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Abstract: This meta-analysis systematically evaluated the clinical efficacy and safety of endoscopic metal titanium 
clips versus local injection hemostasis for acute non-variceal upper gastrointestinal bleeding (ANVUGIB). A compre-
hensive search of PubMed, Cochrane Library, Embase, Web of Science, CNKI, and Wanfang data was conducted 
from inception to June 2025, identifying nine randomized controlled trials involving 871 patients. No significant 
differences were observed between the titanium clip and injection groups regarding initial hemostasis rate (RR = 
1.02, 95% CI: 1.00-1.05, P = 0.08), hospitalization time (MD = -0.59 days, 95% CI: -1.75-0.57, P = 0.32), mortality 
(RR = 1.23, 95% CI: 0.62-2.43, P = 0.56), or blood transfusion volume (MD = -0.35 mL, 95% CI: -0.85-0.14, P = 
0.16). However, the titanium clip group demonstrated significantly lower rebleeding rates (RR = 0.58, 95% CI: 0.36-
0.92, P = 0.02) and reduced surgical requirements (RR = 0.32, 95% CI: 0.12-0.85, P = 0.02). Subgroup analysis 
showed that titanium clips were particularly advantageous in reducing rebleeding among peptic ulcer patients (RR 
= 0.25, P = 0.0008). Sensitivity analysis confirmed the robustness of these findings, and no significant publication 
bias was detected. In conclusion, while endoscopic metal titanium clips and local injection offer comparable initial 
hemostatic efficacy and safety for ANVUGIB, titanium clips are superior for reducing rebleeding and the need for 
surgical intervention, especially in patients with peptic ulcers or a high risk of rebleeding, and should therefore be 
prioritized as a hemostatic strategy.
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Introduction

Acute non-variceal upper gastrointestinal bl- 
eeding (ANVUGIB) is a common acute and criti-
cal illness in clinical practice, accounting for 
80% to 90% of all upper gastrointestinal bleed-
ing cases. Its primary etiologies include peptic 
ulcers, acute gastric mucosal lesions, esopha-
geal and gastric tumors (excluding varices), and 
vascular malformations [1, 2]. The disease has 
a rapid onset and progression, and can lead to 
hemorrhagic shock and multiple organ failure, 
with a mortality rate as high as 2% to 10% [3, 
4]. Timely and effective hemostatic interven-
tion is key to improving patient prognosis. At 
present, endoscopic hemostasis has become 
the first-line treatment for ANVUGIB, with the 
advantages of being minimally invasive, highly 
efficient, and directly targeted [5].

Endoscopic local injection hemostasis is a tra-
ditional and classic hemostatic method. Com- 
monly used drugs include epinephrine, scleros-
ing agents, and tissue glue, which can achieve 
hemostasis by shrinking blood vessels, promot-
ing thrombosis or inducing tissue necrosis. This 
procedure is simple, inexpensive, and widely 
used in primary healthcare institutions [6]. 
However, clinical practice has found that the 
rebleeding rate after local injection hemostasis 
is high. For patients with ruptured large-diame-
ter vessels or active massive bleeding, the 
hemostatic effect is limited, and adverse reac-
tions such as perforation and abdominal pain 
may occur [7, 8].

Endoscopic titanium clip hemostasis is a no- 
vel minimally invasive technique developed in 
recent years. It achieves physical closure by 

http://www.ajtr.org
https://doi.org/10.62347/UAUF5550


Hemostasis for non-variceal upper GI bleed

3627	 Am J Transl Res 2026;18(4):3626-3639

mechanically clipping the bleeding vessel and 
surrounding tissue, providing rapid and long-
lasting hemostasis. It is now gradually being 
applied in the clinical treatment of ANVUGIB [9, 
10]. Several randomized controlled trials have 
compared the clinical efficacy and safety of 
titanium clip hemostasis versus local injec- 
tion hemostasis for this condition. However, 
some studies have small sample sizes and  
conflicting conclusions, lacking large-sample, 
high-quality systematic reviews and validation 
[11, 12]. Therefore, this study systematically 
searched relevant randomized controlled trials 
(RCTs) and used meta-analysis to compre- 
hensively compare the key indicators such as 
immediate hemostasis success rate, rebleed-
ing rate, length of hospital stay, and mortality 
rate between titanium clip hemostasis and 
local injection hemostasis in the treatment of 
ANVUGIB. The aim is to provide reliable evi-
dence-based medical basis for clinicians to 
choose the optimal hemostasis scheme, and to 
provide a reference for future clinical research.

Materials and methods

This study strictly followed the Priority Repor- 
ting Guidelines for Systematic Reviews and 
Meta-analyses (PRISMA Guidelines). The re- 
search protocol has been registered in the 
PROSPERO database, registration number: 
CRD420261301168.

Literature search

Electronic searches were conducted in 
PubMed, Embase, Cochrane Library, Web of 
Science, CNKI, and Wanfang Database. The 
search period was from the database’s incep-
tion to June 2025. Search methods combined 
specialized subject terms with unlimited free 
keywords.

To improve recall, English search terms includ-
ed: acute nonvariceal upper gastrointestinal 
bleeding, ANVUGIB, gastrointestinal bleeding, 
gastroscopy, endoscopy, titanium clips, hemo-
static clips, local injection, adrenaline, random-
ized controlled trial, and RCT. Taking PubMed 
database as an example, the literature search 
strategy is as follows: (“Gastrointestinal He- 
morrhage”[Mesh] OR (Gastrointestinal Hemorr- 
hage OR Hemorrhage, Gastrointestinal OR Gas- 
trointestinal Hemorrhages OR Hematochezia 
OR Hematochezias OR nonvariceal upper gas-

