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Abstract
AIM: To evaluate the efficacy and safety of emergency 
transcatheter arterial embolization (ETAE) for patients 
with acute massive duodenal ulcer hemorrhage.

METHODS: Twenty-nine consecutive patients with 
acute massive bleeding of duodenal ulcer were admit-
ted to our hospital from 2006 to 2011. Superselective 
angiography of the celiac and gastroduodenal arter-
ies was performed to find out the bleeding sites befo-
re ETAE, then, embolotherapy was done with gelatin 
sponge particles or microstrips via  a 5 French angio-
graphic catheter or 3 French microcatheter. After ETAE, 
further superior mesenteric arteriography was under-

taken in case collateral circulation supplied areas of the 
duodenal ulcer. Technical and clinical success rates were 
analyzed. Changes in the mucous membrane were ob-
served using endoscopy following ETAE.

RESULTS: Angiography showed active bleeding with 
extravasation of contrast medium in seven cases with 
a 24% positive rate of celiac artery bleeding, and in 
19 cases with a 65.5% rate of gastroduodenal artery 
bleeding. There were no angiographic signs of bleed-
ing in three patients who underwent endoscopy prior 
to ETAE. Twenty-six patients achieved immediate he-
mostasis and technical success rate reached 90%. No 
hemostasis was observed in 27 patients within 30 d 
after ETAE and clinical success rate was 93%. Recur-
rent hemorrhage occurred in two patients who drank 
a lot of wine who were treated by a second embolo-
therapy in the same way. Five patients underwent tran-
sient ischem with light abdominal pain under xiphoid, 
spontaneous restoration without special treatment. No 
mucous necrosis happened to 29 cases for ischem of 
gastroduodenal arteries embolized.

CONCLUSION: ETAE is an effective and safe measure 
to control acute massive bleeding of duodenal ulcer.
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INTRODUCTION
Acute massive hemorrhage of  duodenal ulcer is a com-
mon emergency. Emergency endoscopic hemostasis for 
duodenal ulcer is regarded as the first-choice therapy and 
considered to be the gold standard treatment[1-3]. How-
ever, endoscopic therapy does not successfully control 
bleeding or rebleeding in 8%-25% of  patients[4-6]. Surgical 
treatment is a second choice after failure of  endoscopic 
hemostatic therapy, and improves efficacy in these pa-
tients, but there is no decrease in mortality rate[7]. Most 
patients, especially, treated by endoscopy but rebleeding 
occurred, are physically weak, the indications of  life are 
not stable, thus it is difficult to receive a second endo-
scopic or surgical treatment. Transcatheter arterial em-
bolization has been performed for at least two to three 
decades and has been shown to be effective at control-
ling hemorrhage and decreasing mortality[7,8-12]. With the 
development of  interventional radiology, emergency 
transcatheter arterial embolization (ETAE) has also been 
used for treatment of  massive bleeding of  duodenal ulcer 
because it is minimally invasive, repeatable, effective and 
safe for patients with advanced age, weakness and un-
stable blood pressure[3,13,14].

MATERIALS AND METHODS
Materials 
We collected and retrospectively analyzed data from 
29 consecutive patients with acute massive bleeding of  
duodenal ulcer, and a transfusion requirement of  at ≥ 4 
units of  packed red blood cells per 24 h[3,15-17], who were 
admitted to our hospital from January 2006 to August 
2011. There were 18 male and 11 female patients, aged 
16-67 years, with an average age of  36 years. All cases 
were diagnosed by endoscopy, and 10 patients received 
endoscopy, before receiving angiography and artery em-
bolization, which clearly indicated the existence of  duo-
denal ulcer. Electrocoagulation was carried for treatment, 
including three patients who suffered from rebleeding 
after surgery, and then ETAE was conducted. Nineteen 
patients presented with massive bleeding or hemodynam-
ic instability (hypotension with systolic pressure < 100 
mmHg or clinical shock secondary to blood loss) that did 
not respond to conservative treatment combined with 
volume replacement and proton pump inhibitors. They 
were sent directly from the emergency room for inter-
ventional radiological angiographic diagnosis and ETAE. 
Three to five days after treatment, endoscopic diagnosis 
clearly indicated the presence of  duodenal ulcer once 
again. Six to eleven units of  blood were transfused be-
fore treatment and 2-4 units were transfused after ETAE, 
which aimed to correct severe anemia, instead of  correct-
ing blood volume and restoring blood pressure.

