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Abstract 

Background and Objectives: Transcatheter arterial embolization (TAE) serves as a valuable 
alternative for gastrointestinal bleeding when endoscopy fails or is inaccessible. Quick-soluble 
gelatin sponge particles (QS-GSP) dissolve rapidly and may reduce ischemic complications 
compared to permanent embolic agents. This study evaluated the safety and effectiveness of TAE 
using QS-GSP for acute lower gastrointestinal bleeding. Materials and Methods: This retrospective 
multicenter study analyzed patients who underwent TAE with QS-GSP for acute nonvariceal lower 
GI bleeding between 2021 and 2024. Technical success (occlusion or stasis of blood flow in target 
artery), clinical success (cessation of bleeding symptoms with hemodynamic stability during the 
week following TAE without major complications), and procedure-related complications were 
assessed. Results: A total of 29 patients (mean age 64.9 years) were included. Active bleeding was 
detected in 6 patients (20.7%) on angiography. Embolized arteries included jejunal (n=7), ileal (n=7), 
ileocolic anastomotic (n=1), cecal (n=2), colic (n=7), and rectosigmoid (n=5) arteries. QS-GSPs (150–
350 μm [n=10] or 350–560 μm [n=19]), which dissolve completely within 4 hours, were used as the 
sole embolic agents. Technical and clinical success rates were 100% and 75.9% (22/29), respectively. 
Clinical failure occurred in 7 patients (24.1%) due to persistent (n=4) or recurrent (n=3) bleeding 
within one week. Transient bowel ischemia occurred in 2 patients (6.9%) but resolved 
spontaneously. The clinical success rate did not differ significantly between patients with active 
bleeding (66.7%) versus those without (73.9%). Conclusions: TAE with QS-GSP for acute lower GI 
bleeding demonstrated a favorable safety profile with clinical success exceeding 75%. Transient 
bowel ischemia occurred in 6.9% of patients with spontaneous resolution, and no bowel infarction 
was observed. 

Keywords: gastrointestinal bleeding; transcatheter arterial embolization; embolization; 
embolotherapy; bowel infarction 
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1. Introduction 

Endoscopy is the primary method for diagnosing and managing gastrointestinal (GI) bleeding; 
however, transcatheter arterial embolization (TAE) serves as a valuable non-surgical alternative 
when the bleeding source is inaccessible to endoscopy or cannot be treated endoscopically.[1,2] TAE 
is performed using the most appropriate embolic material, selected based on the bleeding pattern 
and the feasibility of selectively targeting the affected vessel. The risk of bowel ischemia or infarction 
varies depending on the embolic material used. Bowel ischemia or infarction following TAE is more 
frequently observed in the lower GI tract, which has fewer collateral vessels than the upper GI tract 
[3,4]. An animal study in pigs reported that the risk of substantial bowel ischemic changes increases 
when four or more vasa recta are occluded by NBCA [5]. For gelatin sponge particles (GSPs), Bua-
Ngam et al. treated 27 patients with lower GI bleeding using standard GSPs, and 4 patients (14.8%) 
developed bowel ischemic complications [6]. 

Quick-soluble GSP (QS-GSP), which dissolves more rapidly than conventional GSP, has been 
shown to reduce skin ischemic injury in genicular artery embolization for knee osteoarthritis [7]. 
Based on this principle, temporary embolic agents such as QS-GSP for GI bleeding can embolize the 
bleeding focus, providing time for healing while subsequently dissolving to restore blood flow and 
prevent ischemic complications. In a study involving 10 patients with angiographically negative 
bleeding in the upper and lower GI tract, no bowel ischemic complications were reported following 
QS-GSP embolization [2]. The prior study focused primarily on angiographically negative bleeding, 
likely due to concerns about the efficacy of temporary embolic agents in cases of active extravasation, 
and also included the upper GI tract, where the risk of ischemic injury is relatively low. However, 
further evaluation is needed to assess the effectiveness of these agents in addressing active bleeding 
foci and their safety in the ischemia-prone lower GI tract. To explore these concerns further, this study 
evaluated the safety and effectiveness of QS-GSP embolization for lower GI bleeding, regardless of 
the presence of a bleeding focus. 

