP seems a suitable approach, it is reasonable to question why HP should be used
to treat a bleeding lesion that can be controlled by a CHEP. Another reason to use HP only
when necessary is the high cost.

4.2. Is HP a Possible Gold Standard in Malignancy-Related NVUGIB?

There is currently no gold-standard treatment for MR-NVUGIB, and the choice of
CHEP depends on the characteristics of the tumor, such as location, size, consistency of
surface, and pathological angiogenesis. Malignant lesions often have a friable surface with
multiple bleeding points, negatively affecting the effectiveness of CHEPs, and mechanical
contact-based HEP carries the risk of worsening the bleed or perforation. Nonlesion-related
conditions influencing hemostasis include underlying coagulopathy, disease burden, and
severity of hemorrhage [6,61]. In these cases, the success of CHEPs in MR-NVUGIB is
variable, with immediate hemostasis achieved in about 30–40% of patients but with a
short-term rebleeding rate of about 40–80% and 90-day mortality of about 95%, mainly
due to the preterminal stage [36,64]. Based on the possibility of its application on large
surfaces, argon plasma coagulation is frequently used in clinical practice but with tempo-
rary efficacy and high recurrent bleeding rates in MR-NVUGIB [65,66]. HP could be the
ideal procedure of choice in the management of MR-NVUGIB, as it acts in the absence of
mechanical contact and can also be sprayed over a large surface, allowing the simultaneous
treatment of multiple bleeding points. To date, data regarding the use of HP in patients
with MR-UGIB derive mainly from retrospective studies analyzing heterogeneous series
(mixed lesions) and prospective studies lacking controls (Table 2). Hussein et al. [43] evalu-
ated the efficacy of TC-325 in a prospective study including 105 patients who received HP
either as monotherapy (67%) or in combination with or as rescue therapy after failure of
CHEPs (25%). The decision to use TC-325 was at the discretion of the endoscopist. Overall,
TC-325 achieved immediate hemostasis in 97% of patients, with a 30-day rebleeding rate
of 15% and a definitive hemostasis rate of 82%. Immediate and definitive hemostasis
rates were 100% and 85%, respectively, when TC-325 was used as monotherapy and 88%
and 70% when used as combination therapy. Regarding possible factors influencing re-
bleeding due to malignancy, a univariable analysis conducted by Pittayanon et al. found
that poor performance status, an Eastern Cooperative Oncology Group (ECOG) score ≥ 3,
and INR > 1.3 were significantly associated with increased early recurrent bleeding, while
definitive hemostatic treatment subsequent to TC-325 use was predictive of less delayed re-
current bleeding [36]. However, in a multivariable analysis, no significant prognostic factor
for delayed recurrent bleeding was identified [36]. In contrast, good performance status
(ECOG score 0–2), cancer stage 1–3, and achievement of definitive hemostatic treatment
(surgery, chemotherapy, radiotherapy, and embolization) were significantly associated
with greater survival. In a retrospective cohort of 41 patients with MR-UGIB, classified
as Forrest Ib in 93% of cases, Shin et al. evaluated the efficacy of UI-EWD (Nexpowder)
as monotherapy (23 patients, 56%) or rescue therapy (18 patients, 44%) [57]. In this study,
UI-EWD achieved overall immediate and definitive hemostasis rates of 97.5% and 67.5%,
respectively; as monotherapy only, the immediate and definitive success rates were 100%
and 73.9%, respectively. Our study of HP in MR-GIB involved 23 patients, 14 with primary
and 9 with metastatic cancer, in a series including other conditions, all treated with HP
or CHEPs [17]. The source of bleeding was the stomach in 15 patients, the duodenum
in 6 patients, and the colon/rectum in 2 patients; in all cases, the bleeding was oozing
from multiple sites. Considering only patients with UGIB, HP was used as monotherapy
in 9 patients and as rescue therapy in 7 patients (TC-325 in 14 patients and Endoclot in
2 patients), with immediate hemostasis rates of 100% and 85.7% and definitive hemostasis
rates of 50% and 100%, respectively, significantly higher than those in patients treated with
CHEPs (immediate hemostasis: 41.7%; definitive hemostasis: 33.3%). Of the 21 patients
with MR-UGIB, 16 had an advanced unresectable tumor, 11 were discharged for palliative
treatment, and 5 died from MR complications other than GIB, while the 5 remaining pa-
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tients underwent elective (4 patients) or emergency surgery (1 patient) due to failure of
hemostatic procedures.

