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Abstract

Purpose: To assess outcomes after microcoil embolization
for active lower gastrointestinal (GI) bleeding.
Methods: We retrospectively studied all consecutive pa-
tients in whom microcoil embolization was attempted to
treat acute lower GI bleeding over 88 months. Baseline,
procedural, and outcome parameters were recorded fol-
lowing current Society of Interventional Radiology guide-
lines. Outcomes included technical success, clinical success
(rebleeding within 30 days), delayed rebleeding (>30 days),
and major and minor complication rates. Follow-up con-
sisted of clinical, endoscopic, and pathologic data.
Results: Nineteen patients (13 men, 6 women; mean
age € 95% confidence interval = 70 € 6 years) requiring
blood transfusion (10 € 3 units) had angiography-proven
bleeding distal to the marginal artery. Main comorbidities
were malignancy (42%), coagulopathy (28%), and renal
failure (26%). Bleeding was located in the small bowel
(n = 5), colon (n = 13) or rectum (n = 1). Technical success
was obtained in 17 patients (89%); 2 patients could not be
embolized due to vessel tortuosity and stenoses. Clinical
follow-up length was 145 € 75 days. Clinical success was
complete in 13 (68%), partial in 3 (16%), and failed in 2
patients (11%). Delayed rebleeding (3 patients, 27%) was
always due to a different lesion in another bowel segment (0
late rebleeding in embolized area). Two patients experi-
enced colonic ischemia (11%) and underwent uneventful
colectomy. Two minor complications were noted.
Conclusion: Microcoil embolization for active lower GI
bleeding is safe and effective in most patients, with high
technical and clinical success rates, no procedure-related

mortality, and a low risk of bowel ischemia and late reb-
leeding.

Key words: Arteries, therapeutic embolization—Gastroin-
testinal tract, angiography—Gastrointestinal tract, hemor-
rhage—Gastrointestinal tract, interventional procedures—
Hemorrhage—Intestines, hemorrhage

Active lower gastrointestinal (GI) bleeding (i.e., hemor-
rhage originating below the ligament of Treitz) is often a
dramatic condition that, fortunately, can be managed con-
servatively in most cases [1]. When medical and endoscopic
management fails to equilibrate the patient�s hemodynamics
and the number of units of packed red blood cells exceeds 5
[2] or 10 [3], invasive treatment is required. In such emer-
gent settings, surgery with partial colectomy is associated
with a perioperative mortality rate around 30% [4–6], typ-
ically ranging between 9% [7] and 47% among series, but
sometimes up to 100% [8]. Therefore, transcatheter alter-
natives including intra-arterial vasopressin infusion and
embolization have found their place in the therapeutic
armamentarium.

In the late 1980s, technical progress occurred with
transcatheter embolization, first with the use of microcath-
eters introduced coaxially through the main carrier catheter,
allowing more distal catheterization [9, 10], and then with
the arrival of microcoils suitable for embolization through
these microcatheters [3, 11, 12]. Since then, microcoil
embolization has gained increasing acceptance in the
treatment of active lower GI bleeding. However, there re-
mains a paucity of level I evidence to compare the results of
(1) microcoils versus intra-arterial vasopressin infusion and,
among publications using embolization via microcatheters,
(2) microcoils versus other agents such as polyvinyl alcohol
(PVA) and Gelfoam [13].
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We report here the results of our experience with mi-
crocoil embolization for active lower GI hemorrhage and
review it within the perspective of the existing literature [2,
3, 9–12, 14–41].

Materials and Methods

Study Group

We retrospectively studied all consecutive patients in our depart-
ment in whom transcatheter arterial embolization was attempted
using microcoils to control active lower GI hemorrhage over an 88
month period (January 1997 to May 2004). Our institutional review
board approved the study.

