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Abstract
Background The objective of this study was to compare the results of transcatheter arterial embolization (TAE) with surgery 
in terms of efficacy in the context of bleeding duodenal ulcer (BDU) refractory to endoscopic treatment.
Materials and methods From January 2006 to December 2016, all patients treated for a BDU refractory to endoscopic 
treatment were included in this observational, comparative, retrospective, single-center study. Primary endpoint was the 
overall success of treatment of BDU requiring surgical and/or TAE. The secondary endpoints were pre-interventional data, 
recurrence rates, feasibility of secondary treatment, morbidity and mortality of surgical and radiological treatment, intensive 
care unit and length of stay. A systematic review of the literature was performed to compare results of surgery and TAE.
Results 59 out of 396 patients (14.9%) treated for BDU required embolization and/or surgery: 15 patients underwent surgery 
(group S) including 7 patients after embolization failure and 44 patients underwent TAE (group TAE). The overall treatment 
success in intention to treat (85.7% vs 67.3%), per protocol (80% vs 79.5%) and bleeding recurrence rates (20% vs 15.9%) 
were also identical. Mortality (14.2% vs 15.3%) was similar between the two groups. Our study data were pooled with data 
from eight published studies and suggest that surgery have significant increased overall success (68.3% vs. 55.4%, p < 0.005).
Conclusion The overall success rate was in favour of surgery according our meta-analysis. Our single-center study highlights 
the fact that predictive factors for recurrent bleeding after TAE must be identified to select good candidates for TAE and/
or surgery.
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Introduction

Duodenal ulcer is a very common disease, with between 
50,000 and 100,000 new cases per year in France [1, 2]. 
This disease is particularly common in developed coun-
tries because of living conditions and dietary habits. Sev-
eral risk factors have been identified, such as Helicobacter 
pylori infection that promotes acid production, nonsteroi-
dal anti-inflammatory drugs and smoking [3–5].

Duodenal ulcer is associated with two main complica-
tions, perforated duodenal ulcer, which requires urgent surgi-
cal management, and bleeding duodenal ulcer (BDU), which 
may require endoscopic, radiological or surgical treatment 
[6]. Peptic ulcer bleeding is responsible for 50% of all cases 
of upper gastrointestinal bleeding with a mortality ranging 
from 3 to 14% according to various studies. The mortality 
rate increases proportionally with the patient’s age and has 
not decreased over the last 10 years [1].

First-line treatment of BDU requires upper gastrointes-
tinal endoscopy (UGIE) to confirm the diagnosis, identify 
the site of bleeding and treat the majority of cases of BDU 
by injection of vasoconstrictors and/or the use of clips 
with a success rate ranging from 80 to 90% [7]. However, 
failures of endoscopic treatment may require the use of 
other techniques.

Historically, treatment after failure of endoscopy is 
based on surgery. Various conservative (ulcer suture with 
or without double ligation of the gastroduodenal artery) 
and radical (distal gastrectomy with partial duodenectomy) 
surgical techniques have been described. The morbidity 
and mortality of these emergency surgical procedures is 
high with a morbidity rate around 50% and a mortality rate 
around 30% [8, 9].

In view of this significant morbidity and mortality, other 
treatment options, therefore, need to be developed. As an 
alternative to surgery, Rösch et al. [10] reported in 1972 
the results of the first series evaluating transcatheter arterial 
embolization (TAE) as management of acute nonvariceal 
upper gastrointestinal bleeding. Several series subsequently 
confirmed the feasibility of TAE for the management of 
upper gastrointestinal bleeding, including peptic ulcer dis-
ease, Mallory–Weiss tears, vascular ectasias and other dis-
eases, with success rates ranging between 44 and 94% [11]. 
Finally, a few series focussed specifically on the results of 
TAE as management for BDU [11–15] and, to date, only one 
meta-analysis based on 6 series (423 patients) has compared 
TAE to surgery [16]. Recently, an article was published [17] 
comparing mortality between TAE and surgery in uncon-
trolled peptic ulcer bleeding (including duodenal and gastric 
ulcer) and showed a superiority of TAE for the length of stay 
(even if these criteria are difficult to analyze) and the com-
plications even if the rate of rebleeding was higher.