To date, only two RCTs have been published on the use of TC-325 in MR-NVUGIB. In a
pilot RCT, Chen et al. compared the efficacy of TC-325 versus CHEPs in upper (17 patients)
and lower (3 patients) GIB, with 10 patients allocated to each group; crossover to the other
treatment was permitted in patients not responding to the assigned therapy [40]. TC-325
achieved immediate hemostasis in 9/10 patients (90%) when used as monotherapy and
in 4/5 patients (80%) unresponsive to CHEPs (rescue therapy); the definitive hemostasis
rate at 180 days was 70% and 40% in the TC-325 and CHEP group, respectively. In a very
recent RCT, Martins et al. compared the efficacy of TC-325 in monotherapy versus CHEPs
in 68 patients with NVUGIB due to primary or metastatic malignancy who had not already
undergone any HEPs [48]. In the control arm, a CHEP was not mandatory but could
be applied if the attending endoscopist judged that hemostatic treatment might benefit
the patient. TC-325 was always used in the presence of active bleeding; if bleeding was
nonactive but stigmata were present, endoscopic washing of the tumor surface with a water
jet was performed to remove the clot and reactivate bleeding or to induce brisk bleeding
so that TC-325 could adhere to the tumor surface and promote coagulation. Immediate
hemostasis was achieved in 100% of patients treated in both groups, with not-statistically-
different 30-day rebleeding rates (32.1% in the TC-325 group and 19.4% in the control group)
and 30-day mortality rates (28.6% in the TC-325 group and 19.4% in the control group).
The difference between long-term outcomes, specifically late rebleeding rates, in the two
groups was not statistically significant, likely because this study was underpowered due to
incomplete (62%) enrollment of the planned population. Nevertheless, this is the first RCT
with a very large series of patients evaluating the efficacy of HP in MR-NVUGIB, and the
findings support the hypothesis that HP is more effective than CHEPs.

Karna et al. very recently conducted a systematic review and meta-analysis of the
literature aimed at assessing the efficacy of topical hemostatic agents (TC-325, Endoclot,
ABS, and UI-EWD) in the management of MR-NVUGIB [67]. The authors excluded studies
reporting variceal bleeding or other nontumoral bleeding, studies performed in pediatric
populations, those reporting data in <10 patients, case reports, case series, letters to the editor,
review articles, and editorials. In the case of overlapping cohorts, the study providing the
most recent results and/or the study with the largest sample size was included. Due to
these strict selection criteria, from an initial pool of 355 investigations, the final analysis
included 16 studies, 2 RCTs [40,68], and 14 observational studies [20,21,30,33,36–38,42,43,
51,54,57,69,70]. In this meta-analysis, immediate hemostasis was achieved in 94.1% of
patients, early rebleeding was observed in 13.9%, and delayed rebleeding in 11.4%, with an
aggregate rebleeding of 24.2%. A subgroup analysis revealed similar immediate hemostasis
rates in the TC-325 and non-TC-325 cohorts (93.9% versus 96.7%, respectively). All-cause
mortality was 33.1%, while GIB-related mortality was 5.9%. Despite the large number of
patients included in the investigation, this meta-analysis has the limitation of including both
retrospective and prospective studies, some of which combine bleeding and nonbleeding
(adherent clot and visible vessel) lesions, and only two RCTs.

The paucity of studies comparing HP with CHEPs does not provide sufficient data
to draw a definitive conclusion as to whether HP may be considered a gold-standard
procedure in MR-NVUGIB. Multicenter comparative studies on larger populations are
necessary to confirm this potential role and to determine in which kind of malignant lesions
HP can be most effective. However, before further controlled findings are available, current
data allow us to make some observations regarding the use of HP as monotherapy in
MR-NVUGIB. First, as previously mentioned, HP can be used to simultaneously treat
multiple bleeding sites in large lesions often difficult to reach or to treat with no risk of
perforation as with the traumatic action of contact-based CHEPs. HP was highly effective
in inducing immediate hemostasis in the majority of cases of NVUGIB in which it was used
as monotherapy or rescue therapy. Second, it is possible that different types of HP, namely
TC-325 and non-TC-325, may have similar efficacy in the treatment of MR-NVUGIB [45,67].
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This hypothesis needs confirmation in comparative studies, particularly with newer types of
HP that do not require active bleeding to perform their action. Third, HP is a temporary and
palliative intervention in GIB related to advanced diseases, the so-called preterminal stage,
and cannot affect the outcome. In malignancies, progressive tissue destruction and necrosis
contribute to rebleeding GIB even following treatment with TC-325 [35]. However, HP
may play a bridging role toward a more definitive management of diseases still amenable
to treatment. Albeit for a short period, the achievement of hemostasis by HP, when used
as monotherapy and to a much greater extent as rescue therapy, provides valuable time
to stabilize the patient’s cardiovascular functions and/or recover coagulation parameters
when impaired, make blood transfusions, and carry out elective surgery, radiological
procedures, or other definitive interventions [35]. HP should therefore be considered a
first-choice hemostatic technique, as it is highly effective in MR-NVUGIB.

5. Conclusions

HP is highly effective in patients with NVUGIB when used either in combination with
or as rescue therapy in the event of failure of CHEPs. Recent robust evidence supports
the efficacy of TC-325 as monotherapy in NVUGIB due to spurting or oozing (Forrest Ia
and Ib) PUD, but it cannot be regarded as an alternative to CHEPs as first-line treatment.
Additional randomized comparative studies are necessary to define the role of HP as
monotherapy and to establish whether it may be considered a gold standard in MR-
NVUGIB. The potential role of new formulations, such as UI-EWD, in preventing bleeding
during postendoscopic procedures and rebleeding following an early HEP needs to be
confirmed by further investigations.