trointestinal bleeding OR Peptic Ulcer He- 
morrhage OR non-variceal upper GI bleeding 
OR ANVUGIB OR acute upper GI bleed OR pep-
tic ulcer bleeding OR Upper Gastrointestinal 
Tract OR nonvariceal OR non variceal OR non-
variceal OR upper gastrointestinal OR upper  
GI OR bleed OR hemorrhag) NOT (Esopha- 
geal AND Gastric Varices)) AND (“Hemostatic 
Techniques”[Mesh] OR (Hemostatic Techniqu- 
es OR Hemostatic Technique OR Technique, 
Hemostatic OR Techniques, Hemostatic OR 
Hemostatic Technics OR Hemostatic Technic 
OR Technic, Hemostatic OR Technics, Hemos- 
tatic OR hemoclip OR clip OR endoscopic clip 
OR metal clip OR titanium clip OR through- 
the-scope clip)) AND (“Epinephrine”[Mesh] OR 
(Epinephrine OR Adrenaline OR 4-(1-Hydroxy- 
2-(methylamino)ethyl)-1,2-benzenediol OR Epi- 
trate OR Medihaler-Epi OR Lyophrin OR Epi- 
frin OR Epinephrine Bitartrate OR Epinephrine 
Hydrogen Tartrate OR Adrenaline Acid Tartrate 
OR Adrenaline Bitartrate OR Epinephrine Hy- 
drochloride OR Adrenaline Hydrochloride OR 
Epinephrine Acetate OR Acetate, Epinephrine 
OR epinephrine injection OR adrenaline injec-
tion OR adrenaline)) AND (“Randomized Con- 
trolled Trial”[Mesh] OR (Randomized Controlled 
Trial OR RCT)). mp. [mp = title, abstract, full 
text, caption text].

The Chinese database search strategy (taking 
CNKI as an example) was as follows: (SU=“acute 
non-variceal upper gastrointestinal bleeding” 
OR SU=“ANVUGIB” OR SU=“upper gastrointes-
tinal bleeding” OR SU=“peptic ulcer bleeding” 
OR SU=“Dieulafoy lesion” OR SU=“Mallory-
Weiss syndrome”) 

AND (SU=“metal titanium clip” OR SU=“he- 
mostatic clip” OR SU=“titanium clip” OR 
SU=“endoscopic clip”) 

AND (SU=“local injection” OR SU=“epinephrine” 
OR SU=“adrenaline” OR SU=“injection he- 
mostasis”) 

AND (FT=“randomized”).

Inclusion and exclusion criteria

Inclusion criteria: ① Study subjects: Patients 
diagnosed with gastrointestinal bleeding, and 
whose bleeding site was confirmed by gastros-
copy or other clinical instruments; ② Inter- 
vention and control measures: The experimen-
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tal group received endoscopic titanium clip 
hemostasis (which may be combined with oth- 
er drugs, with clear group definition), while the 
control group received adrenaline injection or 
other injection-based hemostasis regimens 
(which may be combined with other drugs, with 
clear group definition); ③ Outcome indicators: 
The literature must include at least one rele-
vant indicator, such as immediate hemostasis 
rate, rebleeding rate, emergency surgery rate, 
mortality rate, etc.; ④ Study type: RCTs.

Exclusion criteria: ① Duplicate publications, 
conference papers, reviews, lectures, and stud-
ies where original data cannot be obtained; ② 
Literature without a control group, or where the 
control group did not use endoscopic treat-
ment; ③ Experimental studies involving non-
human subjects; ④ Literature with outcome 
indicators irrelevant to this study.

Data retrieval and screening

Evaluation phase: Two scholars independently 
conducted literature reviews based on estab-
lished inclusion and exclusion criteria. If dis-
agreements arose, disputes were resolved th- 
rough discussion and negotiation, or by refer-
ring the findings to a third-party professional  
for objective judgment. For studies with incom-
plete data, researchers contacted the corre-
sponding author to attempt to complete the 
dataset. Standardized definitions of outcome 
indicators: Initial hemostasis success rate was 
defined as the duration of cessation of active 
bleeding in the subject after endoscopic treat-
ment at least 5 minutes; rebleeding rate was 
defined as a rebleeding event occurring within 
72 hours to 30 days after initial hemostasis; 
hospital stay was uniformly extracted and ana-
lyzed in days. All data extraction was com- 
pleted independently by two researchers and 
cross-checked.

Quality evaluation

To ensure the rigor of the study and the relia- 
bility of the data sources, this study adopted  
a dual-review mechanism. Two independent 
researchers collaborated to screen literature 
types, verify the accuracy of disease diagno-
ses, and conduct a risk of bias assessment. 
Referring to the Cochrane Manual of Systematic 
Reviews’ risk of bias tool, a risk of bias assess-
ment was conducted on each of the 6 specific 

items in the included studies. Specific items 
included: (1) random sequence generation; (2) 
allocation scheme concealment; (3) blinding 
implementation (including blinding by resear- 
chers, subjects, and outcome assessors); (4) 
outcome data integrity; (5) outcome reporting 
selectivity; and (6) other biases. Based on the 
information in the original research text, each 
item was divided into three levels: “low risk of 
bias”, “high risk of bias”, and “uncertain risk of 
bias”. The evaluation results for each item in 
each study were recorded in detail. Two re- 
searchers independently completed the risk  
of bias assessment, and the chi-square test 
(Kappa test) was used to analyze the consis-
tency of the assessment. A Kappa value of 
0.85 indicated good consistency (Kappa > 
0.75). If there were disagreements in the evalu-
ation of an indicator, a unified conclusion was 
reached through consultation with a third re- 
searcher to ensure the objectivity and reliability 
of the evaluation results.

Statistical methods

This study used Review Manager 5.3 statisti- 
cal software to perform data analysis. Meta-
analysis was conducted based on the Cochrane 
scale to assess the risk of research bias. For 
continuous variables, the mean difference 
(MD) was used as the effect indicator, and the 
effect size was presented as a 95% confiden- 
ce interval (CI). The I2 statistic was used to 
assess heterogeneity among studies: when I2 ≤ 
50%, no significant heterogeneity was consid-
ered, and a fixed-effects model was used; oth-
erwise, statistical heterogeneity was consid-
ered to exist, and a random-effects model was 
used. To verify the robustness of the meta-
analysis results, sensitivity analysis was con-
ducted by systematically excluding individual 
studies; simultaneously, a funnel plot was plot-
ted to visually analyze included studies and 
determine whether publication bias existed. In 
this study, the significance level was set at α = 
0.05, and a P value < 0.05 was considered 
significant.

