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Abstract

Background Gastrointestinal and abdominal bleeding can
lead to life-threatening situations. Embolization is consid-
ered a feasible and safe treatment option. The relevance of
surgery has thus diminished in the past. The aim of the
present study was to evaluate the role of surgery in the
management of patients after embolization.

Methods We performed a retrospective single-center ana-
lysis of outcomes after transarterial embolization of acute
abdominal and gastrointestinal hemorrhage between January
2009 and December 2012 at the Sisters of Charity Hospital,
Linz. Patients were divided into three groups, as follows:
upper gastrointestinal bleeding (UGIB), lower gastrointes-
tinal bleeding (LGIB), and abdominal hemorrhage.

Results  Fifty-four patients with 55 bleeding events were
included. The bleeding source could be localized angio-
graphically in 80 %, and the primary clinical success rate of
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embolization was 81.8 % (45/55 cases). Early recurrent
bleeding (<30 days) occurred in 18.2 % (10/55) of the
patients, and delayed recurrent hemorrhage (>30 days)
developed in 3.6 % (2/55). The mean follow-up was
8.4 months, and data were available for 85.2 % (46/54) of the
patients. Surgery after embolization was required in 20.4 %
of these patients (11/54). Failure to localize the bleeding site
was identified as predictive of recurrent bleeding
(p = 0.009). More than one embolization effort increased the
risk of complications (p = 0.02) and rebleeding (p = 0.07).
Conclusions Surgery still has an important role after
embolization in patients with gastrointestinal and abdom-
inal hemorrhage. One of five patients required surgery in
cases of early and delayed rebleeding or because of
ischemic complications (2/55 both had ischemic damage of
the gallbladder) and bleeding consequences.

Introduction

Gastrointestinal bleeding is a common medical condition
that results in significant morbidity and medical care costs.
Nowadays the affected patient population tends to be older,
has more comorbidities, and is prescribed antiplatelet or
antithrombotic medications more frequently [1]. Because
of the associated risks, the gastroenterological diagnosis
might be masked, affecting the choice of therapy [2, 3]. In
recent decades the regional annual incidence of gastroin-
testinal bleeding in Europe has been described as affecting
between 37 and 172/100,000 population [4, 5]. Upper
gastrointestinal bleeding (UGIB), lower gastrointestinal
bleeding (LGIB), and some kinds of intra-abdominal and
retroperitoneal bleeding can lead to life-threatening situa-
tions. Mortality from UGIB is estimated to be as high as
15 % [6]; that for LGIB, up to 5 % [7].
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The most common reason for UGIB (above the ligament
of Treitz) is peptic ulcers (in 30 %) [8]. Endoscopy is the
most important tool in the diagnosis and therapy of UGIB.
The development of angiography and therapeutic emboli-
zation has provided an encouraging additional treatment
option if endoscopy fails or cannot be performed [9, 10].
Surgery still remains a treatment option in case of a failure
of endoscopic or angiographic intervention. Negative
selection in these cases, in combination with prolonged
hemorrhagic shock, leads to high mortality (up to 40 %) in
the operative group [11-13].

Hospitalization is frequently required for patients with
LGIB (below the ligament of Treitz), particularly the
elderly. The bleeding source is in the colon in 90 % and in
the small bowel in only 10 %. Older patients most often
have colonic sources of bleeding, caused by diverticula,
colitis, angiodysplasia, or cancer [14-16]. Although
haemorrhage stops spontaneously in most patients (80 %)
without intervention, a small number of LGIB can present
as acute and life-threatening events. Different diagnostic
studies are available for evaluation and treatment, includ-
ing colonoscopy, angiography, radionuclide scintigraphy,
and multi-detector computed tomography [14, 16-18].
Angiography is used if colonoscopy fails or cannot be
performed. Surgery is the final approach and is used in
cases of severe bleeding [19].