2. Materials and Methods 

This multicenter retrospective study was approved by the institutional review boards of the 
participating institutions, with a waiver of the requirement for written informed consent due to its 
retrospective nature. All research was conducted in accordance with the Declaration of Helsinki. The 
data were accessed on 13 February 2025 after the Ethics Committee’s approval. All data were fully 
anonymized before being accessed by the investigators. The study included 29 patients (20 men; 
mean age, 64.9 ± 12.9 years; range, 21–82 years) who underwent TAE with QS-GSP for acute 
nonvariceal lower GI bleeding between September 2021 and November 2024. Acute nonvariceal GI 
bleeding was defined as hematemesis, melena, or hematochezia originating from nonvariceal sources 
and occurring within 24 hours before angiography. 

Electronic medical records, laboratory findings, and endoscopic and/or radiologic features were 
reviewed. The following data were collected for each patient: clinical information, including 
symptoms and signs of GI bleeding; coagulopathy; hemodynamic instability; the identified cause of 
GI bleeding; the time interval between GI bleeding onset and TAE; history of previous treatment; 
angiographic findings and TAE procedure details; hemoglobin levels before and within two days 
following TAE; clinical outcomes; and procedure-related complications. 

2.1. TAE Procedure 

All TAE procedures were performed in an interventional radiology suite by more than ten 
interventional radiology specialists from the four participating institutions. Each specialist had 5 to 
25 years of experience. Procedures were conducted under fluoroscopic guidance. A 5-F vascular 
sheath was inserted into the right common femoral artery, followed by the introduction of a 5-French 
catheter (RH catheter; Cook, Inc., Bloomington, IN, USA) over a 0.035-inch guidewire (Radifocus; 
Terumo, Tokyo, Japan) through the sheath. Superior and inferior mesenteric angiography was 
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performed based on the location of the bleeding focus. Superselective angiography was then 
conducted using 2- to 2.4-French microcatheters (Progreat; Terumo, or Radiomate; S&G Biotech, 
Yongin, Korea) to identify the bleeding site, as determined by the location shown on computed 
tomography (CT) and, if available, endoscopy. 

In cases where active bleeding was observed on angiography but superselective embolization 
was not feasible, a broader embolization approach was used. Embolization was then performed at 
the site closest to the bleeding focus. If no active bleeding was detected, prophylactic embolization 
was conducted, targeting the suspected bleeding site based on findings from endoscopy or CT scans. 
QS-GSPs (K-IPZA®; Engain, Hwaseong, Korea) were used as the embolic agent. These QS-GSPs 
dissolve completely within four hours upon contact with saline or blood. 

2.2. Definitions and Analytic Items 

Coagulopathy was defined as a prothrombin time-international normalized ratio (PT-INR) 
greater than 1.5 or thrombocytopenia with a platelet count of less than 50,000/μL. Hemodynamic 
instability was defined as a systolic blood pressure below 90 mm Hg. Technical success was defined 
as the occlusion or stasis of blood flow in the target artery, as observed on the angiogram obtained 
immediately after TAE. Clinical success was defined as the cessation of bleeding symptoms with 
hemodynamic stability during the week following TAE, without major procedure-related 
complications. Clinical failure was defined as the presence of one or more of the following three 
conditions within one week after the initial TAE: persistent bleeding (ongoing bleeding despite TAE), 
recurrent bleeding at the same site within one week after the initial successful hemostasis achieved 
by TAE, and procedure-related major complications. 

Electronic medical records, follow-up endoscopy reports, and post-TAE CT scans were reviewed 
to assess the presence of procedure-related complications, such as bowel ischemia or infarction. 
Procedure-related complications were classified according to the Society of Interventional Radiology 
clinical practice guidelines. Major complications were defined as those requiring further treatment or 
prolonged hospitalization, while minor complications were those that resolved spontaneously [8]. To 
determine whether clinical success differed between patients with and without active bleeding, 
Fisher’s exact test was used. The Wilcoxon signed-rank test was employed to compare hemoglobin 
levels before and after TAE. Statistical analysis was performed using SPSS Statistics for Windows, 
version 23 (IBM Corp., Armonk, NY, USA), with P < 0.05 considered statistically significant. 