Results

Literature search results

This study retrieved 158 academic articles rel-
evant to this research from PubMed, Cochrane 
Library, Web of Science, CNKI, and Wanfang 
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Database. After initial screening, which elimi-
nated duplicate articles, non-original reviews, 
meta-analyses, research progress summaries, 
other types of meta-studies, animal experi-
ments, and articles irrelevant to the research 
topic, a total of 147 articles were excluded. 
Subsequently, a full-text review was conducted 
on the remaining articles, strictly adhering to 
pre-set inclusion and exclusion criteria, ulti-
mately selecting 9 RCTs as the basis for this 
study’s analysis. The detailed literature screen-
ing flowchart is shown in Figure 1.

Basic information and quality assessment of 
included articles

This study ultimately included 9 articles that 
met the criteria, with a total patient sample  
size of 871. Detailed basic information on the 
included articles is shown in Table 1. All includ-
ed studies exhibited implementation bias; the 

I2 = 67%). Therefore, a random effects model 
was used for the pooled analysis (Figure 4).  
The meta-analysis results indicated that the 
rebleeding rate in the titanium clip group was 
significantly lower than that of the injection 
group (RR = 0.58, 95% CI: 0.36-0.92, P = 0.02).

Length of hospital stay

The six studies included in this study [13-15, 
17-19] reported data on the length of hos- 
pital stay, involving a total of 359 patients. 
Heterogeneity testing showed no significant 
heterogeneity among the studies (P = 0.27, I2 = 
22% < 50%), therefore a fixed-effect model  
was used for meta-analysis. The meta-analysis 
results showed no statistically significant differ-
ence in the length of hospital stay between the 
titanium clip group and the injection group (MD 
= -0.59 days, 95% CI: -1.75 to 0.57, P = 0.32, 
Figure 5).

Figure 1. Flow chart for literature screening included in the study.

relevant quality assessment 
results are shown in Figure 2.

Immediate hemostasis rate

The eight studies included in 
this study [13-20] reported  
on the immediate hemostasis 
rate in patients, involving a 
total of 798 patients. Hetero- 
geneity testing results (P = 
0.93, I2 = 0%) indicated no 
significant heterogeneity am- 
ong the groups; therefore, a 
fixed-effect model was adopt-
ed (Figure 3). Meta-analysis 
results showed no statisti- 
cally significant difference in 
the immediate hemostasis ra- 
te between the titanium clip 
group and the injection group 
(RR = 1.02, 95% CI: 1.00-
1.05, Z = 1.73, P = 0.08 > 
0.05).

Rebleeding rate

The eight studies included in 
this study [13-15, 19, 20] 
reported on the occurrence of 
rebleeding in patients, involv-
ing a total of 824 patients. 
The heterogeneity test reveal- 
ed moderate heterogeneity 
among the studies (P = 0.006, 
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Table 1. Basic characteristics of the included literature

Author (year)
Number of patients  
(titanium clip group/

injection group)

Cause of the 
disease

Forrest 
Classifica-

tion

Intervention measures Age (years) Sex  
(male/female) Outcome 

indicatorsTitanium clip 
group Injection group Titanium 

clip group
Injection 

group
Titanium 
clip group

Injection 
group

Park CH 2003 [13] 32 (16/16) Dieulafoy Lesion - Hemostatic clip Epinephrine injection 59.8±15.1 62.4±14.2 12/4 15/1 ①②③④⑤⑥

Grgov S 2012 [14] 58 (28/30) Peptic ulcer Ia, Ib, IIa Hemostatic clip Hemostatic clip +  
Epinephrine injection

60.3±11.19 62.3±12.21 23/11 24/12 ①②③④⑤⑥

Goto H 2002 [15] 22 (13/9) UGIB - Hemostatic clip Epinephrine injection 64±21 57±22 7/6 0/9 ①②④⑥

Taghavi SA 2009 [16] 172 (83/89) Peptic ulcer Ia, Ib, IIa, IIb Titanium clip + 
adrenaline 

Argon ion coagulation 
+ adrenaline

51.34±14.01 48.63±15.97 60/23 73/16 ①②⑤⑥

Lo CC 2006 [17] 105 (52/53) Peptic ulcer Ia, Ib, IIa, IIb Hemostatic clip 
+ adrenaline 

adrenaline 64±17 63±16 40/12 41/12 ①②④⑤⑥

Huang SP 2002 [18] 35 (18/17) Mallory-Weiss  
Syndrome

- Titanium clip Epinephrine injection 55.3±18.6 50.6±17.9 15/3 14/3 ①②③④⑥

Saltzman JR 2004 [21] 47 (26/21) Peptic ulcer - Hemostatic clip 
+ adrenaline 

Bipolar electrocoagu-
lation + adrenaline

62±13 69±14 17/9 14/17 ⑥

Świdnicka-Siergiejko A 2014 [19] 107 (55/52) UGIB Ia, Ib, IIa, IIb Hemostatic clip 
+ adrenaline 

Epinephrine + bipolar 
coagulation

62.7±18.9 66.8±16.1 36/19 29/23 ①②③④⑤⑥

Chua TS 2005 [20] 293 (91/202) Peptic ulcer - Hemostatic clip 
+ adrenaline 

Epinephrine 61±17 66±16 59/32 152/50 ②⑤⑥

Note: ① Initial hemostasis; ② Recurrent bleeding; ③ Blood transfusion demand; ④ Hospital stay; ⑤ Surgical intervention required; ⑥ Death; -, indicates that no report was made.
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Mortality

This study included 9 studies [13-21] reporting 
mortality-related outcomes. Two studies [13, 
15] were excluded from the quantitative meta-
analysis because no deaths were observed in 
either group. Ultimately, 7 studies (a total of 
871 patients) were included in the meta-analy-
sis. Heterogeneity testing indicated good ag- 
reement among the studies (I2 = 0%, P = 0.66), 
therefore a fixed-effect model was adopted. 
The pooled results showed no statistically sig-
nificant difference in mortality between the tita-
nium clip group and the injection group (RR = 
1.23, 95% CI: 0.62-2.43, Z = 0.58, P = 0.56, 
Figure 6).