Operating methods and procedures of ETAE
Under digital subtraction angiography, we used the im-
proved Seldinger technique to puncture the right or left 
femoral artery, inserted a 6 F arterial catheter sheath (Japan 

Terumo), for elderly patients with significant tortuos-
ity of  the femoral artery, and used a 6 F anti-bending 
catheter sheath to open the tortuous blood vessels, to 
facilitate the superselective intubation of  the catheter. 
We used a 5 F Rosch or Yasiro radiography catheter to 
conduct celiac artery angiography, and a 0.035-inch ultra-
smooth black guide wire, to superselect the radiography 
catheter for gastroduodenal artery angiography. For pa-
tients with significant tortuous vessels, w used a coaxial 
catheter technique to superselect the 3F SP microcatheter 
(Japan Terumo), under the support of  the radiography 
catheter, for angiography of  the gastroduodenal artery 
or its branches. For branch arteries with clear bleeding 
or for the bleeding branch arteries that the microcatheter 
could reach, we used the microcatheter technique. Mi-
crocatheters were used for embolization of  17 patients, 
14 of  whom underwent embolization of  bleeding the 
branch arteries, and three of  whom underwent emboli-
zation of  duodenal arteries; 5 F catheters were used for 
12 patients. After the bleeding sites were identified, the 
catheter or microcatheter was placed in the proximal end 
of  the bleeding artery, and then gelatin sponge particles 
or sponge strips were injected via the catheter or micro-
catheter. The specifications of  the sponge particles were: 
1 mm × 1 mm × 1 mm; the specification of  the sponge 
strips were 5 mm × 1 mm × 1 mm. Under continuous 
fluoroscopy, we used contrast agent to inject the embolic 
agent, stop injecting the sponge particles or the sponge 
strips once the contrast agent in corresponding bleeding 
artery or bleeding gastroduodenal artery slow flow or 
the contrast agent is held up. Superior mesenteric artery 
angiography should be carried out after gastroduodenal 
artery embolization, to prevent the establishment of  
collateral arterial blood supply of  the branches from 
the superior mesenteric artery: the pancreaticoduodenal 
anterior inferior arcuate artery and pancreaticoduodenal 
posterior inferior arcuate artery. If  collateral blood supply 
is found by radiography, there is a possibility of  rebleed-
ing, and arterial embolization must be carried out using a 
microcatheter. Conservative treatment is recommended 
after embolization: to give drugs for inhibition of  gastric 
acid secretion and gastric mucosal protective agents and 
hemostasis, and inject fluid to correct hypovolemia. For 
patients who did not have preoperative endoscopy, 3-5 d 
after bleeding stopped, when they had stable blood pres-
sure and partial recovery from weakness, we carried out 
endoscopy and Helicobacter pylori (H. pylori)-related exami-
nation. Patients who were H. pylori-positive were treated 
with oral antibacterial medication. Before 2008, follow-
up was by outpatient visit and letter, and after that time, 
follow-up was by outpatient visit and telephone interview 
for 3-6 mo.

Evaluation of efficacy and safety
The bleeding artery after ETAE is occluded by angiog-
raphy, or contrast agent extravasation disappears, and 
the blood pressure is stable; no further bleeding occurs 
within 30 d after ETAE, and the occult blood test of  fe-
cal within the 3-6 mo follow-up period is negative. The 
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serious complications of  ETAE are duodenal infarction 
or ischemic necrosis perforation, which are indicated by 
persistent upper abdominal (xiphoid) pain, peritoneal ir-
ritation, or muscle guarding sign.

Note for vascular grading: the 1st-grade-artery is ab-
dominal aortic artery, the 2nd-grade-artery is celiac artery, 
the 3rd-grade-artery is gastroduodenal artery, and the 4th-
grade-artery is branch arteries of  gastroduodenal artery 
(the grading of  blood vessels is defined by the authors, 
pending further discussion).

