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Abstract
Objectives  To investigate the safety and efficacy of transarterial embolization (TAE) in patients with bleeding gastroduodenal 
peptic ulcers with an emphasis on prophylactic TAE (pTAE).
Methods  This retrospective cohort study was conducted from 1 January 2010 to 30 June 2022. The primary outcome was 
rebleeding rate after TAE. Secondary outcomes were frequency and severity of complications, 30-day mortality rate, and 
overall survival.
Results  87 patients were included. The overall rebleeding rate after TAE was 13/87 (15%). The rebleeding rate was non-
significantly higher in the therapeutic TAE (tTAE) group (31%) when compared to the pTAE group (12%). Minor complica-
tions were observed in 14/87 patients (16%) and severe complications were observed in 6/87 patients (7%). The complication 
rate did not differ between the tTAE and pTAE groups. The 30-day overall mortality rate was 19/87 (22%). The 30-day 
mortality rate was non-significantly higher in the tTAE-group (31%) when compared to the pTAE group (20%). Of the 19 
mortalities within 30-days, three were considered procedure-related. The overall median survival rate was 21 months (95% 
CI: 9.8 – 31). A non-significant higher median survival of 46.7 months (95% CI 1.2 – 74.9) was observed in the tTAE group 
when compared to 20.5 months (95% CI 7.1–29.1) in the pTAE group.
Conclusion  TAE is safe and efficient but is associated with a high 30-day mortality rate and poor overall survival owing to a 
high burden of comorbidity and disease-related rather than TAE-related complications. Further studies are needed to clarify 
the gain and selection criteria for pTAE.
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Introduction

Acute gastroduodenal peptic ulcer bleeding remains one of 
the most common gastrointestinal emergencies and carries 
considerable morbidity and mortality [1]. Although mod-
ern endoscopic first-line combination therapy is associated 
with primary hemostasis success rates of 80–95%, 20% 
of patients still develop recurrent bleeding [1, 2]. During 
the last decades, the in-hospital mortality rate after suc-
cessful endoscopic hemostasis has decreased to about 2% 
but increases 4- to tenfold in case of failed endoscopic 

hemostasis [1]. Since its introduction as salvage therapy in 
1972 [3], transarterial embolization (TAE) has been widely 
adopted as a minimally invasive alternative to salvage sur-
gery in case of failed endoscopic hemostasis (therapeutic 
TAE (tTAE)), but data evaluating the use of TAE as a pro-
phylactic adjunct after successful endoscopic hemostasis 
(prophylactic TAE (pTAE)) remain limited. pTAE has been 
considered particularly suitable in lesions with a high risk of 
rebleeding and in patients who are poor candidates for sur-
gery. The selection criteria and the value of pTAE is, how-
ever, a matter of an ongoing debate [4–11]. TAE is typically 
performed by percutaneous transfemoral catheterization 
with selective cannulation of the celiac axis and superior 
mesenteric artery to identify the site of bleeding and delin-
eate vascular anatomy. Embolization materials – e.g. coils 
– are then deployed through a coaxially inserted microcath-
eter by super-selective cannulation of the bleeding or likely 
offending artery [12]. Although TAE among many authors 
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has been accepted as safe and effective, the rate of post-
embolic bleeding is reported to be up to 25% and the mor-
tality rate within 30 days as high as 15–26% [4, 5]. Besides 
well-established risk factors for ulcer bleeding including 
Helicobacter pylori infection, nonsteroid anti-inflammatory 
drugs (NSAIDs), and acetylsalicylates together with platelet 
inhibitors and anticoagulant drugs, great emphasis has been 
placed to identify risk factors for rebleeding and mortality 
after therapy, to optimize treatment algorithms [4, 13–15]. 
Among others, patient-related risk factors for rebleeding and 
adverse outcomes in upper gastrointestinal bleeding include 
the Rockall score, the Charlson comorbidity index (CCI), 
and The American Society of Anesthesiologists (ASA) score 
[16–20]. The Rockall score combines age, hemodynamics, 
comorbidity, nature of the bleeding lesion type, and stig-
mata of recent bleeding (Forrest classification) into a risk 
estimate for an adverse outcome [1, 13, 21–23]. The Rockall 
score has been proposed as a valuable tool in selection for 
TAE, but data are limited [4, 24]. In addition to patient-
related risk factors, procedure-related risk factors have also 
been identified: e.g. use of coils alone versus a combina-
tion of embolization materials, deviation from a standard-
ized embolization procedure, and more than one endoscopy 
before embolization [4, 12]. Procedure-related complications 
of major concern include embolization-related ischemia in 
the involved vascular territory, ulcer formation, and stenosis 
[5]. The purpose of this study was to investigate the safety 
and efficacy of TAE in gastroduodenal peptic ulcer bleeding 
in our institution with an emphasis on pTAE and to evaluate 
possible risk factors for rebleeding and mortality after TAE.