Author Contributions: Conceptualization, writing-original draft, review and editing, O.A.P. and
G.D.V.B.; literature analysis and original draft preparation, E.T. and E.D.C.; literature search and
iconographic resources, M.S.; supervision and review, G.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Szura, M.; Pasternak, A. Upper non-variceal gastrointestinal bleeding—Review the effectiveness of endoscopic hemostasis

methods. World J. Gastrointest. Endosc. 2015, 7, 1088–1095. [CrossRef]
2. Hearnshaw, S.A.; Logan, R.F.A.; Lowe, D.; Travis, S.P.L.; Murphy, M.F.; Palmer, K.R. Acute upper gastrointestinal bleeding in the

UK: Patient characteristics, diagnoses and outcomes in the 2007 UK audit. Gut 2011, 60, 1327–1335. [CrossRef]
3. Fukuda, S.; Shimodaira, Y.; Watanabe, K.; Takahashi, S.; Sugawara, K.; Suzuki, Y.; Watanabe, N.; Koizumi, S.; Matsuhashi,

T.; Iijima, K. Risks for rebleeding and in-hospital mortality after gastrointestinal bleeding in a tertiary referral center in Japan.
Digestion 2020, 101, 31–37. [CrossRef]

4. Schatz, R.A.; Rockey, D.C. Gastrointestinal bleeding due to gastrointestinal tract malignancy: Natural history, management, and
outcomes. Dig. Dis. Sci. 2017, 62, 491–501. [CrossRef]

5. Sheibani, S.; Kim, J.J.; Chen, B.; Park, S.; Saberi, B.; Keyashian, K.; Buxbaum, J.; Laine, L. Natural history of acute upper GI
bleeding due to tumours: Short-term success and long-term recurrence with or without endoscopic therapy. Aliment. Pharmacol.
Ther. 2013, 38, 144–150. [CrossRef]

6. Kim, Y.I.; Choi, I.J. Endoscopic Management of Tumor Bleeding from Inoperable Gastric Cancer. Clin. Endosc. 2015, 48, 121–127.
[CrossRef]

7. Savides, T.J.; Jensen, D.M.; Cohen, J.; Randall, G.M.; Kovacs, T.O.; Pelayo, E.; Cheng, S.; Jensen, M.E.; Hsieh, H.Y. Severe upper
gastrointestinal tumor bleeding: Endoscopic findings, treatment, and outcome. Endoscopy 1996, 28, 244–248. [CrossRef]

8. Bustamante-Balén, M.; Plumé, G. Role of hemostatic powders in the endoscopic management of gastrointestinal bleeding. World
J. Gastrointest. Pathophysiol. 2014, 5, 284–292. [CrossRef]

http://doi.org/10.4253/wjge.v7.i13.1088
http://doi.org/10.1136/gut.2010.228437
http://doi.org/10.1159/000504088
http://doi.org/10.1007/s10620-016-4368-y
http://doi.org/10.1111/apt.12347
http://doi.org/10.5946/ce.2015.48.2.121
http://doi.org/10.1055/s-2007-1005436
http://doi.org/10.4291/wjgp.v5.i3.284


Medicina 2023, 59, 143 12 of 14

9. Chen, Y.I.; Barkun, A.N. Hemostatic powders in gastrointestinal bleeding: A systematic review. Gastrointest. Endosc. Clin. N Am.
2015, 25, 535–552. [CrossRef]

10. Polymer Technology. Available online: https://endoclot.com/technology.html (accessed on 4 January 2023).
11. Park, J.S.; Kim, H.K.; Shin, Y.W.; Kwon, K.S.; Lee, D.H. Novel hemostatic adhesive powder for nonvariceal upper gastrointestinal

bleeding. Endosc. Int. Open 2019, 7, e1763–e1767. [CrossRef]
12. Jiang, S.X.; Chahal, D.; Ali-Mohamad, N.; Kastrup, C.; Donnellan, F. Hemostatic powders for gastrointestinal bleeding: A review

of old, new, and emerging agents in a rapidly advancing field. Endosc. Int. Open 2022, 10, E1136–E1146. [CrossRef]
13. Bang, B.W.; Lee, D.H.; Kim, H.K.; Kwon, K.S.; Shin, Y.W.; Hong, S.J.; Moon, J.H. CEGP-003 Spray has a similar hemostatic effect to

epinephrine injection in cases of acute upper gastrointestinal bleeding. Dig. Dis. Sci. 2018, 63, 3026–3032. [CrossRef]
14. Available online: https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN170015.pdf (accessed on 4 January 2023).
15. Available online: https://www.accessdata.fda.gov/cdrh_docs/pdf19/K190677.pdf (accessed on 4 January 2023).
16. Barkun, A. New topical hemostatic powders in endoscopy. Gastroenterol. Hepatol. 2013, 9, 744–746.
17. Paoluzi, O.A.; Cardamone, C.; Aucello, A.; Neri, B.; Grasso, E.; Giannelli, M.; Di Iorio, L.; Monteleone, G.; Del Vecchio Blanco,