The objective of this study was to compare the overall 
efficacy of these two techniques following failure of endo-
scopic treatment retrospectively in our center, and to per-
form a systematic review of the literature, with adding our 
results, to evaluate the results of these two techniques.

Materials and methods

Population

From January 2006 to December 2016, all patients man-
aged for BDU were included in this single-center (Univer-
sity Hospital), retrospective, observational study comparing 
patients treated by surgery and patients treated by TAE after 
failure of endoscopic treatment for BDU (Fig. 1).

Inclusion criteria

Inclusion criteria were as follows: patients with BDU 
diagnosed on UGIE, BDU localized in the first part of the 
duodenum, failure of UGIE as treatment of BDU, patients 
requiring surgical and/or radiological management. Exclu-
sion criteria were as follows: bleeding not localized in the 
duodenum (gastric location for example), bleeding due to 
upper gastrointestinal varices (esophageal varices, portal 
hypertension gastropathy), and upper gastrointestinal bleed-
ing due to tumor or trauma.

Diagnosis of bleeding duodenal ulcer

All patients underwent first-line UGIE to identify the site of 
bleeding and, in most cases, to perform first-line treatment.

Endoscopic procedures

UGIE was performed within the first 24 h in the case of 
severe bleeding, active hematemesis and stable hemodynam-
ics. Patients received an injection of erythromycin 250 mg 
over 30 min, 1 h before endoscopy to facilitate the procedure 
whenever compatible with hemodynamic parameters.

Endoscopic treatment was performed for duodenal ulcer 
with active bleeding or in the presence of a high risk of 
bleeding according to the FORREST classification [18]. 
Class I (spurting arterial bleeding, oozing arterial bleeding), 
IIa (signs of recent haemorrhage with visible vessel) and 
IIb (signs of recent haemorrhage with adherent clot) ulcers 
required endoscopic hemostatic therapy. Patients without 
active bleeding and a low risk of re-bleeding did not require 
endoscopic therapy.

Endoscopic hemostatic therapy consisted of infusion of 
saline with 1/10,000 adrenaline, a mechanical method with 
hemostatic clips, a thermal method with monopolar/bipolar 
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cautery or hemostatic powder spray  (Hemospray®). Endo-
scopic hemostatic therapy required a combination of two 
different procedures (injection of saline adrenaline and a 
mechanical procedure). In several cases of recurrence after 
the first endoscopic treatment, a second UGIE was per-
formed to repeat endoscopic hemostatic therapy. Failure of 
endoscopic therapy was defined as recurrence of bleeding 
after two endoscopic hemostatic procedures.

TAE procedure

All TAE procedures were performed under general anesthe-
sia by radiologists with an extensive experience of emboliza-
tion [19]. The Seldinger technique was used with a unilateral 
femoral approach (using a 5F valved introducer sheath) with 
catheterization of the celiac axis, followed by the superior 
mesenteric artery (with a 5F Cobra catheter, Mallinckrodt 
Medical, Inc., Saint Louis, MI, USA). Superselective cath-
eterization was then performed with a microcatheter (Pro-
great 2.7 or 2.4, Terumo Europe, Leuven, Belgium). After 
identifying the site of bleeding, the responsible artery was 
cannulated and arterial embolization with coils or glue 
was performed. Arteriography (using Iomeron 350 from 
Bracco Imaging, Evry, France) was then performed to verify 

perfusion of the celiac axis and the absence of bleeding at 
the bleeding site. If the bleeding artery was not identified, 
the gastroduodenal artery was always embolized. Clinical 
success was defined as the absence of a visible blush on the 
completion angiography (Fig. 2).

Surgical procedures

Surgical procedures were either conservative, consisting of 
duodenotomy with suture of the ulcer usually located on 
the posterior surface of the first duodenum, associated with 
double ligation of the GDA (on the superior and inferior part 
of the first part of the duodenum), such as Weinberg proce-
dure (Fig. 3) [9, 20], or radical, consisting of distal gastrec-
tomy including the first part of the duodenum (antrectomy) 
and reconstruction by Roux-en-Y or omega gastrojejunal 
anastomosis.