RESULTS
Among the 29 patients, there were three cases with multi-
ple organ failure and seven elderly patients. Angiography 
with a celiac artery catheter (opening of  the 2nd grade 
vessel) found bleeding in seven cases, with a positive rate 
of  24%; gastroduodenal arteriography (opening of  the 
3rd grade vessel) found signs of  bleeding in 19 patients, 
with a positive rate of  66%; and there were three cases 
with no significant bleeding, with a negative proportion 
of  10%. Manifestations of  hemorrhage were as follows: 
angiography of  most celiac aorta hemorrhage was shown 
as the contrast agent gathering in small areas or with no 
imaging; angiography of  gastroduodenal artery bleeding 

was shown as the contrast agent gathering into a lake-
like area, with a large amount smearing the duodenal 
wall (Figures 1 and 2). There were 26 cases of  immediate 
hemostasis after ETAE, with a technical success rate of  
90%. The three cases that showed no significant escape 
of  contrast agent on angiography were not included in 
the calculation of  the technical success rate. Twenty-
nine patients had stable blood pressure after ETAE. Four 
patients had a hemoglobin concentration of  4.5-5.0 g/L 
due to a large amount of  bleeding before ETAE, and to 
correct anemia, 2-4 units of  red blood cell suspension 
were infused. The amount of  red blood cell suspension 
infused was significantly lower compared to 4-11 units 
before ETAE. The clinical success rate was 93% (27/29), 
and there were only two cases of  rebleeding due to ulcers 
caused by heavy drinking. Angiography was carried out 
again and treated with the same procedure for emboliza-
tion. After 3-6 mo follow-up, there was only one case of  
recurrence, and ETAE treatment was conducted once 
again. The first angiography of  all the 3 cases of  rebleed-
ing showed positive bleeding.

Five patients had showed transient upper abdominal 
pain due to acute ischemia after ETAE, and the symp-
toms relieved spontaneously without treatment. There 
was no occurrence of  persistent upper abdominal pain, 

Figure 1  Impact of catheter position on the signs of bleeding. A: When the catheter tip was in the celiac artery, radiography failed to show signs of bleeding in the 
gastroduodenal artery; B: When the catheter super-select to the beginning site of the gastroduodenal artery for angiography, and the exo-contrast agent and smearing 
of the duodenal mucosa (arrows) are shown.

A B

A B

Figure 2  Angiographic changes before and after embolization of the gastroduodenal branch by microcatheter. A: Micro-catheter super-select to the gastro-
duodenal artery branch for angiography, and the exo-contrast agent is shown (indicated by the arrows); B: After embolization by micro-catheter, angiography showed 
that the bleeding had stopped; the distal end of the bleeding artery was kept open, to avoid widespread ischemia of normal tissue.
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muscle guarding and other peritoneal irritation caused by 
severe gastroduodenal artery infarction, ischemia, or per-
foration.

Nineteen patients received endoscopy after ETAE. 
Seven of  the 10 patients who had received endoscopy 
before ETAE received endoscopy again after treatment. 
Endoscopy showed that the normal duodenal mucosa 
in the embolization area showed pale change, and there 
was no case of  necrosis. We distinguished complicated 
mucosal defects from previous duodenal ulcer by histo-
logical representations under endoscopic examination, 
which showed that complicated mucosal defects were not 
only around the areas near the duodenal ulcer but also 
far removed from them, distributed along the embolized 
artery.

Twenty-eight cases of  duodenal ulcer were certainly 
related to H. pylori infection, and only in one case could 
the cause of  duodenal ulcer not be identified. All patients 
who were H. pylori-positive took oral antibacterial medi-
cation during follow-up.