G. Efficacy of hemostatic powders as monotherapy or rescue therapy in gastrointestinal bleeding related to neoplastic or
non-neoplastic lesions. Scand. J. Gastroenterol. 2021, 56, 1506–1513. [CrossRef]

18. Park, J.S.; Bang, B.W.; Hong, S.J.; Lee, E.; Kwon, K.S.; Kim, H.K.; Shin, Y.W.; Lee, D.H. Efficacy of a novel hemostatic adhesive
powder in patients with refractory upper gastrointestinal bleeding: A pilot study. Endoscopy 2019, 51, 458–462. [CrossRef]

19. Laine, L.; Barkun, A.N.; Saltzman, J.R.; Martel, M.; Leontiadis, G.I. ACG clinical guideline: Upper gastrointestinal and ulcer
bleeding. Am. J. Gastroenterol. 2021, 116, 899–917. [CrossRef]

20. Haddara, S.; Jacques, J.; Lecleire, S.; Branche, J.; Leblanc, S.; Le Baleur, Y.; Privat, J.; Heyries, L.; Bichard, P.; Granval, P.; et al. A
novel hemostatic powder for upper gastrointestinal bleeding: A multicenter study (the “GRAPHE” registry). Endoscopy 2016, 48,
1084–1095. [CrossRef]

21. Rodriguez de Santiago, E.; Burgos-Santamaria, D.; Perez-Carazo, L.; Brullet, E.; Ciriano, L.; Riu Pons, F.; de Jorge Turrión, M.A.;
Prados, S.; Pérez-Corte, D.; Becerro-Gonzalez, I.; et al. Hemostatic spray powder TC-325 for GI bleeding in a nationwide study:
Survival and predictors of failure via competing risks analysis. Gastrointest. Endosc. 2019, 90, 581–590.e6. [CrossRef]

22. Alzoubaidi, D.; Hussein, M.; Rusu, R.; Napier, D.; Dixon, S.; Rey, J.W.; Steinheber, C.; Jameie-Oskooei, S.; Dahan, M.; Hayee, B.;
et al. Outcomes from an international multicenter registry of patients with acute gastrointestinal bleeding undergoing endoscopic
treatment with Hemospray. Dig. Endosc. 2020, 32, 96–105. [CrossRef]

23. Chahal, D.; Lee, J.G.; Ali-Mohamad, N.; Donnellan, F. High rate of re-bleeding after application of Hemospray for upper and
lower gastrointestinal bleeds. Dig. Liver Dis. 2020, 52, 768–772. [CrossRef]

24. Sung, J.J.Y.; Luo, D.; Wu, J.C.Y.; Ching, J.Y.L.; Chan, F.K.L.; Lau, J.Y.W.; Mack, S.; Ducharme, R.; Okolo, P.; Canto, M.; et al. Early
clinical experience of the safety and effectiveness of Hemospray in achieving hemostasis in patients with acute peptic ulcer
bleeding. Endoscopy 2011, 43, 291–295. [CrossRef]

25. Holster, I.L.; Kuipers, E.J.; Tjwa, E.T.T.L. Hemospray in the treatment of upper gastrointestinal hemorrhage in patients on
antithrombotic therapy. Endoscopy 2013, 45, 63–66. [CrossRef]

26. Leblanc, S.; Vienne, A.; Dhooge, M.; Coriat, R.; Chaussade, S.; Prat, F. Early experience with a novel hemostatic powder used to
treat upper GI bleeding related to malignancies or after therapeutic interventions (with videos). Gastrointest. Endosc. 2013, 78,
169–175. [CrossRef]

27. Smith, L.A.; Stanley, A.J.; Bergman, J.J.; Kiesslich, R.; Hoffman, A.; Tjwa, E.T.; Kuipers, E.J.; von Holstein, C.S.; Oberg, S.; Brullet,
E.; et al. Hemospray application in nonvariceal upper gastrointestinal bleeding: Results of the Survey to Evaluate the Application
of Hemospray in the Luminal Tract. J. Clin. Gastroenterol. 2014, 48, e89–e92. [CrossRef]

28. Sulz, M.C.; Frei, R.; Meyenberger, C.; Bauerfeind, P.; Semadeni, G.M.; Gubler, C. Routine use of Hemospray for gastrointestinal
bleeding: Prospective two-center experience in Switzerland. Endoscopy 2014, 46, 619–624. [CrossRef]

29. Yau, A.H.L.; Ou, G.; Galorport, C.; Amar, J.; Bressler, B.; Donnellan, F.; Ko, H.H.; Lam, E.; Enns, R.A. Safety and Efficacy of
Hemospray® in Upper Gastrointestinal Bleeding. Can. J. Gastroenterol. Hepatol. 2014, 28, 72–76. [CrossRef]

30. Chen, Y.-I.; Barkun, A.; Nolan, S. Hemostatic powder TC-325 in the management of upper and lower gastrointestinal bleeding: A
two-year experience at a single institution. Endoscopy 2015, 47, 167–171. [CrossRef]

31. Giles, H.; Lal, D.; Gerred, S.; Casey, P.; Patrick, A.; Luo, D.; Ogra, R. Affiliations expand. Efficacy and safety of TC-325
(Hemospray™) for non-variceal upper gastrointestinal bleeding at Middle-more Hospital: The early New Zealand experience. N.
Z. Med. J. 2016, 129, 38–43.