An important cause of intra-abdominal or retroperito-
neal bleeds is the inflammatory enzymatic erosion of vis-
ceral arteries conditioned by hemosuccus pancreaticus [20,
21]. If surgical intervention cannot be avoided, there is a
clear trend away from radical approaches that involve
extensive resections toward tailored surgery [22]. The
increased implementation of percutaneus liver puncture
and transhepatic drains has led to an increase in hemobilia
(1 and 4 %) [23, 24]. The surgical method in case of
bleeding or bile obstruction depends on intrahepatic or
extrahepatic localization [25]. The mainstay of diagnosis
and initial treatment is angiography and embolization [20,
21, 23].

Embolization is now accepted as feasible and safe, with
durable bleeding control and low complication rates in
UGIB and LGIB, but also in different kinds of intra-
abdominal and retroperitoneal hemorrhage [25-27]. Nev-
ertheless, postembolic complications can occur. These
complications are typically characterized by ischemic small
or large bowel damage in LGIB, whereas ischemia rarely
occurs in UGIB because of better vascular collateralization.
Another characteristic complication is rebleeding in conse-
quence of embolic agent migration, insufficient vessel
occlusion, or formation of collateral circulation [26-28].

It has been advocated that surgery be seen as no longer
relevant, because of the development of modern endoscopy
and radiology with many techniques and tools for

hemostasis [27-29]. The aim of the present study was to
evaluate the role of surgery in the management of failed
embolization of abdominal sources of bleeding or treat-
ment of complications following angiographic emboliza-
tion and to identify predictive factors of treatment success.

Methods

A retrospective single-center analysis of patient outcomes
after severe gastrointestinal or abdominal bleeds, reported
from the Department of General and Visceral Surgery at
the Sisters of Charity Hospital Linz, Austria, between
January 2009 and December 2012 was performed. Virtu-
ally all embolization procedures were documented in an
electronic database. We searched systematically for gas-
trointestinal and abdominal (retroperitoneal) bleeds and
excluded all patients from other specialist disciplines
(urological, gynecological). There were no further exclu-
sion criteria, and all consecutive patients who underwent
radiological transarterial catheter embolization via a per-
cutaneous transfemoral approach were included. Reblee-
ding was defined as a bleeding event that occurred after the
embolization session, including removal of the transarterial
catheter (early rebleeding <30 days and delayed rebleeding
>30 days). Technical and clinical success rates of embo-
lization related to the frequency of direct proof of bleeding
sources were evaluated. Clinical treatment success of
radiological intervention was defined as embolization
without rebleeding within 30 days after withdrawal of the
transarterial catheter. If the catheter was left in place up to
24 h for re-angiography, repeat embolizations were recor-
ded as efforts to correct ongoing bleeds and not as treat-
ment for rebleeding.

Patients were cathgorized into three groups, as follows:
of upper gastrointestinal bleeds (UGIB), lower gastroin-
testinal bleeds (LGIB), and intra-abdominal or retroperi-
toneal bleeds. Localization of the exact bleeding source,
diagnosis, malignancy, intensity of bleeding, hemodynamic
impact, extend of blood product substitution, coagulopathy,
rate and type of pre-existing medical anticoagulation, and
comorbidities were documented. Diagnosis before angi-
ography in cases of gastrointestinal bleeding was achieved
by gastroscopy and/or colonoscopy.

If patients had with hemodynamic instability, primary
angiography was performed after endoscopy and resuscita-
tion in the critical care unit. In stable patients, or in patients
with abdominal bleeds, a contrast-enhanced computed
tomography study was performed before angiography for
localizing the bleeding source. One of three experienced
interventional radiologists is on call around the clock.

Management in cases of technically or clinically
unsuccessful embolization and in the event of postembolic
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ischemic complications was analyzed, and the need for
surgical interventions was determined. Despite successful
embolization, we recorded the following surgical proce-
dures performed to manage further bleeding from intra-
abdominal, retroperitoneal, intraluminal, or parenchymal
hematoma.

