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Abstract

Background : To assess the effectiveness and prospects of tran-
scatheter gastroduodenal artery embolization in the control of
massive duodenal bleeding and to relate our experience.

Methods of study : The study is based on the retrospective analy-
sis of 165 patients with endoscopically detected bleeding duodenal
ulcer who presented between 1991-1998. 28 patients were consid-
ered eligible for endovascular treatment either at initial presenta-
tion or following hemorrhage recurrence after endoscopic therapy.

Results : Technical failure was noted in 3 cases, thereafter treat-
ed by surgery. In the other 25 patients, embolization was per-
formed : bleeding recurrence occurred in 7 cases. Four were treat-
ed only endoscopically. One was reembolized and the last two were
treated by surgery. In 6 cases, a coaxial technique was used (guid-
ing catheter in 2 and 3F microcatheter in 4). No complication
related to the catheterization was observed.

Conclusion : Transcatheter embolization of the gastroduodenal
artery appears to be an efficient procedure even in the absence of
active bleeding at the time of the procedure. Failure and recur-
rence rates can be reduced by using a coaxial technique in the
uneasy cases. Embolization seems to have a low recurrence rate
and a very low complication rate. (Acta gastroenterol. belg., 2002,
65, 6-11).

Key words : arteries, therapeutic blockades, duodenum, hemorrhage.

Introduction

Massive hemorrhage of the upper gastrointestinal
tract accounts for approximately 1.5‰ of patients
admitted to emergency medical care units in large US
hospitals (1). In 80% of cases, bleeding ceases sponta-
neously. In the remaining 20% massive bleeding
requires 4 to 6 units of red blood cells per 24 h and spe-
cific emergency therapeutic management (2). Mortality
from bleeding peptic ulcer is still 11% in the 90’s. Until
the late 1970s, 35 to 55% of patients with massive upper
gastrointestinal hemorrhage underwent emergency
operation and mortality rate in the pre- and postopera-
tive period was approximately 20% (1,3). With the
advent of interventional endoscopy, the emergency sur-
gical management rate is considered as 5% (4).
However, despite considerable technical advance (laser,
photo- and electrocoagulation, injection of sclerosing
drugs), endoscopic therapy may prove to be inefficient
or technically impossible, in particular in patients with
massive hemorrhage.

Percutaneous transcatheter embolization (infusion of
vasopressin and now embolization of the bleeding ves-
sel) has progressively become the appropriate comple-
mentary treatment procedure in uneasy cases (2,5). We
report our experience of transcatheter gastroduodenal

artery embolization in the emergency management of
massive duodenal bleeding and analyse the efficiency of
the procedure and its complication rate. 

Material and methods

Between 1991 and 1998, 289 patients with upper gas-
trointestinal bleeding and pressure instability were
admitted to the emergency department. All underwent
diagnostic endoscopy, which demonstrated an actively
bleeding gastric or duodenal ulcer or signs of previous
bleeding in 165 patients (57%). According to the
Forrest’s classification (6), endoscopic treatment was
performed in 79 of the 165 patients (Forrest Ia, Ib, IIa
and IIb) (Table I). The only endoscopic treatment con-
sists of submucosal injection of 1:10,000 epinephrine
followed by absolute alcohol. 

Primary endoscopic failure (huge ulcers, active
bleeding with uneasy access) or non-removed blood clot
as we did in the first years of this study, was observed in
13 of the 79 patients (16%) : they were immediately
referred for endovascular treatment. Bleeding recurren-
ce occurred in 15 others of these 79 patients (19%) and
were also referred for possible endovascular treatment.

The data are summarised in Table II (20 males /
8 females, mean age : 69, age range : 25-88). As the vas-
cular anatomy and the following endovascular treatment
are not the same for gastric hemorrhage, we did not
include them in our study. In all cases, bleeding was due
to a duodenal ulcer. Mean transfusion requirement was
7 units of packed red blood cells per 24 h. Most patients
had one or more associated clinical conditions (cardiac
disorder in 11, severe pulmonary disease in 8, cancer in
5, diabetes mellitus in 5).