Material and methods

A retrospective, single-center cohort study was conducted 
from 1 January 2010 to 30 June 2022 at the Department 
of Gastrointestinal Surgery and the Department of Radiol-
ogy, Aalborg University Hospital Denmark. All patients 
with non-malignant gastroduodenal peptic ulcer-bleeding 
who underwent TAE were identified through the Patient 
Administration System, which is the health care system and 
electronic medical record in Denmark, using the ICD-10 
examination codes UXAD 40 (coeliacography) and UXAD 
45 (superior mesenteric artery angiography) and were con-
sidered for inclusion in the study. Patients who were younger 
than 18 years, underwent primary surgical treatment, with 
non-gastroduodenal, non-peptic bleedings (e.g. liver, spleen, 
pancreas, or other gastrointestinal tract bleeding), with no 
index endoscopy performed before TAE or who were inac-
cessible for TAE, were excluded. Demographic and clinical 
data were obtained by retrospective chart review. Informa-
tion on the use of proton pump inhibitors (PPI), non-steroi-
dal anti-inflammatory drugs (NSAID), selective serotonin 

reuptake inhibitors (SSRI), glucocorticoids, platelet inhibi-
tors (i.e., clopidogrel, ticagrelor), non-vitamin K oral anti-
coagulants (“NOACs”, i.e. dabigatran, apixaban, rivaroxa-
ban) and vitamin K antagonists (VKA) was documented 
and qualified during the admission of the patient. Clinical 
data collected at hospital admission included age, sex, blood 
pressure, CCI, hemoglobin level (mmol/L), and results of 
endoscopies including Forrest and Rockall scores [21, 22]. 
Blood transfusions before and after TAE were registered 
together with data on length of hospital stay, morbidity, and 
mortality. Data were collected using the REDcap electronic 
data capture tool hosted at Aalborg University Hospital 
REDcap.

The primary outcome was the rebleeding rate after TAE. 
Secondary outcomes were frequency and severity of compli-
cations, 30-day mortality rate, and overall survival.

Initial treatment and TAE procedure

All patients were treated according to the Danish Society 
of Gastroenterology and Hepatology guidelines on bleed-
ing gastroduodenal ulcers [25]. At arrival, patients were 
resuscitated according to the ABCDE principles. Patients 
with normal hemodynamics at arrival were observed in a 
specialized section with specially trained staff. At arrival, 
ASA, NSAID, Clopidogrel, vitamin K antagonist, and SSRI 
treatment were stopped. In continuously hemodynamically 
unstable patients, urgent endoscopy was performed on vital 
indication. If bleeding was suspected in otherwise hemody-
namically stable patients, endoscopy was performed within 
12–24 h after admission. In hemodynamically stable patients 
without suspicion of severe bleeding, endoscopy was per-
formed within 24–48 h. Forrest I-IIb ulcers were treated 
endoscopically with injection of 13–25 ml of adrenaline 
saline as the first modality to get an overview of the bleeding 
site. After adrenaline saline injection, a secondary treatment 
modality was supplemented in the form of contact thermal 
probe, argon plasma coagulation, or hemoclip application. 
At the completion of the endoscopy, a Rockall score was 
assigned. If primary hemostasis could not be achieved endo-
scopically, TAE was performed without delay. Surgery was 
performed If TAE was not possible. In high-risk patients 
with successful endoscopic hemostasis, a prophylactic TAE 
was considered on an individual basis at the endoscopist’s 
discretion. Low-risk ulcers (Forrest IIc-III) were treated 
with standard oral PPI. High-risk ulcers (Forrest I-IIb) were 
treated with PPI in the form of 80 mg IV bolus, followed 
by 8 mg/h continuous infusion for 72 h. Any Helicobacter 
pylori infection was eradicated.

All TAE procedures were performed with transfemoral 
catheterization. A mesenteric angiogram was done with 
selective cannulation of the celiac axis and superior mes-
enteric artery to identify the site of contrast extravasation 



Langenbeck's Archives of Surgery         (2025) 410:117 	 Page 3 of 11    117 

and delineate vascular anatomy. If contrast extravasation 
was apparent, a microcatheter was inserted coaxially for 
super-selective cannulation of the bleeding artery. Micro 
coils were deposited to the bleeding artery in a distal to 
proximal manner until extravasation ceased together with 
complete occlusion of the bleeding vessel (Fig. 1). In the 
absence of active extravasation, the deposition of coils was 
guided by hemoclips placed during endoscopy. Data on 
TAE-related technical details (angiograms, catheter types, 
embolization materials etc.) were extracted from the local 
prospective angiography database at Dept. of Radiology, 
Aalborg University Hospital. The term “prophylactic TAE” 
(pTAE) refers to TAE to prevent rebleeding after successful 
endoscopic hemostasis. The term “therapeutic TAE” (tTAE) 
refers to TAE-targeted selective embolization in patients 
with failed endoscopic hemostasis.

