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Abstract The aim of our study was to discuss the option of
endovascular treatment compared to surgery for patients
with endoscopically unmanageable nonvariceal hemorrhage
of the upper gastrointestinal tract. From 2000 to 2006, 23
patients (male, 15 male; female, 8; mean age, 69 years)
who failed endoscopic therapy for upper gastrointestinal
hemorrhage were retrospectively evaluated. Twelve
patients were operated on (SG), whereas 11 patients had
an endovascular intervention (IG). Technical and primary
clinical success rates and complications rates were calcu-
lated. Clinical parameters and comorbidities were related
to outcome. The surgical group suffered less frequently
from pre-existing pulmonary diseases (SG, 17%; 1G, 55%;
p=0.05) and had a higher incidence of shock requiring
catecholamines (p<0.01) or plasma expander therapy (p<
0.01). There was no significant difference in the incidence
of recurrent bleeding episodes (SG, 17%; IG, 27%; p=0.35)
and mortality rates (SG, 17%; IG, 27%, p=0.35). Deaths in
the IG were due to recurrent bleeding. In patients with
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unsuccessful endoscopic control of nonvariceal bleeding of
the upper GI tract, surgery remains a very effective
treatment. However, in patients with a high surgical risk
due to unknown bleeding sources and/or severe pre-existing
diseases/comorbidities, endovascular therapy offers an
excellent treatment option. These patients should then be
operated on as early as possible to minimize the risk of
recurrent bleeding episodes, which are associated with high
morbidity and mortality.
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Introduction

Nonvariceal hemorrhage of the upper gastrointestinal tract
is commonly caused by duodenal or gastric ulcers [1] and
may present as a life-threatening event. The incidence of
these cases has been reported to vary from 40 to 150/
100,000 annually [2, 3]. The overall incidence has
remained stable within the past 25 years. It is associated
with increased age and medication of nonsteroidal anti-
inflammatory drugs (NSAIDs), thrombocyte aggregation
inhibitors, and anticoagulation drugs [4—6]. Similarly,
mortality rates have not decreased significantly, remaining
fairly unchanged at 10% despite advanced treatment
regimens [7].

Emergency endoscopy to control bleeding has become
the gold standard of therapy [8]. Several techniques have
been developed including local injection of vasoactive
substances, sclerosing agents, or coagulation-inducing sub-
stances as well as local application of clips or laser therapy
(Fig. 1). This is followed by eradication of Helicobacter
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Fig. 1 Left Endoscopic failure
in upper GI bleeding (duodenal
bulb), right one clip in situ

pylori, if present, and medication with proton pump
inhibitors at high dosages to minimize the risk of recurrent
bleeding episodes [9, 10].

This approach has remarkably reduced the need for
emergency surgery [8]. However, depending on certain risk
factors such as age, shock, comorbidities, localization of the
bleeding, and endoscopic findings [11], endoscopy may not
control the bleeding effectively in up to 10% of patients
[12, 13], and early ulcerous hemorrhage is observed in 15—
30% after initially effective treatment. In these cases,
bleeding may recur or even continue resulting in emergency
surgery [11]. Commonly, afferent vessels are ligated and
ulcers are safely stitched centrally. Surgery is associated
with a morbidity of up to 30% (36/7) and mortality rates of
up to 50% in patients with one or several concomitant
comorbidities. For patients with an increased surgical risk,
an endovascular intervention may provide a therapeutic
option. This approach was developed during the 1970s [14,
15]. The introduction of coils or certain particles into the
vessels that supply the bleeding ulcer can effectively
control the bleeding by embolizing the vessel. At the same
time, this approach allows exact localization of the bleeding
source in patients with previously unknown bleeding site.
Successful control of bleeding has been achieved by this
intervention in 80-95% of patients [16, 17] with mortality
rates ranging from 8-35% [18, 19]. In contrast, mortality
rates in patients undergoing emergency surgery have been
described to be approximately 20% [20].