Diagnostic angiography (global angiography first,
and selective celiac angiography thereafter) documented
a continuous bleeding with contrast extravasation in
39% of cases. Selective angiography of the superior
mesenteric artery was made secondary in only twelve
patients without proof of bleeding on celiac angio-
graphy : contrast extravasation was never documented
by mesenteric angiography in these 12 patients. Trans-
catheter embolization was attempted in all patients,
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including those in whom active bleeding was not
demonstrated at angiography. Technique selection
depended on the practician’s experience : (a) in three
cases : superselective embolization of the proximal gas-
troduodenal artery (Fig. 1) first with handmade (± 1 mm

diameter) gelatine sponge particles (GELFOAM®,
Upjohn Company, Kalamazoo, MI, USA), and thereafter
with coils (William COOK® Europe A/S Denmark) ; (b)
in 7 cases coils only ; (c) in 15 other cases, we have first
embolized coil(s) in the distal gastroduodenal artery or
in a terminal branch (like a plug), then handmade
GELFOAM® particles in the arterial trunk, and there-
after coil(s) in the proximal gastroduodenal artery
(Fig. 2 and 3). If an extravasation was seen, the distal
coil(s) were always placed beyond the blush. In one of
these 15 cases, 350-500µ microemboli were used
(polyvinyl-alcohol PVA Contours®, International
Therapeutics Corp., Fremont CA, USA). We used usual-
ly flexible 4 or 5-F catheters (Surgimed MEADOX®

Denmark or Glidex™ TERUMO® Japan). Four times
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Table I. — Forrest’s classification

FORREST’s classification Prevalence Reccurrence Mortality
without treatment

Type I active bleeding Ia arterial spurting 18% 90% 40%
Ib oozing 10% 11%

Type II recent bleeding IIa visible vessel (elevated) 17% 50% 11%
IIb adherent blood clot 17% 33% 7%
IIc flat pigmented spot 20% 10% 3%

Type III no bleeding III clean based ulcer 42% < 5% 2%

Fig. 1. — Typical embolization
a. Angiography before embolization.
b. Angiographic result immediately after proximal emboliza-
tion along the gastroduodenal artery (GDA) with coils (arrow-
heads). The catheter stays in the common hepatic artery (HA).

Fig. 2. — “Sandwich” embolization in another patient.
a. Angiography before embolization, with the catheter in the
hepatic artery (HA).
b. Angiography immediately after. Arrowheads show the dis-
tal (in the right gastroepiploic artery) and proximal coils (in the
GDA).

Fig. 3. — Classical anatomy and “sandwich” embolization.
GDA : gastroduodenal artery
� common hepatic artery
� pancreaticoduodenal antero-superior artery
� pancreaticoduodenal postero-superior artery
� right gastroepiploic artery
� pancreaticoduodenal antero-inferior artery
� pancreaticoduodenal postero-inferior artery
� superior mesenteric artery
	 coeliac trunk

 left gastroepiploic artery
� splenic artery.

pancreaticoduodenal arcades
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we used a 3-F microcatheter (TRACKER® Target
Therapeutic®, San Jose, CA, USA), coaxially with a 5F
catheter. In two patients, when the 4 or 5-F catheter was
not stable enough, we used a 8-F guiding catheter (Big-
Max™ of Boston Scientific Corp.®, Watertown, MA,
USA and Vistabritetip® of Cordis Corp.®, Miami, FL,
USA) coaxially with the 4 or 5-F catheter. In all cases,
care was taken to occlude the gastroduodenal artery as
proximally as possible, in order to avoid residual paten-
cy of the posterior superior pancreaticoduodenal artery.
In two patients, another vessel (a supraduodenal artery)
was also selectively embolized, because it was recog-
nised to be the site of bleeding.