Inclusion Criteria

We ran an initial query in our patient database which provided the
details of all patients who underwent mesenteric arteriograms for
lower GI bleeding during the study period. Then we kept only
those patients in whom microcoil embolization was performed
primarily (i.e., we excluded patients treated initially by vasopressin
infusion, Gelfoam or other embolic agents). We included all pa-
tients in whom active bleeding was proven angiographically at the
level of the lower GI tract (i.e., between the ligament of Treitz and
the rectum). Transcatheter embolization was attempted with
curative intent in all patients, with the purpose of treating the acute
bleeding in a single procedure. Diagnostic arteriography was per-
formed using digital subtraction imaging and selective contrast
injections into the superior (SMA) and/or inferior (IMA) mesen-
teric arteries with the use of standard 5 Fr catheters. Additional
superselective arteriograms were obtained as needed on a case-by-
case basis.

Baseline characteristics included patient demographics, de-
crease in hematocrit that motivated the angiographic procedure,
number of units of packed red blood cells transfused, and presence
of five risk factors for embolization (multiorgan failure, malig-
nancy, coagulation disorder, sepsis, and renal failure). We also
recorded the segmental location of bleeding along the GI tract, the
corresponding vascular territory (SMA versus IMA), and how
distal the bleeding source was (either in the vasa recta or proximal
to them). The likely cause of bleeding was determined on the basis
of the clinical and imaging findings.

Treatment Technique

Once the bleeding site was identified, superselective catheteriza-
tion was performed with the use of a 3 Fr microcatheter (Fast
Tracker, Target Therapeutics, Fremont, CA; or Renegade HI-FLO,
Boston Scientific, Natick, MA) inserted coaxially through the 5 Fr
angiographic catheter. A steerable 0.018-inch wire was used
coaxially through the microcatheter to direct its selective posi-
tioning in the small distal branch arteries of the mesenteric tree.
Attempts were made to position the catheter just proximal to the
bleeding site, allowing for superselective arteriography and
embolization. The embolic agent was positioned either (1) at the
level of the distal intestinal/colonic branches or the marginal artery
of Drummond or its jejunoileal equivalent, or (2) beyond that level
(i.e., microcoil deposition in the vasa recta or more distal mural
branches) when possible. Embolization was performed using MRI-

compatible 0.018-inch platinum Hilal embolization microcoils
(Cook, Bloomington, IN) (i.e., no 0.035-inch coils were used) that
were fluoroscopically guided into the bleeding vessel with a Coil
Pusher (Target Therapeutics, Fremont, CA) via the coaxial mi-
crocatheter. A secondary embolic agent was used in addition to the
microcoils in 2 cases, consisting of PVA particles (710–1000 lm in
diameter) in patient 10 and Gelfoam slurry in patient 5 (i.e., pieces
of a Gelfoam sheet fragmented mechanically in a three-way
stopcock system).

Several additional procedural parameters were recorded
including the type of anesthesia, use of intravenous conscious
sedation, type and amount of radiographic contrast agent given,
and fluoroscopy and total procedure time.

Patient Follow-up and Outcome Ascertainment

We defined outcome criteria following the guidelines of the
Society of Interventional Radiology (SIR) [42].
Technical success was defined by immediate cessation of

extravasation on repeat angiography at the end of the embolization
procedure.
Clinical success was defined as the absence of recurrent bleed

or hemodynamic instability within 30 days after embolization, as
shown by close patient follow-up: patients were monitored
immediately after the embolization procedure for symptoms and
signs of intestinal ischemia or infarction (abdominal pain/tender-
ness, fever, nausea, peritoneal signs). Clinical success was subdi-
vided into total success (i.e., resolution of signs or symptoms that
prompted the embolization procedure), partial success (i.e., sig-
nificant improvement of signs or symptoms after the embolization
procedure and positive impact on the clinical course of the patient
and/or the subsequent need for reintervention), or failure. Any
lower GI rebleeding occurring later than 30 days after embolization
was defined as delayed.
Complications were divided into minor and major events.

Events during follow-up without long-term consequences and that
required nominal or no therapy were defined as minor complica-
tions. Major complications were those that required therapy and
minor hospitalization (<48 hr), or that required major therapy and
an unplanned increase in the level of care, prolonged hospitalization
(>48 hr), or that resulted in permanent adverse sequelae or death.