Definition of post‑operative/post‑interventional 
events

Clinical success was defined by stop of bleeding during TAE 
or surgery performed for BDU refractory to endoscopic 
treatment. Recurrent bleeding was defined as any episode 

Fig. 1  Study flowchart
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of upper gastrointestinal bleeding after TAE and/or surgery 
and intraperitoneal bleeding in case of surgery.

Endpoints and data collected

The primary endpoint was the overall success of treatment 
of BDU requiring surgical and/or radiological management 
following failure of endoscopic treatment (surgical or radio-
logical haemostasis at the end of the procedure, with no 
recurrence after the procedure). The analysis was done in 

intention to treat and in per protocol analysis. The second-
ary endpoints were feasibility and clinical success (which 
means the technical success with no apparent bleeding after 
the completion of TAE or surgery), morbidity and mortality, 
length of hospital stay and recurrence rate.

The following parameters were recorded:

– Demographic and clinical data: age, gender, risk factor 
of BDU (smoking, non-steroidal anti-inflammatory drug, 
oral anticoagulant/antiplatelet therapy, Helicobacter 

Fig. 2  Transcatheter arterial embolization for bleeding duodenal ulcer. a Angiography showing a blush located on the gastroduodenal artery 
(white arrow); b angiography showing the absence of blush after placement of coils (white arrow)

Fig. 3  Weinberg procedure for a patient with failure of endoscopic 
treatment and recurrent bleeding after TAE. a Double ligation of the 
gastroduodenal artery (white arrow), the stomach is reclined upward, 

left and right with two valves; b suture of the ulcer after gastrotomy; 
white circle: location of the ulcer
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pylori infection, postoperative BDU), Charlson Comor-
bidity Index score [21]

– Endoscopic data: date of first UGIE, interval between 
onset of symptoms and date of diagnosis, number of ther-
apeutic UGIE, type of endoscopic treatment for BDU, 
number of red blood cell transfusions, initial haemor-
rhagic shock prior to surgery or TAE.

– Surgical data: type of procedure, operative time, intraop-
erative events, feasibility rate, clinical success.

– Radiological data: type of procedure (type of emboli-
zation procedure), feasibility rate and cause of failure, 
clinical success.

– Outcomes: overall morbidity and mortality rate accord-
ing Dindo–Clavien classification [22], cause of death, 
morbidity and mortality relative to surgery and/or radio-
logical procedure.

– Length of stay: in the intensive care unit (ICU) and in the 
hospital.

– Recurrence of bleeding: recurrence rate after surgical 
and/or radiological procedure, time to recurrence (after 
surgical and/or radiological procedure), type of treatment 
for recurrent BDU.

Systematic review

To put our results in context with regard to other studies 
on this topic, we searched PubMed, the Embase databases, 
and the Cochrane Library for articles comparing results of 
surgery and transcatheter arterial embolization published 
between January 2004 and December 2017. The search 
terms were “bleeding ulcer”, “peptic ulcer”, “transcatheter 
arterial embolization”, “gastric surgery”, “duodenal sur-
gery” and “gastrectomy”.

The reference list of each selected article was checked for 
studies not listed in the PubMed and Embase databases or 
not found in the computerized search.

All retrieved articles were screened for relevance. The 
methodologic quality of the diagnostic studies was evaluated 
independently by two reviewers, according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) criteria. The studies were graded according to 
items of relevance to the present review. Retrieved studies 
were divided into three groups as a function of the calculated 
PRISMA score: a score of 8 or 9 indicates good quality, a 
score of 6 or 7 indicates fair quality, and a score of 5 or less 
indicates poor quality.

Statistics

Patient baseline characteristics were expressed as 
mean ± standard deviation (SD) and median (interquartile 

range) for continuous data and number (frequency) for cat-
egorical data. Univariate analysis was based on Student’s 
t test for quantitative variables. A Mann–Whitney U test 
was used for non-parametric variables. The limit for sta-
tistical significance was p < 0.05. All statistical tests were 
performed with SPSS software (version 15.0 for Windows, 
SPSS Inc., Chicago, IL, USA).

