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Abstract

Background: Rebleeding is a major challenge and a serious com-
plication of non-variceal upper gastrointestinal bleeding (NVUGIB). 
Prophylactic transcatheter arterial embolization (P-TAE) has emerged 
as a potential management strategy for high-risk cases. This study 
aimed to evaluate the efficacy and safety of P-TAE compared with no 
embolization (NE) in the absence of angiographic evidence of bleed-
ing or therapeutic arterial embolization (TAE).

Methods: The study systematically searched Medline and Embase 
databases from inception until November 15, 2024. The primary 
outcome was the overall rebleeding rate, while secondary outcomes 
included mortality, need for additional interventions, transfusion re-
quirements, hospital/intensive care unit (ICU) stay, and procedure-
related adverse events.

Results: The meta-analysis included 10 studies with a total popula-
tion of 1,253 patients. Compared to NE, the pooled data indicated that 
P-TAE was not associated with significantly reduced rates of rebleed-
ing (odds ratio (OR): 0.69, 95% confidence interval (CI): 0.39 - 1.22, 
P = 0.20) or all-cause mortality (OR: 0.70, 95% CI: 0.40 - 1.23). Al-
though P-TAE trended towards lower rates of repeat interventions, 

blood transfusions, and shorter hospital stays, these differences were 
not statistically significant. Conversely, P-TAE and TAE had similar 
rates of rebleeding (OR: 1.08, 95% CI: 0.70 - 1.68, P = 0.05) and all-
cause mortality (OR: 0.72, 95% CI: 0.34 - 1.51, P = 0.39). The analy-
sis found no significant differences in adverse events or the need for 
repeat procedures between the two embolization approaches.

Conclusion: This review suggests that P-TAE may not significantly 
reduce rebleeding or mortality compared with standard therapy for 
high-risk NVUGIB. However, the current findings remain inconclu-
sive, and further comprehensive research with larger sample sizes is 
required to conclusively substantiate these observations.
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Introduction

Upper gastrointestinal hemorrhage is a severe medical emer-
gency that frequently requires hospitalization, with incidence 
rates ranging from 37 to 172 cases per 100,000 individuals [1, 
2]. This condition significantly contributes to morbidity and 
mortality, with reported mortality rates ranging between 2% and 
10% [2]. In the United States, the estimated in-hospital mortal-
ity from this condition is approximately 78 cases per 100,000 
individuals, leading to over 300,000 hospital admissions and ap-
proximately 30,000 deaths annually [3]. The majority of upper 
gastrointestinal bleeding cases are attributed to non-variceal eti-
ologies, such as peptic ulcers, Mallory-Weiss tears, and erosive 
gastritis. The management of non-variceal upper gastrointestinal 
bleeding (NVUGIB) is well-established in clinical guidelines 
and supported by a strong evidence base [4]. Following success-
ful endoscopic hemostasis in patients with NVUGIB, clinical 
guidelines recommend standard medical management, includ-
ing proton pump inhibitors and, when necessary, treatment for 
Helicobacter pylori infection [4]. If bleeding recurs, therapeutic 
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arterial embolization (TAE) or surgery may be considered, with 
TAE often favored owing to its safety profile [4, 5]. Continuous 
risk assessment is needed to identify patients at a higher risk of 
rebleeding, allowing for focused monitoring and treatment.

Although endoscopic intervention is the foundation of 
management, a significant proportion of patients still experi-
ence refractory or recurrent bleeding despite endoscopic hemo-
stasis [5]. Despite advancements in healthcare, the challenge of 
rebleeding in high-risk patients with NVUGIB remains a sig-
nificant concern. However, approximately 12-25% of patients 
develop clinically significant rebleeding, which increases mor-
tality [6, 7]. Over the past two decades, TAE has emerged as 
a potential first-line intervention for managing upper gastroin-
testinal bleeding refractory to endoscopic hemostasis. TAE has 
demonstrated beneficial outcomes and has been proposed as 
a less risky alternative to surgery, particularly in patients who 
are unable to undergo surgical procedures. Furthermore, TAE 
has shown a high technical success rate, a low complication 
rate, and does not prolong hospital stay [8].