Rebleeding

Rebleeding was defined as redevelopment of symptoms of 
peptic ulcer bleeding (hematemesis and/or melena) within 
seven days of the latest hemostatic procedure associated with 
a significant decline in hemoglobin level or confirmed by 
endoscopy, surgery or imaging [20]. At the first rebleeding 
after index endoscopy, endoscopic treatment was repeated 
if technically feasible. In the case of repeated bleeding 
repeated therapeutic endoscopy, TAE, or surgery was con-
sidered on an individual basis at the treating physician’s 
discretion.

Statistics

Categorical variables are presented as frequencies with 
percentages. Continuous variables are presented as means 
with 95% confidence intervals (95% CI), or medians with 

ranges. Fischer’s exact test was used to test for differences 
in proportions. The unpaired T-test was used for compari-
son of means for continuous normally distributed vari-
ables, and the Mann–Whitney U test was used for compari-
son of non-normally distributed variables. Kaplan–Meier 
survival analysis was performed, and survival curves were 
constructed according to TAE type and ASA score, respec-
tively. The follow-up time was calculated from the date 
of index hospital admission. Censoring occurred at the 
end of the study (May 8th, 2023) or death. No patients 
were lost to follow-up. The Cox proportional hazard model 
was used to analyze the prognostic effect of variables on 
the overall survival. Exposure variables were defined 
as: age (< 60, 60–75, > 75 years), gender (male/female), 
location of ulcer (stomach/duodenum), Forrest Classifi-
cation (Ia-b, IIa-c, III), ASA score (II-III, IV), CCI (< 4, 
4–8, > 8), Rockall score (≤ 7/ > 7), NSAID (yes/no), PPI 
(yes/no), NOAC (yes/no), thrombocyte inhibitors (yes/no), 
VKA (yes/no), systolic blood pressure at arrival (mmHg) 
(< 75/75–100/ > 100), and hemoglobin level at arrival 
(mmol/L) (< 4.3/4.3–5.6/ > 5.6). The proportional hazards 
assumption was fulfilled by the data. A two-sided p-value 
of 0.05 was considered significant. Data were analyzed and 
graphs were created using STATA 15.1 (Stata Corp LLC, 
College Station, TX). The study adhered to the STROBE 
checklist (https://​www.​strobe-​state​ment.​org/​check​lists/).

Ethics

The study was reported to The North Denmark Region 
Committee on Health Research Ethics with approval on 
4 July 2022. Data retrieval from medical records was 
approved by the local research board at Aalborg Univer-
sity Hospital on 9 May 2022 with ID number F2022-071.

Fig. 1   Illustration of active bleeding from the gastroduodenal artery (red arrow), before (a) and after transarterial embolization with coils (b + c)

https://www.strobe-statement.org/checklists/
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Results

A total of 215 patients receiving TAE were identified 
between 2010 and 2022. One hundred-eighteen patients 
were excluded due to non-gastroduodenal, non-peptic 
bleedings (liver, spleen, pancreas, bleeding malignant 
tumors, or traumatic bleedings). Of the remaining 97 
patients, 10 were excluded for various reasons (three 
patients had a previous gastric bypass operation and 
endoscopy treatment could not be applied, three patients 
underwent surgery as the initial hemostatic treatment with 
recurrent bleeding, three patients had oversewn a perfo-
rated ulcer with recurrent bleeding at the sutured site, and 
TAE could not be performed in one patient due to steno-
sis of the coeliac trunk), leaving 87 patients for analy-
ses (Fig. 2). Demographic and clinical data are depicted 
in Table 1. The total follow-up time was 2806 months. 
The median follow-up time was 32.3 months (95% CI 
21.1 – 142). Most patients were males, had a duodenal 
bleeding site, or were previous or current tobacco smok-
ers (Table 1). The distribution of H. pylori status among 

the TAE groups reached statistical significance, but data 
on H. pylori status were missing in 53% of the patients. 
Thus, data on H. pylori status were omitted from further 
analyses. The overall rebleeding rate after TAE was 15% 
with the observation of a non-significant higher rebleed-
ing rate of 31% in the tTAE group when compared to 12% 
in the pTAE group (Table 1). Except for the utilization of 
a significantly higher number of coils among rebleeders 
when compared to non-rebleeders, no differences in the 
distribution of possible risk factors of rebleeding among 
rebleeders and non-rebleeders were observed (Table 2). 
The overall 30-day mortality rate was 19%. The 30-day 
mortality rate was higher in the tTAE group (31%) when 
compared to the pTAE group (20%), but did not reach 
statistical significance (Table 1, Fig. 3). 20 patients (23%) 
experienced procedure-related complications, of which the 
majority were minor. Major procedure-related complica-
tions occurred in six patients (7%), of whom three died 
(3%) (Table 1). The overall medical and surgical 30-day 
morbidity, according to the Clavien-Dindo scoring system, 
was 53%, reaching a severity grade III or IV in 23% of the 
patients. The complication rate did not differ between the 