For systematic review, we first estimated the odds ratio 
(OR) and its standard error within each study. Data ana-
lyzed concerned a comparison of overall success, bleed-
ing recurrence, major complication and mortality between 
surgery and TAE as treatment of BDU refractory to endo-
scopic treatment. The length of stay was not studied in 
the systematic review because of the inhomogeneity of 
the results which were in means or in medians without 
all data to analyse all the studies perfectly. Then, we per-
formed a random effect (restricted maximum likelihood 
estimation) meta-analysis to take into account the hetero-
geneity between studies. The heterogeneity was assessed 
with inconsistency index I2 and the Q test [23]. The extent 
of heterogeneity was classified as follows: I2 < 25%, no 
heterogeneity; 25% ≤ I2 ≤ 50%, moderate heterogeneity; 
et I2 > 50%, large heterogeneity. Statistical heterogeneity 
was declared for a p value < 0.05 with the Q test. Forest 
plots were displayed to illustrate the study-level OR and 
the pooled OR with a 95% confidence interval. Publication 
bias or small-study effect was assessed graphically using 
funnel plots and tested using Egger’s method [24]. All 
statistical analyses were performed with RStudio software 
[Version 1.0.143—© 2009–2016 RStudio, Inc. (using the 
rmeta and metafor packages)].

Results

Demographic and clinical data

During the study period, 396 patients were managed for 
BDU: 59 of these patients (14.9%) required surgery and/
or TAE.

Patients with failure of endoscopic treatment comprised 
71.2% of males (n = 42) with a mean age of 72 years ± 17 
(37–90). Comorbidities included hypertension in 42.4% 
of patients and a history of abdominal surgery in 16.9% 
of patients. Surgery and TAE groups were comparable in 
terms of demographic data and risk factors in intention to 
treat and per protocol population (Table 1). Mean Charlson 
Comorbidity Index score was 2.14 (1–4) in the surgery 
group and 3.17 (1–8) in the TAE group (p = 0.15). The two 
groups were also similar in terms of the endoscopic pro-
cedures performed prior to surgery or TAE and the mean 
number of red blood cell transfusions (Table 2).
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Primary endpoint (Table 3)

The overall success rate for management of refractory BDU, 
in the intention-to-treat analysis, was 85.7% in the surgery 
group and 67.3% in TAE group (p = 0.27). The overall suc-
cess in the per protocol analysis was 80% in the surgery 
group and 79.5% in the TAE group (p = 1).

Surgical and TAE data

The mean interval between the first UGIE and the surgi-
cal or TAE procedure (3.1 days vs. 5.4 days, respectively) 
and the rate of patients with hemorrhagic shock (57.1% vs. 
82.6%, respectively; p = 0.25) were similar in the two groups 
(Table 3).

Radical surgery, consisting of antrectomy, was performed 
in six patients (40%) and a conservative procedure, consist-
ing of duodenotomy with suture of the ulcer combined with 
double ligation of the GDA, was performed in nine patients 
(60%). The mean operating time for the surgery group was 
135 ± 125 min (110–340). Surgery constituted first-line 
treatment after failure of UGIE in nine patients, while sur-
gery was performed in a context of recurrent bleeding after 
TAE in seven patients and surgery was performed after fail-
ure of TAE in one patient.

An embolization procedure was performed in 51 patients 
but could not be performed in one case due to failure of 
femoral artery catheterization in a context of hemodynamic 
instability (4.5%). Gelfoam was used in 20 patients (46.5%), 
coils were used in 35 patients (81.3%), and glue was used in 
12 cases (28%). Two combined embolization materials were 

Table 1  Demographic data in the intention to treat and per protocol analysis

NSAID non-steroidal anti-inflammatory drug

Intention to treat analysis Surgery group TAE group p value
n = 7 n = 52

Mean age ± SD (years) 64.1 ± 20 72.7 ± 39 0.42
Male gender, n (%) 4 (57.1) 38 (73) 0.47
Risk factors, n (%)
 Active smoking 1 (14.2) 8 (15.3) 0.94
 NSAID 0 (0) 6 (11.7) 0.01
 Helicobacter Pylori 3 (42.8) 8 (15.3) 0.22
 Oral anticoagulant 1 (14.2) 5 (9.8) 0.76