The main objective of our retrospective single-center
study was to discuss the option of endovascular treatment
compared to surgery for patients with endoscopically
unmanageable nonvariceal hemorrhage of the upper gastro-
intestinal tract with regard to primary clinical and technical
success rates and complications, as well as to evaluate
factors that may influence these aspects.
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Materials and methods

Patients

Between January 2001 and January 2006, 23 patients
suffering from acute nonvariceal hemorrhages of the upper
gastrointestinal (GI) tract with previous unsuccessful
endoscopic treatment were referred to our clinic. The study
group included 15 men and eight women with a mean age
of 69 years (range, 43 to 93 years). Of these patients, 18
(78%) suffered from bleeding duodenal ulcers; in five
patients (22%), the source of bleeding was localized within
the duodenum proximal to the ligament of Treitz. There
were no cases of gastric or transpapillary bleeding.
Hemorrhage was classified as acute if endoscopic signs of
active bleeding were noted and/or the patient was hemody-
namically unstable. Informed consent for embolization or
surgery was obtained from conscious patients as far as the
emergency permitted. Otherwise, the immediate relatives
were informed.

The retrospective study was approved by the Institutional
Review Board.

Technical procedure

Depending on the patients’ surgical risk factors (age and
comorbidities) and the overall clinical situation (e.g., symp-
toms of shock), further treatment—surgery or endovascular
intervention—was planned in agreement with the involved
surgeon, endoscopist, and interventional radiologist.

Surgery was done using standardized procedures. Median
laparotomy was followed by exploration of the abdomen.
The gastroduodenal, the superior pancreaticoduodenal, and
the right gastroepiploic arteries were identified and ligated.
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Fig. 2 Emergency surgery: ligature of the gastroduodenal artery (/),
superior pancreaticoduodenal artery (/) and right gastroepiploic artery
(I1]); purse-string ligature at the bottom of the ulcer (O)

A purse-string ligature at the bottom of the ulcer accom-
plished via a longitudinal duodenotomy and exterritoriali-
zation of the posterior wall of the ulcer completed the
procedure (Fig. 2). If necessary, the procedure was modified
by resection of a short segment of the duodenum.

Celiac and superior mesenteric angiography was per-
formed using a femoral approach with a 4- to 5-F Cobra
or Simmons 2 catheter (Optitorque ®, Terumo, Leuven,
Belgium) and with 30-40 ml of a nonionic contrast
medium (iomeprol, Imeron 350 ®, Bracco Altana, Germany)
injected at a flow rate of 4-6 ml/s. If necessary, 20-40 mg
of butylscopolamine bromide (Buscopan ®, Bochringer
Ingelheim, Germany) was infused as a bolus to prevent
bowel motion artifacts. Pharmacoangiography with intra-
arterial injections of vasodilators, anticoagulants, or fibri-
nolytic agents to provoke contrast extravasation was not
performed. Active gastrointestinal hemorrhage (GIH) was
proven and localized by demonstrating extravasation of
contrast agent. Vascular anomalies, such as arteriovenous
malformations or angiodysplasia, were considered to be
definitive bleeding sources. Suggestive but less specific
findings were larger mucosal blushes with abnormal vessels
and prolonged mucosal contrast spots indicating a mucosal
focus of inflammation or small vascular malformations.

Two major principles of embolization were respected.
First, when an anomaly was demonstrated, the feeding
artery was catheterized as close as possible to the anomaly
with a 2.7-F coaxial microcatheters (2.7F Progreat®,
Terumo), introduced into the 4- or 5-F catheter. When the
angiographic anomaly was fed by several arterial branches, it
was attempted to occlude all of them to prevent secondary
revascularization. Second, if no angiographic defect was
detected, blind embolization of the gastroduodenal artery
was performed involving the hemorrhagic area identified by

endoscopy. If distal catheterization of the gastroduodenal
artery failed, then a “sandwich” technique was used to
synchronously occlude the lower arcade and the inferior
gastroduodenal artery via the superior mesenteric artery.
Embolic agents were microcoils in all cases (Target Coil®,
Boston Scientific, Fremont, USA). The use of fibered of
non-fibered coils was at the discretion of the performing
radiologist. Successful embolization was documented by a
follow-up angiography obtained 30 min later (Fig. 3). Then,
the catheter was removed while the introducer sheath was
kept in place until the next day. Patients were then
transferred to the intensive care unit for further treatment.
All patients were carefully monitored with special attention
paid to possible ischemic complications and recurrent
bleeding episodes. All patients treated by gastroduodenal
embolization also underwent follow-up endoscopy 2—-3 days
later. In cases of recurrent bleeding episodes, patients were
then treated employing the previously not used method, i.e.,
surgery in previously embolized patients and vice versa.

Definitions and study endpoints

All clinical, laboratory, and endoscopic data as well as
outcome data and the care given were obtained from the
medical records.