Due to the limitations of angiographic imaging in identify-
ing the source of bleeding, as evidenced by contrast extravasa-
tion, pseudoaneurysm, or arterial spasm, the approach of en-
doscopy-directed embolization, also known as “prophylactic 
embolization,” has emerged as a potential strategy [9]. When 
considering prophylactic transcatheter arterial embolization 
(P-TAE), the angiographer utilizes endoscopic findings to tar-
get the vascular territory that may harbor the injured vessel and 
embolizes it, even in the absence of active extravasation on 
the angiogram [10]. Several studies have evaluated the clinical 
outcomes of this P-TAE technique in comparison with stand-
ard therapy, yielding variable results. The potential benefits 
of employing P-TAE following endoscopic hemostasis have 
not been adequately evaluated. The optimal strategy to prevent 
further bleeding in this patient population has yet to be clearly 
defined. This systematic review and meta-analysis aimed to 
rigorously assess the comparative efficacy and safety of P-
TAE versus standard therapy in managing high-risk NVUGIB. 
By synthesizing evidence from multiple studies, this analysis 
will provide clinicians with valuable insights to guide the opti-
mal management of this challenging patient population.

Materials and Methods

This systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines [11]. Given the ab-
sence of patient-specific data collected, ethical approval was 
not required for this study.

Inclusion and exclusion criteria

Studies meeting the following criteria were included: 1) Pa-
tients were adults (age ≥ 18 years) with proven high-risk 
NVUGIB confirmed by endoscopy or computed tomography 
angiography (population). High-risk NVUGIB was defined 
as bleeding from ulcers classified as Forrest I-IIb and pa-

tients exhibiting clinical evidence of persistent gastrointestinal 
bleeding. 2) Patients without angiographic evidence of arterial 
bleeding underwent P-TAE at a high risk of recurrent bleeding 
(intervention). 3) Patients without angiographic evidence of 
arterial bleeding who did not undergo embolization, or patients 
with evidence of arterial bleeding who received TAE (control). 
4) The outcomes included any of the following: a) overall re-
bleeding (such as in-hospital and 30-day); b) all-cause mortal-
ity rates; c) need for additional interventions, such as repeat 
endoscopy, salvage embolization, and surgery; d) the length of 
hospital and intensive care unit (ICU) stay; e) requirement for 
blood transfusions; and f) procedure-related adverse events.

Studies were excluded if they lacked a comparison group; 
were published in a language other than English; were case 
reports, editorials, or letters; or did not assess relevant outcome 
measures. Both observational and interventional studies were 
included, whereas case reports, case series with fewer than 10 
patients, editorials, guidelines, abstracts, and review articles 
were excluded.

Search strategy and study selection

We designed a comprehensive search strategy and imple-
mented it across EMBASE and PubMed, covering all publi-
cations from inception to November 15, 2024. This strategy 
combines free-text and MeSH terms, incorporating synonyms 
and spelling variations. The full search strategy is available in 
Supplementary Material 1 (gr.elmerpub.com). We also manu-
ally searched the reference lists of all identified trials, guide-
lines, and reviews on the topic. All citations were imported 
into Covidence. Two reviewers (MK and AA) independently 
screened titles/abstracts and full-text articles, and discrepan-
cies were resolved by a third reviewer (SK). Data extraction 
was performed in duplicate by MK and AA using standardized 
forms, including study identification (e.g., authorship, publi-
cation year, country of origin), study design and risk of bias 
assessment, patient demographics (e.g., age, sex, comorbidi-
ties), intervention and comparator descriptions, and outcomes. 
Relevant subgroup data where available were also collected.

Data synthesis and analysis

The analysis utilized odds ratios (ORs) with 95% confidence 
intervals (CIs) to evaluate categorical outcomes, and standard-
ized mean differences (SMDs) with 95% CIs for continuous 
outcomes. Statistical significance was defined as an alpha 
value of ≤ 0.05. Additionally, a random-effects model with re-
stricted maximum likelihood estimation was used to address 
the observed heterogeneity across the included studies. Fur-
thermore, Wald-type CIs were calculated based on the pooled 
effect size and its associated standard error, to quantify the 
uncertainty surrounding the summary statistics. The degree 
of heterogeneity was evaluated using the I2 statistics, which 
provides a quantitative measure of the inconsistency across 
study results. The I2 values were interpreted as follows: 0-30% 
indicated low heterogeneity, 30-60% moderate heterogeneity, 
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50-90% substantial heterogeneity, and 75-100% considerable 
heterogeneity, with a P-value < 0.1 being considered statisti-
cally significant recommended by the Cochrane Handbook. 
Publication bias was evaluated by visual inspection of the 
funnel plots. Sensitivity analyses were conducted by remov-
ing each study individually and including only those studies 
without a high risk of bias. Finally, we assessed the certainty of 
the evidence using the Grading of Recommendations Assess-
ment, Development, and Evaluation framework. All statisti-
cal analyses were performed using RevMan software. Finally, 
the risk of bias of the included studies was assessed using the 
ROBINS-1 tool. Two reviewers (AA and MK) independently 
assessed the risk of bias in the included studies, and a third 
reviewer (SK) resolved any discrepancies.