Blood transfusion requirements

Four studies [13, 14, 18, 19] reported transfu-
sion volumes, involving a total of 232 patients. 
Heterogeneity testing indicated moderate het-
erogeneity among the studies (P = 0.07, I2 = 
58%), so a fixed-effect model was used for the 
meta-analysis. Meta-analysis results showed 

① a total of ≥ 5 studies included; ② each sub-
group must contain at least 2 studies. Even if 
these prerequisites are met, from a method-
ological perspective, subgroup analysis is still 
an exploratory analysis. This study conducted 
subgroup analyses based on the etiology of 
bleeding, focusing on the highly heterogeneous 
outcome measure (rebleeding rate).

Subgroup analysis results showed that the  
peptic ulcer-related subgroup included 4 stud-
ies [14, 16, 17, 20], with no significant differ-
ence in heterogeneity between studies (P = 
0.49, I2 = 0%). Meta-analysis using a fixed-
effects model indicated that the rebleeding 
rate in the titanium clip group was significantly 
lower than that in the injection group (RR = 
0.25, 95% CI: 0.12-0.56, P = 0.0008).

The upper gastrointestinal bleeding subgroup 
included 2 studies [15, 19], but heterogeneity 
testing was not possible (only one study pro-
vided data for meta-analysis. Results showed 
no statistically significant difference in rebleed-
ing rate between the two groups (RR = 0.71, 

Figure 2. Risk of bias for the included literature. A: Summary chart of overall 
bias risk for the included studies; B: Overall bias risk chart for the included 
studies; “+” indicates “low bias”. “?” For “unclear bias”; “-” indicates “high 
bias”.

no significant difference in 
transfusion volume between 
the titanium clip group and 
the injection group (MD = 
-0.35 mL, 95% CI: -0.85 to 
0.14, P = 0.16, Figure 7).

Surgical intervention

Six studies [13, 14, 16, 17, 
19, 20] reported surgery-re- 
lated outcomes, involving a 
total of 767 patients. Hetero- 
geneity testing indicated good 
agreement among studies (I2 
= 0%, P = 0.75), and a fixed-
effect model was adopted. 
The pooled results showed 
that the need for surgical 
intervention was significantly 
lower in the titanium clip 
group than in the injection 
group (RR = 0.32, 95% CI: 
0.12-0.85, P = 0.02, Figure 
8).

Subgroup analysis

According to the Cochrane 
Manual, subgroup analysis 
must meet two prerequisites: 
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Figure 3. Forest plot of the initial hemostasis rates between the titanium clip group and the injection group.

Figure 4. Forest plot of the recurrence of bleeding rates between the titanium clip group and the injection group.

Figure 5. Forest plot of hospitalization time between the titanium clip group and the injection group.

Figure 6. Forest plot of mortality rates for the titanium clip group and the injection group.
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95% CI: 0.17-3.02, P = 0.64). Two studies [13, 
18] were included in the other etiology sub-
group, and there was no significant difference 
in heterogeneity between the studies (P = 0.22, 
I2 = 33%). Results showed that the rebleeding 
rate in the titanium clip group was lower than 
that in the injection group, but the difference 
did not reach the statistical significance (RR = 
0.23, 95% CI: 0.04-1.28, P = 0.09).

Subgroup difference tests indicated that there 
was no significant difference in effect size 
between the different etiology subgroups (P = 
0.45, I2 = 0%), suggesting that the etiology of 
bleeding was not the source of heterogeneity  
in the pooled rebleeding rate results of this 
study. Relevant results are shown in Table 2. 
Regarding the Forrest classification, since only 
four studies clearly reported this classification 
[14, 16, 17, 19], and all patients with clearly 
classified classifications had high-risk bleed- 
ing lesions, no relevant subgroup analysis was 
conducted.

Sensitivity analysis

To assess the robustness of the meta-analysis 
results, this study conducted sensitivity analy-
sis after removing individual studies for each 
outcome measure.

(1) Immediate hemostasis rate: The original 
pooled results showed no significant differen- 
ce in immediate hemostasis rate between the 
two groups (RR = 1.02, 95% CI: 1.00-1.05, P = 
0.08). After removing individual studies, the 
pooled effect size RR fluctuated between 1.00 
and 1.04, with all P values > 0.05, indicating 
that the conclusion of no difference between 
the two groups was robust.

(2) Rebleeding rate: The original pooled results 
showed that the rebleeding rate in the titanium 
clip group was significantly lower than that of 
the injection group (RR = 0.58, 95% CI: 0.36-
0.92, P = 0.02). After excluding individual stud-
ies, the pooled effect size OR ranged from 
0.25-0.34, with all P values < 0.05, indicating 
that the conclusion remained unchanged. This 
indicates that the positive result regarding 
rebleeding rate is not affected by individual 
studies and demonstrates good robustness.

(3) Hospital stay: The original pooled results 
showed no significant difference in hospital 
stay between the titanium clip group and the 
injection group (MD = -0.59 days, 95% CI:  
-1.75-0.57, P = 0.32). After excluding indivi- 
dual studies, the pooled effect size MD ranged 
from -0.27 - -1.00, with all P values > 0.05,  
suggesting that the conclusion of no difference 

Figure 7. Forest plot of blood transfusion requirements for the titanium clip group and the injection group.

Figure 8. Forest plot of surgical interventions between the titanium clip group and the injection. 
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between the two groups is robust. Mortality: 
The original pooled results showed no signifi-
cant difference in mortality between the titani-
um clip group and the injection group (RR = 
1.23, 95% CI: 0.62-2.43, Z = 0.58, P = 0.56). 
After eliminating each study, the range of the 
pooled effect size RR was 1.02-1.49, with all  
P values were > 0.05, indicating that the con-
clusion of no difference between the two gr- 
oups was robust.

(4) Transfusion volume: There was no statisti-
cally significant difference in transfusion vol-
ume between the titanium clip group and the 
injection group (MD = -0.35 mL, 95% CI: -0.85-
0.14, P = 0.16). After eliminating each study, 
the range of the pooled effect size MD was 
-0.95-0.06, with all P-values > 0.05, confirming 
no difference between the two groups.

(5) Surgical Requirement Rate: The pooled ori- 
ginal results showed that the surgical require-
ment rate in the titanium clip group was sig- 
nificantly lower than that of the injection group 
(RR = 0.32, 95% CI: 0.12-0.85, Z = 2.30, P = 
0.02). After removing each study individually, 
the pooled effect size ratio (OR) fluctuated 
between 0.23 and 0.43, with all P values < 
0.05, indicating that the conclusion remained 
unchanged. This demonstrated that the posi-
tive result of the surgical requirement rate was-
not affected by individual studies and had good 
robustness.