Each group [surgical group (SG) and interventional
group (IG)] was retrospectively analyzed regarding:

— Sex and age at admission

— Comorbidities and risk factors

Current oral anticoagulation therapy or medication with
thrombocyte aggregation inhibitors or NSAIDs

Comorbidities were analyzed in number (coexisting
diseases per patient) and quality (severity of any particular

Fig. 3 Check-up angiography after embolization of the gastroduode-
nal artery (ten coils in situ)
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coexisting disease per group). Cardiac disease/risk factors
were present if the patient had a past history of myocardial
infarction or cardiac revascularization therapy as well as
antihypertensive or antiarrhythmic medication. Pulmonary
disease/risk factors were present if the patient had a past
history of chronic obstructive pulmonary disease, a history
of pulmonary insufficiency during episodes of respiratory
tract infections, or a long-standing history of smoking (>20
cigarettes/day). Hepatic disease/risk factors were present in
patients with liver cirrhosis or established liver disease (at
least Child stage A). Neurological disease/risk factors were
present in patients with a history of a stroke or epileptic
seizures. In addition, a past or present history of malignancy
was regarded as an additional risk factor/comorbidity.

The overall clinical condition of the patient was retro-
spectively assessed on the basis of the patient’s hemoglobin
on admission and the need for treatment with catecholamines
and/or plasma expanders. The latter two therapies were
sufficient to define shock as being present. Coagulopathy
was defined as a platelet count less than 50,000/cm® and/or a
prothrombin time less than 50% of coagulation activity of
reference plasma.

Statistical analysis

Success rates were analyzed according to the guidelines
published by the Society of Cardiovascular and Interven-
tional Radiology in 2003 [21].

Clinical success was defined as survival of the patient
followed by complete recovery either after surgical or
endovascular treatment. Technical success of surgery was
defined as cessation of bleeding during the operation.
Technical success of embolotherapy was defined as the
impossibility to visualize the embolized artery by contrast
medium or cessation of contrast leakage from a previously
bleeding vessel. We included an early observation period
from the day of intervention until day 3 to detect therapy-
related failures. Recurrent bleeding episodes were excluded
clinically in the absence of signs of shock, melena,
hematemesis, and hematochezia and on hematological
parameters.

Statistical analyses of qualitative variables were done by
the y>-test (p<0.05), those of quantitative variables by the
Mann—Whitney-Wilcoxon test (confidence interval, 0.975).

Results
Of the 23 patients enrolled in this study, 12 patients (52%)
were treated by surgery (SG) and 11 patients (48%) by an

endovascular intervention/arterial embolotherapy (IG)
(Table 1).
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Table 1 Patient demographic data and bleeding parameters

Total (n=23) SG (n=12) IG (n=11)

Mean age (years) 69 71 68
Sex/male 15 (65%) 8 (67%) 7 (64%)
Mean hemoglobin 5.1 5.2 4.9
concentration

on admission (mg/dl)
Cathecholamines 11 (58%)* 8 (67%)* 3 (27%)*
Plasma expanders 18 (78%)* 11 (92%)* 7 (64%)*
Anticoagulants/NSAIDs 7 (30%) 3 (25%) 4 (36%)
Comorbidities/patient 2.8 2.9 3.0
Comorbidities

Cardiac 16 (70%) 8 (67%) 8 (73%)
Pulmonary 9 (39%)* 2 (17%)* 6 (55%)*
Renal 1 (4%) 0 1 (9%)
Hepatic 3 (13%) 1 (8%) 1 (9%)
Neurologic 8 (35%) 3 (25%) 4 (36%)
Alcohol abuse 9 (39%) 5 (42%) 3 (27%)
Ulcers 1 (4%) 0 1 (9%)
Smoking 5 (22%) 2 (17%) 3 (27%)
Diabetes mellitus 11 (48%) 7 (58%) 4 (36%)
Malignancy 3 (13%) 1 (8%) 2 (18%)
Known source of bleeding 21 (91%) 12 (100%) 9 (82%)
Reintervention (surgery/ 5 (22%) 2 (17%) 3 (27%)
intervention/endoscopy)
Mortality 5 (22%) 2 (17%) 3 (27%)

There were no significant differences between the two
groups regarding age (SG, 71 years; IG, 68 years), sex (SG,
67% males; IG, 64% males), and hemoglobin on admission
(SG, 5.2 mmol/l; 1IG, 4.9 mmol/l) or oral anticoagulant
therapy, intake of thrombocyte aggregation inhibitors or
NSAIDs (SG, 36%; 1G, 25%, p=0.36). On average, patients
had two and three coexisting diseases (SG, 2.5; IG, 3.0).
However, patients of the IG had a significantly higher inci-
dence of pulmonary diseases (SG, 55%; IG, 17%, p<0.005).