Fig. 2   Flowchart of patient selection. Abbreviation: TAE, transarterial embolization
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Table 1   Characteristics and outcomes of the study patients

TAE, overall
(n = 87)

tTAE
(n = 13)

pTAE
(n = 74)

P-value

Age, median (range) 77 (48–95) 79 (57–92) 77 (48–95) n.s
Gender, n(%)
male/female 53/34 (61/39) 5/8 (38/62) 48/26 (65/35) n.s
Ulcer location, n(%)
stomach/duodenum 3/84 (3/97) 1/12 (8/92) 2/72 (3/97) n.s
Forrest Classification, n(%)
Ia – Ib 48 (55) 8 (62) 40 (54)
IIa – Iic 26 (30) 3 (23) 23 (31)
III 13 (15) 2 (15) 11 (15) n.s
Rockall Score, n(%)
 ≤ 7 46 (53) 6 (46) 40 (54)
 > 7 41 (47) 7 (54) 34 (46) n.s
H. pylori, n(%)
Positive 10 (11) 3 (23) 7 (9)
Negative 31 (36) 1 (8) 30 (41)
Missing data 46 (53) 9 (69) 37 (50) 0.03
CCI, mean (95% CI) 5.5 (5.0–6.0) 5.3 (3.6–7.0) 5.5 (5.0–6.0) n.s
ASA Score, n(%)
II-III 75 (86) 13 (100) 62 (84)
IV 12 (14) - 12 (16) n.s
NSAID, n(%) 16 (18) 3 (23) 13 (18) n.s
PPI, n(%) 16 (18) 1 (8) 15 (20) n.s
NOAC, n(%) 3 (3) - 3 (4) n.s
Thrombocyte inhibitors, n(%) 3 (3) - 3 (4) n.s
VKA, n(%) 5 (6) 2 (15) 3 (4) n.s
Smoking status, n(%)
Never 30 (34) 3 (23) 27 (36)
Current 36 (41) 7 (54) 29 (39)
Previously 19 (22) 3 (23) 16 (22)
Missing data 2 (2) - 2 (3) n.s
Alcohol abuse, n(%) 26 (30) 6 (46) 20 (27) n.s
Systolic BP < 100 mmHg at arrival, n(%) 41 (47) 5 (39) 36 (49) n.s
Hemoglobin level at arrival (mmol/L), n(%)
 > 5.6 18 (21) 2 (15) 16 (22)
4.3–5.6 30 (34) 4 (31) 26 (35)
 < 4.3 39 (45) 7 (54) 32 (43) n.s
Number of coils, n(%)
 < 12 30 (34) 5 (38) 25 (34)
13–25 42 (48) 7 (54) 35 (47)
 > 25 14 (16) 1 (8) 13 (18)
Unknown 1 (1) - 1 (1) n.s
Outcomes
Rebleeding after TAE, n(%) 13 (15) 4 (31) 9 (12) n.s
Re-intervention
- Endoscopy
- Surgery
- Observation

4 (5)
5 (6)
4 (5)

1 (8)
3 (23)
-

3 (4)
2 (3)
4 (5)

30-day mortality after TAE, n(%) 19 (22) 4 (31) 15 (20) n.s
Median survival, months (95% CI) 21.2 (9.8 – 30.9) 46.7 (1.2 – 74.9) 20.5 (7.1 – 29.1) n.s
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tTAE and pTAE groups. The overall median survival was 
21.2 months (95% CI 9.8–30.9) with the observation of 
a non-significant higher median survival of 46.7 months 
(95% CI 1.2 – 74.9) in the tTAE group, when compared 
to 20.5 months (95% CI 7.1–29.1) in the pTAE group 
(Table 1, Fig. 3). An ASA score of IV was identified as a 
strong predictor of mortality after TAE (Table 3, Fig. 3). 
No other risk factors for mortality were identified.

Discussion

In the present study, investigating the safety and efficacy of 
TAE among 87 patients with gastroduodenal peptic ulcer 
bleeding, we were able to achieve permanent hemostasis in 
85% of the patients after TAE, corresponding to a rebleed-
ing rate of 15%. Only six percent of the patients needed 
salvage hemostatic surgery. The overall medical and surgi-
cal morbidity rate was high (53%), but the rate of severe 
procedure-related complications per se was low (7%), trans-
lating into a procedure-related mortality rate of only three 
percent. However, we observed a very high overall 30-day 
mortality rate of 22%, and an overall median survival of only 
21.2 months, mainly attributable to the high-risk character 
of these older patients, carrying a high burden of co-mor-
bidities and complications in general, unrelated to the TAE 
procedure per se. We observed an extremely poor survival 
in ASA IV patients, and, not surprisingly, the ASA score 
was identified as a strong predictor of mortality. We failed 

to identify any other risk factors of mortality, but a trend of 
higher mortality was observed among patients in the pTAE 
group and with duodenal bleeding sites.