Publication bias

The funnel plots were drawn for the immediate 
hemostasis rate (Figure 9A), rebleeding rate 
(Figure 9B), length of hospital stay (Figure 9C), 
mortality rate (Figure 9D), transfusion require-
ment (Figure 9E), and surgical intervention sta-
tus (Figure 9F) in both the titanium clip and 
injection groups. The results showed that the 

funnel plots corresponding to immediate hemo-
stasis rate, rebleeding rate, length of hospital 
stay, and mortality were symmetrically distrib-
uted, indicating that there was no significant 
publication bias in the literature included in this 
meta-analysis.

Discussion

Acute non-variceal upper gastrointestinal bl- 
eeding (ANVUGIB) is a common gastrointestinal 
emergency. Rapid and effective hemostasis is 
key to reducing mortality, shortening hospital 
stay, and improving prognosis. At present, 
endoscopic treatment has become the pre-
ferred option, and titanium clip hemostasis and 
local injection hemostasis (mainly with adrena-
line solution) are two widely used hemostasis 
techniques [22]. Although previous studies 
have suggested that the hemostatic effect of 
titanium clips may be more durable, the conclu-
sions from different studies are still controver-
sial, and there is a lack of comprehensive evi-
dence from multiple centers and large samples 
[12]. This study included 9 RCTs with a total of 
871 patients through meta-analysis, aiming to 
further clarify the differences in clinical efficacy 
and safety between the two hemostasis meth-
ods and provide a more reliable basis for clini-
cal diagnosis and treatment decisions.

The results of this meta-analysis showed that 
there was no significant difference in the initial 
hemostasis success rate between the titanium 
clip group and the injection group, which is  
consistent with the conclusions of many previ-
ous studies. A prospective study conducted by 
Ljubicic et al. [23] also reported that for Forrest 
grade IIb hemorrhagic ulcers, the success ra- 
tes of initial hemostasis with titanium clips and 
adrenaline injection were similar, indicating 
that both methods can achieve efficient imme-
diate hemostasis, and clinicians can choose 

Table 2. Meta-analysis results of subgroups with different causes

Outcome  
indicator Subgroup

Included 
in the 
study

Sample 
size I2 (%) P

Effect size and its 
95% confidence 

interval 
Z

P value 
among 

subgroups
Rebleeding rate 8

Cause of the disease
Peptic ulcer 4 127 0 0.490 0.25 (0.11, 0.56) 0.360 < 0.001
UGIB 2 7 - - 0.71 (0.17, 3.02) 0.470 0.640
Others 2 141 33.0 0.220 0.30 (0.16, 0.56) 1.680 < 0.001
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flexibly according to their operating habits and 
the specific condition of patients. However, ini-
tial hemostasis is only the first step in treat-
ment, and the persistence of hemostasis (i.e., 
prevention of rebleeding) is more critical for the 
final prognosis.

This study found that the rebleeding rate in the 
titanium clip group was significantly lower than 
that of the injection group, which is in part con-
sistent with the conclusion of a large-scale mul-
ticenter RCTs conducted by Sung et al. [24]. 

Related studies have pointed out that for ul- 
cers with visible vascular stumps, the effect  
of titanium clip treatment alone is better than 
that of injection treatment alone in reducing 
the rebleeding rate within 72 hours. From the 
perspective of mechanism of action, titanium 
clips achieve a more reliable hemostatic effect 
by mechanically closing the vascular stump, 
while adrenaline injection hemostasis mainly 
relies on vasoconstriction and local tissue 
swelling to play a role. Its hemostatic effect  
has a relatively short duration and is not suit-

Figure 9. Funnel chart. A: Comparison of the initial hemostasis rate between the titanium clip group and the injec-
tion group; B: Comparison of the recurrent bleeding rate between the titanium clip group and the injection group; 
C: Comparison of the hospitalization time between the titanium clip group and the injection group; D: Comparison 
of the mortality rate between the titanium clip group and the injection group; E: Comparison of blood transfusion 
requirements between the titanium clip group and the injection group; F: Comparison of surgical intervention rates 
between the titanium clip group and the injection group.
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able for arterial bleeding or spurting bleeding 
[25]. Most of the lesions included in this meta-
analysis were high-risk ulcers with visible blood 
vessels or active bleeding. Titanium clips rely 
on mechanical force to directly close the bleed-
ing vessel wall, and are less affected by the 
vessel diameter, ulcer depth and surrounding 
tissue edema, so the hemostatic effect is mo- 
re stable; while injection hemostasis relies on 
local vasoconstriction and tissue compression 
to achieve hemostasis. When the bleeding ves-
sel is thick and the ulcer base is deep, it is dif-
ficult to form continuous compression, and the 
hemostatic effect will decrease accordingly. 
Therefore, titanium clips function better for tre- 
atment of high-risk lesions [26]. Endoscopic 
proficiency and the timing of hemostasis also 
affect treatment outcomes. Titanium clip place-
ment requires a high level of operator proficien-
cy, especially in areas with high operational dif-
ficulty; insufficient proficiency can easily lead  
to clipping failure [27]. Endoscopic hemostasis 
completed within 24 hours of bleeding can sig-
nificantly reduce the rebleeding rate [28]. Early 
intervention with skilled operators can maxi-
mize the advantages of mechanical hemosta-
sis. According to the latest guidelines issued by 
the European Society of Gastrointestinal Endo- 
scopy and the American Society of Gastro- 
intestinal Endoscopy [29, 30], titanium clips 
have been recommended as the first-line treat-
ment for high-risk ulcer bleeding, while injec-
tion therapy is mostly used as an adjunct thera-
py. The results of this study are highly consis-
tent with the guidelines, further strengthening 
the relevant evidence.