Results

The study selection process adhered to the PRISMA guide-
lines, as outlined in Supplementary Material 2 (gr.elmerpub.
com). A comprehensive literature search yielded 267 and 302 
citations from PubMed and Embase, respectively. After re-
moving duplicates, 435 articles were screened, and ultimate-
ly, 10 full-text studies [12-21] were included in the analysis, 
with a total population of 1,253 patients. The study popula-
tion comprised 37% of patients who underwent P-TAE, 53.7% 
who did not undergo embolization, and 9.3% who underwent 
TAE. Table 1 summarizes the characteristics of the study 
population. The studies varied in design and originated from 
different countries, spanning from 2009 to 2019. Each study 
employed a slightly different definition of “high-risk gastro-
intestinal bleeding,” ranging from initial endoscopy failure to 
arrest bleeding, to specific Forrest classifications and Rockall 
scores. Five studies reported the Forrest classification, with a 
total of 83 (15%) patients classified as Forrest Ia, 163 (29.2%) 
as Ib, 247 (45.6%) as IIa, and 64 (10.2%) as IIb. The quality 
of the studies was assessed and summarized in Supplementary 
Material 3 (gr.elmerpub.com), while the overall certainty of 
the evidence was evaluated using the GRADE approach and 
presented in Supplementary Material 4 (gr.elmerpub.com).

Overall rebleeding rate

Seven studies examined the comparative effectiveness of P-TAE 
versus no embolization (NE) in managing high-risk NVUGIB 
[14-18, 20, 21]. The pooled results indicated that the utilization 
of P-TAE did not demonstrate a significantly lower overall inci-
dence of rebleeding than the group that did not undergo emboli-
zation (OR: 0.69, 95% CI: 0.39 - 1.22, P = 0.20, I2 = 27%, Fig. 
1). Additionally, when sensitivity analyses were restricted to 
randomized controlled trials, the benefits of P-TAE in prevent-
ing rebleeding were consistently not found to be superior to the 
lack of embolization (OR: 0.58, 95% CI: 0.18 - 1.83, P = 0.35, 
I2 = 45%, Fig. 2). However, when seven studies [12-15, 17-19] 
directly compared P-TAE with TAE, no notable difference was 
found between these two interventional approaches (OR: 1.08, 
95% CI: 0.70 - 1.68, P = 0.05, I2 = 0%, Fig. 3). Lau et al found 

that P-TAE was effective in reducing the incidence of recurrent 
bleeding specifically among patients with ulcers ≥ 15 mm in 
size (hazard ratio: 5.56, 95% CI: 1.24 - 24.87, P = 0.018).

All-cause mortality rate and procedure-related adverse 
events

The meta-analysis of the eight included studies did not demon-
strate a statistically significant decline in the all-cause mortality 
rate with the utilization of P-TAE compared with the NE group 
(OR: 0.70, 95% CI: 0.40 - 1.23, I2 = 0%, Fig. 4). However, two 
studies [16, 18] that specifically investigated 30-day mortality 
associated with rebleeding did not reveal a notable difference 
between the two interventions (OR: 1.45, 95% CI: 0.23 - 9.10, 
I2 = 0%, Fig. 5). Additionally, in the seven studies that directly 
compared P-TAE and TAE, there were no notable differences 
in all-cause mortality (OR: 0.72, 95% CI: 0.34 - 1.51, P = 0.39, 
I2 = 32%) and mortality related to rebleeding (OR: 0.75, 95% 
CI: 0.14 - 3.95, P = 0.73, I2 = 56%). The analysis did not detect 
significant differences in the incidence of procedure-related ad-
verse events between the P-TAE and TAE (OR: 0.86, 95% CI: 
0.22 - 3.45, P = 0.84, I2 = 0%, Fig. 6). Nonetheless, some rare 
complications associated with embolization procedures have 
been reported, such as access site hematoma, duodenal stenosis, 
pancreatitis, and coil dislocation. Notably, in a single case, a coil 
was mispositioned during the embolization procedure, migrat-
ing into the hepatic artery, which ultimately resulted in acute 
liver failure and the patient’s death [18].