Our estimates of overall rebleeding rate, complication 
rate, and mortality are in concordance with recent previous 
studies [4, 18]. The slightly higher rate of rebleeding (31%) 
in the tTAE group, when compared to the pTAE group 
(12%), is in line with a newly published study from 2023 
of McGraw et al., who found rebleeding in 69 out of 269 
patients (25%) who underwent acute therapeutic TAE [5]. 
The rebleeding rate is also comparable to the reported rate 
in a metanalysis of 11 mainly retrospective studies. Inhere, 
rebleeding occurred in 116 out of 327 patients (35%) who 
underwent tTAE [26].

In contrast to tTAE, the role of pTAE is yet to be estab-
lished. In a meta-analysis by Chang et al. from 2020, includ-
ing five randomized controlled trials (RCTs), it was demon-
strated that the addition of TAE after successful endoscopic 
hemostasis improved outcomes in terms of rebleeding, 
reintervention, and mortality rates, when compared to endo-
scopic therapy without the addition of TAE [6]. However, 
the meta-analysis included an RCT from 2014 by Laursen 
et al., who did not demonstrate an improvement in outcomes 
in their pTAE group. The study lacked, however, statistical 
power and did not meet the target sample size to be included 
in each arm [6, 11]. Similarly, an RCT by Lau et al. failed to 
show any difference in outcomes, except reduced rebleed-
ing in a subgroup with ulcers ≥ 15 mm [6, 7]. In a retro-
spective cohort study of patients receiving pTAE, Zetner 

Table 1   (continued)

TAE, overall
(n = 87)

tTAE
(n = 13)

pTAE
(n = 74)

P-value

30-day procedure-related complications, n(%) 20 (23) 3 (23) 17 (23)
Major 6 (7) 1 (8) 5 (7)
Death 3 (3) 1 (8) 2 (3)
Coil displacement with bowel ischemia 1(1) - 1 (1)
Coil displacement with splenic infarction 1(1) - 1 (1)
Bowel ischemia without perforation 3(5) - 3 (4)
Bowel ischemia with perforation 1(8) 1 (8) -
Minor 14 (16) 2 (15) 12 (16)
Coil displacement without ischemia 11 (13) 1 (8) 10 (14)
Other (inguinal hematoma etc.) 3 (3) 1(8) 2 (3)
30-day overall morbidity (Clavien-Dindo) [29], n(%) 46 (53) 9 (69) 37 (50)
Grade I 7 (8) 1 (8) 6 (8)
Grade II - - -
Grade III 8 (9) 3 (23) 5 (7)
Grade IV 12 (14) 1 (8) 11 (15)
Grade V 19 (22) 4(31) 15 (20) n.s
Length of hospital stay (days), median (range) 8 (3–48) 8 (5– 45) 8 (3 – 48) n.s

Abbreviations: ASA American Society of Anesthesiologists, BP Blood pressure, CCI Charlson Comorbidity Index, CI Confidence interval, 
NOAC Non-vitamin K oral anticoagulant, NSAID Non-steroid anti-inflammatory drugs, PPI Proton pump inhibitors,VKA vitamin K antagonists



Langenbeck's Archives of Surgery         (2025) 410:117 	 Page 7 of 11    117 

et al. observed a higher risk of rebleeding, when compared 
to other studies, but the adverse event rate and mortality rate 
were similar [4]. In the present study, the rebleeding rate of 
12% in the pTAE group is competitive with the reported out-
comes in the Chang meta-analysis, which reported rebleed-
ing rates from 3.4% to 11% [6]. In addition, the rate of major 
complications and 30-day mortality rate in our pTAE group 
was favorably compared with the tTAE group. Thus, we have 
reason to believe, that pTAE is safe and effective in our set-
ting, although no standardized selection criteria for pTAE 
were utilized.

Surprisingly, neither the Forrest Classification, Rockall 
score, nor CCI predicted mortality after TAE in the present 
study. Trends were, however, observed in the multivariate 

analysis. We speculate that the lack of predictive power is 
mainly attributable to the small sample size. Thus, larger 
prospective studies are needed including a validation of the 
relevant cut-off value for the Rockall score in the present 
clinical setting [4, 24].