The advantage of titanium clips in controlling 
rebleeding rates is the core conclusion of this 
study and supports prioritizing titanium clip 
hemostasis in clinical practice. More impor-
tantly, the surgical intervention rate in the ti- 
tanium clip group was significantly lower than 
that of the injection group. Reducing the surgi-
cal intervention rate not only avoids the trau- 
ma and related risks of surgery, but also reduc-
es the consumption of medical resources [31]. 
Titanium clips have significantly reduced the 
need for surgery due to rebleeding by control-
ling rebleeding more effectively. There was no 
statistical difference in the length of hospital 
stay between the two groups of patients. The 
analysis suggests that the length of hospital 
stay is affected by a variety of factors such as 

the patient’s underlying disease, the manage-
ment of complications, and the hospital’s tre- 
atment process. A single hemostasis method 
cannot determine the length of hospital stay on 
its own. Barkun et al. [32] pointed out in the 
clinical guidelines that accurate initial hemo-
stasis is one of the key factors for shortening 
the length of hospital stay, but it is not the only 
decisive factor.

In terms of safety, this analysis did not find sig-
nificant differences in mortality and transfu-
sion requirements between the two groups, 
further confirming the safety of titanium clip 
application [16]. Local injection of adrenaline 
theoretically carries the risk of inducing adver- 
se cardiovascular events, with higher risks in 
elderly patients or those with underlying cardio-
vascular disease. However, no directly related 
serious adverse events were reported in the 
relevant studies included in this analysis [33]. 
This is likely related to the clinical use of dilu-
tion concentrations (standard ratio 1:10,000) 
and the method of local administration [34]. It 
is worth noting that titanium clip application 
requires a high level of skill from physicians. 
For ulcers in specific locations (such as the 
posterior wall of the gastric body or the poste-
rior wall of the duodenal bulb), clip failure and 
clip dislodgement are common, which is an 
important factor to consider in clinical pra- 
ctice.

Subgroup analyses based on bleeding etiology 
showed that in the peptic ulcer subgroup, tita-
nium clip hemostasis significantly reduced the 
rebleeding rate. In the nonvariceal upper gas-
trointestinal bleeding and other etiology sub-
groups, although the statistical difference did 
not reach the threshold, the overall efficacy 
showed a trend toward better results. Subgroup 
differences were not significant, indicating that 
the efficacy advantage of titanium clip hemo-
stasis is not affected by the underlying bleed-
ing etiology and is applicable to bleeding 
caused by various factors. From a mechanism 
of action perspective, titanium clips achieve 
hemostasis by mechanically clamping the vas-
cular stump; the efficacy does not depend  
on vasoconstriction or the body’s coagulation 
function, thus providing stable hemostasis for 
bleeding from different etiologies. Sensitivity 
analysis of this study confirmed the robustness 
of the core conclusions: after eliminating indi-
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vidual studies one by one, the pooled analysis 
of the remaining studies still showed that the 
rebleeding rate in the titanium clip group was 
significantly lower than that of the local injec-
tion group, confirming that the core conclusions 
did not depend on data from a single study. 
Publication bias testing showed that the funnel 
plots for all outcome indicators were generally 
symmetrical, suggesting a low likelihood of 
publication bias.

This study still has several limitations: ① 
Inconsistent quality of included studies: Some 
RCTs did not detail the randomization methods, 
blinding procedures, and dropout rates, possi-
bly introducing bias; ② Incomplete control  
of heterogeneity sources: The rebleeding rate 
analysis showed moderate heterogeneity (I2 = 
67%), and although corrected using a random-
effects model and subgroup analysis, uniden- 
tified confounding factors may still exist; ③ 
Large publication time span (2002-2014): Early 
studies used titanium clips and had different 
endoscopic clarity compared to current clini- 
cal consumables and equipment, leading to 
technical bias; ④ Differences in local injection 
regimens: Most studies used only epinephrine, 
while some combined it with bipolar electroco-
agulation, affecting the consistency of results; 
⑤ Lack of long-term follow-up data: This study 
only focuses on short-term treatment. The long-
term hemostatic effect of titanium clips still 
needs further verification; ⑥ Some outcome 
indicators (such as transfusion requirements) 
were only included in a small number of stud-
ies, which will reduce the statistical power; ⑦ 
Due to the limitations of endoscopic opera- 
tion, blinding of operators cannot be imple-
mented, which poses a risk of implementation 
bias; ⑧ The analysis of Forrest grade sub-
groups is limited: only 4 studies clearly mark- 
ed the Forrest grade of the lesions, and all of 
them were high-risk bleeding lesions (Forrest 
grade Ia~IIb). The remaining studies only de- 
fined active bleeding and exposed blood ves-
sels as high-risk characteristics, which could 
not conduct subgroup comparisons of high- 
and low-risk bleeding lesions, which also re- 
flects the current clinical situation-endoscopic 
hemostasis is mostly used for high-risk bleed-
ing lesions; ⑨ Key covariate information is 
missing: most original studies did not clearly 
record the core indicators affecting efficacy, 
such as operator experience, blood vessel 
diameter, and ulcer depth, which could not be 

used for stratified analysis and meta-regres-
sion analysis. Future research should focus on 
conducting more rigorously designed, large-
sample, and long-follow-up multicenter RCTs. 
These trials should standardize the reporting  
of key covariates such as surgeon experience, 
timing of hemostasis, and lesion characteris-
tics (vessel diameter, ulcer depth). Factorial 
designs should also be employed to deter- 
mine the optimal application of different he- 
mostasis techniques in patients with varying 
risk stratifications.

Conclusion

Both endoscopic titanium clip hemostasis and 
local injection of hemostatic agents are effec-
tive in achieving initial hemostasis for treat- 
ing ANVUGIB, with comparable safety profiles. 
Compared to injection hemostasis, titanium 
clip hemostasis offers significant advantages 
in reducing rebleeding rate and minimizing the 
risks of surgical intervention, making it parti- 
cularly suitable for patients with peptic ulcer 
bleeding. It should be preferred, especially for 
those at high risk of rebleeding.

Disclosure of conflict of interest

None.

Address correspondence to: Wendi Chen, Internal 
Medicine, Jinhua Maternal and Child Health Care 
Hospital, No. 266 Houshan Road, Wucheng District, 
Jinhua 321000, Zhejiang, China. Tel: +86-0579-
89162295; E-mail: cwd10689@163.com

References

[1]	 Chinese Journal of Internal Medicine; National 
Medical Journal of China; Chinese Journal of 
Digestion; Chinese Journal of Digestive Endos-
copy; Chinese Digestive Endoscopist Associa-
tion. Guidelines for the diagnosis and treat-
ment of acute non-variceal upper gastroin- 
testinal bleeding (2018, Hangzhou). Zhonghua 
Nei Ke Za Zhi 2019; 58: 173-180.