History of abdominal surgery, n (%) 2 (28.5) 8 (15.3) 0.51
Charlson Comorbidity Index score [21] 2.14 (1–4) 3.17 (1–8) 0.15

Per protocol analysis n = 15 n = 44

Mean age ± SD (years) 71.2 ± 36 72 ± 38 0.85
Male gender, n (%) 10 (66.7) 32 (70.5) 0.76
Risk factors, n (%)
 Active smoking 2 (15.3) 7 (18.4) 0.72
 NSAID 1 (7.6) 5 (13.1) 0.65
 Helicobacter Pylori 5 (38.5) 6 (15.8) 0.22
 Oral anticoagulant 1 (7.6) 5 (13.1) 0.41

History of abdominal surgery, n (%) 3 (20) 7 (18.4) 0.72

Table 2  Endoscopic data in the 
surgery and TAE group

UGIE upper gastrointestinal endoscopy, RBC red blood cell

Surgery group 
(n = 7)

TAE group (n = 52) p value

Mean number of UGIE by patients 2.1 ± 0.5 1.5 ± 1 0.68
Number of RBC transfusions by patients 5.4 ± 2 4.5 ± 1.5 0.71
Endoscopic hemostasis technique
 Adrenaline injection, n (%) 4 (57) 43 (82.6) 0.25
 With clips, n (%) 3 (43) 9 (17.3) 0.26
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used in 30 patients (69.7%). 13 patients had a “prophylac-
tic” embolization of the gastroduodenal artery, because the 
radiologist did not find a bleeding (Fig. 1).

Secondary endpoints (Table 3)

Clinical success rates were 100% in the surgery group and 
98% in the TAE group.

The morbidity rate was similar even if a higher rate of 
severe postoperative complications (Dindo–Clavien ≥ 3) 
was observed in the surgery group compared to TAE group 
(57.1% vs. 30.7%, respectively; p = 0.25). The mortality rate 
was similar in the two groups (14.2%, 1/7) in the surgery 
group vs. 15.3%, 8/52 in the TAE group [p = 0.94)]. How-
ever, three of the four patients (75%) who died after surgery 
in the per protocol analysis had previously undergone a TAE 
procedure but experienced recurrent bleeding after TAE and 
three of the four patients who died had undergone antrec-
tomy. The main causes of death were haemorrhagic or septic 
shock (Table 3).

The length of stay (in ICU and in hospital) was similar in 
the two groups towards a longer ICU stay in surgery group 
(Table 3).

Recurrent bleeding was observed in 20% (n = 3) of cases 
in the surgery group and 15.9% (n = 7) of cases in the TAE 
group (p = 0.7). The TAE procedure failure rate was 4.5% 
(n = 1). In case of recurrence, the seven patients in the TAE 
group were treated surgically following recurrent bleeding. 
The three patients who developed recurrent bleeding in 
the surgery group were treated endoscopically with saline 
adrenaline and/or clips.

Systematic review (Fig. 4)

Our study data were pooled with data from 8 published 
studies (totalling 504 patients in the surgery group and 366 
patients in the TAE group) [13–15, 17, 25–28]. The data 
showed that surgery for BDU refractory to endoscopic treat-
ment were of benefit significantly compared to TAE (Fig. 4a, 
d) in terms of overall success and bleeding recurrence. On 
the other hand, TAE had significantly fewer major compli-
cations compared to surgery (Fig. 4b). No significant dif-
ference was found between surgery and TAE concerning 
mortality (Fig. 4c).

Discussion

This study was conducted in the context of simplification 
of the emergency care of complex patients designed to limit 
invasive surgical procedures. In this study, 59 out of 396 
patients (14.9%) required complementary treatment for 
recurrent bleeding, corresponding to TAE in 44 patients 
and surgery in 15 patients (7 after failure of TAE). The two 
groups were similar in terms of demographic data, endo-
scopic data and criteria of severity (shock, red blood cell 
transfusions). In the intention-to-treat analysis, the over-
all success rate (85.7% vs 67.3%, p = 0.27), mortality rate 
(14.2% vs. 15.3%, p = 0.94) and recurrence rate (14.2% 
vs 28.8%, p = 0.37) were similar in the two groups. These 
results do not support the use of first-line TAE as 75% (3 
out of 4) of the patients who died in the surgery group (in 
the per protocol analysis) had previously undergone a TAE 
procedure with recurrence of bleeding.