Need for additional procedures and blood transfusions

The available evidence suggests a trend towards lower rates 
of reinterventions following P-TAE compared to NE, but this 
difference did not reach statistical significance, such as repeat 
endoscopy (OR: 0.57, 95% CI: 0.26 - 1.23, P = 0.15, I2 = 0%), 
salvage TAE (OR: 0.33, 95% CI: 0.08 - 1.31, P = 0.13, I2 = 0%), 
and surgical interventions (OR: 0.68, 95% CI: 0.33 - 1.40, P = 
0.29, I2 = 0%). Moreover, when directly compared with TAE, 
P-TAE was not associated with significant differences in the 
rates of repeat endoscopy (OR: 1.10, 95% CI: 0.52 - 2.34, P = 
0.80, I2 = 0%), salvage TAE (OR: 0.49, 95% CI: 0.17 - 1.45, P = 
0.20, I2 = 15%), and surgical interventions (OR: 0.50, 95% CI: 
0.19 - 1.34, P = 0.17, I2 = 32%). The analysis found no statisti-
cally significant differences in the number of blood transfusions 
received between the P-TAE group and the group that did not 
undergo embolization (standard mean difference (SMD): 0.51, 
95% CI: -0.11 to 1.13, P = 0.11, I2 = 93%). Furthermore, no 
significant differences were observed in the blood transfusion 
needs when directly comparing the P-TAE and TAE approaches 
(SMD: -0.19, 95% CI: -0.63 to 0.24, P = 0.38, I2 = 26%).

Length of hospital and ICU stay

The meta-analysis did not find statistically significant differ-
ences in the mean hospital length of stay (SMD: -0.0, 95% CI: 

https://gr.elmerpub.com
https://gr.elmerpub.com
https://gr.elmerpub.com
https://gr.elmerpub.com


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   https://gr.elmerpub.com142

Prophylactic Embolization for High-Risk NVUGIB  Gastroenterol Res. 2025;18(3):139-148

-0.17 to 0.17, P = 0.98, I2 = 0%) and ICU stay (SMD: -0.07, 95% 
CI: -0.25 to 0.12, P = 0.48, I2 = 0%) between the P-TAE group 
and the NE groups. Similarly, when directly comparing P-TAE 
and TAE interventions, no notable differences were observed 
in mean hospital length of stay (SMD: -0.25, 95% CI: -0.97 to 
0.46, P = 0.49, I2 = 80%), and one study reported a comparable 
median ICU stay of 3 days between the two groups [20].

Discussion

The management of high-risk NVUGIB remains a significant 

challenge, despite the well-recognized role of endoscopic he-
mostasis. Recurrent bleeding is a serious complication associ-
ated with considerable mortality risk, particularly in an aging 
population with more comorbidities, where surgical interven-
tion carries high-risk mortality rates ranging from 18% to 40% 
[22]. Several options are recommended, including emergent 
repeated endoscopy, TAE, and surgical intervention. P-TAE 
represents an additional strategy for decreasing the rebleeding 
rate after initial endoscopic hemostasis. However, the precise 
criteria for selecting the appropriate indications and the strong 
evidence supporting the rationale for employing this hemostat-
ic approach remain insufficient [23]. In this study, we investi-

Table 1.  Characteristics of Included Studies

Study Design Country Year of 
study

Definition of high-
risk gastrointes-
tinal bleeding

Study groups, N (%) Forrest classification (%)

NE P-TAE TAE Ia Ib IIa IIb

Padia et 
al [12]

Retrospective 
study

United States 2009 Initial endoscopy fails 
to arrest the NVUGIB.

- 72 (67) 36(33) - - - -

Ichiro et 
al [13]

Retrospective 
study

Japan 2011 Persistent and 
substantial NVUGIB 
and hemodynamic 
instability despite 
endoscopic 
intervention.

- 36 (61) 23(39) - - - -

Arrayeh 
et al [14]

Retrospective 
study

Israel, 
United States

2012 Initial endoscopy fails 
to arrest the NVUGIB.

17 
(14.7)

56 
(48.7)

42(36.6) - - - -

Dixon et 
al [15]

Retrospective 
study

UK 2012 Initial endoscopy fails 
to arrest the NVUGIB.