Furthermore, delayed surgery more than 30 days after
embolization was evaluated as it affected length of hospital
stay and time of occurrence during the follow-up period. In
addition, the 30 day and overall mortality were documented.

Routine follow-up included endoscopic re-evaluation
after embolization of UGIB and LGIB before the patient
was discharged from hospital and for 4-6 weeks after
discharge. Patients with endoscopically inaccessible small
bowel bleeds and abdominal or retroperitoneal hemorrhage
were followed up by anamnesis, physical examination, and
blood test 4 and 6 weeks after diagnosis. All patients were
advised to call an emergency doctor and to seek immediate
hospital admission in case of clinical signs of recurrent
bleeding. Data were collected from the institution’s medi-
cal records (SAP) and medical files.

The protocol for this research project was approved by
the ethics committee of the Sisters of Charity Hospital,
Linz, Austria, and it conformed to the provisions of the
Declaration of Helsinki (as revised in Seoul 2008).

Statistical analysis was performed with SPSS Statistical
Analysis Software, version 20. (SPSS Inc. Chicago, IL).
Comparison of data was accomplished with the paired ¢ test
or the Wilcoxon signed rank test on a per subject basis.
Population homogeneity was conducted using either the
independent #-tests or the Mann—Whitney U test. If nor-
mally distributed, they were additionally presented as
means. A multivariate analysis for predictors of compli-
cations and rebleeding was performed. For correlated
proportions at the margins of a 2 x 2 contingency table,
McNemar’s test and in some cases, descriptive statistics
were used. Probability recorded as p < 0.05 was regarded
as statistically significant.

Results

Over a period of four years (January 2009-December
2012), 54 consecutive in-patients hospitalized in our
Department for Surgery or Gastroenterology with acute
gastrointestinal or visceral and retroperitoneal bleeding
were recruited for the study. An overview of those patients’
demographic and disease characteristics is shown in
Table 1. One patient had two different bleeding sources
and localizations (duodenum and ileum) which were em-
bolized in two sessions. As a consequence, a total of 55
acute transarterial angiographic interventions were
analyzed.
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Table 1 Patients’ demographic and disease characteristics

Patients 54

Bleeding events 55

Age, years Mean 68.4
Range 38-91

Gender Male 34/female 20

Length of hospital stay, days Mean 19

Follow-up, months Mean 8.4
Range 1-40

Early rebleeds, <30 days 10/55
Surgery 5/10

Delayed rebleeds, >30 days 2/55

Surgery 2/2
Postembolic complications 2/55

Surgery 2/2
Bleeding consequences 2/55

Despite successful embolization Surgery 2/2

Overall surgery 11/55
Over all mortality 8/54
30 day mortality 4/54

UGIB 17 (30,9%)

PN

Stomach 2 (3,6%) Duodenum 15 (27,3%)
Gastric cancer: 2 ] Peptic ulcer: 14
Angiodysplasia: 1

Re- bleeding required Re- embolization: 1 Re- bleeding required Surgery: 1

Fig. 1 Classification, localization, and diagnosis: upper gastrointes-
tinal bleeding (UGIB)

LGIB 25 (45,5%)

Small bowel 9 (16,4%) Large bowel 14 (25,5%) Rectum 2 (3,6%)
Unknown lesions: 3 Diverticula: 9 AV Malformation: 1

Angiodysplasia: 4 Angiodysplasia: 5 Rectal cancer: 1

| |

Re- bleeding required Re- bleeding Re- bleeding
Re- embolization: 3 required Surgery: 2 required Surgery: 1

Fig. 2 Classification, localization, and diagnosis: lower gastrointes-
tinal bleeding (LGIB)

Angiography and transarterial catheter embolization
were technically effective in all 55 cases (100 %), and the
overall clinical success rate (no rebleeding within 30 days
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Abdominal 13 (23,6%)