UGIB is a common reason for emergency admission. In 
a British cohort representing 74 centers, the presumed inci-
dence of UGIB was estimated to be 103 cases per 100,000 
adults per year [29]. In this study, the majority of cases 
of UGIB were due to peptic ulcers (46%), predominantly 
involving the duodenum (53%). UGIB constitutes a real 
public health problem, as the recurrent bleeding rate in a 
cohort of 627 patients was 11.2%, the same as that observed 
in our study, and the overall mortality was 5.74% [30]. The 

Table 3  Comparison of initial data, primary endpoint and outcomes 
between surgery and TAE groups in the intention to treat analysis

TAE transcatheter arterial embolization, UGIE upper gastrointestinal 
endoscopy

Surgery group
(n=7)

TAE group
(n=52)

p value

Data before surgery or TAE
 Mean interval between first 

UGIE and surgery or TAE 
(days)

3.1 ± 1 5.4 ± 2 0.58

 Preoperative shock, n (%) 4 (57.1) 43 (82.6) 0.25
Primary endpoint of the study
 Overall success, n (%) 6 (85.7) 35 (67.3) 0.27

Secondary endpoints of the 
study

 Clinical success, n (%) 7 (100) 51 (98) 0.32
 Mortality, n (%) 1 (14.2) 8 (15.3) 0.94
 Recurrent bleeding, n (%) 1 (14.2) 15 (28.8) 0.37
 Embolization failure, n (%) – 1 (4.5) –

Data after surgery or TAE
 Time to recurrence (days) 1 (1) 3.2 (0-14) 0.12
 ICU length of stay ± SD 

(days)
12.2 ± 5 9.5 ± 7 0.89

 Total length of stay ± SD 
(days)

31.2 ± 8 18.2 ±5 0.22

 Cause of death
  Sepsis, n (%) 0 (0) 3 (5.7) –
  Bleeding, n (%) 1 (14.2) 4 (7.6) 0.66
  Ischemia, n (%) 0 (0) 1 (1.9) –

 Fistula, n (%) 1 (14.2) 0 (0) –
 Complications Clavien ≥3, 

n (%)
4 (57.1) 16 (30.7) 0.25
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Fig. 4  Systematic review 
and meta-analysis comparing 
results of surgery and TAE as 
treatment of BDU refractory to 
endoscopic treatment. a overall 
success; b major complication; 
c mortality; d bleeding recur-
rence
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present study identified several risk factors for mortality, 
such as age > 60 years old, hypotension (systolic blood pres-
sure < 100 mmHg), absent or delayed endoscopic diagnosis, 
presence of comorbidities, blood transfusion and recurrent 
bleeding. In their Canadian cohort study, Quan et al. [31] 
reported a similar mortality rate (8.5%) with 4.3% of cases 
requiring surgical management. Most cases of UGIB were 
related to peptic ulcer, which is why the Japanese Society of 
Gastroenterology recommends upper GI endoscopy within 
the first 24 h following admission to establish the diagnosis 
(site of bleeding and etiology) and to perform first-line treat-
ment [32]. In these guidelines, surgical and/or radiological 
management is reserved for failure of endoscopic treatment, 
while no first-line technique after failure is recommended.

The place of surgery or radiological treatment for man-
agement of BDU is generally not described in detail. The 
“International consensus recommendations on the man-
agement of patients with nonvariceal upper gastrointesti-
nal bleeding” [2] do not describe the place and indication 
of surgery following failure of endoscopic treatment and 
radiological treatment is only described as a good alterna-
tive to surgical treatment but with no definition of a precise 
framework. This is probably related to the limited published 
data on this topic, as the majority of cases of BDU are suc-
cessfully treated by endoscopy. As highlighted in our series, 
conducted over a 12-year period, only 59 (14.9%) of 396 
patients with a diagnosis of BDU on endoscopy required 
surgical and/or radiological management. Several recent 
series have described the results of TAE [11–15, 27], while 
the majority of series on surgical management [33–35] cor-
respond to old studies.