7 
(17.5)

20 (50) 13(32.5) - - - -

Laursen 
et al [16]

Randomized 
controlled trial

Denmark 2013 Bleeding from 
ulcers classified 
as Forrest I-IIb.

68 
(70.5)

31 
(29.5)

- 10 32 50 7

Sildiroglu 
et al [17]

Retrospective 
study

United 
States, 
Turkey

2014 Initial endoscopy fails 
to arrest the NVUGIB.

22 
(29.7)

18 
(24.3)

31 (41.9) - - - -

Mille et 
al [18]

Retrospective 
study

Germany 2014 If patients exhibited 
at least 1 endoscopic 
as well as 1 clinical 
risk factor, then they 
were defined as 
high-risk patients.

47 
(40)

55 (47) 15 (13) 19 
(16)

39 
(33)

14 
(12)

10 (9)

Kaminskis 
et al 2017 
[19]

Prospective 
Study

Latvia 2017 Forrest I-IIb type 
of ulcer and the 
Rockall score ≥ 5.

50 
(66.7)

25 
(33.3)

- 5 (20) 4 (16) 11 
(44)

5 (20)

Lau et 
al [20]

Randomized 
controlled trial

Hong Kong, 
Thailand, 
Netherlands, 
China

2018 Patients with 
actively bleeding 
gastroduodenal 
ulcers (Forrest type 
I) or ulcers with 
non-bleeding visible 
vessels (Forrest IIa).

123 
(51)

118 
(49)

- 42 
(17.3)

90 
(37.4)

109 
(45.2)

0

Kaminskis 
et al 2019 
[21]

Prospective 
study

Latvia 2019 Patients with Forrest 
Ia-IIc ulcers and the 
Rockall score ≥ 6.

341 
(85.5)

58 
(14.5)

- 6 
(10.3)

8 
(13.8)

22 
(37.9)

22 
(37.9)

P-TAE: prophylactic transcatheter arterial embolization; NE: no embolization in the absence of angiographic evidence of bleeding; TAE: therapeutic 
arterial embolization; NVUGIB: non-variceal upper gastrointestinal bleeding.
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gated the role of P-TAE in preventing rebleeding in high-risk 
NVUGIB patients, compared to those without angiographic 
evidence of arterial bleeding who did not undergo emboliza-
tion, or those with evidence of arterial bleeding who received 
TAE. Previous systematic reviews have investigated the role 
of P-TAE in high-risk bleeding ulcer patients [8, 24, 25]. How-
ever, these reviews were limited to a comparison of P-TAE 
with the absence of embolization. In contrast to prior meta-
analyses, this study provides a more thorough evaluation of 
P-TAE by comparing it with both the absence of embolization 
and TAE. This allowed for a comprehensive evaluation of the 
benefits of P-TAE across diverse clinical settings. Addition-
ally, this meta-analysis assessed multiple clinically relevant 
outcomes, such as rebleeding, mortality, surgical intervention, 
hospital stay, and blood transfusions, and offered a detailed 
understanding of TAE’s role in managing high-risk NVUGIB. 
In contrast, the findings of this analysis diverged from those 
reported by Boros et al, who observed a significant reduction 

in rebleeding risk and overall mortality with the use of P-TAE 
compared to NE [24]. Nonetheless, this purported benefit was 
not upheld in sensitivity analyses restricted to randomized 
controlled trials.

The meta-analysis revealed a trend toward reduced re-
bleeding and all-cause mortality rates with P-TAE compared 
to instances where embolization was not performed. However, 
these differences were not statistically significant. This obser-
vation remained consistent even when the analysis was limited 
to randomized controlled trials, indicating that P-TAE is not 
superior to the standard treatment in preventing rebleeding. 
Consequently, available data suggest that P-TAE does not pro-
vide a significant survival advantage over standard treatment 
strategies for this patient population. A study by Lau et al indi-
cated that the adjunctive use of angiographic embolization led 
to a notable decrease in the risk of recurrent bleeding among 
patients with upper gastrointestinal ulcers measuring 15 mm or 
larger [20]. Larger ulcers present an increased surface area for 

Figure 1. Forest plot of overall rebleeding rate in comparison between prophylactic transcatheter arterial embolization (P-TAE) 
and no embolization.