Data Acquisition and Analysis

Data were encoded simultaneously by two investigators (P.S.,
B.J.O.) and analyzed on standard spreadsheet software. Discrep-
ancies in encoded data or data definition were resolved by con-
sensus between the co-investigators. Data are presented as the
average and 95% confidence intervals (CI). A p value < 0.05 was
considered significant in all analyses. Fisher�s exact test was used
for bivariate analyses. Subgroup analyses of outcomes during the
follow-up period were based on the log rank test.

Results

Description of the Study Cohort and Baseline
Parameters

The study cohort and its baseline characteristics are detailed
in Tables 1 and 2. The source of bleeding was always
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located between the ligament of Treitz and the rectum. The
area of contrast extravasation was located distal to the level
of the marginal artery of Drummond or its equivalent. In
cases of small bowel hemorrhage, the cause of bleeding
remained undetermined in 4 of 5 patients (80%). Colorectal
hemorrhages were related to diverticula in 7 of 14 patients
(50%).

Procedure Description and Technical Success

Procedural parameters are described in Table 3. Nonionic
contrast was given in all but one patient. Because emboli-
zation was performed in urgent settings, preliminary bowel
preparation or antibiotic therapy was typically not given.

In all 19 patients, transcatheter embolization was the
primary attempt at therapy and was the treatment of choice.
Transcatheter embolization could be performed in 17 of 19
patients (89%), and immediate hemostasis was seen angio-
graphically in all 17 patients after embolization. For colonic
bleeding sources, embolization was performed at the level
of the marginal artery or its equivalent in 75% of patients,
while microcoils were positioned beyond that level in the
remaining 25%. Embolization could not be achieved in 2
patients due to difficulties in performing superselective
catheterization related to vessel tortuosity and stenosis
(technical failures), and both eventually underwent partial
colectomy.

Follow-up Period

Outcomes are here reported for all 19 patients together, even
though 2 patients did not undergo embolization. Clinical
follow-up information was available in all 19 patients for
variable periods of time. The length of the clinical follow-up
period, pooled over the study cohort and averaged per pa-
tient, and its 95% CI were 145 days € 75 days (range 2–417
days). As none of our patients experienced a given event
more than once during follow-up, the calculated person-time
was 145 person-days. Each patient was examined clinically
and followed until hospital discharge, which occurred 2–20
days after the embolization procedure. After discharge, 11
patients (58%) were followed clinically for the recurrence of
lower GI bleeding and for signs and symptoms of intestinal
ischemia/stricture. One of these patients died 35 days after
embolization due to an unrelated cause.

Colonoscopic follow-up was available in 7 patients
(37%). Five patients had colonoscopy performed following
the embolization procedure, in order to evaluate the etiology
of hemorrhage and search for post-embolization ischemic
changes. In 3 of them, diverticular disease was found to be
the source of bleeding and there was no evidence of
ischemic changes. A fourth patient had normal follow-up
colonoscopy. The fifth patient had ulcers at the hepatic
flexure on colonoscopy 7 months after successful emboli-
zation. The exact cause of the ulcer was unclear, and
ischemia could not be formally ruled out. The mean timeT
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between embolization and colonoscopy was 90 days (range
2–364 days).

Pathologic analysis of surgical specimens was available
in 6 patients (32%). The 2 patients (11%) (patients 12 and
19) who had technically unsuccessful transcatheter embo-
lization went to surgery within 48 hr of the angiographic
procedure and their surgical resection specimens underwent
pathologic examination. In addition, 4 patients (21%) (pa-
tients 1, 3, 15, and 18) underwent ileal or colic resection
after technically successful embolization with pathologic
examination of surgical specimens.

Outcomes During the Follow-up Period

Total clinical success during the first month of follow-up
(i.e., complete resolution of signs or symptoms that

prompted the embolization procedure) was obtained in 13 of
19 patients (68%) (Table 4).