Results

Technical failure was observed in 3 of the 28 patients,
due to the particularly tortuous vessel course, preventing
superselective catheterization and embolization of the
GDA. These three patients were treated by surgery. After
embolization, bleeding was controlled and the patient’s
condition stabilized in 18 cases. In the other 7 patients,
bleeding recurred within 24 to 72 hours. Four of them,
with moderate bleeding, were successfully managed
with a new endoscopic procedure. Regarding the severi-
ty of the rebleeding, surgical correction had to be per-
formed in two patients and the third one was reem-
bolized. Thus, in five out of 28 patients (18%), surgical
correction became necessary : in 3 cases due to cathete-
rization failure and in 2 other cases because bleeding
recurred massively. At the end of these various combin-
ed procedures, bleeding was controlled in all patients. In
no case, death (n = 13) was due to rebleeding.

No complication related to catheterization was
observed, in particular locoregional hematoma, throm-
bosis, or vascular embolism. However, due to the retro-
spective nature of our study, evolution of the renal func-
tion could not be recorded systematically in the acute
phase. Middle term renal dialysis was never necessary.

Middle and long-term clinical follow-up (max.
24 months) is available in 23/28 patients ; one of these
was examined with endoscopic and /or radiological pro-
cedures. In one clinically asymptomatic patient (n° 10),
pyloric stenosis was detected at endoscopy (1/23 = 4%) :
this patient had undergone 3-F catheterization and
embolization with microemboli (PVA of 350-500µ). No
other delayed complication was noted in our series.

Discussion

In the past, diagnostic arteriography for evaluation of
acute upper gastrointestinal bleeding has commonly
been considered as a useful method. Now, endoscopy
has supplanted arteriography as the primary diagnostic
modality (4,6,8). However, arteriography and emboliza-
tion keep place as an alternate approach in the treatment
of upper gastrointestinal bleeding, particularly after ini-
tial interventional endoscopy has failed (7).

Our series includes only patients with bleeding due to
duodenal ulcer, which is the most common cause for
upper gastrointestinal bleeding. Ulcers of the posterior
wall are known to be more difficult to treat endoscopi-
cally. Other causes such as gastric ulcer, gastritis, peptic
œsophagitis, or Mallory-Weiss tear have not been con-
sidered in the present study.

In most patients, localisation of the gastroduodenal
artery was obtained by global arteriography and then by
selective arteriography of the celiac trunk. It is essential
to identify with great accuracy the mapping of digestive
arteries in order to detect a possible anatomic variant
and to prevent bleeding recurrence. 

It is reported (12) that injection in the celiac trunk
usually visualises active upper bleeding with a 60-80%
sensitivity rate. In our series, celiac angiography demon-
strated active extravasation in only 39% of cases
(11/28). Superior mesenteric angiography was not sys-
tematically performed in our series, and only when the
source of bleeding was not detected on celiac angiogra-
phy : the aim of our procedure indeed was not to diag-
nose bleeding (it was achieved by endoscopy) but to
treat as quickly as possible these patients in poor and
haemodynamically instable conditions. If superior
mesenteric angiography had been done systematically in
our series, the number of documented extravasations
would probably have increased. Moreover, it is now
known that bleeding, even when massive, is usually
intermittent probably due to variation of blood pressure
(vasovagal reaction or blood loss) and/or vasospasm,
and extravasation is detectable only if the arterial-bleed-
ing rate is over 0.5 ml/min (12,13). Considering the
associated clinical conditions and the presumed innocu-
ity of the technique, embolization was attempted in the
17 patients in whom good angiographic documentation
of arterial bleeding sites could not be obtained, on the
basis of the results of endoscopy. In none of these cases,
rebleeding or complication were observed. We therefore
feel that in a patient with endoscopically documented
duodenal bleeding, angiographic demonstration of
active bleeding is in no way a prerequisite to emboliza-
tion.