Figure 2. Forest plot of overall rebleeding rate in comparison between prophylactic transcatheter arterial embolization (P-TAE) 
and no embolization (only RCTs).
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potential rebleeding and may be indicative of a more severe un-
derlying pathology, thereby posing greater challenges for man-
agement with standard endoscopic therapies alone. Although 
P-TAE may be efficacious in mitigating recurrent bleeding in 
high-risk patients with larger ulcers, aggregate evidence does 
not definitively establish a clear benefit of P-TAE over alter-
native management strategies. In cases involving substantial 
gastroduodenal ulcers, angiographic embolization may war-
rant consideration; however, the presence of a visible vessel 
can signify a sentinel clot or thrombus [20]. Currently, there is 
no dependable endoscopic technique for accurately assessing 
the size of the bleeding artery. A randomized trial demonstrat-
ed that Doppler-signal-guided endoscopic treatment resulted 
in decreased rebleeding rates. Endoscopic ultrasonography-
guided injection therapy has been used for refractory bleeding 
lesions [26]. While endoscopic angiotherapy is progressing, 
percutaneous angiography remains the most reliable method 
for visualizing and characterizing the bleeding artery. Notably, 
no significant differences were observed in the overall rebleed-
ing and mortality rates between P-TAE and TAE. The most 

frequent causes of persistent bleeding following embolization 
are either failure to embolize the actual culprit vessel or inad-
equate reduction of perfusion pressure through embolization 
of the major trunk from which it originates [15].

The incidence of procedure-related adverse events was 
generally low and comparable between the P-TAE and TAE 
groups. Furthermore, the analysis did not find significant dif-
ferences between the P-TAE and comparator groups in the 
need for additional procedures, blood transfusion require-
ments, or the length of hospital and ICU stay. Although TAE 
can be effective for managing NVUGIB, it has several disad-
vantages. A primary concern is the risk of non-target embo-
lization, potentially leading to bowel ischemia or, in rare in-
stances, more severe complications, such as acute liver failure 
and death [18]. Definitive hemostasis is not always achieved 
with TAE and rebleeding can occur [27]. TAE’s efficacy may 
be compromised if the bleeding is intermittent during angiog-
raphy. As with any angiographic procedure, risks associated 
with arterial access, including hematoma, pseudoaneurysm, or 
infection, are present. Coagulopathy, sepsis, and renal insuffi-

Figure 4. Forest plot of all-cause mortality in comparison between prophylactic transcatheter arterial embolization (P-TAE) and 
no embolization.

Figure 3. Forest plot of overall rebleeding rate in comparison between prophylactic transcatheter arterial embolization (P-TAE) 
and therapeutic arterial embolization (TAE).
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ciency may increase the risk of complications associated with 
TAE [15]. Furthermore, TAE requires specialized expertise 
and equipment, which potentially limits its availability and can 
be a costly procedure.

Identifying and assessing risk factors is crucial for accu-
rately predicting patients at high risk of rebleeding, which is 
essential for optimizing the management of NVUGIB. Several 
studies have utilized the Forrest classification, Rockall score, 
or a combination of these to identify high-risk patients eligible 
for P-TAE. The Forrest classification, with its detailed catego-
rization of ulcer characteristics (e.g., active spurting, oozing, 
visible vessels), helps identify patients at an immediate high 
risk of rebleeding, guiding decisions on early intervention. 
Similarly, the Rockall score, which incorporates clinical and 
endoscopic factors, provides a comprehensive risk assessment 
that influences the threshold for considering P-TAE. Zetner et 

al suggested that individuals with high Rockall scores exhibited 
an elevated risk of 30-day mortality (OR: 2.58, P = 0.01) [27]. 
Arrayeh et al found no significant improvement in rebleeding 
or survival in patients with gastric hemorrhage who underwent 
empiric embolization. However, those who underwent emboli-
zation with documented angiographic abnormalities exhibited 
a trend towards better 30-day primary hemostasis. For patients 
with duodenal bleeding, a similar trend of improved 30-day 
primary hemostasis was observed, regardless of the presence 
or absence of an angiographic abnormality [14]. Arrayeh et al 
also reported that patients with duodenal bleeding from a mass 
lesion showed a higher rate of primary hemostasis 30 days af-
ter angiography than those with non-mass sources of duodenal 
bleeding. However, this distinction was not observed between 
the mass and non-mass lesions in the context of gastric bleed-
ing. The presence or absence of angiographic abnormalities 

Figure 5. Forest plot of all-cause mortality in comparison between prophylactic transcatheter arterial embolization (P-TAE) and 
therapeutic arterial embolization (TAE).