Five patients (26%) experienced clinical signs of early
rebleeding. In 2 of them (patients 5 and 8), imaging studies
(angiography at 12 hr post-embolization in one, bleeding
nuclear scan at day 5 in the other) did not show any
bleeding; conservative management was then continued
successfully until hospital discharge; these 2 patients were
thus considered as partial clinical successes (2/19, 11%). In
the 3 other patients with early rebleeding (patients 2, 13, and
18), repeat arteriography showed rebleeding in the same,
previously embolized site. One (patient 2) had recurrent
jejunal hemorrhage a few hours after the initial procedure
and underwent technically successful repeat embolization;
however, further hemorrhage occurred 3 days later and was
then treated by jejunal resection and primary anastomosis

Table 2. Baseline characteristics (pre-treatment)

Mean or
number

Range and/or
percentage

Half-width of
95% CI

No. of
available data SE

Demographics
Age (years) 70 Range 41–82 €5.5 19
Males 13 68% €21% 19 10.7%

Blood loss
Drop in hematocrit 9 Range: 3–16% €2.9 10
Units transfused 10 Range: 4–21 €2.9 13

Comorbidities
Multiorgan failure 0 0 €0 19 0
Malignancy 8 42% €22% 19 11.3%
Coagulation disorder 5 28% €21% 18 10.6%
Sepsis 2 12% €15% 17 7.8%
Renal failure 5 26% €20% 19 10.1%

Etiology 19
Diverticular bleed 7 37% €22% 11.1%
Postpolypectomy 2 11% €14% 7.0%
Angiodysplasia 1 5% €10% 5.1%
Polyp 1 5% €10% 5.1%
Unknown 8 42% €22% 11.3%

Location of bleeding territory
Superior mesenteric artery 15 79% €18% 19 9.4%
Inferior mesentric artery 4 21% €18% 9.4%

Bowel segment 19
Jejunum 3 16% €16% 8.4%
Ileum 2 11% €14% 7.0%
Cecum/Ascending colon 4 21% €18% 9.4%
Hepatic flexure 5 26% €20% 10.1%
Splenic flexure 2 11% €14% 7.0%
Sigmoid 2 11% €14% 7.0%
Rectum 1 5% €10% 5.1%

Bleeding source location 19
Beyond marginal artery of
Drummond (vasa recta or downstream)

17 89% €14% 7.0%

Marginal artery 0 0
Unknown (films not available) or N/A 2 11% €14% 7.0%

Embolization site 19
Vasa recta 3 16% €16% 8.4%
Marginal artery 10 53% €22% 11.5%
N/A 4 21% €18% 9.4%
Unknown (films not available) 2 11% €14% 7.0%

N/A, not applicable
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(thus considered as clinical failure of embolization), with
uneventful follow-up after this surgery. Pathologic exami-
nation of the resection specimen revealed diffuse hemor-
rhagic mucosal erosions, microscopic foci of necrosis, and
organizing thrombi in small submucosal vessels. Another
patient (patient 13), who had a remote history of hemico-
lectomy and ileocolic anastomosis, experienced rebleeding
on day 4 post-embolization. During repeat arteriography,
bleeding was identified from a small branch of the middle
colic artery; numerous attempts at selecting the target vessel
were unsuccessful due to anatomic factors and resulted in

spasm and thrombus in the middle colic artery. However,
angiographic evidence of bleeding had disappeared at the
end of this procedure. The patient remained stable for the
next 7 days and was then discharged in good condition. This
patient was considered as a partial clinical success of
embolization. The third patient with local recurrence of
hemorrhage at the embolized site (patient 18) rebled 3 days
after embolization and underwent successful surgical
resection of a proximal ileal loop and temporary ileostomy
(clinical failure of embolization). Examination of the sur-
gical specimen showed chronic serositis, satellite reactive

Table 3. Procedural data

Mean or
number

Percentage or
range

Half-width of
95% CI

No. of
available SE

Embolization site 19
Vasa recta (or jejunal or rectal equivalent) 4 21% €18% 9.4%
Marginal artery 11 58% €22% 11.3%
Not applicable (not embolized) 2 11% €14% 7.0%
Unknown (films not available) 2 11% €14% 7.0%

Microcoils
No. of microcoils used 3 Range: 2–6 €0.7 17

Contrast
Contrast amount (ml) 174 Range: 65–350 €38 17
Type of anesthesia 17
Local 16 94% €11% 5.7%
General 1 6% €11% 5.7%

Intravenous conscious sedation
Midazolam 8 50% €25% 16 12.5%
Fentanyl 10 63% €24% 16 12.1%

Prophylactic antibiotics 0 0 €0% 16 0

Table 4. Outcomes after embolization

(a) Type of follow-up

Type of follow-up
Mean
(days) Range

Half-width of
95% CI

No. of
available data Sum Person-days

Length of clinical follow-up 145 (2–417) €75 19 2761 145
Length of colonoscopy follow-up 90 (2–364) €105 7 629 90
Length of pathology follow-up 1.5a (0–3) €1.1 6 9 1.5

aWith the exception of one patient who had a pathologic specimen collected during subtotal colectomy for late rebleeding at another site (outlier).