32. Sinha, R.; Lockman, K.A.; Church, N.I.; Plevris, J.N.; Hayes, P.C. The use of hemostatic spray as an adjunct to conventional
hemostatic measures in high-risk nonvariceal upper GI bleeding (with video). Gastrointest. Endosc. 2016, 84, 900–906.e3. [CrossRef]

33. Arena, M.; Masci, E.; Eusebi, L.H.; Iabichino, G.; Mangiavillano, B.; Viaggi, P.; Morandi, E.; Fanti, L.; Granata, A.; Traina, M.; et al.
Hemospray for treatment of acute bleeding due to upper gastrointestinal tumours. Dig. Liver Dis. 2017, 49, 514–517. [CrossRef]

34. Cahyadi, O.; Bauder, M.; Meier, B.; Caca, K.; Schmidt, A. Effectiveness of TC-325 (Hemospray) for treatment of diffuse or
refractory upper gastrointestinal bleeding—A single center experience. Endosc. Int. Open 2017, 05, E1159–E1164. [CrossRef]
[PubMed]

35. Hagel, A.F.; Albrecht, H.; Nägel, A.; Vitali, F.; Vetter, M.; Dauth, C.; Neurath, M.F.; Raithel, M. The Application of Hemospray in
gastrointestinal bleeding during emergency endoscopy. Gastroenterol. Res. Pract. 2017, 2017, e3083481. [CrossRef]

http://doi.org/10.1016/j.giec.2015.02.008
https://endoclot.com/technology.html
http://doi.org/10.1055/a-0982-3194
http://doi.org/10.1055/a-1836-8962
http://doi.org/10.1007/s10620-018-5208-z
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN170015.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf19/K190677.pdf
http://doi.org/10.1080/00365521.2021.1974088
http://doi.org/10.1055/a-0809-5276
http://doi.org/10.14309/ajg.0000000000001245
http://doi.org/10.1055/s-0042-116148
http://doi.org/10.1016/j.gie.2019.06.008
http://doi.org/10.1111/den.13502
http://doi.org/10.1016/j.dld.2020.01.009
http://doi.org/10.1055/s-0030-1256311
http://doi.org/10.1055/s-0032-1325793
http://doi.org/10.1016/j.gie.2013.03.006
http://doi.org/10.1097/MCG.0000000000000054
http://doi.org/10.1055/s-0034-1365505
http://doi.org/10.1155/2014/759436
http://doi.org/10.1055/s-0034-1378098
http://doi.org/10.1016/j.gie.2016.04.016
http://doi.org/10.1016/j.dld.2016.12.012
http://doi.org/10.1055/s-0043-118794
http://www.ncbi.nlm.nih.gov/pubmed/29124127
http://doi.org/10.1155/2017/3083481


Medicina 2023, 59, 143 13 of 14

36. Pittayanon, R.; Rerknimitr, R.; Barkun, A. Prognostic factors affecting outcomes in patients with malignant GI bleeding treated
with a novel endoscopically delivered hemostatic powder. Gastrointest. Endosc. 2018, 87, 994–1002. [CrossRef] [PubMed]

37. Ramírez-Polo, A.I.; Casal-Sánchez, J.; Hernández-Guerrero, A.; Castro-Reyes, L.M.; Yáñez-Cruz, M.; De Giau-Triulzi, L.F.;
Vinageras-Barroso, J.; Téllez-Ávila, F.I. Treatment of gastrointestinal bleeding with hemostatic powder (TC-325): A multicenter
study. Surg. Endosc. 2019, 33, 2349–2356. [CrossRef]

38. Meng, Z.W.; Marr, K.J.; Mohamed, R.; James, P.D. Long-term effectiveness, safety and mortality associated with the use of TC-325
for malignancy-related upper gastrointestinal bleeds: A multicentre retrospective study. J. Can. Assoc. Gastroenterol. 2019, 2, 91–97.
[CrossRef] [PubMed]

39. Baracat, F.I.; de Moura, D.T.H.; Brunaldi, V.O.; Tranquillini, C.V.; Baracat, R.; Sakai, P.; Guimarães Hourneaux de Moura, E.
Randomized controlled trial of hemostatic powder versus endoscopic clipping for non-variceal upper gastrointestinal bleeding.
Surg. Endosc. 2020, 34, 317–324. [CrossRef]

40. Chen, Y.; Wyse, J.; Lu, Y.; Martel, M.; Barkun, A.N. TC-325 hemostatic powder versus current standard of care in managing
malignant GI bleeding: A pilot randomized clinical trial. Gastrointest. Endosc. 2020, 91, 321–328.e1. [CrossRef]