DISCUSSION
Efficacy of  medical conservative therapy for upper gas-
trointestinal hemorrhage caused by duodenal ulcer is 
poor. Endoscopy and endoscopic hemostasis is the recog-
nized method for first-line treatment[1-3,18,19]. The incidence 
of  rebleeding after initial endoscopic treatment is about 
14.1%, and in 15%-25% of  cases, the bleeding cannot 
be controlled endoscopically or rebleeding requires al-
ternative treatment[20,21], and surgery has become such an 
alternative[22,23]. However, for elderly patients with other 
associated diseases[24], and patients after surgery, rebleed-
ing is a poor prognostic factor for massive hemorrhage of  
duodenal ulcer, with mortality of  44%-60%[3]. In recent 
years, interventional radiology has played an increasingly 
important role in the emergency treatment of  the disease. 
Angiography cannot only quickly and clearly identify the 
bleeding site, but ETAE has become an effective alterna-
tive treatment for patients with recurrence after endoscop-
ic and surgical treatment[12,25]. It has even been reported 
that ETAE can be the preferred treatment for emergency 
gastrointestinal hemorrhage[7,26,27].

The efficacy of  interventional treatment is largely 
influenced by the treatment devices and methods. From 
the mid-1980s to mid-1990s, the diameter of  the catheter 
used ranged between 5 and 6 F, and the texture of  the 
catheter was coarse. Therefore, it was difficult to carry 
out super-selective catheterization, which meant that 
most patients with gastroduodenal bleeding due to arte-
rial rupture used transcatheter perfusion of  vasopressin 
to shrink arterial lesions, to stop the bleeding. However, 
local perfusion of  drugs still achieved a good technical 
success rate. Miller et al[28] have reported that there were 
267 patients who received perfusion therapy between 
1979 and 1984; the success rate was 70%-80%, but the 
rebleeding rate was still nearly 20%, and for perfusion 
patients with difficulty in hemostasis, the rebleeding 
rate was up to 40%. The reason was that some elderly 

patients had hypertension, coronary atherosclerosis, or 
myocardial infarction and other underlying diseases, even 
partial use of  vasopressin, its usage amount and continu-
ous drug use time were still limited. In addition, the rich 
collateral circulation still provide much more blood sup-
ply for the bleeding duodenal intestinal. In recent years, 
with improvements of  the technical skills of  catheter, 
guide wire and other devices and the extensive use of  
coax system of  micro-catheter (2.4-2.6 French size)[29], 
and arterial intubation by super-selection to the 3rd-grade 
or more above and the embolization have been skillfully 
used in most units, which has ensured the accuracy and 
effectiveness of  ETAE, and has ensured blood supply of  
normal tissues. From our ETAE results of  29 patients, 
the success rate and clinical success rate were 90% and 
93%, respectively. The results basically agreed with the 
technical success rate of  95% and clinical success rate of  
52%-95% reported previously for ETAE treatment of  
upper gastrointestinal hemorrhage[29,30]. Earlier reports 
have shown that only two of  seven cases of  embolization 
had rebleeding, and four of  six patients with conservative 
treatment had rebleeding. Toyoda et al[31] have reported 
control of  bleeding after endoscopic treatment of  11 pa-
tients with duodenal ulcer. The bleeding was stopped in 
10 patients treated with ETAE, with an efficacy of  91%. 
The remaining patient had atherosclerosis and emboliza-
tion could only be applied to the proximal gastroduode-
nal artery, and as the embolization of  the distal artery has 
established collateral circulation which led to rebleeding.

The patients with hemorrhage of  gastroduodenal 
ulcer who had been clearly diagnosed by endoscopy and 
treated showed intermittent bleeding, while angiography 
could not clearly indicate the signs of  bleeding, and there 
were three such patients in this group. Are such patients 
treated with ETAE? Although they were not included in 
calculating the technical success rate of  ETAE, we believe 
that stopping bleeding or negative performance in angi-
ography is only an illusion, which is related to low blood 
volume, vasoconstrictor drugs, or short-term thrombosis 
caused by hemostatic agents. If  not handled, once the 
blood pressure is corrected, the contracted blood vessel 
expands again, or thrombolysis occurs, and rebleeding oc-
curs. Under such circumstances, ETAE should still be ap-
plied[13], and the three patients treated by ETAE achieved 
clinical success. 