(b) Successs rates and complications

No. of patients Percentage 95% CI
No. of
available data SE

Technical success 17 89% 14% 19 7.0%

Clinical success 19
(within 30 days) 13 68% Complete €20% 10.1%

3 16% Partial €16% 8.4%
2 11% Failure €0% 0

Early rebleeding (within 30 days) 5 26% €20% 19 10.1%

Late rebleeding (>30 days) 0 0 No rebleeding ing embolized area €0 11 0

Complications
Major complications 2 11% Colonic ischemia €15% 18 7.4%
Minor complications 1 6% Transient serum creatinine elevation €11% 18 5.4%
Nontarget embolization 1 6% Coil migration into tibial

artery, asymptomatic and without sequelae
€11% 18 5.4%

Target ischemia 2 11% Colonic ischemia €14% 19 7.0%

aThree patients (27% € 26%, SE = 13.4%) experienced rebleeding in locations other than the initial bleeding source.
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lymph nodes, and two mucosal polypoid lesions (one
mucosal surface erosion and one lymphangioma). The
bleeding source could not be formally identified.

Thus, overall, 3 of 19 patients (16%) experienced partial
clinical success within these 30 days (i.e., significant
improvement of signs or symptoms after the embolization
procedure in addition to positive impact on the clinical
course of the patient and/or the subsequent need for rein-
tervention), and 2 patients (11%) eventually underwent
surgical bowel resection for continuing hemorrhage or early
rebleeding (clinical failures). After adjusting for the variable
lengths of follow-up periods in the patient cohort, these 5
patients (26%) corresponded to an early rebleeding rate of
1.27% per day, or 38% per month, for this first month after
embolization, giving a rate of complete clinical success of
62% at 1 month. Overall, there was no statistically signifi-
cant association (p ‡ 0.51) between early rebleeding and any
of the five risk factors (multiorgan failure, malignancy,
coagulopathy, sepsis, renal failure).
Delayed rebleeding occurred in 3 of the 11 patients

(27%) in whom follow-up was longer than 30 days, but in
all 3 was located in a different bowel segment from the
initial embolization site. The late rebleeding rate in the
embolized segment was, therefore, 0. In 2 of these patients
(patients 1 and 10), these delayed hemorrhages subsided
with conservative management. The third patient (patient 3)
first experienced recurrent bleeding at 6 months of follow-
up, which subsided with conservative management. She had
another episode of late rebleeding at 10 months from an-
other diverticular source. Because of the three successive
bleedings in 1 year, known diffuse diverticulosis, prior
transcatheter embolization, and occurrence of chest pain and
hypotension during intra-arterial vasopressin infusion, this
patient eventually underwent subtotal colectomy and ileos-
tomy. Pathologic examination of the surgical specimen re-
vealed no evidence of colon ischemia. The patient was
stable thereafter with no further GI bleeding.

There were few complications. The only major compli-
cations consisted of early colonic ischemia experienced by 2
of the 19 patients (11%), typically within the first 48 hr
following embolization. Both patients underwent immediate
hemicolectomy and had satisfactory postoperative outcome.
In 1 (5%) of these patients in whom elective colon surgery
was already scheduled before the embolization (patient 1),
sigmoid colectomy was performed electively 2 days after
embolization, given the persistence of significant bleeding
and fear of causing ischemia by repeat coiling. Transmural
colonic infarction was found by pathologic examination of
the resected surgical specimen. The second patient (patient
15) developed peritoneal signs on the first day after embo-
lization and underwent right hemicolectomy (showing an
ischemic colic segment at the hepatic flexure) with
uneventful postoperative course. He had none of the five
risk factors for bleeding described earlier, but had a prior
history of coronary artery disease, hypertension and Billroth
II surgery. He was the patient who was embolized with the