3. Results 

3.1. Patient Characteristics 

The primary clinical manifestations included hematochezia (n = 23), melena (n = 4), and both (n 
= 2). Bleeding sites were identified in the jejunum (n = 7), ileum (n = 7), ileocolic anastomosis (n = 1), 
cecum (n = 2), colon (n = 7), and rectosigmoid region (n = 5). The underlying causes of bleeding 
included: diverticular bleeding (n = 6), ulceration (n = 5), metastatic (n = 2) or lymphomatous (n = 2) 
involvement of the jejunum or ileum, postoperative bleeding (n = 1), colitis (n = 1), hemorrhoidal 
bleeding (n = 1), graft-versus-host disease (n = 1), and an indeterminate cause (n = 10). 

The diagnosis of lower GI bleeding was established using endoscopy (n = 10), CT imaging (n = 
13), or a combination of both (n = 5). In one patient, bleeding was detected via a red blood cell (RBC) 
scan. Six patients had a history of prior GI bleeding treatments, including endoscopic clipping with 
or without epinephrine injection (n = 4), TAE (n = 1), and small bowel resection with TAE (n = 1). 

The median time between GI bleeding onset and TAE intervention was 1 day (range, 1–10 days). 
Coagulopathy was observed in three patients, and four patients experienced hemodynamic 
instability. 
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3.2. Details of TAE 

Among the 29 patients, active bleeding was identified on angiography in six patients (20.7%, 
6/29), and tumor staining was observed in two patients (6.9%, 2/29). However, the bleeding focus 
involved tortuous or small vessels that could not be selectively catheterized; therefore, QS-GSP was 
administered from a more proximal location (Figure 1 and 2). No evidence of bleeding or tumor 
staining was detected on angiography in the remaining 21 patients, where the target artery for 
embolization was determined based on endoscopic and/or CT findings, with angiography serving as 
a reference (Figure 3). 

Embolization was performed on the following arteries: jejunal (n = 7), ileal (n = 7), ileocolic 
anastomotic (n = 1), cecal (n = 2), colic (n = 7), and rectosigmoid (n = 5). QS-GSPs (150–350 μm, n = 10; 
350–560 μm, n = 19) were used as the sole embolic agents in all patients. Angiography following TAE 
confirmed occlusion or stasis of flow in the target artery in all patients, resulting in a 100% technical 
success rate. 

 
(A) 
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(D) 

Figure 1. A 78-year-old man presented with hematochezia. (A) Contrast-enhanced axial CT image shows luminal 
contrast extravasation (arrow) at the ileal loop. (B, C) Selective ileal arteriography shows contrast extravasation 
(arrows). Due to the distance and tortuosity of the path from the microcatheter tip (arrowheads) to the bleeding 
focus, superselection was not possible; therefore, embolization was performed using quick-soluble gelatin 
sponge particles (350–560 µm). (D) Post-embolization arteriography demonstrates that the bleeding focus and 
the arterial branches leading to it are no longer visible. No further bleeding occurred during the 1-year follow-
up. 

 
(A) 
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(D) 

Figure 2. A 67-year-old woman presented with hematochezia. (A) Contrast-enhanced coronal CT image shows 
luminal contrast extravasation (arrow) at the jejunal loop. (B) Selective jejunal arteriography shows contrast 
extravasation (arrow). (C) Several levels of the vasa recta (arrows) were embolized with quick-soluble gelatin 
sponge particles (150–350 µm). (D) Post-embolization arteriography shows devascularization of the previously 
embolized vasa recta. No further bleeding occurred before the patient’s death one month after embolization. 

 
(A) 
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(D) 

Figure 3. A 59-year-old man with colonic diverticula presented with hematochezia. (A) Contrast-enhanced axial 
CT image shows colonic diverticula with luminal contrast extravasation (arrow) at the hepatic flexure. 
Sigmoidoscopy performed one day after the CT scan reveals a diverticulum with bleeding (inset). Endoscopic 
hemoclipping was performed (not shown). (B) Superior mesenteric arteriography demonstrates focal 
hypervascularity (arrows) around the endoclipping site, without evidence of contrast extravasation. As 
superselection was not possible, the arterial branches leading to the endoclipping site were embolized using 
quick-soluble gelatin sponge particles (150–350 µm). (C) Post-embolization arteriography shows marked 
reduction in the previously observed hypervascularity around the endoclipping site. (D) Sigmoidoscopy 
performed two days after embolization reveals several ulcers and erythematous changes around the 
hemoclipping site, consistent with ischemic colitis. Associated abdominal pain resolved within three days. No 
further bleeding occurred during the 6-month follow-up. 