[2]	 Hao YZ, Cheng R, Li P and Zhang ST. Endoscopic 
diagnosis and treatment of acute non-variceal 
gastrointestinal bleeding. Zhonghua Nei Ke Za 
Zhi 2022; 61: 331-335.

[3]	 Merola E, Michielan A and De Pretis G. Optimal 
timing of endoscopy for acute upper gastroin-
testinal bleeding: a systematic review and  
meta-analysis. Intern Emerg Med 2021; 16: 
1331-1340.

mailto:cwd10689@163.com


Hemostasis for non-variceal upper GI bleed

3638	 Am J Transl Res 2026;18(4):3626-3639

[4]	 Liu BX, Wang XZ, Yan YL, Xiao X, Yang L and 
Luo XF. Efficacy analysis of transcatheter arte-
rial embolization in acute non-variceal upper 
gastrointestinal bleeding. Sichuan Da Xue Xue 
Bao Yi Xue Ban 2022; 53: 398-403.

[5]	 He K, Pang K, Ying L, Yang D, Song K, Ciren Y, 
Yan X, Guo Z, Lyu C, Wang Q and Wu D. Meta-
analysis: over-the-scope clips in patients at 
high risk of re-bleeding following upper gastro-
intestinal tract bleeding. Aliment Pharmacol 
Ther 2024; 60: 112-123.

[6]	 Beran A, Al-Abboodi Y, Majzoub AM, Ghazaleh 
S, Sayeh W, Mohamed MFH, Elfert K, Mhanna 
M, Montalvan-Sanchez E, Musallam R, Jaber F, 
Bhatti U, Abdeljawad K and Al-Haddad M. 
Endoscopic versus conservative therapy for 
bleeding peptic ulcer with adherent clot: a 
comprehensive systematic review and meta-
analysis. Dig Dis Sci 2023; 68: 3921-3934.

[7]	 Akay T and Leblebici M. Comparison of high 
and low-dose epinephrine & endoclip applica-
tion in peptic ulcer bleeding: a case series 
analysis observational study. Medicine (Balti-
more) 2021; 100: e28480.

[8]	 Lo GH, Lin CW, Tai CM, Perng DS, Chen IL, Yeh 
JH and Lin HC. A prospective, randomized trial 
of thrombin versus cyanoacrylate injection in 
the control of acute gastric variceal hemor-
rhage. Endoscopy 2020; 52: 548-555.

[9]	 Zhu J, Shi R, Li B and Yang K. Evaluating the 
significance of titanium clip marking under en-
doscopy in upper gastrointestinal bleeding pa-
tients with failed endoscopic hemostasis. Al-
tern Ther Health Med 2024; 30: 16-21.

[10]	 Mou H, Liu Q, Fan Y, Shi G, Wu H, Tuo B and Xie 
R. Nylon ring with titanium clip assists endo-
scopic cyanoacrylate injection for the treat-
ment of GOV1-type gastric varices. Endoscopy 
2023; 55: E578-E580.

[11]	 Duggal S, Kalra I, Kalra K and Bhagat V. 
Advancing hemostasis: a meta-analysis of nov-
el vs conventional endoscopic therapies for 
non variceal upper gastrointestinal bleeding. 
World J Gastrointest Endosc 2025; 17: 107142.

[12]	 Zhong C, Tan S, Ren Y, Lu M, Peng Y, Fu X and 
Tang X. Clinical outcomes of over-the-scope-
clip system for the treatment of acute upper 
non-variceal gastrointestinal bleeding: a sys-
tematic review and meta-analysis. BMC Gas-
troenterol 2019; 19: 225.

[13]	 Park CH, Sohn YH, Lee WS, Joo YE, Choi SK, 
Rew JS and Kim SJ. The usefulness of endo-
scopic hemoclipping for bleeding Dieulafoy le-
sions. Endoscopy 2003; 35: 388-92.

[14]	 Grgov S, Stamenković P and Janjić D. Compari-
son of haemostatic efficacy for endoscopic in-
jection therapy of epinephrine and combina-
tion therapy of epinephrine and hemoclips for 
bleeding peptic ulcers. Srp Arh Celok Lek 
2012; 140: 299-304.

[15]	 Goto H, Ohta S, Yamaguchi Y, Yukioka T, 
Matsuda H and Shimazaki S. Prospective eval-
uation of hemoclip application with injection of 
epinephrine in hypertonic saline solution for 
hemostasis in unstable patients with shock 
caused by upper GI bleeding. Gastrointest 
Endosc 2002; 56: 78-82.

[16]	 Taghavi SA, Soleimani SM, Hosseini-Asl SM, 
Eshraghian A, Eghbali H, Dehghani SM, Ah-
madpour B and Saberifiroozi M. Adrenaline in-
jection plus argon plasma coagulation versus 
adrenaline injection plus hemoclips for treat-
ing high-risk bleeding peptic ulcers: a prospec-
tive, randomized trial. Can J Gastroenterol 
2009; 23: 699-704.

[17]	 Lo CC, Hsu PI, Lo GH, Lin CK, Chan HH, Tsai 
WL, Chen WC, Wu CJ, Yu HC, Cheng JS and Lai 
KH. Comparison of hemostatic efficacy for epi-
nephrine injection alone and injection com-
bined with hemoclip therapy in treating high-
risk bleeding ulcers. Gastrointest Endosc 
2006; 63: 767-73.

[18]	 Huang SP, Wang HP, Lee YC, Lin CC, Yang CS, 
Wu MS and Lin JT. Endoscopic hemoclip place-
ment and epinephrine injection for Mallory-
Weiss syndrome with active bleeding. Gastro-
intest Endosc 2002; 55: 842-6.

[19]	 Swidnicka-Siergiejko A, Rosolowski M, Wro-
blewski E, Baniukiewicz A and Dabrowski A. 
Comparison of the efficacy of two combined 
therapies for peptic ulcer bleeding: adrenaline 
injection plus haemoclipping versus adrena-
line injection followed by bipolar electrocoagu-
lation. Prz Gastroenterol 2014; 9: 354-60.