largest number of microcoils (6) in the present cohort, and
could be embolized at the level of the marginal artery only,
not more distally. Overall, the occurrence of colonic
ischemia in the patient cohort was not associated with the
presence of sepsis (p = 0.221), malignancy (p = 0.322),
coagulation disorder or renal failure (p = 0.510). It was not
associated either with the level of embolization (at or be-
yond the marginal artery) (p = 0.436), the additional use of
particles or Gelfoam (p = 0.614), or immediate technical
success (p = 0.795).

There were two minor complications. In 1 patient (5%),
migration of a microcoil into an anterior tibial artery oc-
curred during the embolization procedure and did not result
in any early symptom or long-term sequelae after 54 days of
follow-up. In another patient (5%), transient elevation in
serum creatinine was observed with subsequent normaliza-
tion within days after the intervention.

Discussion

The present series supports the existing literature in dem-
onstrating the safety and efficacy of microcoil embolization
for curative treatment of active lower GI bleeding. Our
observed technical success (89%) rate fell in the range ob-
served in series based on microcatheters and coaxial tech-
nique (81–100%). Similarly, the present series was in line
with the literature for several other dimensions of success:
our rates of early rebleeding (26% without time adjustment,
38% with) and late rebleeding (0) and the incidence rate of
bowel ischemia (12%) were within ranges published with
the coaxial technique (0–40%, 0–33%, and 0–22%,
respectively). However, the extent of these comparisons is
limited to the ranges reported in the literature and we cannot
compare our rates with summary estimates from existing
reports, as explained below.

Table 5 places the present report within the perspective
of the existing literature. Of 312 patients embolized for
lower GI bleeding (i.e., 34 articles including the present
one), 238 (78%) were treated by means of coaxial insertion
of a microcatheter since the introduction of this technique in
1992. Of these 238 cases, 186 (76%) were embolized with
microcoils, most other cases being treated by PVA and/or
Gelfoam. The present series qualifies as the third largest in
terms of the number of patients embolized by microcoils,
after the series of Funaki et al. [37] and Kuo et al. [41].
Among smaller series of microcoil embolization, the largest
ones (n = 6) reported sample sizes between 10 and 17 pa-
tients [27, 28, 33, 34, 38, 39]. In addition to the limited
number of patients reported overall, our knowledge is fur-
ther limited by the fact that no true meta-analytic summary
is available that could establish summary thresholds for the
rates of success, complications, and rebleeding. Some of the
reasons include the small sample sizes of existing series and
the variability in reporting standards, although improvement
is notable over time, with larger series reported more
recently and the creation of reporting guidelines [42].
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However, sample sizes remain small and the misclassifica-
tion of even a single patient (e.g., success versus failure)
would produce a relatively large change in success or
complication rates. In addition, small sample sizes result in
wider confidence intervals around summary estimates. Also,
only a few articles [27] have reported their results on an
intention-to-treat basis. Furthermore, many articles have
described the results of embolization in general without
isolating the outcomes for microcoils only. Thus, compari-
sons between microcoils and other embolic agents would
require going back to individual patient data for each of the
selected reports. Probably the major obstacle to a meta-
analysis of the field is that, in general, existing publications
have described rates of success or complications that were
not adjusted for the duration of patient follow-up. If, for any
reason, the group of censored patients had the worst reb-
leeding rate, the unadjusted rates from the existing literature
(i.e., not corrected for follow-up length) would overestimate
the success of embolization. This is exemplified by our
unadjusted rate of early rebleeding of 26% that rose to 38%
after adjusting for the duration of early follow-up.

Thus, for all these reasons, weighted averages [13, 41]
should not be considered as pooled summary estimates of a
true meta-analysis and, therefore, cannot provide absolute
thresholds for guidelines. Only the ranges observed in the
individual studies may, in some cases, be useful [43]. Thus,
the comparison proposed above of our results with those
observed in prior articles should be understood in that
context, and we have limited our comparisons here to re-
ported ranges only, rather than weighted averages or
thresholds.