Retroperitoneal 9 (16,4%) Liver 3 (5,4%) Abdominal wall 1 (1,8%)

| ! |

Pancreatitic Liver punction Rectus muscle
arrosion: 6 injury: 2 haematoma: 1
St.p. pancreatic
surgery: 2
urgery Melanoma
Vasc. Ehlers Danlos ~ metastasis: 1
Syndrome: 1
Re- bleeding

required Surgery: 1

Re- bleeding Required
Re-embolization: 1

Fig. 3 Classification, localization, and diagnosis: abdominovisceral
and retroperitoneal bleeds

Table 2 Parameters with statistically significant influence on

embolization
Yes No (%) Significance
(%)
Angiographic 44/55 11/55 (20)
localization of (80)
bleeding source
Rebleeding occurrence  5/44 5/11 (45.5) P = 0.009
(11.4)
Coils Others (particles,
gelatin, liquids)
Embolic agents 41/55 14/55 (25.5)
(74.5)
Rebleeding occurrence  5/41 5/14 (35.7) p = 0.049
(12.2)
One Two or more
Embolization efforts 40/55 15/55 (27.3)
(72.7)
Rebleeds 5/40 5/15 (33.3) p = 0.07
(12.5) n.s
Postembolic 0/40 2/15 (13.3) P =0.02
complications 0)

after intervention) was 81.8 % (45/55) with 18.2 % (10/55)
recurrent bleeds.

Figures 1, 2, and 3 show the disease characteristics of the
three groups of patients with bleeding classification, local-
ization diagnosis, and rebleeding management. The statis-
tically significant factors influencing embolization failure
(rebleeding and complications) are shown in Table 2.

The impracticality of clear localization of the bleeding
source by angiography before radiological intervention was
a significant predictor of increased recurrence (p = 0.009;
OR 6.5, CI 1.438-29.377).

Table 3 Parameters without statistically significant influence on
treatment success

Topography UGIB LGIB Significance
Rebleeding 2/17 6/25 p =032
occurrence/patients
Topography Abdominal Gastrointestinal
Rebleeding 2/13 8/42 p=0.77
occurrence/patients
Status Benign Malignant
Rebleeding 9/49 1/6 p =092
occurrence/patients
Patient age, years <60 >60
Rebleeding 2/12 8/42 p=1
occurrence/patients
Yes No
Medical hemodilution 22 33
overall
Rebleeding 2/22 8/33 p=0.15
occurrence/patients
Acetysalicylic acid 20 -
Clopidogrel 1 -
Coumadin 1 -
Yes No
Blood coagulation 6 49
disorders overall
Rebleeding 1/6 9/49 P =092
occurrence/patients
Hepatic cirrhosis 4/6 -
Child-Pugh C
(INR > 1.2)
Blood coagulation 2/6 -
factor deficiency
(VIID)

UGIB upper gastrointestinal bleeding, LGIB lower vastrointestinal
bleeding, INR international normalized ratio

Application of coils for embolization showed a signifi-
cantly lower rate of recurrent bleeds than other agents (liq-
uids/gelatin sponge/particles: 5/41,12.2 % coils vs 5/14,
35.7 % other agents, p = 0.049; OR 4.0, CI 0.949-16.862).

The occurrence of rebleeding after embolization efforts
showed no significance, but there was a trend toward an
increased rate of rebleeding after more than one emboli-
zation effort, recorded as follows: 5/40 (12.5 %) after one
effort vs 5/15 (33.3 %) after two or more efforts (p = 0.07;
OR 3.5, CI 0.842-14.552).