41. Hussein, M.; Alzoubaidi, D.; Lopez, M.-F.; Weaver, M.; Ortiz-Fernandez-Sordo, J.; Bassett, P.; Rey, J.W.; Hayee, B.H.; Despott,
E.; Murino, A.; et al. Hemostatic spray powder TC-325 in the primary endoscopic treatment of peptic ulcer-related bleeding:
Multicenter international registry. Endoscopy 2021, 53, 36–43. [CrossRef]

42. Becq, A.; Houdeville, C.; Tran Minh, M.-L.; Steuer, N.; Danan, D.; Guillaumot, M.A.; Ali, E.A.; Barret, M.; Amiot, A.; Carbonell, N.;
et al. Experience with the use of a hemostatic powder in 152 patients undergoing urgent endoscopy for gastrointestinal bleeding.
Clin. Res. Hepatol. Gastroenterol. 2021, 45, 101558. [CrossRef]

43. Hussein, M.; Alzoubaidi, D.; O’Donnell, M.; de la Serna, A.; Bassett, P.; Varbobitis, I.; Hengehold, T.; Ortiz Fernandez-Sordo, J.;
Rey, J.W.; Hayee, B.; et al. Hemostatic powder TC-325 treatment of malignancy-related upper gastrointestinal bleeds: International
registry outcomes. J. Gastroenterol. Hepatol. 2021, 36, 3027–3032. [CrossRef]

44. Kwek, B.E.A.; Ang, T.L.; Ong, P.L.J.; Tan, Y.L.J.; Ang, S.W.D.; Law, N.M.; Thurairajah, P.H.; Fock, K.M. TC-325 versus the
conventional combined technique for endoscopic treatment of peptic ulcers with high-risk bleeding stigmata: A randomized
pilot study. J. Dig. Dis. 2017, 18, 323–329. [CrossRef]

45. Vitali, F.; Naegel, A.; Atreya, R.; Zopf, S.; Neufert, C.; Siebler, J.; Neurath, M.F.; Rath, T. Comparison of Hemospray® and
EndoclotTM for the treatment of gastrointestinal bleeding. World J. Gastroenterol. 2019, 25, 1592–1602. [CrossRef] [PubMed]

46. Lau, J.Y.W.; Pittayanon, R.; Kwek, A.; Tang, R.S.; Chan, H.; Rerknimitr, R.; Lee, J.; Ang, T.L.; Suen, B.Y.; Yu, Y.Y.; et al. Comparison
of a hemostatic powder and standard treatment in the control of active bleeding from upper nonvariceal lesions: A multicenter,
noninferiority, randomized trial. Ann. Intern. Med. 2022, 175, 171–178. [CrossRef] [PubMed]

47. Sung, J.J.; Moreea, S.; Dhaliwal, H.; Moffatt, D.C.; Ragunath, K.; Ponich, T.; Barkun, A.N.; Kuipers, E.J.; Bailey, R.; Donnellan, F.;
et al. Use of topical mineral powder as monotherapy for treatment of active peptic ulcer bleeding. Gastrointest. Endosc. 2022, 96,
28–35.e1. [CrossRef] [PubMed]

48. Martins, B.C.; Abnader Machado, A.; Scomparin, R.C.; Paulo, G.A.; Safatle-Ribeiro, A.; Naschold Geiger, S.; Lenz, L.; Lima, M.S.;
Pennacchi, C.; Ribeiro, U.; et al. TC-325 hemostatic powder in the management of upper gastrointestinal malignant bleeding: A
randomized controlled trial. Endosc. Int. Open. 2022, 10, E1350–E1357. [CrossRef] [PubMed]

49. Beg, S.; Al-Bakir, I.; Bhuva, M.; Patel, J.; Fullard, M.; Leahy, A. Early clinical experience of the safety and efficacy of EndoClot in
the management of non-variceal upper gastrointestinal bleeding. Endosc. Int. Open 2015, 03, E605–E609. [CrossRef]

50. Prei, J.C.; Barmeyer, C.; Bürgel, N.; Daum, S.; Epple, H.J.; Günther, U.; Maul, J.; Siegmund, B.; Schumann, M.; Tröger, H.;
et al. EndoClot polysaccharide hemostatic system in nonvariceal gastrointestinal bleeding: Results of a prospective multicenter
observational pilot study. J. Clin. Gastroenterol. 2016, 50, e95–e100. [CrossRef]

51. Kim, Y.J.; Park, J.C.; Kim, E.H.; Shin, S.K.; Kil Lee, S.; Lee, Y.C. Hemostatic powder application for control of acute upper
gastrointestinal bleeding in patients with gastric malignancy. Endosc. Int. Open 2018, 06, E700–E705. [CrossRef]

52. Park, J.C.; Kim, Y.J.; Kim, E.H.; Lee, J.; Yang, H.S.; Kim, E.H.; Hahn, K.Y.; Shin, S.K.; Lee, S.K.; Lee, Y.C. Effectiveness of
the polysaccharide hemostatic powder in non-variceal upper gastrointestinal bleeding: Using propensity score matching. J.
Gastroenterol. Hepatol. 2018, 33, 1500–1506. [CrossRef]

53. Hagel, A.F.; Raithel, M.; Hempen, P.; Preclik, G.; Dauth, W.; Neurath, M.F.; Gschossman, J.; Konturek, P.C.; Albrecht, H.
Multicenter analysis of endoclot as hemostatic powder in different endoscopic settings of the upper gastrointestinal tract. J.
Physiol. Pharmacol. 2020, 71, 657–664.