On admission, the SG displayed significantly more often
signs of hypovolemic shock requiring catecholamine therapy
(SG, 69%; 1G, 27%, p<0.01) or plasma expander solutions
(SG, 92%; 1G, 65%, p<0.01).

There was no significant difference between the groups
concerning mass transfusion of packed red cells (>10 units
of packed cells per 24 h) before definitive treatment (SG,
58%, IG, 64%, p=0.61). Incidence of coagulopathy (SG,
8%; 1G, 18%, p=0.59) was not significantly different.

Peptic ulcer disease was the most frequent cause of
hemorrhage and was present in 18 patients (78%) of the
total study population, ten patients (83%) of the surgery
group and eight patients (73%) of the interventional group.
The other two patients (17%) of the surgical group had
upper GIH complicating chronic pancreatitis. In the IG, one
patient (9%) had pancreatitis-related hemorrhage, and in
two cases (18%), the etiology remained unknown. The
hemorrhagic source was duodenal in all cases.
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Before hemostatic treatment, the source of bleeding was
known in all patients of the surgical group (12/12=100%)
but in only 9 of 11 patients (82%) of the interventionally
treated group.

In the interventional group, an anomaly was demon-
strated by angiography in ten patients (91%) and consisted
in extravasation of contrast material in six cases (60%) and
localized hyperemia in four cases (40%). Treatment was
highly selective in most cases (9/10; 90%). Blind emboli-
zation was performed in one case. In this case, the source of
bleeding was not detected during angiography, but the
preceding endoscopy had clearly identified the bleeding
site, so blind embolization of the supplying arteries was
performed.

Technical success was observed in all patients of both
groups. There were no ischemic complications in the
interventional group during follow-up.

The amounts of episodes of recurrent bleeding requiring
further treatment differed slightly but not significantly
between the two groups (SG, 17%; IG, 27%, p=0.35).

Recurrent bleeding occurred in two patients of the
surgical group and was successfully treated by endoscopy
(n=1) or arterial embolization (n=1). Three instances of
rebleeding were observed in the interventional group. Two
patients required emergency surgery. Bleeding was tech-
nically stopped, but the patients did not survive due to
progressive multiorgan failure resulting from hemorrhagic
shock. In one patient, bleeding was successfully treated by
endoscopy. Later on, this patient died because of progres-
sive pulmonary insuffiency. This patient had a pre-existing
severe pulmonary obstructive disease and also suffered
from pre-existing cardiac disease and subcortical athero-
sclerotic encephalopathy (=2 comorbidities). The other two
patients had pre-existing liver, cardiac, pulmonary and
neurological diseases (= 4 comorbidities) and pre-existing
gastric ulcers, liver, pulmonary, and malignant disease (=4
comorbidities), respectively. All three patients required
mass transfusions, but only one patient had a coagulopathy
at the time of treatment.

Mortality rates showed a small but not significant
difference between the groups (SG, 17%; IG, 27%, p=
0.35). The two patients of the SG who died suffered from
septic multiorgan failure (n=1) or postoperative myocardial
infarction (n=1). Both patients had four pre-existing
comorbidities.

Discussion

Endoscopic therapy has evolved to be the gold standard for
treating nonvariceal hemorrhage of the upper gastrointesti-
nal tract [12]. The endoscopic technique and success rates
of endoscopic treatment in stopping hemorrhage have

greatly improved over the last decade and have led to a
decline in mortality rates. However, in up to 10% percent of
patients, endoscopy fails to control hemorrhage [13]. So far,
the gold standard for these patients has been emergency
surgery. Not surprisingly, these patients have a higher
surgical risk with increased mortality rates of up to 35%.
This is mainly due to prolonged or recurrent anemia, pre-
existing comorbidities, and advanced age [9-12, 22-24].
Therefore, in the 1980s, Siewert et al. [25] suggested the
concept of early planned surgery. First, this concept was not
supported by further studies, as elderly patients had an
unchanged risk for surgery and, consecutively, unchanged
mortality rates. On the other hand, younger patients with a
low risk of recurrent bleeding episodes underwent un-
necessary surgical procedures [26-28]. Later studies inves-
tigated the concept of early planned surgery 6-12 h after
successful endoscopic treatment in patients at risk for
recurrent bleeding episodes. Although the numbers of
patients enrolled in these studies were small, a decrease in
recurrent bleeding episodes and a decrease in mortality
rates was demonstrated [29, 30]. Hence, this concept is
currently suggested for the treatment of nonvariceal hemor-
rhage of the upper gastrointestinal tract [31].