3.3. Outcomes of TAE 

During a follow-up period of 1 to 34 months (median, 4.5 months) post-TAE, clinical success 
was achieved in 22 patients (75.9%, 22/29), while clinical failure was observed in seven (24.1%, 7/29), 
including four with persistent bleeding after TAE and three with recurrent bleeding at the same site 
two, four-, and five-days post-TAE. Details of seven patients with clinical failure are provided in 
Table 1. 

Table 1. Characteristics of Seven Patients with Clinical Failure. 

No./Sex/Age 
Bleeding 

Cause 
Embolized 

Arteries 
Angiography 

Embolic 
Materials 

Rebleeding 
Onset 

Management Remark 

1/F/81 Lymphoma Jejunal a. 
Active 

bleeding 

QS-GSP 
(350–560 

μm) 
Persistent 

Jejunal 
resection 
next day 

Improved 

2/F/72 Uncertain Ileal a. 
Active 

bleeding 

QS-GSP 
(350–560 

μm) 
Persistent 

TAE with 
NBCA 

Improved 

3/F/49 
Diverticular 

bleeding 
Cecal a. No bleeding 

QS-GSP 
(350–560 

μm) 
4 days later 

Endoscopic 
clipping 

Improved 
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4/M/59 
Diverticular 

bleeding 
Right colic 

a. 
No bleeding 

QS-GSP 
(350–560 

μm) 
2 days later 

TAE with 
QS-GSP 

Improved 

5/M/70 Colitis 
Superior 
rectal a. 

No bleeding 
QS-GSP 
(350–560 

μm) 
5 days later 

TAE with 
QS-GSP & 

NBCA 
Improved 

6/M/71 
Diverticular 

bleeding 
Right colic 

a. 
No bleeding 

QS-GSP 
(350–560 

μm) 
Persistent 

Endoscopic 
clipping 

Improved 

7/F/70 Uncertain 
Superior 
rectal a. 

No bleeding 
QS-GSP 
(350–560 

μm) 
Persistent No 

Improved, 
transient 
ischemic 
colitis 1 

day later 
Procedure-related complications, including transient bowel ischemia, were observed in two 

patients and were classified as minor procedure-related complications. (6.9%, Figure 3). Transient 
ischemia of the rectum or ascending colon was confirmed via colonoscopy one and two-days post-
TAE, respectively. However, the transient ischemia of the rectum improved on endoscopy after three 
days, and the abdominal pain associated with ischemia of the ascending colon resolved within three 
days. 

Among the six patients with active bleeding on angiography, clinical success was achieved in 
four (66.7%), while among the 23 patients without active bleeding, clinical success was observed in 
17 (73.9%). No significant difference was found between the groups (P = 1). The median hemoglobin 
level increased from 7.4 ± 1.73 to 9.5 ± 1.22 g/dL (P < 0.05). 

4. Discussion 

In a previous preliminary report [2], QS-GSP embolization was assessed for angiographically 
negative GI bleeding in both the upper and lower GI tracts in a small cohort of patients. However, 
the present study focuses on a larger cohort of patients with only lower GI bleeding, where the risk 
of bowel ischemic complications is expected to be higher. In this study, the rate of successful bleeding 
control without further bleeding during the week following TAE, referred to as clinical success, was 
75.9%. These findings are consistent with those observed in a cohort of 112 patients with lower GI 
bleeding, where GSP was the primary embolic agent (administered to 20 of 24 patients), and the 
rebleeding rate was 25% [4]. A four-hour occlusion by QS-GSP seems sufficient to achieve effective 
hemostasis. While initial clot formation with platelet aggregation occurs rapidly within minutes, full 
stabilization, where the fibrin network reinforces the initial plug and secures the vessel against shear 
forces, typically develops over several hours. This suggests that a temporary occlusion of about four 
hours, as provided by QS-GSP, may be sufficient to allow the formation of a stable clot, particularly 
when compared to the longer durations required for irreversible mucosal ischemia. 