Repeated embolization efforts significantly increased
the rate of postembolic complications; none of 40 (0 %)
occurred after one embolization effort vs 2/15 (13.3 %)
after two or more embolization efforts (p = 0.02; OR
1.154, C1 0.946-1.407). The parameters that did not have a
statistically significant influence on treatment success are
outlined in Table 3.
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Fig. 4 Indications for surgery

Follow-up, morbidity, and mortality

The mean follow-up was 8.4 months, ranging from 1 to
40 months. Routine follow-up was available for all sur-
viving patients. Some patients required a longer follow-up
period because of their underlying diseases or other med-
ical reasons. Long-term follow-up was individually arran-
ged, and medical follow-up data were available for 46 of
the 54 patients (85.2 %). Four patients died within 30 days
in hospital and four patients refused follow-up examination
without stating complaints.

The overall mortality rate during follow-up was 14.8 %
(8/54); 30 day mortality was 7.4 % (4/54). Three patients
died as a consequence of progressive and metastatic
malignant disease; one patient of multimorbidity and car-
diac decompensation. No deaths were related to uncon-
trollable bleeding or complications of embolization. From
the remaining 4 patients who died beyond 30 days, three
had progressive and metastatic malignancies and one had
biliary necrotizing pancreatitis.

Surgery

For both early and delayed surgery, one of five (11/54;
20.4 %) patients required surgical intervention for bleeding
and embolization. Figure 4 shows an overview of surgical
indications, and Table 4 provides a summary of the diag-
nosis and surgical treatment.

Postembolic complications occurred in 2/54 patients
(3.7 %). In both patients surgical intervention was neces-
sary because of ischemic damage and inflammation of the
gallbladder leading to laparoscopic cholecystectomy. Two
more patients (2/54; 3.7 %) required surgery despite suc-
cessful embolization: One patient developed a large
hematoma in the bursa omentalis (Fig. 5), because of
inflammatory enzymatic blood vessel erosion in associa-
tion with pancreatitis. The hematoma was evacuated and
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drained at laparotomy. The other patient developed an ileus
of the small bowel after embolization of a jejunal angio-
dysplasia refractory to conservative treatment. Intraopera-
tively we found adhesions and a small bowel wherein
blood clots blocked intestinal passage. The clots were
evacuated by enterotomy. Because of localized intestinal
wall ischemia, a segment of small bowel needed to be
resected, and adhesiolysis was performed as well (Fig. 6).

Discussion

The present study shows that in a relevant proportion of
patients after interventional radiology because of gastro-
intestinal and abdominal bleeding, surgery remains the
cornerstone of successful treatment. Gastrointestinal hem-
orrhage is now an example of a condition being addressed
by patient-oriented, interdisciplinary, and individualized
therapy [19, 30]. Transarterial catheter embolization tech-
niques using coils, sponges, particles, and liquids has
become established as an attractive means for detecting,
treating, and controlling abdominal and gastrointestinal
bleeding, especially when endoscopy fails or cannot be
performed [9, 10, 27]. However, a recent review from 2013
by Yap et al. [26] that included 95 patients—S80 % UGIB
and 20 % LGIB—reported 30 days rebleeding rates of
23 % and 30 days mortality of 18 %.

Another review, by Mirsadraee et al. [10], included 927
patients with non-variceal UGIB and demonstrated equiv-
alent mortality and clinical success rates between emboli-
zation and surgery. In their retrospective analysis, Lee et al.
reported that angiographic embolization helps to decrease
the rate of emergency surgical interventions, which shows
a greater 30 days mortality that non-embolization. Blind
embolization was accompanied by higher rates of reblee-
ding and was defined as an independent predictor of death
in patients without active extravasation [31]. The results of
our study underline these findings, showing a significantly
higher risk of rebleeding in cases of blind embolization.