The introduction and further development of endovas-
cular interventional therapies, in particular arterial embolo-
therapy, has significantly changed the treatment of patients
with acute hemorrhage, especially those with unknown
bleeding sources. Yet, there is only little data confirming
the value of embolotherapy compared to surgery in non-
variceal hemorrhage of the upper gastrointestinal tract,
particularly in emergency settings. In this study, we have
addressed this question in a retrospective study. Patients
who entered the study were treated either by surgery or by
endovascular intervention. There were no significant dif-
ferences between the two treatment groups regarding
age, hemoglobin on admission, or current medication of
NSAIDs, anticoagulation therapy, or thrombocyte aggrega-
tion inhibitors. While the latter medication as such is no
risk factor for recurrent bleeding episodes after endoscopy
[32], patients taking thrombocyte aggregation inhibitors
generally have a greater number of and more severe co-
existing diseases. Therefore, these patients have a higher
morbidity and mortality [1, 11, 32] in an emergency
surgical setting [24]. In a retrospective study comparing
arterial embolotherapy with emergency surgery, Ripoll et al.
[33] found that, in the first group, patients took more
often anticoagulation drugs, were older, and had a higher
incidence of cardiac diseases. In our study, patients of the
interventional group suffered more frequently from pulmo-
nary diseases, whereas there was no significant difference
in age.

Before hemostatic treatment, the source of bleeding was
known in all patients of the surgical group but in only 82%
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of the interventional group. Therefore, the radiological
intervention was also a diagnostic procedure in these
patients.

In our study, the amounts of episodes of recurrent
bleedings requiring further treatment differed slightly but
not significantly between the two groups. Similarly,
mortality rates showed a small but not significant difference
between the groups. These findings confirm data by Ripoll
et al., although their data were collected over a period of
15 years. The comparability of the two studies might
therefore be questionable [18, 33, 34].

A previous report on embolization of upper gastro-
intestinal bleeding found that embolization was 2.9 times
more likely to fail in patients with coagulopathy, and
death from bleeding after embolization was 9.6 times
more likely to occur in these patients [35]. These findings
are not confirmed by our data. In the interventional group,
only one patient with coagulopathy suffered from recur-
rent hemorrhage and died. However, the number of
patients included in our study is too small to calculate
odds ratios. In the surgical group, no patient with
coagulopathy died.

Recent studies of arterial embolotherapy in nonvariceal
hemorrhage of the upper GI tract report technical success
rates of about 95% [34, 36]. This is in line with our
technical success rate of 100%. Although problems related
to arterial occlusion or endovascular intervention have been
described in the literature [18, 33, 34], we did not see any
of those in our study. However, patients of the interven-
tional group requiring further treatment because of recurrent
bleeding episodes did not survive the hospital stay. Pre-
existing comorbidities may well have added to the
unfavorable outcome in these patients but also recurrent
bleeding episodes.

Finally, it remains unclear whether the two patients of
the surgical group who died may have survived had they
been treated initially by embolotherapy. However, surgery
was not the immediate cause of death. Moreover, both
patients were old (84 and 98 years) and suffered from
atherosclerosis, signs of shock on admission, and severe
pre-existing comorbidities making them highly prone to all
kinds of medical problems. Surgery had been chosen as
first-line treatment to decrease the risk of recurrent bleeding
episodes in case of unsuccessful embolotherapy.

The retrospective nature of our study limits its relevance
because patient management was not standardized. How-
ever, surgical and interventional treatments for upper
gastrointestinal bleeding are quite uniform. In addition,
the statistical results must be interpreted with caution due to
the small number of patients included. Finally, the variety
of etiologies, each with its own prognosis and pathophys-
iology, may have influenced the results presented in this

paper.
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Conclusion

In patients with unsuccessful endoscopic control of non-
variceal bleeding of the upper GI tract, surgery remains a very
effective treatment. However, in patients with a high surgical
risk due to unknown bleeding sources and/or severe pre-
existing diseases/comorbidities, endovascular therapy offers
an excellent treatment option. These patients should then be
operated on as early as possible to minimize the risk of
recurrent bleeding episodes, which are associated with high
morbidity and mortality. Future prospective randomized trials
have to clarify whether this treatment regimen can reduce
mortality rates in patients with a high risk for surgery.
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