Another issue that might benefit from further studies is
the best location for deposition of embolic agents in
lower GI bleeding. Before the use of coaxial systems,
embolization for lower GI bleeding was associated with a
rate of bowel ischemia ranging between 0 and 15% only,
which is surprisingly not much different from that ob-
served with newer coaxial technology and microcoils.
However, as mentioned above, comparisons between the
observed ranges at two different time periods are difficult,
notably because of the concomitant evolution of reporting
standards. Our patients experienced 12% major and 12%
minor complications, but these numbers do not reflect the
fact that intestinal ischemia may be of variable severity
(mucosal ischemia versus transmural infarction) and its
clinical relevance may depend on the particular circum-
stances. For example, some patients may already be
scheduled to undergo elective surgery on the day fol-
lowing embolization. In such cases, the clinical signifi-
cance of pathologic findings of ischemia is questionable
and is typically not associated with unfavorable prognosis
or postoperative complications. This has been shown by
others [21] and is supported by our experience with one
of our two patients with intestinal ischemia. In fact,
embolization in some cases could be considered as a
preoperative measure to limit intraoperative bleeding.T
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Few experimental data are available on the topic of the
prevention of bowel ischemia during embolization. How-
ever, several important points have already been collected
empirically, some of them dating from the time when only
0.035-inch coils were available. First, when using coils it is
usually recommended that no more than one main branch
(first- or second-order) of the SMA or IMA be embolized.
Simultaneous proximal blockage of the right colic and
ileocolic arteries, or of the middle colic artery and IMA,
should always be avoided [23]. Second, even though
embolization may be an effective therapy after failed
vasopressin infusion, the opposite should probably be
avoided: the infusion of vasoconstrictors after embolization
decreases the collateral arterial supply to the bowel, which
increases the risk of significant bowel ischemia [2, 18].
Third, empirical experience suggests that the site of coil
placement should be distal [23]. Proximal embolization of a
main branch of the SMA or IMA may not lead to bowel
infarction in many cases, but it is also often insufficient to
stop bleeding from a distal source. This point had already
been noted at a time when only macrocoils (i.e., 0.035-inch
caliber) were available [23]. Since the advent of microcoils
(i.e., 0.018-inch caliber) and microcatheters (3 Fr or smal-
ler) in the late 1980s to early 1990s, most series have been
aiming at blocking the artery as close as possible to the
bleeding point, usually in the vasa recta or distal arteries,
or—by default—in the marginal artery or just proximal to it
[27, 30, 32, 33, 35, 36, 40, 41, 44, 45]. When this was not
technically possible, several described alternatives have
included (1) deposition of the embolic agent in the marginal
artery of Drummond or in the distal intestinal arcades [28,
29, 33, 41, 45], (2) flow-directed deposition of the embolic
agent in cases where PVA was used [36], and (3) the
avoidance of any embolization [27, 35].

The findings of the present study need to be understood
within the context of the study design, which was retro-
spective in nature. Also, due to the small sample size,
measures of association between predictors and outcomes
were based on Fisher�s exact test, with the advantage of
providing exact p values but the inconvenience of not pro-
viding a measure of the effect nor the confidence interval
around it. Also, we did not adjust for follow-up length in our
calculations of the incidence rate of acute bowel ischemia,
because this complication typically occurs almost immedi-
ately (i.e., within 48 hr) after the embolization procedure.
After these first 48 hr have elapsed, bowel ischemia would
appear rather in its chronic presentation (i.e., months or
years after the embolization procedure).

In conclusion, transcatheter arterial microcoil emboliza-
tion is a safe and effective procedure to curatively treat ac-
tive lower GI bleeding, with technical and clinical success
observed in most patients and low procedure-related mor-
tality. When delayed rebleeding occurred, it was related to
another bleeding source in a separate location, for which
embolization and/or other therapies can be attempted.
Ischemic complications are observed in a minority of cases

and do not always result in a worsened overall prognosis and
clinical course. Future studies with larger sample sizes and
based on current reporting guidelines will be helpful to refine
summary estimates of rebleeding and complication rates.
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