Similar to other studies, we found that the occurrence of 
rebleeding was associated with a higher number of coils used 
during the TAE procedure. We speculate that the number of 
coils needed is a surrogate of the size of the bleeding lesion. 
Our finding underscores that a successful TAE treatment 
might be highly dependable on the technique and utensils 
utilized. The main part of the reported studies, inclusive of 
the present study, is retrospective and composed of a mix of 
different utensils and embolization materials. Some studies 

Table 2   Characteristics of rebleeders versus non-rebleeders

Abbreviations: ASA American Society of Anesthesiologists, BP Blood pressure, CCI Charlson Comorbidity Index, CI Confidence interval, 
NOAC Non-vitamin K oral anticoagulant, NSAID Non-steroid anti-inflammatory drugs, PPI Proton pump inhibitors, VKA Vitamin K antagonists

TAE, overall
(n = 87)

Rebleeding after TAE
(n = 13)

No rebleeding after 
TAE
(n = 74)

P-value

Age, median (range) 77 (48–95) 79 (53–85) 76 (48–95) n.s
Gender, n(%)
Male/female 53/34 (61/39) 8/5 (62/38) 45/29 (61/39) n.s
Ulcer location, n(%)
stomach/duodenum 3/84 (3/97) 1/12 (8/92) 2/72 (3/97) n.s
Forrest Classification, n(%)
Ia – Ib 48 (55) 7 (54) 41 (55)
IIa – Iic 26 (30) 5 (38) 21 (28)
III 13 (15) 1 (8) 12 (16) n.s
Rockall score, n(%)
 ≤ 7 46 (53) 7 (54) 39 (53)
 > 7 41 (47) 6 (46) 35 (47) n.s
ASA Score, n(%)
II-III 75 (86) 12 (92) 63 (85)
IV 12 (14) 1 (8) 11 (15) n.s
CCI, mean (95% CI) 5.5 (5.0–6.0) 5.7 (4.0–7.4) 5.4 (4.9–5.9) n.s
NSAID, n(%) 16 (18) 4 (31) 12 (16) n.s
PPI, n(%) 16 (18) 1 (8) 15 (20) n.s
NOAC, n(%) 3 (3) 0 (0) 3 (4) n.s
Thrombocyte inhibitors, n(%) 3 (3) 0 (0) 3 (4) n.s
VKA, n(%) 5 (6) 2 (15) 3 (4) n.s
Systolic BP < 100 mmHg at arrival, n(%) 41 (47) 5 (38) 36 (49) n.s
Hemoglobin level at arrival (mmol/L), n(%) 18 (21) 1 (8) 17 (23)
 > 5.6 30 (34) 5 (38) 25 (34)
4.3–5.6 39 (45) 7 (54) 32 (43) n.s
 < 4.3
Number of coils, n(%)
 < 12 30 (34) 1 (8) 29 (39)
13–25 42 (48) 10 (77) 32 (43)
 > 25 14 (16) 2 (15) 12 (16)
Unknown 1 (1) - 1 (1) 0.040
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report on the use of foam or gels as embolization materials, 
and some studies advocate for the use of a combination of 
embolization materials, which makes it difficult to interpret 
the results and compare studies [6, 27, 28].

Strengths of this study include a complete and highly 
detailed follow-up of all patients due to exhaustive 

electronic medical records providing electronic access 
to the local prospective angiography database, allowing 
for re-evaluation of examinations and extraction of data 
regarding procedure-related details (e.g. angiograms, cath-
eter types, embolization materials, etc.)

Fig. 3   Kaplan–Meier cumu-
lative survival estimates 
according to type of TAE 
and ASA score, respectively. 
Abbreviations: ASA, American 
Society of Anesthesiologists; 
pTAE, prophylactic transarterial 
embolization; tTAE, therapeutic 
transarterial embolization
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The study carries several limitations. First, the retrospec-
tive study design did not allow for any control of exposure or 
outcome assessments. Second, the rather small sample size 
might have blurred any true association between exposure 
variables and outcomes due to a lack of statistical power. 
Especially, the evaluation of possible risk factors of rebleed-
ing was severely compromised by the very few rebleeding 
events (thirteen), which did not allow for logistic regression 
analyses. Third, the lack of an appropriate control group 
makes our outcome estimates hard to interpret. Furthermore, 
treatments and techniques might have improved during the 
12-year inclusion period. However, all TAEs have been per-
formed by the same three interventional radiologists with no 
major changes in techniques, and the endoscopic, surgical, 
and medical ulcer treatments have not changed significantly 
during the inclusion period.

In conclusion, TAE in patients with gastroduodenal 
peptic ulcer bleeding is safe and efficient but is associ-
ated with a high 30-day mortality rate and poor overall 

survival, primarily owing to a high burden of comorbidity 
and disease-related rather than TAE-related complications. 
The study did not provide evidence against pTAE, but fur-
ther randomized controlled trials are needed to clarify the 
gain and selection criteria for pTAE.
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Table 3   Risk factors for overall 
mortality. Uni- and multivariate 
analyses

Abbreviations: ASA American Society of Anesthesiologists, CCI Charlson Comorbidity Index, CI Confi-
dence interval, TAE Transarterial embolization, pTAE Prophylactic transarterial embolization, tTAE thera-
peutic transarterial embolization

Univariate analysis
Hazard ratio (95% CI)

P-value Multivariate analysis
Hazard ratio (95% CI)