In peptic ulcer bleeds, embolization may be effective for
even the most gravely ill patients, because of blind but
effective embolization of the gastroduodenal artery. For
these patients, surgery is not a reliable option, even when
extravasation is not visualized by angiography. This clin-
ical event might be seen as an exception with mostly
successful blind embolization. So the role of the surgeon in
this clinical sphere is dramatically diminishing. Surgery is
typically reserved for patients in whom the bleeding failed
to respond to all previous treatments. Such a situation has
become extremely rare [27, 28, 32, 33]. The results of our
study show that surgery plays no substantial role in the
management of patients with peptic ulcer bleeding.
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Table 4 Overview of diagnosis and surgical treatment

Early rebleeding (<30 days) Postembolization complication Bleeding consequence Delayed rebleeding (>30 days)

Hematoma bursa omentalis
after pancreatic vessel erosion

Diverticular bleeding- Pseudoaneurysm

pancreaticoduodenal artery

Splenic erosion due

Right hemicolectomy to pancreatitis

Cholecystectomy Hematoma Evacuation and drainage  Splenectomy

Arteriovenous rectal
malformation

Rectal cancer Duodenal angiodysplasia- Small bowel ileus owing to blood

clots and adhesions

Hartmann’s procedure Cholecystectomy

Peptic duodenal ulcer

Surgical hemostasis and suture
Pancreatic fistula

Surgical hemostasis and drainage
Diverticular bleeding

Left hemicolectomy

Segmental small bowel resection Abdominoperineal rectal

extirpation

Fig. 5 Hematoma bursa
omentalis (computed
tomography scan—a frontal,
b horizontal)

Endoscopy was performed in all cases, but in cases of
Forrest Ia/b bleeds, we did not take the risk of endoscopic
hemostasis and patients underwent early coil embolization
of the gastroduodenal artery with high rates of success. The
available data from reported series comparing embolization
with surgery for UGIB after failed endoscopic hemostasis
suggest that transarterial embolization (TAE) is a good
alternative to surgery and an approach that can be con-
sidered the treatment of choice. We agree with that con-
clusion, and therefore embolization is our mainstay of
therapy after failed endoscopic localization of the bleeding
site or successful endoscopic hemostasis in cases of severe
UGIB. Nevertheless, prospective studies are needed to
compare these management strategies [27, 32, 33]. From
the radiological perspective, it is indispensable to know
exactly the vascular anatomy and variations for successful
embolization, information that is sometimes required
bilaterally. Furthermore, interventional radiology and the
chance for embolization is not available everywhere. To
avoid time loss, we also recommend that prolonged

endoscopy not be carried out in unstable patients with
Forrest la back-wall duodenal ulcer bleeds. In such a
delicate condition only emergency surgery can save the
patient’s life. Therefore, if initial endoscopy is successful
clinicians should consider transporting the patient to a
specialized center for embolization because of high risk of
rebleeding and increased mortality [11-13, 27, 28, 32, 33].

A concern of pancreaticoduodenal embolization is the
risk of ischemic damage to the gallbladder, which has an
inconsistent blood supply and which is difficult to assess.
This was the only form of ischemic complication that
occurred in our series.

In comparison to LGIB, embolization of UGIB may not
lead to such excellent results (recurrent bleeding up to
27 %). The complex blood supply and collateral vessels
might therefore be the reason. Nevertheless, ischemic
complications are rare [34].

The results of our study do not confirm previous find-
ings. In our series, early rebleeding after embolization of
UGIB tended to be less frequent than in cases of LGIB. A
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Fig. 6 Blood clotting ileus

(a blood clotting ileus,

b angiodysplasia and ischemia
from inside, ¢ angiodysplasia
and ischemia from outside,

d X-ray image of the resected
bowel with coils

potential explanation for this fact might be that bleeds from
duodenal peptic ulcers show excellent results following
gastroduodenal artery embolization. However, we observed
one case of embolization failure because of vast collaterals
after previous chemoembolization.