Vasopressin infusion has been widely used in the past
years (14,15), but is presently being abandoned due to
its rather disappointing results. Short acting occlusive
agents such as e-aminocaproic acid-induced autologous
clots have also been used successfully (16). The proce-
dure seems to promise high effectiveness and may avoid
ischemia but it is not performed currently in our institu-
tion.

Several teams (12,17) use Gelfoam® fragments that
are absorbed within 1 to 3 week’s time, often in associ-
ation with steel coils (15,18). The use of excessively big
Gelfoam® fragments results in a too proximal emboliza-
tion that increases the risk of rebleeding due to reversal
of blood flow in the right gastroepiploic artery and pan-
creaticoduodenal arches. In opposition, the use of
Gelfoam® powder for embolization results in more
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distal vascular occlusion but carries a higher risk of
mucosal ischemia and secondary necrosis. Lang (19)
verified this hypothesis in a series of 28 patients. He
obtained control of bleeding in 27 cases with different
types of embolic material (cyanoacrylates, Gelfoam®

powder, and polyvinyl alcohol), but secondary duodenal
stenosis occurred in 7 of 28 patients. More proximal
embolization (with coils/gelatine sponge/blood clot) of
the gastroduodenal artery was effective in only 25 of 29
(86%) other patients due to retrograde flow into the pan-
creaticoduodenal arches and gastroepiploic artery. With
this technique, however, the complication rate is lower
(2 out of 29), probably due to retrograde perfusion. 

In our series, we used a mixture of coils and of
Gelfoam fragments, at the discretion of the various
angiographers, with definitive control of bleeding in
23/28 patients (82%) : by angiography alone in
19/28 patients (68%) and by angiography in conjunction
with repeated endoscopy in 4/28 patients (14%). From a
technical point of view, our aim was in all cases simply
to occlude the gastroduodenal artery as quickly as possi-
ble to stop bleeding and to prevent reccurrence. And also
as completely as possible to avoid reperfusion by colla-
teral’s (namely pancreaticoduodenal arches). From our
experience, our preferred method is the “sandwich”
technique (first to embolize the distal gastroduodenal
artery with coils, then to occlude the trunk of the artery
with Gelfoam® particles, and finally to lodge a last coil
just beneath the ostium of the gastroduodenal artery).

Duodenal stenosis developed only in the patient treat-
ed with microemboli (clinically asymptomatic patient
10) ; however, it is not proved that embolization with
this material was the cause of this complication : pyloric
and duodenal stenosis are indeed well-recognised com-
plications of peptic ulceration.

Our data from this retrospective study lack the statis-
tical validity of a prospective trial, but it should be
stressed that our series is rather homogeneous, as it is
made of 165 consecutive patients admitted to the emer-
gency unit with endoscopically-documented duodenal
bleeding. The study is based on an emergency situation,
which makes part of the everyday life of many hospitals.
We therefore feel that population selection was in no
way biased. It should also be stressed that our technique
varied over time and consequently evolved as experience
grew. As gastroenterologists accumulated more experi-
ence with radiological embolization, the number of sur-
gical corrections in patients with postembolization
rebleeding could be yet drastically reduced. According
with the surgeons, in our institution, embolization is
now considered as the first treatment after endoscopic
failure, before surgery.

Conclusion

When the endoscopic treatment failed, we recom-
mend that patients with bleeding duodenal ulcer be treat-
ed first with gastroduodenal embolization even when

diagnostic angiography fails to demonstrate an active
bleeding site, as far as it has been endoscopically docu-
mented. After reviewing our experience, this technique
appears to be an efficient procedure both to stop bleed-
ing in the acute phase and to prevent recurrence due to
rich anastomotic circulation with very limited long-term
ischemic complications. The use of a coaxial catheter
system may possibly reduce the rate of technical failu-
res.
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