[20]	 Chua TS, Fock KM, Ng TM, Teo EK, Tan JY and 
Ang TL. Epinephrine injection therapy versus a 
combination of epinephrine injection and en-
doscopic hemoclip in the treatment of bleed-
ing ulcers. World J Gastroenterol 2005; 11: 
1044-7.

[21]	 Saltzman JR, Strate LL, Di Sena V, Huang C, 
Merrifield B, Ookubo R and Carr-Locke DL. 
Prospective trial of endoscopic clips versus 
combination therapy in upper GI bleeding 
(PROTECCT--UGI bleeding). Am J Gastroenterol 
2005; 100: 1503-8.

[22]	 Robles-Medranda C, Oleas R, Alcivar-Vasquez 
J, Puga-Tejada M, Baquerizo-Burgos J and Pi-
tanga-Lukashok H. Over-the-scope clip system 
as a first-line therapy for high-risk bleeding 
peptic ulcers: a retrospective study. Surg En-
dosc 2021; 35: 2198-2205.

[23]	 Ljubicic N, Budimir I, Biscanin A, Nikolic M, 
Supanc V, Hrabar D and Pavic T. Endoclips vs 
large or small-volume epinephrine in peptic ul-
cer recurrent bleeding. World J Gastroenterol 
2012; 18: 2219-24.

[24]	 Sung JJ, Chiu PW, Chan FKL, Lau JY, Goh KL, 
Ho LH, Jung HY, Sollano JD, Gotoda T, Reddy N, 
Singh R, Sugano K, Wu KC, Wu CY, Bjorkman 



Hemostasis for non-variceal upper GI bleed

3639	 Am J Transl Res 2026;18(4):3626-3639

DJ, Jensen DM, Kuipers EJ and Lanas A. Asia-
Pacific working group consensus on non-vari-
ceal upper gastrointestinal bleeding: an up-
date 2018. Gut 2018; 67: 1757-1768.

[25]	 Kahi CJ, Jensen DM, Sung JJ, Bleau BL, Jung 
HK, Eckert G and Imperiale TF. Endoscopic 
therapy versus medical therapy for bleeding 
peptic ulcer with adherent clot: a meta-analy-
sis. Gastroenterology 2005; 129: 855-62.

[26]	 Becq A, Urien S, Barret M and Faisy C. Epi-
nephrine dose has a preventive effect on the 
occurrence of stress ulcer-induced gastroin-
testinal bleeding in critically Ill patients. Dig Dis 
Sci 2018; 63: 2687-2694.

[27]	 Aguila EJT, Lau LHS, Li JW and Berzin TM.  
Endoscopic clip systems for hemostasis and 
defect closure in gastrointestinal endoscopy. 
World J Gastrointest Endosc 2026; 18: 
116000.

[28]	 Capela TL, Silva VM, Freitas M, Goncalves TC 
and Cotter J. Acute nonvariceal upper gastroin-
testinal bleeding in patients using anticoagu-
lants: does the timing of endoscopy affect out-
comes? Dig Dis Sci 2024; 69: 570-578.

[29]	 Gralnek IM, Stanley AJ, Morris AJ, Camus M, 
Lau J, Lanas A, Laursen SB, Radaelli F, Papan-
ikolaou IS, Curdia Goncalves T, Dinis-Ribeiro 
M, Awadie H, Braun G, De Groot N, Udd M, 
Sanchez-Yague A, Neeman Z and Van Hooft JE. 
Endoscopic diagnosis and management of 
nonvariceal upper gastrointestinal hemorrha- 
ge (NVUGIH): European Society of Gastroin- 
testinal Endoscopy (ESGE) Guideline - Update 
2021. Endoscopy 2021; 53: 300-332.

[30]	 ASGE Standards of Practice Committee, Desai 
M, Ruan W, Thosani NC, Amaris M, Scott JS, 
Saeed A, Abu Dayyeh B, Canto MI, Abidi W, Ali-
pour O, Amateau SK, Cosgrove N, Elhanafi SE, 
Forbes N, Kohli DR, Kwon RS, Fujii-Lau LL, 
Machicado JD, Marya NB, Ngamruengphong S, 
Pawa S, Sheth SG, Thiruvengadam NR and 
Qumseya BJ; ASGE Standards of Practice Com-
mittee Chair. American Society for Gastrointes-
tinal Endoscopy guideline on the diagnosis 
and management of GERD: summary and rec-
ommendations. Gastrointest Endosc 2025; 
101: 267-284.

[31]	 Saltzman JR, Tabak YP, Hyett BH, Sun X, Travis 
AC and Johannes RS. A simple risk score ac-
curately predicts in-hospital mortality, length 
of stay, and cost in acute upper GI bleeding. 
Gastrointest Endosc 2011; 74: 1215-24.

[32]	 Barkun AN, Almadi M, Kuipers EJ, Laine L, 
Sung J, Tse F, Leontiadis GI, Abraham NS, 
Calvet X, Chan FKL, Douketis J, Enns R, Gralnek 
IM, Jairath V, Jensen D, Lau J, Lip GYH, Loffroy 
R, Maluf-Filho F, Meltzer AC, Reddy N, Saltzman 
JR, Marshall JK and Bardou M. Management 
of nonvariceal upper gastrointestinal bleeding: 
guideline recommendations from the interna-
tional consensus group. Ann Intern Med 2019; 
171: 805-822.

[33]	 Wang J, He S, Shang G, Lv N, Shu X and Zhu Z. 
Epinephrine injection monotherapy shows sim-
ilar hemostatic efficacy to epinephrine injec-
tion combined therapy in high-risk patients 
(Forrest Ib) with bleeding ulcers. Surg Endosc 
2023; 37: 6954-6963.

[34]	 Simadibrata DM, Lesmana E, Pratama MIA, 
Sugiharta AJ, Kalaij AGI, Fadhilla ADD, Dan- 
panichkul P, Syam AF and Simadibrata M. 
Vonoprazan vs. proton pump inhibitors for 
treatment and prevention of gastric and/or 
duodenal ulcers: a systematic review with me-
ta-analysis. Dig Dis Sci 2024; 69: 3863-3874.