54. Kurt, M.; Akdogan, M.; Onal, I.K.; Kekilli, M.; Arhan, M.; Shorbagi, A.; Aksu, S.; Kurt, O.K.; Haznedaroglu, I.C. Endoscopic
topical application of Ankaferd Blood Stopper for neoplastic gastrointestinal bleeding: A retrospective analysis. Dig. Liver Dis.
2010, 42, 196–199. [CrossRef] [PubMed]

55. Karaman, A.; Baskol, M.; Gursoy, S.; Torun, E.; Yurci, A.; Çelikbilek, M.; Guven, K.; Ozbakir, O.; Yucesoy, M. Endoscopic Topical
Application of Ankaferd Blood Stopper® in Gastrointestinal Bleeding. J. Altern. Complement. Med. 2012, 18, 65–68. [CrossRef]
[PubMed]

56. Gungor, G.; Goktepe, M.H.; Biyik, M.; Polat, I.; Tuna, T.; Ataseven, H.; Demir, A. Efficacy of ankaferd blood stopper application
on non-variceal upper gastrointestinal bleeding. World, J. Gastrointest. Endosc. 2012, 4, 556–560. [CrossRef]

57. Shin, J.; Cha, B.; Park, J.-S.; Ko, W.; Kwon, K.S.; Lee, J.-W.; Kim, H.K.; Shin, Y.W. Efficacy of a novel hemostatic adhesive powder
in patients with upper gastrointestinal tumor bleeding. BMC Gastroenterol. 2021, 21, 40. [CrossRef]

http://doi.org/10.1016/j.gie.2017.11.013
http://www.ncbi.nlm.nih.gov/pubmed/29158179
http://doi.org/10.1007/s00464-019-06719-9
http://doi.org/10.1093/jcag/gwy031
http://www.ncbi.nlm.nih.gov/pubmed/31294371
http://doi.org/10.1007/s00464-019-06769-z
http://doi.org/10.1016/j.gie.2019.08.005
http://doi.org/10.1055/a-1186-5360
http://doi.org/10.1016/j.clinre.2020.10.003
http://doi.org/10.1111/jgh.15579
http://doi.org/10.1111/1751-2980.12481
http://doi.org/10.3748/wjg.v25.i13.1592
http://www.ncbi.nlm.nih.gov/pubmed/30983819
http://doi.org/10.7326/M21-0975
http://www.ncbi.nlm.nih.gov/pubmed/34871051
http://doi.org/10.1016/j.gie.2022.01.020
http://www.ncbi.nlm.nih.gov/pubmed/35124074
http://doi.org/10.1055/a-1906-4769
http://www.ncbi.nlm.nih.gov/pubmed/36262517
http://doi.org/10.1055/s-0034-1393087
http://doi.org/10.1097/MCG.0000000000000615
http://doi.org/10.1055/a-0593-5884
http://doi.org/10.1111/jgh.14118
http://doi.org/10.1016/j.dld.2009.05.006
http://www.ncbi.nlm.nih.gov/pubmed/19540818
http://doi.org/10.1089/acm.2010.0827
http://www.ncbi.nlm.nih.gov/pubmed/22268970
http://doi.org/10.4253/wjge.v4.i12.556
http://doi.org/10.1186/s12876-021-01611-0


Medicina 2023, 59, 143 14 of 14

58. Facciorusso, A.; Takahashi, M.; Postula, C.E.; Buccino, V.R.; Muscatiello, N. Efficacy of hemostatic powders in upper gastrointesti-
nal bleeding: A systematic review and meta-analysis. Dig. Liver Dis. 2019, 51, 1633–1640. [CrossRef] [PubMed]

59. Mutneja, H.; Bhurwal, A.; Go, A.; Sidhu, G.S.; Arora, S.; Attar, B.M. Efficacy of Hemospray in Upper Gastrointestinal Bleeding: A
Systematic Review and Meta-Analysis. J. Gastrointest. Liver Dis. 2020, 29, 69–76. [CrossRef] [PubMed]

60. Sung, J.J.Y.; Chiu, P.; Chan, F.K.L.; Lau, J.Y.; Goh, K.-L.; Ho, L.H.; Jung, H.-Y.; Sollano, J.D.; Gotoda, T.; Reddy, N.; et al. Asia-Pacific
working group consensus on non-variceal upper gastrointestinal bleeding: An update 2018. Gut 2018, 67, 1757–1768. [CrossRef]
[PubMed]