P-value

Age
 < 60 1.00 1.00
60–69 1.51 (0.66 – 3.44) 1.68 (0.72 – 3.90)
 > 70 1.30 (0.65 – 2.57) n.s 1.23 (0.55 – 2.77) n.s
Gender
Male 1.00 1.00
Female 1.11 (0.71 – 1.72) n.s 1.02 (0.59 – 1.76) n.s
Ulcer location
Stomach 1.00 1.00
Duodenum 3.99 (0.96 – 16.54) 0.056 6.01 (1.24 – 29.28) 0.026
Forrest Classification
III 1.00 1.00
IIa – Iic 0.91 (0.47 – 1.79) 0.77 (0.36 – 1.65)
Ia – Ib 0.75 (0.49 – 1.68) n.s 1.17 (0.51 – 2.68) n.s
Rockall score
 ≤ 7 1.00 1.00
 > 7 1.04 (0.68–1.59) n.s 0.89 (0.54 – 1.49) n.s
ASA Score
II-III 1.00 1.00
IV 3.79 (1.93–7.42) 0.000 3.43 (1.52 – 7.71) 0.003
CCI
 < 4 1.00 1.00
4–8 1.29 (0.82 – 2.03) 1.57 (0.85 – 2.88)
 > 8 2.04 (0.89 – 4.65) n.s 1.46 (0.49 – 4.34) n.s
TAE type
pTAE 1.00 1.00
tTAE 0.68 (0.37–1.23) n.s 0.72 (0.37–1.37) n.s



	 Langenbeck's Archives of Surgery         (2025) 410:117   117   Page 10 of 11

Data availability  Data sets generated during the current study are avail-
able from the corresponding author on reasonable request.

Declarations 

Competing interests  The authors declare no competing interests.

Disclosure  The authors report there are no competing interests to 
declare.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

	 1.	 Mujadzic H, Noorani S, Riddle PJ, Wang Y, Metts G, Yacu T, 
Abougergi MS (2024) Ulcer bleeding in the United States: epide-
miology, treatment success, and resource utilization. Dig Dis Sci 
69(6):1963–1971

	 2.	 Rasmussen IR, Gogenur I, Tolstrup MB (2019) [Transarterial 
embolisation for gastrointestinal bleeding caused by an ulcer]. 
Ugeskr Laeger 181:V05180369

	 3.	 Rosch J, Dotter CT, Brown MJ (1972) Selective arterial emboliza-
tion. A new method for control of acute gastrointestinal bleeding. 
Radiology 102(2):303–6

	 4.	 Zetner D, Rasmussen IR, Frykman CP, Jensen LR, Jensen RJ, 
Possfelt-Moller E et al (2024) Risk factors for rebleeding and 
mortality following prophylactic transarterial embolization for 
patients with high-risk peptic ulcer bleeding: a single-center ret-
rospective cohort study. Surg Endosc 38(4):2010–2018

	 5.	 McGraw JR, Kiefer RM, Shah A, Clark TWI, Shlansky-Goldberg 
RD, Nadolski GJ et al (2023) Outcomes of transarterial embo-
lization for acute non-variceal upper gastrointestinal bleeding: 
correlation with periprocedural endoscopy. J Vasc Interv Radiol 
34(6):1062–1069

	 6.	 Chang JHE, Lye TJY, Zhu HZ, Syn NL, Tang SS, Gogna A et al 
(2021) Systematic review and meta-analysis of prophylactic tran-
sarterial embolization for high-risk bleeding peptic ulcer disease. 
J Vasc Interv Radiol 32(4):576–84 e5

	 7.	 Lau JYW, Pittayanon R, Wong KT, Pinjaroen N, Chiu PWY, 
Rerknimitr R et al (2019) Prophylactic angiographic embolisation 
after endoscopic control of bleeding to high-risk peptic ulcers: a 
randomised controlled trial. Gut 68(5):796–803

	 8.	 Laine L (2016) Upper gastrointestinal bleeding due to a peptic 
ulcer. N Engl J Med 375(12):1198

	 9.	 Mirsadraee S, Tirukonda P, Nicholson A, Everett SM, McPher-
son SJ (2011) Embolization for non-variceal upper gastroin-
testinal tract haemorrhage: a systematic review. Clin Radiol 
66(6):500–509

	10.	 Sudheendra D, Venbrux AC, Noor A, Chun AK, Sarin SN, Akman 
AS, Jackson EK (2011) Radiologic techniques and effectiveness 
of angiography to diagnose and treat acute upper gastrointestinal 
bleeding. Gastrointest Endosc Clin N Am 21(4):697–705

	11.	 Laursen SB, Hansen JM, Andersen PE, Schaffalitzky de Muck-
adell OB (2014) Supplementary arteriel embolization an option 
in high-risk ulcer bleeding–a randomized study. Scand J Gastro-
enterol 49(1):75–83

	12.	 Loffroy R, Guiu B, D’Athis P, Mezzetta L, Gagnaire A, Jouve JL 
et al (2009) Arterial embolotherapy for endoscopically unman-
ageable acute gastroduodenal hemorrhage: predictors of early 
rebleeding. Clin Gastroenterol Hepatol 7(5):515–523