Concerning LGIB, postembolic ischemic complications
are also decreasing, because of technical advancement.
Superselective probing with pinpoint occlusion of small
blood vessels could be performed in LGIB [35]. We did not
see any ischemic damage in LGIB. This was unexpected.
The risk is described at about 4 % in a recent report [26]. It
is remarkable that even in repeat endoscopy by knowing
the embolization area no mucosal discolorations could be
detected. From the radiological point of view it is very
important to perform superselective probing with emboli-
zation on the level of the vasa recta, and maximally two
vessels next to each other have to be closed. However, the
surgical case of blood clotting ileus showed local ischemia
of the intestinal wall after two embolization efforts. The
clinical relevance of this finding was not clear, and there-
fore it was not counted as a postembolic complication but
rather as bleeding consequence requiring surgery despite
successful embolization. For good measure, a segmental
bowel resection was performed.

Recent data regarding outcomes after embolization of
LGIB support TAE as being feasible, safe, and effective in
primary treatment [36—40], but also as a durable and
definitive treatment in the long-term follow-up of
72 months [41, 42].

In the series cited, the rate of technical success ranged
from 84 to 100 %:; the clinical success, from 63 to 90 %.
Postembolic complications occurred in 6 to 8 %,
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rebleeding occurred in 10 to 26 %, and surgery was
required in 10 to 28 %.

One study, by Gillespie et al. [36], analyzed 83 cases of
LGIB and documented the finding that repeated emboli-
zation was associated with a higher rate of complications.
In our series, two postembolic complications, in the form
of ischemic gallbladder lesions, occurred after repeated
embolization, and one-third of patients after two or more
sessions of embolization suffered from early recurrent
bleeding. These results suggest that repeated embolization
might be associated with a higher risk of complications and
failure. Embolization is sometimes performed without
extravasation, but in some cases vascular irregularities may
hint at subsequent bleeding. When there is doubt, it is
advisable to leave the femoral transarterial approach for
immediately re-angiography in cases of re-bleedings.

Although indications for surgery in LGIB have been
widely described, current practice varies. The findings of a
retrospective review suggest that even patients with
approved indications for surgery can be safely managed
nonoperatively, even when the bleeding source has not
been unlocalized [43]. Whatever surgery is necessary in
LGIB, the indication and method depend on severity,
cause, and localization, but also on patient age, general
health condition, and comorbidities. The mortality increa-
ses up to 10 to 57 % when surgery must be done because
all other treatments have failed [44-46]. We recorded no
surgically associated mortality after embolization failure in
LGIB, but the surgical effort was high. Five of 8 surgical
resections were required in these cases. In one case, spe-
cific resection was possible only after a loop stoma was
created as a means of limiting the bleeding source.
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From the radiological point of view, in cases of large
angiodysplasias, arteriovenous malformations, and exten-
sive tumor bleeds, embolization should be restrictively
applied because of vascular collateralization, an irregular
and entangled blood supply, and a high failure rate.

Regarding the higher embolization success with the use
of coils as embolic agents, the radiological explanation is
as follows: liquids and particles do not provide the per-
manent vascular obliteration coils do, and they tend to be
used more frequently in inconclusive situations according
to the investigators’ preferences.

A limitation of our study was its retrospective single-
arm observational design. A strength of the study was the
inclusion of all consecutive patients undergoing gastroin-
testinal and abdominovisceral or retroperitoneal emboli-
zation during the study period. The interventional
procedures were performed by only three experienced
radiologists using the same techniques. The follow-up
period was adequate and recruitment was high.

In conclusion, surgery is still an important part of the
management of patients who undergo embolization
because of severe gastrointestinal and abdominal bleeding.
In our series, overall, one of five patients required surgery.
Surgery has lost its importance for initial therapy and for
avoiding recurrent bleeding. In cases of early rebleeding
(<30 days after the initial procedure), surgery is often
required (5/10; 50 %). Furthermore, surgery must be per-
formed in cases of ischemic complications after emboli-
zation therapy (2/54; 3.7 %). Even if embolization is
performed successfully, bleeding consequences can require
surgery (2/54; 3.7 %). Surgery is also playing a part in the
follow-up later than 30 days. In our series this involved
cases of delayed recurrent hemorrhage (2/54; 3.7 %).
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