61. Gralnek, I.M.; Stanley, A.J.; Morris, A.J.; Camus, M.; Lau, J.; Lanas, A.; Laursen, S.B.; Radaelli, F.; Papanikolaou, I.S.; Gonçalves,
T.C.; et al. Endoscopic diagnosis and management of nonvariceal upper gastrointestinal hemorrhage (NVUGIH): European
Society of Gastrointestinal Endoscopy (ESGE) Guideline—Update 2021. Endoscopy 2021, 53, 300–332. [CrossRef]

62. Sung, J.J.; Barkun, A.; Kuipers, E.J.; Mössner, J.; Jensen, D.M.; Stuart, R.; Lau, J.Y.; Ahlbom, H.; Kilhamn, J.; Lind, T.; et al.
Intravenous esomeprazole for prevention of recurrent peptic ulcer bleeding: A randomized trial. Ann. Intern. Med. 2009, 150,
455–464. [CrossRef]

63. Laine, L.; McQuaid, K.R. Endoscopic Therapy for Bleeding Ulcers: An Evidence-Based Approach Based on Meta-Analyses of
Randomized Controlled Trials. Clin. Gastroenterol. Hepatol. 2009, 7, 33–47. [CrossRef]

64. Roberts, S.E.; Button, L.A.; Williams, J.G. Prognosis following Upper Gastrointestinal Bleeding. PLoS ONE 2012, 7, e49507.
[CrossRef] [PubMed]

65. Akhtar, K.; Byrne, J.P.; Bancewicz, J.; Attwood, S.E. Argon beam plasma coagulation in the management of cancers of the
esophagus and stomach. Surg. Endosc. 2000, 14, 1127–1130. [CrossRef]

66. Ofosu, A.; Ramai, D.; Latson, W.; Adler, D.G. Endoscopic management of bleeding gastrointestinal tumors. Ann. Gastroenterol.
2019, 32, 346–351. [CrossRef] [PubMed]

67. Karna, R.; Deliwala, S.; Ramgopal, B.; Mohan, B.P.; Kassab, L.; Becq, A.; Dhawan, M.; Adler, D.G. Efficacy of topical hemostatic
agents in malignancy-related gastrointestinal bleeding: A systematic review and meta-analysis. Gastrointest. Endosc. 2022, in
press. [CrossRef]

68. Da Costa Martins, B.; Scomparin, R.C.; Bento, L.H.; Pires, C.B.; Pennacchi, C.; Lenz, L.; Franco, M.C.; Kawaguti, F.S.; Safatle-
Ribeiro, A.V.; Ribeiro, U. Preliminary results of a randomized controlled trial comparing hemostatic powder versus optimal
clinical treatment in the management of gastro-intestinal bleeding from malignancy. Gastrointest. Endosc. 2018, 87, AB415–AB416.
[CrossRef]

69. Bazarbashi, A.N.; Al Obaid, L.; McCarty, T.R.; Hathorn, K.; Aihara, H.; Thompson, C.C. Endoscopic he-mostatic powder for the
treatment of malignancy related gastrointestinal bleeding: A single cen-ter US experience. Gastrointest. Endosc. 2020, 91, AB48.
[CrossRef]

70. Disney, B.; Kurup, A.; Muhammad, H.; Ishaq, S. PTU-031 Hemospray use for the management of acute bleeding from upper
gastrointestinal cancer: The russells hall experience. Gut 2015, 64, A71–A72. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.dld.2019.07.001
http://www.ncbi.nlm.nih.gov/pubmed/31401022
http://doi.org/10.15403/jgld-660
http://www.ncbi.nlm.nih.gov/pubmed/32176745
http://doi.org/10.1136/gutjnl-2018-316276
http://www.ncbi.nlm.nih.gov/pubmed/29691276
http://doi.org/10.1055/a-1369-5274
http://doi.org/10.7326/0003-4819-150-7-200904070-00105
http://doi.org/10.1016/j.cgh.2008.08.016
http://doi.org/10.1371/journal.pone.0049507
http://www.ncbi.nlm.nih.gov/pubmed/23251344
http://doi.org/10.1007/s004640000266
http://doi.org/10.20524/aog.2019.0391
http://www.ncbi.nlm.nih.gov/pubmed/31263356
http://doi.org/10.1016/j.gie.2022.04.268
http://doi.org/10.1016/j.gie.2018.04.1901
http://doi.org/10.1016/j.gie.2020.03.300
http://doi.org/10.1136/gutjnl-2015-309861.146

	Introduction 
	Type, Modality of Action, and Application of Hemostatic Powder 
	Pros 
	Cons 

	Fields of Application of Hemostatic Powder in Nvugib and Evidence on Short- and Long-Term Efficacy 
	Open Questions 
	Peptic-Ulcer-Related NVUGIB: HP Only as Rescue Therapy and Combination Therapy or Also as Monotherapy? 
	Is HP a Possible Gold Standard in Malignancy-Related NVUGIB? 

	Conclusions 
	References