	13	 Elmunzer BJ, Young SD, Inadomi JM, Schoenfeld P, Laine L 
(2008) Systematic review of the predictors of recurrent hemor-
rhage after endoscopic hemostatic therapy for bleeding peptic 
ulcers. Am J Gastroenterol. 103(10):2625–32 (quiz 33)

	14.	 Wong SK, Yu LM, Lau JY, Lam YH, Chan AC, Ng EK et al 
(2002) Prediction of therapeutic failure after adrenaline injection 
plus heater probe treatment in patients with bleeding peptic ulcer. 
Gut 50(3):322–325

	15.	 Nagata N, Niikura R, Sekine K, Sakurai T, Shimbo T, Kishida Y 
et al (2015) Risk of peptic ulcer bleeding associated with Helico-
bacter pylori infection, nonsteroidal anti-inflammatory drugs, low-
dose aspirin, and antihypertensive drugs: A case-control study. J 
Gastroenterol Hepatol (Australia) 30(2):292–298

	16.	 Drosdowsky A, Gough K (2022) The Charlson Comorbidity 
Index: problems with use in epidemiological research. J Clin 
Epidemiol 148:174–177

	17.	 Kim WS, Kim SH, Joo MK, Park JJ, Lee BJ, Chun HJ (2023) 
Re-bleeding and all-cause mortality risk in non-variceal upper 
gastrointestinal bleeding: focusing on patients receiving oral anti-
coagulant therapy. Ann Med 55(2):2253822

	18.	 Vanhoenacker C, Hufkens E, Laenen A, Bonne L, Claus E, Peluso 
J et al (2023) Factors influencing outcome of angiographic embo-
lization for gastroduodenal hemorrhage related to peptic ulcera-
tion. Eur J Radiol 167:111074

	19.	 Daabiss M (2011) American society of anaesthesiologists physical 
status classification. Indian J Anaesth 55(2):111–115

	20.	 Laursen SB, Stanley AJ, Laine L, Schaffalitzky de Muckadell OB 
(2022) Rebleeding in peptic ulcer bleeding - a nationwide cohort 
study of 19537 patients. Scand J Gastroenterol 57(12):1423–9

	21.	 Rockall TA, Logan RF, Devlin HB, Northfield TC (1995) Varia-
tion in outcome after acute upper gastrointestinal haemorrhage. 
The National Audit of Acute Upper Gastrointestinal Haemor-
rhage. Lancet 346(8971):346–50

	22.	 Forrest JA, Finlayson ND, Shearman DJ (1974) Endoscopy in 
gastrointestinal bleeding. Lancet 2(7877):394–397

	23.	 Vreeburg EM, Terwee CB, Snel P, Rauws EA, Bartelsman JF, 
Meulen JH, Tytgat GN (1999) Validation of the Rockall risk scor-
ing system in upper gastrointestinal bleeding. Gut 44(3):331–335

	24.	 Kaminskis A, Ivanova P, Ponomarjova S, Mukans M, Boka V, 
Pupelis G (2017) Rockall score larger than 7 as a reliable criterion 
for the selection of indications for preventive transarterial embo-
lization in a subgroup of high-risk elderly patients after primary 
endoscopic hemostasis for non-variceal upper gastrointestinal 
bleeding. Gastroenterology Res 10(6):339–346

	25.	 Laursen SB, Jorgensen HS, Schaffalitzky de Muckadell OB, Dan-
ish Society of G, Hepatology (2012) Management of bleeding 
gastroduodenal ulcers. Dan Med J 59(7):14473

	26.	 Tarasconi A, Baiocchi GL, Pattonieri V, Perrone G, Abongwa 
HK, Molfino S et al (2019) Transcatheter arterial embolization 
versus surgery for refractory non-variceal upper gastrointestinal 
bleeding: a meta-analysis. World J Emerg Surg 14:3

	27.	 Chevallier O, Comby PO, Guillen K, Pellegrinelli J, Mouillot T, 
Falvo N et al (2021) Efficacy, safety and outcomes of transcath-
eter arterial embolization with N-butyl cyanoacrylate glue for 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Langenbeck's Archives of Surgery         (2025) 410:117 	 Page 11 of 11    117 

non-variceal gastrointestinal bleeding: A systematic review and 
meta-analysis. Diagn Interv Imaging 102(7–8):479–487

	28.	 Ini C, Distefano G, Sanfilippo F, Castiglione DG, Falsaperla D, 
Giurazza F et al (2023) Embolization for acute nonvariceal bleed-
ing of upper and lower gastrointestinal tract: a systematic review. 
CVIR Endovasc 6(1):18

	29.	 Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 240(2):205–213

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Transarterial embolization of gastroduodenal peptic ulcer bleeding: a single-center study of safety and efficacy
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Initial treatment and TAE procedure
	Rebleeding
	Statistics
	Ethics

	Results
	Discussion
	References