Bowel ischemic complications, classified as minor procedure-related complications, were 
observed in only 2 of 29 patients (6.9%) in this study, and these complications resolved spontaneously 
within a few days. While reports on bowel ischemic changes following GSP-based TAE for lower GI 
bleeding are limited, one study reported that among 20 patients who received standard GSP 
embolization for lower GI bleeding, 1 patient (5%) died due to small bowel infarction and subsequent 
postoperative complications [4]. Another study reported that 4 of 27 patients (14.8%) with lower GI 
bleeding experienced bowel ischemic complications following standard GSP embolization [6]. In 
comparison, the 6.9% incidence of bowel ischemic changes observed in this study is acceptable. 
Furthermore, the spontaneous resolution within several days suggests that QS-GSP is relatively safe, 
even in the lower GI tract, where collateral circulation is limited. 

In contrast, animal experiments have demonstrated that occlusion of four or more vasa recta by 
NBCA increases the risk of bowel ischemic complications [5]. Despite the expectation that QS-GSP, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 August 2025 doi:10.20944/preprints202508.0947.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0947.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 13 

 

as a particulate embolic agent, may occlude a larger area, it resulted in fewer bowel ischemic changes, 
indicating that it is a highly safe agent for embolization in lower GI bleeding. Although ischemic 
complications in the small bowel may be difficult to confirm endoscopically, potentially leading to 
underreporting, major complications such as bowel infarction are clinically detectable, making it 
unlikely that severe complications would be underestimated. 

The diameter of the arteries supplying the small bowel, as measured in cadaveric samples, 
ranges from 560 to 770 μm, while angiographic measurements range from 500 to 600 μm, yielding an 
approximate range of 500–800 μm [9,10]. The diameter of the arteries supplying the large bowel, as 
measured by angiography, ranges from 400 to 500 μm, which is slightly smaller than that of the small 
bowel [9]. Therefore, the particle size of QS-GSP used in this study, which ranges from 150 to 560 μm, 
is considered appropriate for embolizing the vasa recta in both the small and large bowels. The 
absence of bowel infarction despite this particle size may be attributed to the resorbable nature of QS-
GSP, which dissolves within four hours. It is well established that complete acute occlusion of the 
enteric blood supply leads to irreversible mucosal ischemia within approximately six hours [11], 
suggesting that the dissolution of QS-GSP within four hours makes permanent infarction unlikely. 
Consequently, even with embolization of relatively large areas involving multiple vasa recta, 
permanent infarction is not expected to occur. However, the optimal degradation time for temporary 
embolic agents remains unclear. Longer degradation times may reduce the risk of rebleeding due to 
recanalization but increase the risk of ischemic complications, whereas shorter degradation times 
have the opposite effect. 

In a previous preliminary study, no patients with active bleeding were included [2]. However, 
in this study, 20.7% of patients presented with active bleeding. In cases of active bleeding, permanent 
embolic materials are typically used if superselective embolization is feasible. However, when arterial 
feeders are narrow or highly tortuous, making superselective embolization with a microcatheter 
unfeasible, traditional embolic agents may increase the risk of bowel ischemic complications. In 
contrast, QS-GSP is expected to present a significantly lower risk of bowel ischemic complications, 
making it a promising option for active bleeding cases in which superselective embolization is not 
achievable. Furthermore, the lack of a significant difference in clinical success between the active 
bleeding and non-active bleeding groups in this study suggests that QS-GSP may be a viable option 
even in cases of active bleeding. 

This study had a few limitations. First, it was a retrospective study with a relatively small sample 
size. Second, because the study was multicenter in design, the patient population was heterogeneous, 
and slight variations in the study protocol and procedural details may have existed between 
hospitals. Third, embolization-related adverse events, such as bowel ischemia or infarction, were 
primarily assessed through clinical records, and colonoscopy was performed only in selected patients 
after embolization to evaluate bowel ischemic complications. 

5. Conclusions 

In conclusion, TAE with QS-GSP for acute lower GI bleeding was found to be safe, with a clinical 
success rate exceeding 75%. Transient bowel ischemia occurred in 6.9% of patients, but no cases of 
bowel infarction were observed. 
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