For patients with multiple organ failure, although 
there were only two cases in this group of  patients, ran-
domized controlled studies could not be carried out. 
ETAE treatment effectively controlled massive bleeding 
caused by arterial rupture, and both of  the two cases 
achieved technical and clinical success. There were anoth-
er seven elderly patients, and only one had rebleeding af-
ter ETAE treatment, due to arteriosclerosis and tortuous 
vessels. Only the proximal gastroduodenal artery was em-
bolized, and the branch of  the superior mesenteric artery 
- pancreatic collateral arteries was open. Hemostasis was 
achieved after super-selective embolization of  the collat-
eral branch of  the superior mesenteric artery. At the same 
time, the patient’s situation reminded us that angiography 
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of  the superior mesenteric artery can be used as a routine 
procedure before ETAE, by which rebleeding caused by 
collateral circulation of  the duodenum can be avoided. In 
general, second endoscopic treatment, subsequent reop-
eration and unfavorable prognosis do not adversely affect 
the effective implementation of  ETAE; on the contrary, 
ETAE can be repeatedly used for partial treatment of  
rebleeding due to its minimally invasive nature. It can be 
rapidly implemented because there is no need for preop-
erative preparation, and it can effectively control bleeding 
because it is a real-procedure and it accurately shows the 
bleeding site.

From the results of  this group of  patients, we can 
conclude that the treatment of  duodenal massive bleed-
ing using ETAE is safe, without severe ischemic com-
plications such as duodenal infarction[32,33]. After ETAE 
treatment, some patients showed short-term duodenal 
ischemic symptoms, xiphoid pain or secret anguish, but 
these were relieved spontaneously without treatment. 
We initially selected, without experience, small particles 
as embolic agents, with a diameter of  300-500 µm. This 
resulted in mucosal defects far removed from the imme-
diate area of  the duodenal ulcer, which were distributed 
extensively along the embolized artery. For a few patients, 
endoscopy after ETAE showed that there were mild isch-
emic changes in the duodenal mucosa, manifested as the 
normal mucosa surrounding the ulcers was pale, but there 
were no ulceration and necrosis of  normal mucosa after 
arterial embolization. Literature reported 28 patients with 
gastroduodenal distal artery embolized, and 7 cases had 
duodenal stenosis caused by ischemia, and for the 29 cases 
with arterial proximal embolized, only two cases showed 
the aforementioned pathological changes. The reason is 
related to mixed use of  various embolic agents, including 
liquid embolic agents, at the same as ETAE treatment. 
There were 32 cases reported in another group, ETAE 
caused two cases of  duodenal necrosis and one of  new 
ulcer formation[34]. This was related to the use of  gelatin 
sponge powder. Both liquid embolic agents and gelatin 
sponge powder can cause damage to the submucosal mi-
crovascular network, which can lead to loss of  the com-
pensatory blood supply of  the mucosa.

We used large gelatin particles or strips of  gelatin 
sponge for embolization of  the proximal gastroduodenal 
artery. even the embolization of  small bleeding artery 
is also under the premise that the bleeding targeting is 
a very clear, to implement the micro-catheter super-
selective ETAE, that is on the two levels of  the diameter 
of  embolic agent and embolization range, to ensure the 
submucosal microvascular network is not damaged, thus 
the complications reported in the literature did not occur. 
In terms of  safety, we do not agree with the approach 
proposed by Lee et al[35] in choosing the type of  embolic 
agents. They have used the liquid embolic agent N-butyl-
2-cyanoacrylate to embolize 16 patients, and two patients 
showed a large area of  thrombosis and multiple gastric 
ulcers. Therefore, choosing embolic agents of  the right 
size and superselective catheterization and controlling the 
embolization range can guarantee ETAE safety.

In conclusion, ETAE is an effective, safe and fast emer-
gency procedure for the treatment of  massive bleeding 
of  duodenal ulcer, which is especially suitable for frail el-
derly patients or those with multiorgan dysfunction with 
bleeding duodenal ulcer.
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Emergency endoscopic hemostasis for duodenal ulcer is regarded as first-line 
therapy and considered to be the gold standard treatment. Surgery is usually 
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ficacy and success rate of ETAE, and whether it becomes a first-line therapy. 
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of hemostasis for arterial bleeding, but it is still controversial whether it can be-
come the first choice for massive gastrointestinal hemorrhage. It has been suc-
cessful in treating peptic ulcer bleeding. The innovations of this study were that 
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