Our study compared the results of surgery and TAE 
following failure of endoscopic treatment. Analysis of pre-
operative data showed that the two groups were similar in 
terms of age and comorbidities, in contrast with the data 
in the literature, in which patients undergoing TAE are 
usually older with more comorbidities than patients treated 
surgically [16]. The present study also highlights the fact 
that TAE or surgery was performed with the same time 
interval with respect to the first UGIE and with a similar 

patient status, as the rate of preoperative shock was similar 
with even a higher rate of preoperative shock in the TAE 
group demonstrating the feasibility of TAE in this context. 
However, the type of endoscopic treatment is different, as 
more clips are placed in patients undergoing secondary 
surgery, suggesting that these patients may not present the 
same type of ulcers as in the TAE group (Table 2).

Our systematic review of the literature showed that 
overall success is in favour of surgery with an odds ratio 
of 2.19 (Fig. 4a). Also, despite surgery was significantly 
associated with increased rate of major complications, 
the bleeding recurrence was decreased compared to TAE. 
When analysing mortality, no significant differences were 
found between surgery and TAE even if there is a lower 
rate of major complications and mortality in case of TAE. 
An important point that would have been interesting to 
analyse, would be the evolution of patients who had failure 
of a primary interventional therapy (TAE or surgery). In 
our single-center series, recurrence of bleeding after TAE 
was associated with an increased risk of death as 75% of 
patients died in the surgery group had previous TAE. In 
these cases, delayed management due to failure of TAE 
may have led to overall delayed management and may 
be associated with a poorer prognosis. Our study high-
lights the need to identify predictive criteria for recurrent 
bleeding after TAE to propose first-line surgery in selected 
cases. Unfortunately, these data are not available as part 
of this review of the literature suggesting that these data 
would be interesting to analyse in the future.

Recently, Sverdén et al. [17] published a large cohort 
study of 282 patients, 97 in TAE group and 185 in surgery 
group. The main outcome was time to all-cause overall 
mortality. Their results showed a statistically significantly 
decreased of complications (8.3% vs 32.2%, p < 0.0001) and 
length of stay (9 days vs 18, p < 0.0001) in the TAE group, 
despite a higher rate of rebleeding. Our series and meta-
analysis showed different results than those of Sverdén et al. 
[16] as shown in Table 4. Also, the overall success was not 
available and is an important point to take into account for 
comparing such two techniques.

Table 4  Comparison on 
primary and secondary 
endpoints between our study, 
Sverdén et al. study [16] and 
our meta-analysis

NS no significant difference, NA not analysed, ICU intensive care unit

Our study Sverdén et al. [16] Our meta-analysis
n = 59 n = 282 n = 870

Population Surgery (n = 7),
TAE (n = 52)

Surgery (n = 185),
TAE (n = 97)

Surgery (n = 504),
TAE (n = 366)

Overall success NS NA Surgery >  > TAE
Major complications NS TAE >  > Surgery TAE >  > Surgery
Mortality NS TAE >  > Surgery NS
Length of hospital stay NS TAE >  > Surgery NA
Recurrence of bleeding NS Surgery >  > TAE Surgery >  > TAE
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Our study has a number of limitations, such as a limited 
number of surgical procedures and its retrospective nature 
that may have been responsible for missing data in some 
cases. The type of radiological procedure was also not stand-
ardized, as only glue or coils were used in the first patients 
treated by TAE, while it is now generally accepted that TAE 
requires the use of two embolization materials [11]. The suc-
cess rate of TAE would probably be even higher with the use 
of two embolization materials.

Conclusion

Failure of endoscopic treatment for BDU is rare. In our 
study, the overall success rate was similar in patients under-
going surgery or TAE, while a review of the literature 
showed that surgery was more efficient compared to TAE. 
No significant differences were found between surgery and 
TAE concerning major complications, mortality and bleed-
ing recurrence. Our single-center study highlights the fact 
that predictive factors for recurrent bleeding after TAE must 
be identified to select good candidates for TAE and/or sur-
gery to decrease the overall mortality.
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