Figure 6. Forest plot of procedure-related adverse events in comparison between prophylactic transcatheter arterial emboliza-
tion (P-TAE) and therapeutic arterial embolization (TAE).
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further influences outcomes, potentially predicting hemostasis 
in upper non-variceal bleeding [12, 20]. The visualization of 
active bleeding, pseudoaneurysms, or arteriovenous malfor-
mations during angiography allows for targeted embolization 
of the specific bleeding vessel, potentially improving hemosta-
sis rates and reducing the need for further intervention. Con-
versely, the absence of identifiable angiographic abnormalities 
suggests a lower likelihood of benefit from P-TAE [14].

Several limitations should be considered when interpret-
ing the findings of this meta-analysis. The incorporation of 
non-randomized controlled trials can introduce bias due to var-
iations in patient selection, potentially distorting observed out-
comes, and hindering an accurate assessment of the true effect 
of P-TAE. Furthermore, variations in treatment protocols, such 
as differences in the timing of endoscopic intervention, selec-
tion of endoscopic hemostasis techniques, or administration 
of adjunctive medical therapies, may contribute to inter-study 
heterogeneity. Moreover, variations in institutional practices 
across studies can introduce additional confounding variables, 
including differences in resource availability, provider exper-
tise, and the implementation of clinical practice guidelines, fur-
ther complicating the interpretation of the pooled results. The 
limited number and size of the included randomized controlled 
trials restrict the overall strength of the evidence and the ability 
to draw definitive conclusions. The duration of follow-up var-
ied across studies, which could have affected the assessment of 
long-term outcomes. Furthermore, the observed heterogeneity 
in certain outcomes, such as the length of hospital stay, hinders 
interpretation, as it suggests variability in clinical practices and 
reporting standards. This heterogeneity could potentially af-
fect the robustness and generalizability of the findings, which 
the authors sought to address through sensitivity analyses and 
subgroup evaluations. Despite some variability in the specif-
ic criteria used to define patients at high-risk for rebleeding 
across the included studies, the study populations collectively 
leveraged a common approach, utilizing clinical and/or endo-
scopic risk factors to identify individuals with an elevated risk 
of rebleeding.

In clinical practice, the evidence from this meta-analysis 
indicates that P-TAE may not yield a significant reduction in 
rebleeding rates or mortality in high-risk NVUGIB when com-
pared with standard therapy or TAE alone. Considering these 
findings, a judicious approach for the application of P-TAE is 
warranted, necessitating a nuanced, multidisciplinary approach 
involving collaboration among specialists in endoscopy, inter-
ventional radiology, and surgery. Meticulous patient selection 
is of paramount importance, with careful attention directed 
toward factors such as ulcer size, presence of angiographic 
abnormalities, and the patient’s overall comorbidity profile. A 
comprehensive evaluation of the potential benefits of P-TAE 
relative to the risks of potential complications, including but 
not limited to non-target embolization, access site complica-
tions, and contrast-induced nephropathy, is essential in the 
decision-making process. Future research should concentrate 
on large, multicenter, randomized controlled trials employing 
standardized protocols to refine the patient selection criteria 
and procedural techniques. Longitudinal studies are necessary 
to evaluate the sustainability of benefits, whereas cost-effec-
tiveness analyses can inform broader clinical implementation. 

Advancements in imaging and embolization technologies 
should be explored to augment their safety and efficacy.

Conclusion

The findings of this systematic review and meta-analysis in-
dicate that the use of P-TAE may not provide a significant 
advantage in reducing overall rebleeding rates or mortal-
ity compared to the absence of embolization or TAE for the 
management of high-risk NVUGIB. These results highlight 
the need for further research to determine the optimal role of 
P-TAE in this challenging patient populations. Specifically, 
future studies should focus on refining the patient selection 
criteria to identify those most likely to benefit from this inter-
vention, evaluate the long-term sustainability of any potential 
benefits, and assess the cost-effectiveness of implementing P-
TAE in clinical practice. In addition, advancements in imaging 
and embolization technologies should be explored to enhance 
the safety and efficacy of this approach.
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